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ABSTRACT 

 The United States’ electric grid is currently undergoing a monumental energy 

transition involving the incorporation of new fuel sources, generation types, and 

operational modifications.  Since 1920, the U.S. energy collective has been overseen by 

the Federal Energy Regulatory Commission (FERC), where during this tenure they have 

pursued the direct regulation of Distributed Energy Resources (DERs).  This reasoning 

has been utilized over 300 times in federal cases and proceedings as the adoption rate of 

DERs has increased, which is based upon the language allowing the federal regulation of 

electricity based upon the flow of electrons.  This is based solely upon the understanding 

that electrons flow in one direction in an alternating current environment. 

 This problem presents an opportunity to determine electron behavior 

comparatively in direct and alternating current environments, and thus settling this energy 

policy debate.  The Quantum Movement Theory was established in 2023 to provide 

definition to quantify electron movement in specific environments.  This theory 

established two equations that define the amount of electrons moved and the magnitude 

of their distance.  The application of the Quantum Movement Theory demonstrates that 

electrons do not flow but oscillate in an alternating current environment.  This outcome 

accomplishes more than a regulatory disagreement, but rather contributes towards 

decarbonization, technological innovations, and increased energy security. 

vii
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CHAPTER ONE 

1.0 - Introduction & Background 

1.1 - Introduction 

Most people often go about their usual daily routines and don’t stop to think about 

how their basic needs such as electricity are met.  Moreover, the average consumer 

doesn’t realize the equipment, operation personnel, and critical planning that takes place 

for every kilowatt-hour (kWh) that is delivered to them (Lane, n.d.).  The electric grid 

consists of a coordinated effort between regional transmission organizations (RTOs), 

electric utility companies, federal and state regulatory agencies, third-party 

operations/maintenance/construction firms, and the consumers (Murphy, 2021).  

Consumers are what drive the demand for energy, and it is the responsibility of the 

regional transmission organizations to work with electric utilities to provide the necessary 

power for their end users (Hitchin, 2017).  In essence, this is the mandate for what has 

created the power delivery industry in the United States (Hitchin, 2017). 

 The electric utility industry is simply the delivery and management of electrons, 

which requires a complex system to accomplish this(Lane, n.d.).  Electrons are the 

physical form of electrical energy that is transmitted through a conductor to its ultimate 

destination or end-user (U.S. Energy Information Administration, n.d.).  Electrons are 

very flexible in that they allow for customization and manipulation to achieve various 

goals.  For example, one can modify the number of electrons moving per rate of time, 

transform power to and from different voltages, modify the quality of power being 

delivered, invert current from direct current (DC) to alternating current (AC), and adjust 
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the frequency at which electrons are moving (Zhou et al., 2014).  These complex 

processes and procedures require a large amount of specialized equipment to move power 

from one location to the other, and this is the responsibility of the electric utility to solve 

these problems and deliver reliable on-demand power (Lane, n.d.). 

1.2 - Electric Grid Structure 

The United States electric grid is a complex system that began operation during 

the 1870’s utilizing direct current systems, and it wasn’t until the late 1880’s that 

scientists and engineers began to develop the standard 3-phase distribution system widely 

used today (McBride et. al, 2022).  As of 2017, the U.S. electric grid consists of 

approximately 2,938 electric utility providers as seen in Figure 1.1 (Lindstrom & Hoff, 

2019).  According to the Bureau of Labor Statistics, as of 2020 the United States’ 

 

Figure 1.1 - Both charts are based upon the U.S. Energy Information Administration’s 
Annual Electric Power Industry Report which indicates U.S. electric utility ownership by 
type in 2017.  Chart 1 (left) illustrates the types of ownership amongst electric utilities in 
the United States.  Chart 2 (right) illustrates the amount of customers served by electric 
utilities based on ownership. (Lindstrom & Hoff, 2019) 
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electric grid required approximately 129,360 individuals to maintain electric utility 

service employed by these electric utilities above (Lindstrom & Hoff, 2019).  These 

individuals help maintain this system of interconnected generators across the country of 

more than 11,900 generators that hold a capacity of at least 1 megawatt (MW) (United 

States Energy Information Administration, 2022).  These are interconnected via a 

network of over 600,000 miles of transmission lines, which are the higher voltage power 

lines that deliver power to different substations from switchyards and centralized power  

 

Figure 1.2 – Illustration of traditional electric grid structure in the United States. (U.S. 
Department of Energy, 2015) 
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plants as seen in Figure 1.2 (U.S. Department of Energy, 2015).  Electricity is generated 

by the power station (centralized power plant), transformed to higher AC voltages to 

reduce loss due to voltage drop, passes through a transmission substation to condition 

power and/or transform it, the distribution substation transforms the power to a lower 

voltage, and then it is delivered to residential and commercial consumers via single or 

three-phase power (McBride et al., 2022).  This is the traditional structure of electric 

grids around the world, because the original design and intent was to have more 

economical means of generation from large power plants and the flow of electricity in 

essence flows one direction (Peak Substation Services, n.d.).  When the electric grid was 

first being developed small generators were not cost effective and therefore this is how 

the resulting grid architecture developed (Peak Substation Services, n.d.).  Currently, 

there is an increasing amount of consumers and utilities taking advantage smaller  

 

Figure 1.3 – Illustration of smart grid technology as an integration of microgrid technology 
being implemented in the United States. (U.S. Department of Energy, 2015) 
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generating resources, which is starting to drive the potential for smart grids which utilize 

localized power generation to support grid resiliency and reliability as seen in Figure 1.3 

(U.S. Department of Energy, 2015). 

1.3 - Industry Trends 

1.3.1 - Renewable Energy 

The United States is seeing an energy transition occurring that will rapidly shift 

the way electric utilities think/operate and how consumers receive power (Brown et al., 

2023).  This transition is largely due to consumer demand from both citizens and 

corporations wanting to utilize more environmentally friendly resources.  This change has 

been popularized in several different ways from recycling materials, reducing waste, 

increasing energy efficiency, and in this case implementing renewable energy generation 

where possible (Brown et al., 2023).  Overall, these renewable resources need appropriate 

planning for the grid to adapt quickly to the rising demand. 

The United States always has and still does receive the majority of its energy from 

fossil fuel resources such as coal, natural gas, and petroleum as shown in Figure 1.4 

(United States Energy Information Administration, 2021).  Renewables are indicated by 

the small area on top represented in green which comprises solar, wind, biomass, 

hydroelectric, geothermal, etc.  Between 2000-2020 the increased adoption of solar and 

wind resources has dramatically impacted this basis and will continue to have effects in 

the future (United States Energy Information Administration, 2021).  

Historically, the United States has received the majority of its renewable energy 

from hydroelectric sources (National Hydropower Association, n.d.).  These sources are 
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finite and logically there can only be so many dams on rivers and lakes before disrupting 

logistical traffic and creating other land use challenges (National Hydropower 

Association, n.d.).  Towards the end of the 20th Century, solar and wind energy  

 

Figure 1.4 – The chart indicates U.S. energy consumption from 1950-2020 by major 
resources in quadrillion British Thermal Units (BTUs). Note: Petroleum is petroleum 
products excluding biofuels, which are included in renewables. (United States Energy 
Information Administration, 2021) 

generation technology began to see major developments from manufacturing and 

technology.  To further aid with the development and adoption of these technologies, the 

United States government began passing federal incentives for customers as well as 

programs to help decrease manufacturing and construction costs (Garcia, 2022).  Figure 

1.5 illustrates the impact that these developments had on the grid as a whole as you can 

see the significant impact wind and solar had on the renewable energy generation market 

share during the first two decades of the 21st Century (United States Energy Information 

Administration, 2021).  As you can see it is on steady increase year over year to continue 

implementing more renewable energy technology annually (United States Energy 
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Information Administration, 2021).  In the United States in 2016, solar and wind installs 

set the record with 14GW of wind capacity and 8GW of solar capacity installed, however 

in 2020 they broke the record again with a record 17GW for both solar and wind new 

construction completed and placed in service as illustrated in Figure 1.6 (Ivanova, 2021).  

This growth over the past decade has been a 567% increase in renewable energy 

implementation, and it is expected to continue increasing over the next 2 decades 

(Ivanova, 2021). 

 

Figure 1.5 – The chart indicates U.S. energy generation from renewable sources from 
1950-2020 in billion kilowatt-hours (kWhs). Note: Electricity generation from utility-scale 
facilities & hydroelectric is conventional hydropower. (United States Energy Information 
Administration, 2021) 

 In general, from the data presented there has been growth in the adoption of 

renewable energy technology, which appears to be driven by a larger demand from 

consumers for environmentally friendly products and services.  Customers are forcing the 

electric utility companies to adopt and accept renewable energy either from them 

exporting onto the distribution or transmission grids or to invest in the technology  
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Figure 1.6 – The chart indicates solar and wind installation in GW per year from 2010 - 
2020 (Ivanova, 2021, February 18). 

themselves.  According to Harvard Business Review, “In one recent survey 65% said 

they want to buy purpose-driven brands that advocate sustainability, yet only about 26% 

actually do so” (White et al., 2021, August).  The consumers want more financially 

feasible ways to reduce their carbon footprint on the environment (Evro et al., 2023).  

Companies have started providing solutions to that by offering eco-friendly products or 

solar powered department stores, etc.  As the technology gained higher adoption rates, 

more money was put into refining the technology and making it more efficient and 

therefore more affordable and feasible for everyday consumers (Ernst et al., 2023).  Due 

to this impact, solar alone has become the most affordable generation source for utilities, 

businesses, and homeowners.  In general, solar costs between 3-6 cents per kWh whereas 

traditional fossil fuel electric generation is between 5-17 cents per kWh (Parkman, 2021, 

October 1).  This achievement in cost effectiveness for solar combined with its 

impressive scalability to meet most generation needs has made it a rapidly deployable 

generation source for consumers of all sizes. 
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 Electric utilities’ viewpoints on renewable energy are different everywhere you go 

(Regulatory Assistance Project, 2011).  In some regions the natural resources are 

favorable towards fossil fuel generators, or the small community thrives on the 

employment at the nuclear power plant, and in these scenarios it can be very difficult to 

make decisions to place renewable generation to power these locations (Regulatory 

Assistance Project, 2011).  Some electric utilities have embraced solar and wind 

implementation such as American Electric Power, which is the single largest electric 

utility in the United States (AEP Energy, 2019).  Their mission statement is as follows:  

“So, what is AEP Energy’s mission? Simply put, “Together, with our customers, 

we are redefining the future of energy and developing innovative solutions that 

power communities and improve lives.” Our communities matter. The health of 

our planet matters. Our employees matter. And our customers matter (AEP 

Energy, 2019).” 

Consumers and utilities do not need to fight this trend.  It needs to be evaluated how best 

to interconnect, locate, finance, and determine the adequate compensation for those that 

install these resources whether it is the utility or the consumer (National Renewable 

Energy Laboratory, 2012).  As a whole, technology needs to be embraced to find a way 

to implement it in ways that help cohesively achieve the goals of the electric grid. 

1.3.2 - Policy & Incentives 

Policies and incentives have played a large role in the growth and development of 

the electric power industry overall (Clean Power Hub, n.d.).  Policies that impact the 

electric industry can largely be grouped into three categories being: public policy, 
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incentivized policy, and integration policy (Beck et al., 2014).  Public policy consists of 

policies promoting public benefit and can consist of electric rate regulation, fuel sourcing, 

goal setting, etc (Ernst et al., 2023).  The major public policy for the electric grid in 

recent years has been motivated by climate change and decarbonization goals being set 

for various sectors of the industry including renewable energy, energy storage, and 

electric vehicles to name a few examples (Ernst et al., 2023).  Incentivized policy aims to 

financially motivate consumer behavior that promotes public policy through the use of 

government financial tools such as tax credits, rebates, etc (Ernst et al., 2023).  Lastly, the 

goals of integration policy is to determine safe and effective methods to implement the 

incentivized technology onto the grid.  This is a timely process as many stakeholders are 

involved at federal, state, and local levels to figure out a way to achieve the goals for all 

involved (Clean Power Hub, n.d.).  All three of these policy types are regulated at each 

level of government including private industry comprising of industry standards 

organization, regional grid operators, and electric utilities (U.S. Library of Congress, 

n.d.). 

Renewable energy growth has played a large part in this early on when the 

adoption of a new technology is slowly growing users an effective way to gain customers 

is through implementing policies and incentives that make it financially beneficial for 

owners to be early adopters of the technology (Clean Power Hub, n.d.).  The U.S. federal 

and state governments chose to use means such as tax incentives, expedited depreciation 

schedules, product tax credits, and electric utility compensation arrangements 

(Cunningham et al., 2023).  Each of these methods increase the financial feasibility of the 

projects for the owners.  The federal and state governments also utilized rebates, tariffs 
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on foreign solar modules, research funding, and agreements to bring more manufacturers 

into the U.S.  All of these are effective methods to reduce costs of equipment, improve 

technology, and thus grow the adoption rate of renewable energy and storage technology 

(Cunningham et al., 2023). 

There have also been some indirect influences that have assisted in the adoption 

of renewable energy and storage.  Some areas of the U.S. have implemented carbon taxes 

which financially penalize high producers of carbon producers (CFA Institute, n.d.).   

 

Figure 1.7 – Illustration of state-level renewable and clean energy standards or goals in the 
U.S. in September 2020. Note: 30 states + DC have a Renewable Portfolio Standard and 5 
states have a Clean Energy Standard (8 states have renewable portfolio goals, 5 states have 
clean energy goals). (DSIRE, n.d.) 

Also, companies are starting to follow Environmental, Social, and Governance (ESG) 

standards to encourage investors to invest in the organizations (CFA Institute, n.d.).  

Companies that may have a more difficult time reducing carbon emissions can purchase 

carbon credits from renewable energy owners that are willing to sell them.  These credits 
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sold form renewable energy systems are known as Renewable Energy Credits (Clean 

Power Hub, n.d.).  To support and encourage growth, individual states have established 

standards and goals that they are supporting to achieve (DSIRE, 2017).  These 

approaches are known as Clean Energy Standards as seen in Figure 1.7 (DSIRE, 2017). 

 With the ongoing shift from traditional large, centralized generators to smaller 

distributed generation sources, other policies and incentives have been proposed and 

enacted to assist utilities and grid operators with grid stabilization due to the increased 

variability from renewable energy sources (Brown et al., 2023).  The policies surrounding 

the industry aren’t only for incentivizing generation sources but to also maintain the 

existing network to adapt to the changing need (Brown et al., 2023).  In 2022 the 

Inflation Reduction Act was passed and allowed over $2.9 billion in funding for 

transmission capacity improvements to allow for increased clean energy projects 

(Congressional Research Service, 2022).  Policies for both sides, distributed energy 

resources and utility infrastructure, are equally impacted to one another, but if the 

infrastructure can’t keep up with the resources being implemented then the effort is 

meaningless (Clean Power Hub, n.d.).  It’s critical to keep both sides in mind as the 

decisions impact one another. 

1.3.3 - Distributed Generation 

Energy independence has increasingly become a household term in the U.S.  This 

is due to several factors ranging from easily scalable solar technology, favorable policy, 

affordable energy storage and fossil fuel generators, and rising energy rates (Cuningham 

et al., 2023).  This has opened up the opportunity for non-utility owners to build and 

operate distributed energy resources that the National Renewable Energy Laboratory 
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defines to be either behind-the-meter or standalone below 10 MW AC (National 

Renewable Energy Laboratory, 2002).  As seen in Figure 1.8, during the ten-year period  

 

Figure 1.8 – Cumulative distributed generation from solar energy compared to fossil fuel-
based generation from 2010-2019 based on a Wood Mackenzie report. During this time, 
solar grew at a CAGR of 38% vs 3% for distributed fossil-fuel generation sources. (St. John, 
2020) 

 

Figure 1.9 – Map of the U.S. indicating Renewable Portfolio Standards (RPS) with Solar or 
Distributed Generation Provisions in February 2017 (22 states + DC have an RPS with solar or 
Distributed Generation (DG) provisions). (DSIRE, 2020) 
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from 2010 – 2019 solar grew to contribute to over 50% of the distributed energy 

resources operating in the United States (St. John, 2020).  This trend continues to grow as 

the industry sees incentives and technology improvements each year.  According to the 

Department of Energy, from the years 2003 - 2018, wind power grew to contribute over 

1,127 MW of capacity demonstrating its ability to compete with solar and fossil fuels at 

this scale (Orrell et al., 2018).  According to Wood-Mackenzie, distributed energy 

resources of any fuel type in 2015 had a capacity of 264 GW and expects the capacity to 

climb to 387 GW by 2025 (Kellison, 2020).  This significant growth is driven primarily 

by attractive cash flows for customers and trust in the technology.  Along with national 

goals, individual states have proposed their own distributed generation and renewable 

energy goals as it is recognized to increase resiliency and maintain low electricity costs 

(DSIRE, 2020).  This is illustrated in Figure 1.9.  As discussed in this section, distributed 

energy resources are a growing trend that continues to pick up pace and renewable energy 

technologies have found a niche where they can provide environmentally friendly and 

grid beneficial applications. 

1.3.4 - Distributed Energy Resources 

The energy industry is not solely made up of energy producers, transporters, and 

consumers, but also has a large contribution from alternative grid resources that are 

rapidly developing (Capeheart, 2016).  These resources are ideally used to impact power 

quality and to ensure that demand is met.  Developments amongst technology have 

contributed to distributed energy resources including electric vehicles, energy storage, 

direct load control mechanisms, and private generators being considered for voluntary 

use by the utilities as methods to stabilize the grid (Capeheart, 2016) (Ernst et al., 2023).  
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These resources pose the potential to be valuable resources if implemented properly.  

Methods of use currently being considered by stakeholders are for demand response, 

power factor correction, backup generation, and load shaving (Wade et al., 2023).  

Additional methods of grid assistance include customer curtailment or interruption in 

order to ease grid demand during an extreme event (Wade et al., 2023).  Each of these 

methods are currently continuing to be tested and explored.  They require the 

development of complex compensation structures to ensure mutual benefit and 

collaboration between consumers and utilities.  Nonetheless, adapting and utilizing the 

resources already available is most responsible form of progress rather than contributing 

to ongoing high capital outlay and environmental impacts. 

1.4 - Regulatory 

The energy industry has more capital investment than any other industry in the 

world (Bressand, 2013).  Energy comes in many forms of fossil fuels and renewable 

resources.  It is commonplace to see power plants cost in excess of $10 billion and 

infrastructure projects to transport these resources and their byproducts often exceed 

$100 billion once completed (Bressand, 2013).  With these amounts of capital investment 

also comes security, political power, and financial benefits.  It is no wonder why this 

industry is fraught with regulatory issues, political interest, and monopolistic practices 

(Brown et al., 2023).  There is a large amount of regulatory set-in place to help monitor 

the production, delivery, and exchange of energy in many forms. 

 The energy industry encapsulates many forms of energy in its raw form.  Energy 

can be found in natural environmental forces, minerals, biomass, fossil fuels, and other 

elements (Ritchie et al., 2023).  Harnessing these forces is something that humankind has 
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been able to master in recent centuries and primarily transforming it into either 

mechanical or electrical energy (Ritchie et al., 2023).  This ability brings power and 

wealth to those that possess and control it.  Policy has become ever important to help 

regulate and control these resources to refrain from abuse and environmental disaster 

among other concerns (Brown et al., 2023).  

 When creating and applying policy for regulating energy resources, it is critical to 

understand the goals of what the industry is trying to accomplish (Regulatory Assistance 

Project, 2011).  For the purposes of this research, the policies are related to the nature of 

producing and delivering electrical energy to consumers via the network of electrical 

infrastructure that makes up the electric grid.  In order to effectively regulate these 

components, it is critical to understand how they operate.   

 The regulation of the electric industry is a complex system and has a large amount 

of stakeholders as seen previously in the almost 3,000 electric utilities in the United 

States it takes to operate the one of the most complex machines in the world (Randolph, 

2019).  The levels of control flow from the Federal government at the top of the food 

chain with the Department of Energy, Federal Energy Regulatory Commission, and the 

North American Electric Reliability Corporation as seen in Figure 1.10 (U.S. Department 

of Energy, 2015).  Their concerns are big picture infrastructure goals such as 

interconnection standards, reliability, grid modeling, etc.  These directives flow down to 

the Regional Transmission Operators (RTOs) or Independent System Operators (ISOs) 

which control and monitor the wholesale power market and transmission system.  From 

there it flows down to electric utility owners and operators of transmission, generation, 
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and distribution equipment.  Given this top-down approach, the higher up the pyramid as 

seen in Figure 1.10, the more concern about standards and reliability is needed, whereas  

 

Figure 1.10 – Illustration of the current U.S. electric energy regulatory authority. (U.S. 
Department of Energy, 2015) 

in lower levels there is more of a focus on operational quality within implementation 

(U.S. Department of Energy, 2015). 

 Understanding the regulatory framework of the electric grid is critical to gauge 

the policy implications involved in this research.  Figure 1.11 illustrates the separation of 

federal or state control of electric infrastructure assets and the operational control of the 

electric utilities (Narang, 2019).  The figure also indicates where within the electric 

infrastructure spectrum that distributed energy resources would be with regards to 

government control (Narang, 2019).  With regards to control, the electric utility would 

have direct control over the interconnection process of the DER as overseen by the 

respective state regulator, where for the most part the RTO/ISO wouldn’t normally get 
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involved in the interconnection of a DER unless it presented transmission operation 

impacts (Lazar, 2016) (Narang, 2019).  With regards to government oversite, DERs are  

 

Figure 1.11 – Illustration of the current U.S. electric grid regulatory authority indicating the 
implementation of distributed energy resources3. (Narang, 2019) 

primarily regulated by state law and only proceeds to direct federal compliance when the 

owner of the DER is under federal regulation (Lazar, 2016).   

1.4.1 - Federal Energy Regulatory Commission 

The highest levels of the electric industry in the United States are regulated at the 

federal level of government.  In the United States the Department of Energy and the 

Federal Energy Regulatory Commission (FERC) are at the highest level of authority on 

the electrical energy industry (Lazar, 2016) (U.S. Department of Energy, 2015).  The 

Federal Power Act was passed on June 10, 1920 which established the Federal Power 

Commission, and over the decades set the framework for the Department of Energy and 

the Federal Energy Regulatory Commission to transition operations in 1977 (Federal 

Power Act, 1920) (United States Department of Energy, n.d.) (Greenfield, L.R., 2018).  

With the passage of the Federal Power Act in Parts II and III, it established the ability and 
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control of the Federal government to regulate and control the electric grid through 

managing wholesale power transactions and the ability to charge interstate commerce tax 

for electricity (Federal Power Act, 1920).  Interstate Commerce Tax is applied to any 

electric transaction that occurs across a state boundary (Federal Power Act, 1920).  In 

whole, the responsibility of FERC is to establish standards by which the industry should 

follow regarding the bulk power system and each subsequent level beneath them adapts 

their recommendations to fit their localized need (U.S. Department of Energy, 2015). 

1.4.2 - North American Electric Reliability Corporation 

The North American Electric Reliability Corporation was founded on June 1, 

1968 after the infamous Northeast Blackout in 1965 took 20,000 MW of generation off of 

the grid (Nevius, n.d.).  Their primary responsibility is to enhance grid security and 

reliability through the reduction of risks in these areas (North American Electric 

Reliability Corporation, n.d.).  They accomplish this through establishing best practices 

and procedures to keep electricity delivery available for consumers across North 

America. 

1.4.3 - Public Utilities Commissions 

As of 2021, 35 states in the U.S. have adopted the use of a Public Utilities 

Commissions to regulate the electric industry for intrastate commerce and operations 

(Hlinka, 2021).  This structure in regulatory authority allows the state to maintain control 

and supervision over electric utilities operating within its borders.  The state border is 

where this authority stops, and they have no jurisdiction on interstate commerce 

transactions (Peskoe, 2021).  Most of the responsibilities of the Public Service 
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Commissions are to regulate electric utility rate structures and resolve disputes between 

customers and utilities (Hlinka, 2021).  Arguably, the most controversial rate structures 

are dealing with energy generation compensation for distributed energy resources.  In 

Figure 1.12 it is illustrated by state the net-metering arrangement for customers and 

utilities (DSIRE, 2016).  The U.S. electric utility industry did not foresee the growth in 

distributed energy resources when the industry was beginning in the late 1800’s, and now 

the vast majority of the U.S. is creating state level distributed energy resource plans that 

support public, consumer, and environmental benefits (National Rural Electric  

 

Figure 1.12 – Map of the United States illustrating state level net-metering policy to 
compensate consumers for net excess generation (NEG). Note: The map shows NEG credits 
under statewide policies for investor-owned utilities (IOUs); other utilities may offer different 
NEG credit amounts. IOUs in HI, NV, MS, and GA have other policies for compensating self-
generators. Some IOUs in TX and ID offer net-metering, but there is no statewide policy. IOUs 
in WI differ in their treatment of NEG. (DSIRE, 2016) 
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Cooperative Association, n.d.). 

1.4.4 - Electric Utilities 

The goal of an electric utility is to distribute electricity to its consumers and to 

stand by ready to deliver that power when it is called upon (United States Department of 

Energy, 2021).  The major factors within this seemingly simple mandate are to have 

reliable power, resilient infrastructure, proper planning for the future, and doing it in the 

most cost-effective way for end users (Trabish, 2019).  This is an extremely difficult 

thing to do while balancing all four major factors listed in the previous sentence.  It is 

even more difficult to do it while undergoing a major energy consumption and generation 

shift right now in the United States and various other parts of the globe that will be 

discussed later in this document (Lane, n.d.). 

The energy industry is more than meeting consumer demand and having a 

transactional sale of electricity.  It is directly tied to the prosperity of the nation and the 

health & safety of the public (Peterson, 2017).  According to the United States 

Department of Energy,  

 “A secure and resilient power grid is more than just keeping the lights on, 

it’s vital to preserving our nation’s security, economic prosperity, and the 

livelihood of all Americans. It means money saved for families who have more 

efficient homes capable of withstanding hotter summers and colder winters. It 

means new businesses with good paying jobs created by entrepreneurs who can 

help every pocket of the country meet sustainability needs. And it means 

safeguarding the nation for future generations” (United States Department of 

Energy, 2021). 
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This is the responsibility that electric utilities have to their fellow United States Citizens.  

This is the quality of life that consumers are trying to uphold.   

The relationship between energy use and the impact it has on gross domestic 

product (GDP) is shown in Figure 1.13.  This chart illustrates the relationship between 

kWh consumption and GDP impact for Organization for Economic Cooperation and 

Development (OECD) and non-OECD countries (Peterson, 2017).  For example, some 

OECD member countries are the United States, Japan, and the United Kingdom, whereas 

non-member countries would be Brazil, China, Egypt, and India (Peterson, 2017).  The 

correlation is similar for members/non-members; however, the main difference is that 

non-OECD member countries are highly industrialized and rely on higher energy 

production than when compared to OECD members (Peterson, 2017).  This chart 

explains why the United States Department of Energy wants to protect, develop, and plan  

 

Figure 1.13 – Chart 1 (left) indicates electricity consumption in trillion kilo-watthours 
(kWhs) from 2010-2040 for Organization for Economic Development (OECD) members 
and non-OECD member countries.  Chart 2 (right) indicates Gross Domestic Product 
(GDP) in trillions of 2010 dollars from 2010-2040 for OECD members and non-OECD 
member countries (Peterson, 2017). 
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the utility grid appropriately for future growth. 

1.5 - Research Aim & Scope 

1.5.1 - Problem Identification 

Now that the background for the electric utility industry and regulation has been 

introduced, the unique situation herein can be explained.  Traditionally, the electric grid 

was designed and operated with large, centralized power plants generating massive 

amounts of power and transmitting it long distances to communities that are consuming it 

(Wade et al., 2023).  Due to largely renewable energy growth, scalability, policy, and 

technological improvements in general there has been an emergence of distributed energy 

resources designed to serve localized energy demand (Ernst et al., 2023).  In other words, 

this technique allows utilities and consumers to utilize energy generation where they need 

it most.  In the traditional electric grid structure, power only flows in one direction, which 

is towards all consumers from large power plants (Capeheart, 2016).  In the modern 

electric grid, electricity is becoming more common to see it flow in aggregate in two 

directions due to the implementation of distributed energy resources (Wade et al., 2023).  

The two directional power flow is becoming known as bidirectional power flow and 

utilities are having to adapt existing systems to operate under this behavior safely when 

presented with high saturation scenarios (Wade et al., 2023). 

Over the past several decades, it has been debated between the separation of 

federal and state regulatory jurisdiction due to the increasing demand of distributed 

energy resources.  Traditionally, according to the Federal Power Act, the Federal Energy 

Regulatory Commission has had jurisdiction to regulate and apply Interstate Commerce 

Tax to any electricity that crosses a state border whereas the individual states can only 
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regulate intrastate electric commerce (Federal Power Act, 1920).  This debate has been 

seen in numerous federal and Supreme Court proceedings starting in 1945 with 

Connecticut Light & Power Co. v. FPC, where “the Court noted that the interconnected 

nature of the grid is ‘such that if any part of a supply of electric energy comes from 

outside of a state it is or may be present in every connected distribution facility’” (Dennis 

et al., 2016).  This kind of broad statement regarding electricity movement on the grid 

opened up the door for it to be defined as any electricity movement on the grid 

whatsoever could be considered interstate commerce.  The Lawrence Berkeley National 

Laboratory report continues to characterize it, “As a result, following the flow of 

electricity in interstate commerce would in theory extend federal regulation to “a toaster 

on the breakfast table” (Dennis et al., 2016).  This same situation has been experienced 

and revisited continuously over the years in different cases and dockets presented at the 

Federal Energy Regulatory Commission and the U.S. Supreme Court (Dennis et al., 

2016).    

The jurisdictional problem that first made itself aware in the 1945 lawsuit, is one 

that utilizes a one way of delivery of power mindset (Peskoe, 2018).  This ideology stems 

back to when direct current electric power dominated the utility industry during the late 

1800’s, where electrons and electricity “flowed/flows” in one direction (Wade et a., 

2023).  In alternating current like what is widely used today, the electron oscillates, and 

the net-electric energy movement can easily change in two directions based on 

supply/load.  The problem this research seeks to evaluate and solve is stated as: 
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FERC is utilizing the understanding that electrons flow from a generation source 

to a point of consumption on the grid, and therefore they should have direct 

taxation and regulatory authority over all generation assets. 

1.5.2 - Hypothesis 

As mentioned, the issue with this assertion is that electrons do not flow in an alternating 

current environment, and therefore the strategy used to impose direct regulatory authority 

over electron flow is misapplied and creates the need for a science-based determination.  

To this effect, the hypothesis is stated as follows: 

Understanding the difference between electrical energy and electron movement in 

alternating current would assist policy makers to determine appropriate grid 

regulation. 

To evaluate this hypothesis, the general plan is stated below, whereas in the following 

Section 1.7 will develop research questions based upon the following premise: 

The application of electrical theory and particle physics can be applied to 

distributed energy resources on the electric grid to determine the if and in what 

scenario electricity and electrons from distributed energy resources impact the 

transmission system. 

This determination of whether or not distributed energy resources should be 

regulated by the federal government needs to be analyzed from an impact standpoint.  

Distributed energy resources are producing power for a localized region and are not 

intended for long distance transmission (North American Electric Reliability Corporation, 

2022).  There are two critical evaluations that need to take place in order to determine the 
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application of Interstate Commerce Tax and it boils down to the understanding of 

electricity: 

1) Where electric energy move on the electric grid 

2) Where electrons (the charge carriers) move on the electric grid 

These two concepts when applied will explain where electricity moves from smaller 

generating resources and will help determine the realistic distribution of electricity.  

Ultimately, stakeholders in the electric industry need to realize that power has always 

flowed in two directions due to oscillating particle movement and the nature of 

alternating current.  The net-electric energy delivered in one-direction will decrease 

overall. 

1.5.3 - Research Questions & Objectives 

The stage has been set to begin to highlight the research topics and objectives 

herein.  These will be evaluated in later chapters after background evaluation of electrical 

theories, particle physics concepts, and distributed resource practices.  The research 

methods of the following topics will build upon the information in this chapter and the 

ones to follow. 

1.5.3.1 - Research Question #1 

What is the impact of energy generated by DERs on the bulk electric system? 

1.5.3.1.1 - Objectives 

1) Demonstrate the behavior of electric energy on the distribution and 

transmission network utilizing current electrical engineering principles. 
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2) Demonstrate the opportunities and challenges that DERs can bring to the 

electric grid. 

3) Evaluate the policy implications of regulating energy flow from DERs. 

1.5.3.2 - Research Question #2 

What is the impact of electrons moved from energy generation by DERs on the 

bulk electric system? 

1.5.3.2.1 - Objectives 

1) Develop a method for describing and quantifying electron movement on the 

electric grid. 

2) Demonstrate the behavior of electron movement on the distribution and 

transmission network and apply the development in Objective 1. 

3) Evaluate the policy implications of regulating electron movement from DERs. 

1.6 - Significance 

This research is important because it will allow the science and physics of energy 

to drive policy and not for policy to drive energy.  If the relationship between electron 

and electricity movement is able to be represented with respect to distributed energy 

resources on the electric grid, then it could change the entire perspective on how people 

view electricity.  Electricity consists of quantum particles transporting energy and it is 

important to understand the predictability of them on the macroscopic scale of the electric 

grid (Northwestern University, n.d.).  These experiments and exercises would serve to 

prove that electricity can flow in two directions, and how energy moves from localized 

power generation to impact other parts of the network (Northwestern University, n.d.).  
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The implications of the results of this research could impact the decades long debate over 

Interstate Commerce Tax and the jurisdiction between federal and state electricity 

regulation (Wade et al., 2023).  It could also inspire change within the National Electric 

Code with regards to generator equipment sizing.  Both of these foreseeable impacts 

would result in decreased costs for owners, operators, and constructors of distributed 

energy resources (Wade et al., 2023).  These decreased costs could be realized in avoided 

Interstate Commerce Tax paid by asset owners as well as decreased expenses for 

equipment and materials to be used for the installation of such generating assets (Peskoe, 

2021).  Financial benefits are great, but the change in perspective of how electricity is 

viewed will have a lasting effect on how the electric grid is operated for years to come. 

1.7 - Research Outline 

The research performed in this paper will be organized into eight chapters.  They 

are listed in the following order with a brief description of their summary/purpose. 

Chapter One – Introduction to electric delivery market structure outlining the 

regulatory hierarchy, technology and policy changes that promote DER growth, 

and the brief introduction to the problem being evaluated. 

Chapter Two – This chapter reviews critical discoveries, concepts, and laws 

regarding electrical engineering and particle physics that are directly contributing 

to this research. 

Chapter Three – This chapter reviews in detail the application of DERs on the 

electric grid and regulatory background.  The regulatory review encapsulates 
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Federal Energy Regulatory Commission regulations, lawsuits, and jurisdictional 

debates that constitute the motivation for this research. 

Chapter Four – The methodology for the research performed in Chapters Five, 

Six, & Seven are outlined in this chapter. 

Chapter Five – Contains the details of the first of three sections of research 

performed.  This research step details the modeling of a simple single-phase 

electric grid with behind-the-meter DER. 

Chapter Six – Contains the details of the second of three sections of research 

performed.  This research step details the modeling of a complex three-phase 

electric grid with two main DER applications. 

Chapter Seven – Contains the details of the final step in the research performed.  

This research step details the experimentation and modeling of a real grid scenario 

similar to the ones modeled in research steps one & two. 

Chapter Eight – This chapter is the discussions section which revisits the 

problem at hand and the evaluated research questions.  Herein the research results 

are applied to regulatory implications where the primary topics for discussion are 

the potential impact and significance of the research. 
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CHAPTER TWO 

2.0 - Technical Background 

2.1 - Introduction 

As discussed, energy and prosperity have a direct relationship that can be seen in 

recent centuries.  Modern developed countries were not near what they are now due to 

eras such as the industrial revolution and the discovery of electricity and subsequent 

applications of it (Peterson, 2017).  Energy and the understanding of it has empowered 

human civilizations to witness an exponential growth that has never occurred on Planet 

Earth (Peterson, 2017).  It began with brilliant individuals such as Plato and Isaac 

Newton asking just the right questions about the existence that contributed to the 

potential energy of this concept (Janiak, 2021).  

Throughout the centuries physics and mathematics have built on one another’s 

achievements and taken turns driving discoveries and innovations.  This is very 

applicable to the development of electricity.  Some very simple concepts and rudimentary 

experiments lead to the development of the electric grid today (The Institute for Energy 

Research, n.d.).  It was a culmination of unrelated experiments that over time the 

resulting knowledge combined to become the world’s largest working machine, the 

electric grid (The Institute for Energy Research, n.d.).  Something that largely goes 

unnoticed due to its dependability and consistency but is ever complex in nature. 

This section provides background information on notable discoveries, 

achievements, and the quantitative properties of those innovations that will be utilized in 

the research conducted herein.  The two main categories of understanding for this 
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research are the physics of atoms or atomic structure and the combining of electrical 

engineering and electrodynamics arithmetic in the research application.  Rather than 

simply reviewing equations, it is also important to realize their individual impact and 

contribution to the electrical engineering field. 

2.2 - Brief History of Electricity 

Electricity and its properties have always been present here on planet Earth and 

humans have recognized their effects for centuries.  Starting in 600 BC, Thales of 

Miletus, a Greek philosopher, recorded the first recognition of static electricity by 

rubbing amber on animal fur and seeing that it attracts feathers (National MAGLAB, 

2022).  Several centuries passed and in 1600 William Gilbert coined the Latin term 

“electricus” in his publication of De Magnete, Magneticisque Corporibus, et de Magno 

Magnete Tellure, which was the baseline for the English term “electricity” (Encyclopedia 

Britannica, 2016).   

In the 18th and 19th centuries there was rapid growth in the knowledge base of 

electricity (The Institute for Energy Research, n.d.).  Benjamin Franklin conducted his 

well-known kite with a key experiment during a lightning storm in 1752 which sparked 

the understanding that electricity has the properties to exist in nature, and later expanded 

to conduct research that coined the terms “battery”, “conductor”, and “charge” 

(Independence Hall Association, 1995).  Several decades later 1791, Luigi Galvani, 

friend of Alessandro Volta, discovered that signals were sent to muscles via electricity 

and discovered bio-electromagnetics (Encyclopedia Britannica, 2022).  Volta then 

expanded his friend’s theory to discover the electromotive force of electricity, which was 

named the ”Volt” in his honor (Encyclopedia Britannica, 2022).  The connection between 
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electricity and magnetism was then made through experiments performed by Hans 

Christian Oersted and André-Marie Ampère during the 1820’s and 1830’s (MAGCRAFT, 

2022).  Ampère published his findings which established the basis for electrodynamic 

theory in 1826 and the unit for electric current is named the “Ampere” or “Amp” in his 

honor (MAGCRAFT, 2022).  The following year in 1827, Georg Ohm described his 

electric theory of resistance in Die galvanische Kette, mathematisch bearbeitet, which 

described the relationship between resistance, voltage, and current (Encyclopedia 

Britannica, 2022).  This discovery ultimately lead to resistance units being named 

“Ohms” in his honor (Encyclopedia Britannica, 2022).  These concepts were then built 

upon to revolutionize the electrical industry and became the foundations of electrical 

theory. 

The foundations of electrical theory were soon expanded upon by Michael 

Faraday, James Clerk Maxwell, and Heinrich Hertz, which would soon set the stage for 

the commercialization of electricity (Neimark, 2003).  Michael Faraday, British physicist 

and chemist, discovered electromagnetic induction in 1831, which linked magnetic fields 

and the movement of electricity that would be the foundations for electric 

motors/alternators and transformers (BBC, 2022).  In the coming decades James Clerk 

Maxwell, English physicist, defined the relationships between electromagnetic waves and 

electric fields through his works commonly referred to as “Maxwell’s Equations” 

(University of Vienna, 2022).  Heinrich Hertz expanded on the wave forms of electrical 

theory during the 1880’s, which determined the frequency of the wave-like behavior of 

electricity and established the frequency standard used for modern electric grids known 

as “Hertz” (University of Vienna, 2022).  At this point in time the framework for 
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commercialization for the delivery and consumption of electricity were set, and it would 

not take long for electrical delivery methods and applications to be developed. 

The modern utility grid began to take shape with developments lead by Thomas 

Edison and George Westinghouse (King, 2011).  During the 1880’s Edison was 

developing and installing direct current (DC) generation facilities for customers around 

the United States.  Nikola Tesla, a Serbian engineer, who had experience working on DC 

telegraph circuits moved to the United States to work for Edison at Edison Machine 

Works (King, 2011).  Tasked with finding a better solution to distribute electric power 

throughout cities, Tesla invented and patented alternating current (AC) generators and 

transmission of electricity using the principles Hertz and Maxwell had discovered 

(Neimark, 2003).  Tesla left Edison’s employment and founded Tesla Electric Light and 

Manufacturing to pursue development and construction of AC generators and 

transmission (King, 2011).  George Westinghouse partnered with Tesla and purchased 

several of his patents, and together they created the first AC generating station.  

Throughout the following years the battle between Edison and DC electricity and 

Westinghouse/Tesla and AC electricity ensued.  Edison continued to battle AC electricity 

by demonstrating its lethality and risk to the public by electrical execution of a prisoner 

sentenced to death in 1890 (The Institute for Energy Research, n.d.).  Edison also 

partnered to found General Electric to help usher in the use of DC power via lighting and 

appliances as a move to encourage DC electricity adoption (King, 2011).  Tesla and 

Westinghouse continued to push forward demonstrating possibilities and feasibility of 

AC electricity and was awarded the contract in 1893 to light the Chicago World’s Fair 
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(King, 2011).  The awarding of the contract was coming down to affordability, and it also 

secured the fate of AC electricity for future grid utilization (King, 2011). 

2.3 - Fundamentals of Electricity 

Electricity has developed from millennia of trial & error, hypothesizing, 

experimentation, and discoveries in chemistry, mathematics, biology, and physics 

(Neimark, 2003).  This section will explore the foundations of electrical theory, define 

their necessary components, and discuss equations.  These concepts and their applications 

are crucial for the research that will be performed later in this document.  The equations 

discussed will be applied during each of the research topics and serve important roles in 

determining the methodology.  The setting for this section will focus on electrical 

engineering concepts, and the role they play in generating, delivering, and consuming 

power. 

The foundation of electricity begins with the tools needed to generate, transmit, 

and consume it, and will begin by comparing both circuit types in the following section. 

2.3.1 - Comparing DC and AC circuits 

DC electricity is when the current moves in one direction through a circuit 

(James, 2022).  The direction that current moves is from positive to negative.  In figure 

2.1 there is a single-line-diagram representation of a simple DC circuit with a voltage 

source indicated to the left and electrical load to the right (Codrey Electronics, 2018).   

AC electricity is when the current moves in both directions and alternates by 

changing the voltage sine wave (James, 2022).  An example of the direction of current in 

an AC circuit is shown in Figure 2.2 (Codrey Electronics, 2018).  For AC circuits there is 



P a g e  | 49 
 

not a consistent positive or negative charge in one direction, which is why the frequency 

is set at a specific rate so the voltage can consistently change (James, 2022).   

 

Figure 2.1 – Single-line diagram comparison of current between an alternating current 
(AC) and direct current (DC), modified from an illustration created by Codrey Electronics. 
(Codrey Electronics, 2018) 

 

Figure 2.2 – Symbols of voltage sources for alternating current (AC) and direct current 
circuits (DC). (Codrey Electronics, 2018) 

The main concepts behind the direction of current in AC and DC circuits has to 

do with frequency and voltage.  In a pure DC circuit, the frequency is 0, because the 

direction of current stays in one direction and has a consistent voltage (James, 2022).  For 

all intents and purposes, the voltage in a pure DC circuit will change as seen in Figure  
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Figure 2.3 – Graph of consistent voltage over time for a direct current circuit. (All About 
Circuits, 2022) 

2.3, however that is not true in an AC circuit (All About Circuits, 2022).  As previously 

noted in Figure 2.1, the current in an AC system changes direction frequently (Codrey 

Electronics, 2018).  The standard for most AC circuits around the world is 50 or 60 Hertz 

(Hz) where the United States uses 60 Hz (Matsusada Precision, 2021).  60 Hz is equal to 

60 cycles/second.  Figure 2.4 visually illustrates the cycle of a voltage sine wave, which  

 

Figure 2.4 – Graph of oscillating voltage over time for an alternating current circuit. (All 
About Circuits, 2022) 
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is when voltage starts at one value that is either positive or negative, changes to its 

opposite sign, and then back to its original state. 

Generation methods for AC and DC circuits are also different.  As several of the 

forementioned inventors and innovators of electricity have recognized, there are direct 

relationships between electricity and magnetism (Neimark, 2003).  That relationship is 

also tied to voltage and therefore frequency.  Edison used Maxwell’s theories to develop  

 

Figure 2.5 – Illustration of 4 step process to generate direct current via rotating the 
electric field inside of a stationary magnetic field. (All About Circuits, 2022) 

DC power generation.  In order to keep the voltage constant, the magnetic field has to 

remain constant.  The manner in which this is achieved is to rotate a coiled conductor, 

often made of copper, between two magnetic fields of opposite polarization (Neimark, 

2003). As long as the rotating coil inside the opposing magnetic polarizations is always 



P a g e  | 52 
 

rotating in one direction then current will only move in one direction (All About Circuits, 

2022).  This method is illustrated in Figure 2.5 (All About Circuits, 2022). 

 In order to get AC power generation, the exact opposite methods of power 

generation for DC need to be applied (Matsusada Precision, 2021).  This requires the  

 

Figure 2.6 – Illustration of 4 step process to generate alternating current via rotating the 
magnetic field inside of a stationary electric field. (All About Circuits, 2022) 

polarization of the magnetic field to change with the respect to the independent coils of 

conductors (All About Circuits, 2022).  As the polarized magnetic field rotates, the coiled 

conductors are introduced to oppositely charged magnetic fields (All About Circuits, 

2022).  This causes a continuous cycle of positive and negative signals for electrons in 

the coiled conductors.  This constant change from negative to positive charges on the 

system causes the electrons to oscillate (Matsusada Precision, 2021).  In one instant the 

electrons are attracted in one direction due to a positive charge, and then repelled in that 
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same direction a moment later due to a negative charge (Matsusada Precision, 2021).  

This is what creates alternating current. 

 The change in polarization of magnetic fields in AC circuits changes the direction 

of the current (James, 2022).  When the direction of current changes it also changes the 

flow of electrons.  For example, current that was moving towards positive is now 

beginning to change direction as the positive charge is now in the opposite direction 

(Matsusada Precision, 2021).  This is when current slows in one direction and begins to 

flow in the opposite direction that is now positively charged (James, 2022).  This is 

recognized as a change in the polarity of voltage, which acts similarly to pressure in a 

conductor, as seen in Figure 2.4 represented as frequency changing in cycles (All About 

Circuits, 2022).  

2.3.2 - Electrical Concepts & Equations 

   2.3.2.1 - Frequency 

 The relationship between polarized magnetic fields can be seen in Figure 2.7, 

where the change in voltage, direction of current, and the overall frequency of the system 

(AspenCore, Inc., n.d.).  As the magnetic field changes the position of polarization with 

regards to the coiled conductor, the voltage is increased and decreased based upon the 

magnitude of the polarized magnetic field.  In other words, if the voltage has reached its 

peak value in either the positive or negative direction, then the current is moving in the 

direction directly towards or away from the positively or negatively charged direction.  In 

this scenario, the relationship between the direction of current and the magnetic field 

could not be stronger.  In Figure 2.7, this can be represented by voltage at point C and the 
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charged magnetic field N, or oppositely the voltage at point G and the charged magnetic 

field S (AspenCore, Inc., n.d.).  Also recognized in Figure 2.7 is the rate of change of 

voltage as it cycles.  For example, the tangential rate of change of voltage is less at point 

C than it is at either points B or D (AspenCore, Inc., n.d.).  This is due to current slowing 

in one direction as it reaches its peak voltage in order to change direction and accelerate 

towards a voltage level in the opposite 

 

Figure 2.7 – Illustration demonstrating frequency in alternating current with respect to 
the rotation of an alternating current generator. (AspenCore, Inc., n.d.) 

direction.  This can be seen in Figure 2.7 as voltage becomes closer to its value at point C 

and current changes in the opposite direction, whereas voltage negatively peaks at point 

G to then change the direction of current again (AspenCore, Inc., n.d.). 

 The behaviors of AC electricity cause current to change direction extremely fast, 

voltage to accelerate and decelerate in changing directions, and frequency ideally to 

remain consistent (Hutchison et al., 2020). In the United States the electric grid has a 

standard frequency of 60 Herts or 60 cycles (Hutchison et al., 2020).  This is the rate that 
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voltage begins at one value and returns to that same value in one cycle at 60 times per 

second.  This happens extremely fast, in fact one cycle takes 0.01667 seconds in a 60 

Herts system (National Aeronautics and Space Administration, 2010).  At the 

macroscopic view of the electric grid, this change in direction of current that results in 

positive and negative voltage is never directly recognized in application.  The largest 

factor that needs to be consistent in this relationship is the frequency itself, which is how 

current direction and therefore voltage is measured (Hutchison et al., 2020). 

   2.3.2.2 - Ohm’s Law 

 Ohm’s Law is what defines the interactions between Power (P), Current (I), 

Voltage (V), and Resistance (R) (James, 2023).  These equations formulate the basis of 

electrical engineering concepts used in everyday applications.  The primary equations are 

below along with their subsets: 

P = V x I         (1) 

 𝑷 = 𝑰𝟐 𝒙 𝑹        (2) 

 𝑷 = 𝑽𝟐 / 𝑹        (3) 

I = V / R         (4) 

 I = P / V        (5) 

 𝑰 =  𝑷/𝑹        (6) 

V = I x R         (7) 

 V = P / I        (8) 
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 𝑽 =  √𝑷 𝒙 𝑹        (9) 

R = V / I         (10) 

 𝑹 = 𝑽𝟐 / 𝑷        (11) 

 𝑹 = 𝑷 / 𝑰𝟐        (12) 

   2.3.2.3 - Faraday’s Law 

 Michael Faraday was a chemist by nature, but he applied the findings of Andre-

Marie Ampere with electrochemistry to marry the electrical phenomena and chemistry 

concepts (Neimark, 2003).  Faraday thus developed the quantitative relationship between 

chemical and electrical change (Neimark, 2003).  To start, current was originally defined 

by Andre-Marie Ampere as: 

“The ampere is that constant current which, if maintained in two straight parallel 

conductors of infinite length, of negligible circular cross-section, and placed 1 

meter apart in vacuum, would produce between these conductors a force equal to 

2 x 10-7 newton per meter of length” (National Institute of Standards and 

Technology, n.d.) 

In other words, current is the” rate at which charge passes a fixed point in space” (Davis, 

n.d.).  To describe this interaction mathematically it is represented as: 

 I = q / t         (13)  

The equation can be stated as current (I) equals coulombs (q) divided by time (t) (Nave, 

n.d.).  He formulated this equation to determine properties and calculations for his 

electrostatics research (Neimark, 2003).  The goal of his work was to be able to calculate 
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how much current of electricity was needed to ionize a metal to electroplate another 

object, which is currently referred to as electroplating (Neimark, 2003).  This equation 

can work both ways by solving for either current using I, and electrons, coulombs, or 

charge using q (Nave, n.d.).   

  2.3.2.4 - Euler’s Equation 

 Everything within electricity and how it moves is related to Euler’s equation 

(Sahely, 2017).  This equation is used to describe the oscillation of electrical forces such 

as voltage and current as well as the oscillating pattern between the electric and magnetic 

fields (Glen Research Center, n.d.).  The Euler equation can be represented in several 

different manipulations and derivatives, however in its most common form it is seen as: 

       (14) 

 

Figure 2.8 – Diagram indicating the circular geometric motion of the frequencies of 
voltage and current in alternating current. (Haselhurst, 2017) 

The goal within electrical harmonics is to maintain a pure sine wave with regards to 

voltage and current frequencies whereas there are not abnormal spikes (Haselhurst, 2017) 
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(Nave, n.d.).  Since Euler’s equation is a radian-based function, the path can be 

represented in a circular motion as seen in Figure 2.8 and expanded from a two-

dimensional view to a three-dimensional view where Figure 2.9 illustrates the time 

derivative of Euler’s equation (Haselhurst, 2017) (Sahely, 2012). 

 

Figure 2.9 – Diagram indicating the circular application of Euler’s Equation with respect 
to time.  This illustrates the circular (2D) motion of voltage and current in a conductor 
but when time is applied it becomes a 3D spiral. (Sahely, 2012) 

To be directly applied to electricity, Figure 2.10 illustrates the 90 degree or perpendicular 

relationship between the electric and magnetic fields (Sahely, 2012) (Nave, n.d.). 

  

Figure 2.10 – Illustration showing the perpendicular relationship between electric and 
magnetic fields. (Sahely, 2012) 
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  2.3.2.5 - Kirchhoff’s Current Law 

 During the 19th Century, German Physicist, Gustav Kirchhoff developed two 

electrical laws that are similar in nature, but separately applied to both voltage and 

current (Encyclopedia Britannica, 2022).  For the purposes of this research, the current 

law is critical to performing load flow analysis on any system and has been used as a 

standard for load analysis in prior regulatory issues.  The current law states that “total 

current or charge entering a junction or node is exactly equal to the charge leaving the 

node as it has no other place to go except to leave, as no charge is lost within the node.’ 

In other words, the algebraic sum of ALL the currents entering and leaving a node must 

be equal to zero, I(exiting) + I(entering) = 0” (Electronics Tutorials, n.d.).  This is critical 

for understanding power flow in an alternating current environment because every point 

of connection to a home, building, circuit, substation, etc. can be considered a node 

(Clarkson University, n.d.).  This is anywhere that currents or load are being introduced.  

Figure 2.11 indicates this additive relationship between current flowing in and out of the 

node (Electronics Tutorials, n.d.).  This is a representation of the law of Conservation of  

 

Figure 2.11 – Illustration showing the Conservation of Energy via Kirchhoff’s Current Law 
indicating a flow on current into and out of a node. (Electronics Tutorials, n.d.) 
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Energy.   

Kirchhoff’s Current Law can be applied to either DC or AC systems and in this 

research that will be critical (Electronics Tutorials, n.d.).  In essence, a node is anywhere 

that there are more than two connections with an inflow or outflow of current (Illinois 

Institute of Technology, n.d.).  Figure 2.12 indicates a circuit with multiple points of 

 

Figure 2.12 – Illustration showing the Conservation of Energy via Kirchhoff’s Current Law 
in a single line diagram with 4 nodes. (Electronics Tutorials, n.d.) 

resistance and nodes located throughout (Electronics Tutorials, n.d.).  With regards to this 

research, the most critical node to be evaluated will be the secondary bus on a substation 

(Sivaraman et al., 2021).  This is the point on common coupling for all distribution 

circuits on a substation, and this critical point is where the cumulative generation from 

distributed energy resources and consumers load offset one another (Sivaraman et al., 

2021).  
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2.4 - Brief History of the Electron Properties 

 Subatomic particles are part of the foundations of everything that humans interact 

with each and every day (Purdue, n.d.).  Electrons, protons, and neutrons are all 

subatomic particles that make up each and every atom (Purdue, n.d.).  Theories and 

research on subatomic particles began to be formalized in the 19th Century.  With regards 

to electricity, electrons are actually the most important particles as they act as the charge 

carrier in conductors.  In 1891, G. Johnstone Stoney coined the term electron to describe 

the common unit of charge found through several experiments involving sending electric 

current through various chemicals (American Institute of Physics, n.d.).  Just before the 

turn of the Century in 1897, J.J. Thompson was the first individual to discover and 

demonstrate that the electron exists and called them “corpuscles” (Encyclopedia 

Britannica, n.d.).  He was able to utilize cathode rays moving through an induced electric 

field to detect electron charges via an electrometer (American Institute of Physics, n.d.).  

It wasn’t until later that George FitzGerald had connected the concept of electrons.  He 

had previously theorized in 1892 to formulate that what J.J. Thompson had discovered 

and termed as corpuscles were actually electrons (New World Encyclopedia, n.d.).  From 

this point on, physicists began to build on and formulate further hypothesis, theories, and 

concepts. 

 In the 20th Century, human knowledge of electrons rapidly continued to develop 

and have a large impact on the implementation of electronic devices.  Throughout the 

previous century many physicists had performed experiments that detected positive and 

negative charges of either particles or atoms.  Between 1903-1907, J.J. Thompson 

discovered that electrons were negatively charged particles and theorized that atoms must 
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be neutrally charged (Encyclopedia Britannica, n.d.).  In 1910, Robert Millikan 

performed a charge-trapping oil experiment that atomized oil droplets, and published his 

report in 1913 that determined the charge of an electron to within less than half a percent 

of the charge value accepted today (Shirber, 2012).  In the same year of 1913, Danish 

physicist Niels Bohr made public his atomic structure theory that involves electron 

orbitals surrounding a nucleus with tightly bound protons (The Nobel Prize, n.d.).  This 

baseline understanding opened up the door for radioactive particle research that sent 

humanity into the nuclear age.   

 With the baseline understanding of quantum structure within atoms, physicists 

began to evaluate how to explore subatomic behavior and applications of this knowledge.  

Albert Einstein is one of the most notable researchers in this field of subatomic research 

involving the formulation of quantum mechanics (Fell, 2005).  In 1905, Albert Einstein 

was performing research on photons when he discovered the photoelectric effect that 

established the wave and particle behavior of the energized light particle known as a 

photon (Fell, 2005).  Several years later in 1923, Louis de Broglie hypothesized that this 

wave-particle duality was not just subject to photons but also all matter in general 

(Encyclopedia Britannica, n.d.).  This was proven experimentally through the observation 

of electron diffraction by Clinton Davisson and Lester Germer at Bell Laboratories 

(Encyclopedia Britannica, n.d.).  From 1925-1926, Erwin Schrödinger and Werner 

Heisenberg both published similar theories focusing on the wave-particle like behavior of 

electrons and developed equations and matrices to describe their relationships 

(Encyclopedia Britannica, n.d.).  These equations were quite accurate and gave physicists 

the ability to accurately determine the negative charge of an electron, and the energy 
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levels of various electrons given a particular atom (Encyclopedia Britannica, n.d.)  This 

gave a more mathematical explanation to the structure that Bohr had developed years 

earlier.   

2.5 - Physics & Chemistry – Concepts & Equations 

2.5.1 - Electron Orbital 

 Every element has a specific number of protons, neutrons, and electrons that give 

them their identity (Florida State University, n.d.).  Simply stated, atoms are structured 

with neutrons and protons held together inside the nucleus of an atom (Florida State 

University, n.d.).  The electrons are located outside the nucleus and move around it in 

what is commonly referred to as the electron cloud (Littleford et al., 2005).  Since protons 

are positively charged, this group of positively charged protons inside the nucleus of an 

atom keep the electrons bound inside the electron cloud (Littelford et al., 2005).  The 

negatively charged electrons are naturally pulled towards the center of an atom (CERN, 

n.d.).  This attractive force holding electrons and protons together is an electromagnetic 

force that keeps the atom held together (CERN, n.d.).   

 Within atoms are electron orbitals where the electrons are held at specific 

distances from the nucleus (Florida State University, n.d.).  Each level or orbital can hold 

a different number of electrons in it (University of Maryland, n.d.).  This is commonly 

referred to as the Aufbau principal, and this can be utilized to determine the number of 

electrons in each orbital (University of Maryland, n.d.).  One of the most commonly used 

conductors for distribution power lines is aluminum-steel reinforced conductor that relies 

primarily on the aluminum element for conducting electricity and the steel center is for 
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strength (also referred to as a messenger cable).  The element, aluminum, or Al has an 

atomic number of 13 which represents the number of protons in the nucleus of the atom, 

but also since it is a stable element it is the number of electrons surrounding the nucleus 

as well (University of Maryland, n.d.).  The 13 electrons have an electron configuration 

of 1s 2s 2p 3s 1p  by using the Aufbau principal (Scerri, 2013).  This can also be seen 

in Figure 2.13 where it indicates the direction of spin (LibreTexts, 2019).  Each arrow 

represents an electron and ideally each electron will be matched with an electron of 

opposite spin before being left alone (LibreTexts, 2019).  Based upon the Aufbau 

electron 

 

Figure 2.13 – The Aufbau Principle illustrated for Aluminum with the number of electrons 
in each level and their spin up or down. (LibreTexts, 2019) 

configuration method in Figure 2.14, it can be seen that aluminum contains 3 electrons in 

its outer orbital (Scerri, 2013).  Two electrons are indicated in the 3s orbital, and one 

electron is indicated in the 3p orbital (Scerri, 2013).  Figure 2.15 illustrates the electron 

location amongst the various orbital levels.  Similar to Figure 2.14, the outermost orbital 

of aluminum in Figure 2.15 indicates that there are three electrons at that energy state 

(Valence Electrons, n.d.) (Periodic Table Guide, n.d.). 
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Figure 2.14 – Illustration of the Aufbau Principle which shows all possible electron 
orbitals. (Valence Electrons, n.d.) 

 

Figure 2.15 – Illustration of the electrons in each orbital surrounding the proton and 
neutron center. (Periodic Table Guide, n.d.) 

2.5.2 - De Broglie, Schrödinger, and Heisenberg 

 Electrons have traits of both particles and waves.  The particle understanding of 

electrons was well understood during the 20th Century, but the wave behavior of electrons 

was solidified during the 21st Century.  Albert Einstein first recognized the particle-like 

behavior of photons in 1903, and Louis De Broglie first proposed the wave-like behavior 
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of electrons in 1923 (Cline, 2021).  Through this, De Broglie proposed that you can 

neither 100% know the magnitude or position of an electron because of the wave-like 

behavior of electrons (Zubairy, 2020).  Through experimentation, he concluded that 

electron position is calculated through probabilities which is represented by a wave 

(Zubairy, 2020).  In Figure 2.16, it shows the scattering of electrons into groups and the 

electron density is indicated by the wave at the bottom of the image (LibreTexts, 2021). 

When predicting or determining the location of an electron it has a higher probability 

 

Figure 2.16 – Illustration of electron distribution and the role that probability plays in 
predicting electron behavior. (LibreTexts, 2021) 

of being in a specified location at the peak of the wave (Zubairy, 2020).  This 

understanding supports the electron orbital structure of the atom where electrons at 

different energy levels are held in different areas or zones where they’re likely to be 

found.  Another way to view the waves used in the probability of determining either the 
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magnitude or position of electrons is seen in Figure 2.17 (LibreTexts, 2021) (Zubairy, 

2020).  This example illustrates that there is a more accurate prediction of the magnitude  

 

Figure 2.17 – The inverse relationship of predicting momentum and position of electrons, 
and the wave like probability of determining momentum and position. (LibreTexts, 2021) 

(momentum) due to the increased probability, whereas the position of the electron is less 

likely to be determined based upon the large wavelength (California Institute of 

Technology, n.d.).  Schrödinger and Heisenberg applied mathematical probability to De 

Broglie’s wavelike behavior of electrons (California Institute of Technology, n.d.) 

(Zubairy, 2020).  Heisenberg became known for his equation to calculate the uncertainty 

in one’s prediction of magnitude or position of an electron, which is essentially the 

opposite of the probability of an electron to be in a certain location (California Institute of 

Technology, n.d.).  This concept became known as the Heisenberg Uncertainty Principle.   
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2.5.3 - Electron Theory 

 Electrons are hard to predict their location, but that doesn’t negate how their 

properties and behavior are critical to the transfer of electrical energy.  What makes a 

conductor a good conductor of electricity is the ability of the atoms that make up the 

conductor to have electrons leave their valence orbital when a voltage is induced 

(Delaware Department of Education, n.d.).  Mankind has discovered that metallic objects 

typically have valence electrons with lower ionization energy levels, which means that at 

low voltages the electrons in the valence orbitals become free electrons (Ali, 2014).  As 

these free electrons move from their “home” atom they weave in-between other atoms, 

can enter valence orbitals of other atoms, or exert force on other electrons (Ali, 2014).  In 

this way, free electrons are passing energy to valence electrons where they themselves 

become valence electrons and continue the chain reaction (Delaware Department of 

Education, n.d.).  This interaction is illustrated in Figure 2.18, where the transfer of 

energy can be seen from left to right by free electrons passing energy to valence 

electrons, and then the free electron takes the place of the valence electron within its atom 

as a result (Ali, 2014).  This happens thousands to trillions of times a second as small 

amounts of energy are transferred between large amounts of these quantum particles (Ali, 

2014).  Together, their movement cumulatively make up what are measurable as amps 

(Ali, 2014). 

In order for electrons to move, there must first be a voltage present on the 

conductor, and as soon as the electrons have a place to move to deliver their energy, the 

voltage acts as pressure to push the electrons in the direction of where their energy is to 

be delivered (Hurrell, 2004).  As the electrons move, they generate a current in the wire 
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since as the carriers they are transferring energy from one position to another (U.S. 

Energy Information Administration, 2022) (Hurrell, 2004).  It is this principle that 

electrons pass energy to one another creating a cycle of free electrons and valence 

 

Figure 2.18 – Illustration indicating the movement of free electrons from their valence 
orbital and impacting other atoms as they move through a conductor and generate 
current. (Ali, 2014) 

electrons, that can be described as the traditional desk toy of Newton’s Cradle (Virginia 

Tech, n.d.).  It is made up of the linear suspension of metal balls that hit one another and 

transfer energy through one another (Virginia Tech, n.d.).  This is exactly what behavior 

is going on amongst groups of electrons tightly packed in a conductor and transferring 

electrical energy from one electron to another (U.S. Energy Information Administration, 

2022).  Electrons aren’t actually traveling from a large power plant to a television at a 

home almost instantaneously, which is why scientists describe electrons as charge 

carriers (U.S. Energy Information Administration, 2022).   
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 2.5.4 - Coulomb’s Law 

Conductors are made up of atoms that contain electrons and throughout and 

conductor there are many electrons (Challoner, 2018).  As electric energy is transitioned 

through a conductor via the charge carrying electrons it is inevitable that electrons will 

interact with each other (U.S. Energy Information Administration, 2022).  This is how 

electrons are able to travel short distances and transmit energy over long distances as 

explained in later chapters.  The interactions between electrons is described by 

Coulomb’s Law.  This interaction is described as the “interaction between charged 

objects is a non-contact force that acts over some distance of separation” (The Physics 

Classroom, n.d.).  By this definition, in order to calculate and define the force exerted 

between two charged particles the primary factors are the numerical value of the charges 

for both particles and the distance between them (Nave, n.d.) (Hurrell, 2004).  These 

particles exert forces on one another that influence each other’s behavior without having 

to directly touch them (Nave, n.d.).  This is how the energy is transitioned between 

electrons, because like charges push away from each other and opposite charges attract 

(Challoner, 2018).  Since electrons possess a like negative charge, as one electron 

approaches another it forces the other one to move (Challoner, 2018).  This transition of 

movement between two electrons is how energy transitions through a conductor 

(Challoner, 2018).  The movement of electrons, which are charged particles, is the 

movement of charge, which makes up electric energy (Challoner, 2018).  

2.6 - Summary 

These discoveries and concepts will play a critical role in this research.  Electron 

movement within conductors with respect to alternating current is the culmination of all 
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of these concepts combined.  These electrical calculations demonstrated will be utilized 

to form new equations that will mathematically relate electron movement to current in a 

wire.  The chemistry understanding of atomic structure will also play an important role in 

developing the equations used to determine electron distance traveled due to the electrical 

influence on electrons.  These will combine in Chapter Four to create the Quantum 

Movement Theory of Alternating Current, which will be applied to the research agenda in 

Chapter Five, Six, & Seven in order to determine how the movement of electrons impacts 

the electric grid. 
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CHAPTER THREE 

3.0 - Energy Policy 

 3.1 - Introduction 

In order to evaluate DER implementation implications, the framework needs to be 

discussed prior to the research taking place in the following chapters.  This chapter will 

define in depth the definition and application of DERs on the electric utility grid using 

the standards set in place by the United States Department of Energy and its 

accompanying standards.  Energy around the world is highly politicized and regulated to 

maintain supply, reliability, security, and cost effectiveness, and will be evaluated with 

respect to policies impacting DERs (Ervin, n.d.).  Furthermore, the introduction to the 

methodology of the greater research being performed will be discussed, and to be 

followed in the next chapters with the experimentation.   

3.2 - Defining DER 

DER from the terminology using the word “distributed” is in reference to the 

generator being interconnected to the distribution system.  The location of this service 

can be classified as a few different things depending upon the customer and 

interconnection method.  In general, to be classified as a distributed generation resource 

the generator has a nameplate rating of less than 20MW AC according to NERC (North 

American Electric Reliability Corporation, 2016).  In most instances these generation 

resources are less than 10MW AC, such as the definition supported by the Federal 

Energy Regulatory Commission (Federal Energy Regulatory Commission, 2020).  This is 

mostly due to voltage and conductor sizing limitations to be able to feasibly handle much 
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more distribution of power at voltages ranging from 5kV (5,000V) to 34.5kV (34,500kV) 

(U.S. Department of Energy, 2015).  An example of a typical electric grid structure of a 

substation and distribution circuit is shown in Figure 3.1 (North American Electric 

Reliability Corporation, 2016).  This single line diagram indicates the inbound 

transmission feeder to the primary bus at the substation on the left side of the diagram 

indicating common voltages of 69kV, 115kV, 138kV, or 230kV (North American  

 

Figure 3.1 – Diagram of typical distribution substation with transmission feeds (left) and 
distribution feeds (right) that serve residential and commercial customers. (North 
American Electric Reliability Corporation, 2016) 

Electric Reliability Corporation, 2016).  The inbound power then passes through a 

transformer to be stepped down to lower distribution voltages commonly resulting in 

12.5kV, 13.8kV, or 34.5kV (North American Electric Reliability Corporation, 2016).  On 

the low side of the transformer at distribution medium voltages you have multiple 

distribution feeders that branch out to deliver power to the various customers on those 

circuits (U.S. Department of Energy, 2015).  On the secondary side of the transformer, it 

can be seen that there is a shunt or disconnecting means branching from the secondary 

bus, another for the distribution circuit as a whole, and lastly at the customer’s load 
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which consists of 4 inductive motor loads, electronic loads, and static loads (U.S. 

Department of Energy, 2015).   

 According to the North American Electric Reliability Corporation, DERs can be 

classified into two different categories of Retail Distributed Energy Resources (R-DER) 

and Utility Distributed Energy Resources (U-DER) (North American Electric Reliability 

Corporation, 2016).  R-DER is a generation resource interconnected behind the meter at a 

customer’s facility at either single or three-phase service and is unlimited by generation 

nameplate capacity based on the load it offsets (North American Electric Reliability  

 

Figure 3.2 – Diagram 3.1 with U-DER and R-DER generator integration methods. (North 
American Electric Reliability Corporation, 2016) 

Corporation, 2016).  U-DER is interconnected along the distribution circuit or at the 

substation secondary bus not located behind the meter and therefore not offsetting 

customer site load and is generally ranging in nameplate capacity from 0.5MW AC 
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(500kW) to 20MW AC (20,000kW) (North American Electric Reliability Corporation, 

2016).   

3.3 - DER Techniques 

In the R-DER scenario the primary purpose of the DER is to offset the demand 

and energy located at the customers facility whether it is a home or business (Frick et al., 

2021).  In the U-DER scenario the owners of those DERs are usually either utilities or 

investors that are serving utilities that have located the DER in a place that needs that 

amount of power (Frick et al., 2021).  This scenario is like the R-DER strategy except the 

metering point can be either a standalone meter or located at a feeder breaker in the 

substation.  Ideally, the energy generated by the U-DER would never (or be less likely) to  

 

Figure 3.3 – Diagram 3.1 & 3.2 modified to show the Composite Load Model, which is 
the recommended method for evaluating cumulative consumer generation and load. 
(North American Electric Reliability Corporation, 2016) 

impact the transmission system by entering the primary bus within the substation (Frick 

et al., 2021).  The very nature of DERs in either R-DER or U-DER techniques is to place 
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generation where it is needed most (Frick et al., 2021).  This leads to the composite load 

model created by the North American Electric Reliability Corporation that is shown in 

Figure 3.3 (North American Electric Reliability Corporation, 2016).  This illustration 

shows how U-DERs and R-DERs need to be evaluated with consideration of substation 

secondary bus generation and load values.   

 There are several ways to evaluate a DER on a substation being at the distribution 

feeder breaker and the main breaker for the secondary bus of the substation.  In a 

conceptual model like what is shown in Figure 3.3, imagine you have an R-DER that has 

a nameplate capacity of 1MW AC and a distribution circuit minimum load of 1.5MW AC 

(North American Electric Reliability Corporation, 2016).  In this scenario, the generation 

from the R-DER should never make it to the distribution circuit feeder breaker and onto 

the secondary bus, because the load is always greater than the generation supply.  This is 

simple load-flow analysis understanding for electrical engineering.  The same 

understanding applies to U-DER interconnected under a dedicated feeder breaker onto 

the substation secondary bus shown in Figure 3.3 (North American Electric Reliability 

Corporation, 2016).  In this scenario, imagine that the minimum load on the main breaker 

of the secondary bus is 5MW AC and the U-DER nameplate capacity is 4MW AC.  

Using basic engineering principles and the understanding of electric current, it can be 

concluded that the electricity should not move through the transformer and touch the 

primary bus.  This would mean that the electric current would be moving against the 

overall macroscopic direction of electric movement. 
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3.4 - Interconnection Process 

The Federal Energy Regulatory Commission takes on the responsibility as the 

forward-thinking regulatory body in the United States that sets standards and mandates 

for processes such as DER evaluation and implementation across all 50 states (Federal 

Energy Regulatory Commission, 2015).  The DER evaluation process mandated by 

FERC is a 5-step process, however it rarely ends up being this simple (Sandia National 

Laboratories, n.d.).  In practice, each evaluation step is steeped by costs, project 

engineering, and a potential restarting of the processes depending upon the result of each 

step.  This process is illustrated in Figure 3.4 (Sandia National Laboratories, n.d.).  The 

processes shown are to then be applied and enforced by the appropriate local regulatory 

body and/or electric utility.  In practice this can vary by state and utility based upon the 

regional or local needs.  This is the current system’s approach to evaluating DERs.  The 

Interconnection Request is the initial data delivery from the customer to the electric 

utility, and the first engineering evaluation of the project begins during this step (Valova 

et al., 2022).  In this part, the utility evaluates two things: 1) completeness review of 

submitted data, & 2) the impact to the localized utility equipment nearby (Federal Energy 

Regulatory Commission, 2018).  If this pre-liminary application review yields concern 

regarding potential impact outside of the localized area, then a Feasibility Study will be 

performed (Federal Energy Regulatory Commission, 2018).  In this study, the impacts to 

the distribution circuit(s) are identified and determination is made as to if the project 

needs to be evaluated for transmission impacts by way of a System Impact Study (Federal 

Energy Regulatory Commission, 2018).  After the Feasibility Study and/or System 

Impact Study or both are conducted, then the Facilities Study is conducted to identify 
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existing infrastructure upgrades and the necessary costs to improve those facilities 

(Federal Energy Regulatory Commission, 2018).  The thresholds for these evaluations  

 

Figure 3.4 – Process flowchart for DER evaluation and implementation established by 
FERC (Sandia National Laboratories, n.d.). 

can be flexible for the necessary utilities to adapt based on their needs, while maintaining 

the recommendations that FERC and others have set in place.  Ultimately, at the end of 

the interconnection process, the customer or developer and the necessary electric utility 

will reach a decision to either proceed with the project or cancel the project based upon 

the interconnection requirements and associated costs (Valova et al., 2022). 
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3.4.1 - Application 

In order to get to the point where an interconnection request can be submitted, 

several things need to happen.  The developer usually has a contract executed for a 

potential project and has a plan or strategy for getting it complete including the following 

items: preliminary design of the project, operational characteristics, and siting a location 

with an appropriate interconnection method.  At a minimum, these steps allow a 

developer or customer to submit a preliminary interconnection request to the respective 

distribution utility they seek to interconnect to.  

The document that FERC has created as a guideline for utilities in the U.S. to 

utilize to initiate the interconnection process is the Small Generator Interconnection 

Request set in place through the Small Generator Interconnection Procedures (Federal 

Energy Regulatory Commission, 2018).  This form is to be utilized as a method for the 

customer or developer to provide all information on the operation of their proposed DER 

so that the utility can begin evaluating the likelihood for impact to their system (Federal 

Energy Regulatory Commission, 2018).  The application data needed can vary depending 

upon generation type but generally consists of the following categories: 1) customer 

information, 2) interconnection location and method, 3) generator type and production 

characteristics, & 4) reactive (kVAR), real (kW), and apparent power data (kVA) 

(Federal Energy Regulatory Commission, 2018).  This information is then processed to 

determine if the proposed project presents potential risks to equipment outside of the 

localized area of the grid near the proposed project’s location (Valova et al., 2022).  If 

there is a concern that the energy produced by the DER could adversely impact other 

equipment or customers, then further evaluation is needed, whereas if the proposed 
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project doesn’t pose this risk, then an interconnection agreement can be coordinated at 

this time. 

3.4.2 - Feasibility Study 

 A project proceeds into the Feasibility Study phase once a potential adverse 

impact to the system has been found and needs further evaluation to determine if or to 

what extent the risk is present.  As the first official engineering review of a DER, the 

Feasibility Study seeks to serve as a filter to separate smaller projects with less impact 

from those generally larger projects that need more extensive evaluations (Federal 

Energy Regulatory Commission, 2018).  With this in mind, this evaluation has a 

maximum cost of $1,000 and a mandated timeframe of 30 business days as seen in the 

below characteristics of the Feasibility Study listed below from section 3.3 of FERC’s 

Small Generator Interconnection Procedures (Federal Energy Regulatory Commission, 

2018): 

3.3.1 - The feasibility study shall identify any potential adverse system impacts 

that would result from the interconnection of the Small Generating Facility. 

3.3.2 - A deposit of the lesser of 50 percent of the good faith estimated feasibility 

study costs or earnest money of $1,000 may be required from the Interconnection 

Customer. 

3.3.3 - The scope of and cost responsibilities for the feasibility study are 

described in the attached feasibility study agreement (Attachment 6). 

3.3.4 - If the feasibility study shows no potential for adverse system impacts, the 

Transmission Provider shall send the Interconnection Customer a facilities study 
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agreement, including an outline of the scope of the study and a nonbinding good 

faith estimate of the cost to perform the study. If no additional facilities are 

required, the Transmission Provider shall send the Interconnection Customer an 

executable interconnection agreement within five Business Days. 

3.3.5 - If the feasibility study shows the potential for adverse system impacts, the 

review process shall proceed to the appropriate system impact study(s) (Federal 

Energy Regulatory Commission, 2018). 

It is evident that the goal of the Feasibility Study step is to keep an efficient process 

moving for all parties, and to only continue in-depth evaluations for projects that present 

risks for other equipment or customers.   

FERC has developed a standardized agreement for utilities to use to formalized 

this procedural step published as the Feasibility Study Agreement in their Small 

Generator Interconnection Procedures (Federal Energy Regulatory Commission, 2018).  

This agreement contains a brief scope of work that identifies the utilities’ responsibilities 

during this step listed below: 

6.1 - Initial identification of any circuit breaker short circuit capability limits 

exceeded as a result of the interconnection; 

6.2 - Initial identification of any thermal overload or voltage limit violations 

resulting from the interconnection; 

6.3 - Initial review of grounding requirements and electric system protection; and 
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6.4 - Description and non-binding estimated cost of facilities required to 

interconnect the proposed Small Generating Facility and to address the identified 

short circuit and power flow issues. 

From the four items contained in Section 6 of the Feasibility Study Agreement scope of 

work, two mention the explicit issues being evaluated during this process, which are short 

circuit and power flow related issues (Federal Energy Regulatory Commission, 2018).  

Both potential issues require knowledge of installed equipment capacity being breaker 

ratings and conductor sizes, which are something that the utility would only have access 

to in order to perform this study.  The evaluation of these two screens is to determine if 

the current equipment installed will be suitable to handle the proposed DER given lower 

amounts of system load (Federal Energy Regulatory Commission, 2018).  In order to 

effectively evaluate this concern given the currently installed components, historical data 

regarding distribution circuit loading is needed as an input to the study.  This will allow 

the engineering team to compare the DER to low load portions of the year to see what 

active scenarios would result regarding patterns of consumption and production.  If it is 

determined that the proposed DER could have adverse effects onto the transmission 

system, then the project proceeds onto the next step of performing a System Impact Study 

(Federal Energy Regulatory Commission, 2018). 

3.4.3 - System Impact Study 

System Impact Studies are conducted when reliability to the bulk power system 

could have adverse effects due to the DER project that needs further evaluation.  

Typically, impact to the bulk power occurs when energy is exported from the distribution 

or secondary side of the substation onto the primary side or the transmission lines, which 
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could impact the movement of bulk power along those lines.  These studies are divided 

into two categories given the level of anticipated system disruption as being classified as 

distribution or transmission respectively.  The guidelines mandated for this study that 

serve as the characteristics of this process step are described as the following from 

section 3.4 of the Small Generator Interconnection Procedures: 

3.4.1 - A system impact study shall identify and detail the electric system impacts 

that would result if the proposed Small Generating Facility were interconnected 

without project modifications or electric system modifications, focusing on the 

adverse system impacts identified in the feasibility study, or to study potential 

impacts, including but not limited to those identified in the scoping meeting. A 

system impact study shall evaluate the impact of the proposed interconnection on 

the reliability of the electric system. 

3.4.2 - If no transmission system impact study is required, but potential electric 

power Distribution System adverse system impacts are identified in the scoping 

meeting or shown in the feasibility study, a distribution system impact study must 

be performed. The Transmission Provider shall send the Interconnection 

Customer a distribution system impact study agreement within 15 Business Days 

of transmittal of the feasibility study report, including an outline of the scope of 

the study and a non-binding good faith estimate of the cost to perform the study, 

or following the scoping meeting if no feasibility study is to be performed. 

3.4.3 - In instances where the feasibility study or the distribution system impact 

study shows potential for transmission system adverse system impacts, within five 

Business Days following transmittal of the feasibility study report, the 
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Transmission Provider shall send the Interconnection Customer a transmission 

system impact study agreement, including an outline of the scope of the study and 

a non-binding good faith estimate of the cost to perform the study, if such a study 

is required. 

3.4.4 - If a transmission system impact study is not required, but electric power 

Distribution System adverse system impacts are shown by the feasibility study to 

be possible and no distribution system impact study has been conducted, the 

Transmission Provider shall send the Interconnection Customer a distribution 

system impact study agreement. 

3.4.5 - If the feasibility study shows no potential for transmission system or 

Distribution System adverse system impacts, the Transmission Provider shall send 

the Interconnection Customer either a facilities study agreement (Attachment 8), 

including an outline of the scope of the study and a nonbinding good faith 

estimate of the cost to perform the study, or an executable interconnection 

agreement, as applicable. 

3.4.6 - In order to remain under consideration for interconnection, the 

Interconnection Customer must return executed system impact study agreements, 

if applicable, within 30 Business Days. 

3.4.7 - A deposit of the good faith estimated costs for each system impact study 

may be required from the Interconnection Customer. 

3.4.8 - The scope of and cost responsibilities for a system impact study are 

described in the attached system impact study agreement. 
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3.4.9 - Where transmission systems and Distribution Systems have separate 

owners, such as is the case with transmission-dependent utilities ("TDUs") – 

whether investor-owned or not – the Interconnection Customer may apply to the 

nearest Transmission Provider (Transmission Owner, Regional Transmission 

Operator, or Independent Transmission Provider) providing transmission service 

to the TDU to request project coordination. Affected Systems shall participate in 

the study and provide all information necessary to prepare the study. 

In general, the System Impact Study is performed based on the anticipated implications 

of the proposed DER.  This step, similar to the Feasibility Study, can be skipped as 

addressed in Section 3.4.5, if no adverse impact was noted as needing additional 

evaluation then the process can proceed on to an interconnection agreement (Federal 

Energy Regulatory Commission, 2018).   

 During a System Impact Study, the respective electric utility is responsible for 

evaluating any impact to the distribution or transmission systems.  The concerns being 

evaluated by this step are issues that pose a risk of adverse effects on the distribution 

circuit in question, other distribution circuits, the substation itself, or greater transmission 

impacts depending on the level of concern (Federal Energy Regulatory Commission, 

2018).  The specific evaluations required are mentioned in Section 5 of the Scope of 

Work contained in the System Impact Study Agreement shown below: 

5.0 - A system impact study shall consist of a short circuit analysis, a stability 

analysis, a power flow analysis, voltage drop and flicker studies, protection and 

set point coordination studies, and grounding reviews, as necessary. A system 

impact study shall state the assumptions upon which it is based, state the results 
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of the analyses, and provide the requirement or potential impediments to 

providing the requested interconnection service, including a preliminary 

indication of the cost and length of time that would be necessary to correct any 

problems identified in those analyses and implement the interconnection. A 

system impact study shall provide a list of facilities that are required as a result of 

the Interconnection Request and non-binding good faith estimates of cost 

responsibility and time to construct (Federal Energy Regulatory Commission, 

2018). 

For the issues mentioned in Section 5.0 of the System Impact Study Agreement to be 

evaluated, it will require large datasets for the impacted distribution circuits and the 

overall substation metering data (Federal Energy Regulatory Commission, 2018).  This 

data would typically be in a comma separated value or CSV format with values taken in 

15-minute increments or more frequently available ones depending upon the meter in use.  

To accomplish this step, there would need to be advanced single line diagrams and 

interval data for voltage, current, load, and frequency data for each phase.  Once this 

evaluation is complete, the goal is to provide a detailed report of facility improvements 

needed to accommodate the new DER. 

  3.4.4 - Facility Study 

 In essence, the Facility Study is an in-depth design and pricing exercise to be 

performed upon receiving the results of the System Impact Study and to mitigate the 

concerns stated in their findings.  Similar to the System Impact Study, there are no 

maximum associated costs or timeframes associated with the Facility Study (Federal 

Energy Regulatory Commission, 2018).  This is because when these studies are needed 
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there needs to be adequate time to evaluate concerns, design solutions appropriately, and 

ensure a reliable electric grid.  The characteristics of the Facility Study to be performed 

following the results of the System Impact Study are listed below: 

3.5.1 - Once the required system impact study(s) is completed, a system impact 

study report shall be prepared and transmitted to the Interconnection Customer 

along with a facilities study agreement within five Business Days, including an 

outline of the scope of the study and a non-binding good faith estimate of the cost 

to perform the facilities study. In the case where one or both impact studies are 

determined to be unnecessary, a notice of the fact shall be transmitted to the 

Interconnection Customer within the same timeframe. 

3.5.2 - In order to remain under consideration for interconnection, or, as 

appropriate, in the Transmission Provider's interconnection queue, the 

Interconnection Customer must return the executed facilities study agreement or a 

request for an extension of time within 30 Business Days. 

3.5.3 - The facilities study shall specify and estimate the cost of the equipment, 

engineering, procurement and construction work (including overheads) needed to 

implement the conclusions of the system impact study(s). 

3.5.4 - Design for any required Interconnection Facilities and/or Upgrades shall 

be performed under the facilities study agreement. The Transmission Provider 

may contract with consultants to perform activities required under the facilities 

study agreement. The Interconnection Customer and the Transmission Provider 
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may agree to allow the Interconnection Customer to separately arrange for the 

design of some of the Interconnection Facilities. 

In such cases, the facilities’ design will be reviewed and/or modified prior to acceptance 

by the transmission provider, under the provisions of the facilities study agreement 

(Federal Energy Regulatory Commission, 2018). If the parties agree to separately arrange 

for design and construction, and provided that security and confidentiality requirements 

can be met, the transmission provider shall make sufficient information available to the 

interconnection customer in accordance with confidentiality and critical infrastructure 

requirements to permit the interconnection customer to obtain an independent design and 

cost estimate for any necessary facilities (Federal Energy Regulatory Commission, 2018). 

3.5.5 - A deposit of the good faith estimated costs for the facilities study may be 

required from the Interconnection Customer. 

3.5.6 - The scope of and cost responsibilities for the facilities study are described 

in the attached facilities study agreement. 

3.5.7 - Upon completion of the facilities study, and with the agreement of the 

Interconnection Customer to pay for Interconnection Facilities and Upgrades 

identified in the facilities study, the Transmission Provider shall provide the 

Interconnection Customer an executable interconnection agreement within five 

Business Days (Federal Energy Regulatory Commission, 2018). 

For many developers or customers, the results of the Facility Study are important to 

determine whether their project will move forward or not (Peterson et al., 2018).  When 

the resulting design and pricing are delivered, a decision must be made upon whether to 
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move forward or not.  This pricing is impacted based upon the design requirements to 

mitigate the concerns found in the System Impact Study (Federal Energy Regulatory 

Commission, 2018).  Similar to any business scenario, the project must still be able to 

cash flow given the associated costs of the interconnection related improvements, and if it 

doesn’t make financial sense then the project is canceled, and the customer can choose 

whether to submit a new project or not (Peterson et al., 2018). 

  3.4.5 - Interconnection Agreement: Summary 

The last step in the process is having all parties reach a conclusion on how to 

move forward, which has become known as an interconnection agreement.  The project is 

approved for construction from the utility perspective once this agreement has been 

reached (Peterson et a., 2018).  From the developer or customer perspective, cost is the 

largest factor as to whether a project continues or gets cancelled (Peterson et al., 2018).  

The customers or developers typically do not install these infrastructure improvements as 

they are commonly owned and operated by the electric utility (Sivaraman et al., 2021).  

In most scenarios, the line of demarcation between customers and utilities is the point of 

common coupling where the energy metering is taking place (Sivaraman et al., 2021).  

Assuming an agreement is reached, both entities can begin working on completing their 

scope with regards to the project (Peterson et al., 2018).  If a project doesn’t proceed 

forward with construction, rather than canceling the entire project, a customer can either 

potentially relocate the project elsewhere or descope the project to avoid costly upgrades 

(Peterson et al., 2018).   

 



P a g e  | 90 
 

3.5 - Policy Outline 

A DER is in itself a complex machine interconnected to a complex system, and 

like the entire energy industry has to comply with policies and regulations set in place.  In 

many ways, policy is what drives the development of energy resources.  This has been 

recognized in recent decades with a higher adoption of customer owned generation rather 

than primarily large, centralized generators owned and/or operated by electric utility 

providers (Farrell, 2018) (Peak Substation Services, n.d.).  This is largely driven by the 

technological developments in renewable energy, energy storage technologies, and the 

financial feasibility for customers to own their own source of power generation (Farrell, 

2018).  This change in electricity delivery has created new challenges that the regulatory 

authorities such as the U.S. Department of Energy, Federal Energy Regulatory 

Commission, North American Electric Reliability Corporation, State Public Utility 

Commissions, Regional Transmission Operators, Independent System Operators, and 

electric utilities will have to adapt to (Farrell, 2018). 

The primary reason that DERs are a challenge for policy regulators and electric 

utilities is due to the change in the movement of electricity (Farrell, 2018).  Traditionally, 

electric energy was operated and managed by electric utilities and strategized in a way 

that electric energy is generated at a large power station, transmitted at high voltages over 

longer distances, transformed to lower voltages and distributed to local homes and 

business at their required service levels (Surendra, n.d.).  In this sense, electricity flowed 

in “one direction” from the generator to the ultimate end user (Aczel, n.d.).  The energy 

transition began to pick up speed in the 1990’s when homeowners and businesses found it 

to become common place to install a backup generator on their building ran from either 
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diesel or natural gas (Peak Substation Services, n.d.).  As prices lowered and it thus 

became more feasible to have reliable backup power, more and more individuals began 

utilizing them.  As rates for electricity demand increased overtime, large businesses 

found it more and more enticing to utilize behind-the-meter power generation to lower 

their demand charges.  This practice is commonly known as peak shaving or demand 

shedding and consists of the customer lowering their overall peak demand in a way that 

allows them to save money on their electric utility bills (Peak Substation Services, n.d.).  

Around the turn of the century in the early 2000’s, solar started emerging as an 

acceptable power generation resource that businesses could implement for peak demand 

shaving purposes as well as public relations claims (United States Department of Energy, 

n.d.).  The current market has reached a time where customer owned generation is 

becoming more commonplace and therefore states began establishing net-metering 

policies to allow customers to generate their own energy and be a net-zero electric user 

from the grid on an annual basis (Kellison, 2020).  This new rate schedule defining 

compensation for customer owned generation and federal tax incentives for renewable 

energy gave solar and wind a boost for quicker adoption rates among consumers (Evro et 

al., 2023).  From 2010-2020 alone, the National Renewable Energy Laboratory reported 

decreased costs for turnkey residential solar projects by over 64% and commercial 

projects by over 69% (Feldman et al., 2021).  As energy storage continues to decrease as 

well, this is driving the rapidly increasing deployment of DERs in the United States as 

seen in Figure 3.5 (Kellison, 2020).  With this background in development and visual 

representation it can be seen why there is a concern between the traditional notion of 
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“one direction” of power now transitioning to a “two directional” movement of power 

(Aczel, n.d.) (U.S. Department of Energy, 2014).   

 

Figure 3.5 – Graph indicating growth of DERs in North America from 2015 to estimated 
amount in 2025. This illustrates the cumulative DER capacity additions by resource and 
customer type in the U.S. from 2016-2025E(estimated) measured in gigawatts(GWs). 
(Kellison, 2020) 

  3.5.1 - Federal and State Jurisdiction 

 In the early 1900’s, the United States federal government determined that due to 

the growing gas and electric utility industries they needed to set in place an appropriate 

regulatory structure.  The Federal Power Act established the framework to set in place 

federal regulation of the electric grid in the United States on June 10, 1920 (Federal 

Power Act, 1920).  This federal regulation of the electric industry was passed onto the 

responsibility of the Federal Power Commission until being transferred into the Federal 

Energy Regulatory Commission in 1977 (Greer, 2022) (Greenfield, 2018).  The purpose 

of their incorporation according to the Federal Power Act is to regulate the interstate 

commerce of electricity, and charge an interstate commerce tax for such electricity as 

established in Parts II & III of the Federal Power Act (Federal Power Act, 1920).  In 
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1935, the Federal Power Act was revised to draw the line more explicitly between federal 

and state jurisdictions of electric power delivery and outlined FERC’s jurisdiction as the 

following in Section 201 (b) (1):  

“authority to regulate ‘the transmission of electric energy in interstate commerce’ 

and ‘the sale of electric energy at wholesale in interstate commerce’” (Dennis et 

al., 2016) 

Further continued in section 201 (b) (1), the United States Congress explicitly excluded 

the following electric grid infrastructure from federal regulation: 

(1) “facilities used for the generation of electricity,  

(2) facilities used for local distribution of power to retail customers,  

(3) facilities used for transmission of electricity strictly in intrastate commerce, 

and  

(4) transmissions of electricity to be used entirely by the transmitter.” (Dennis et 

al., 2016) 

And lastly clarifying once again in Section 201 (a): 

 “[f]ederal regulation . . . extend[s] only to those matters which are not subject to 

regulation by the states.” (Dennis et al., 2016) 

It can be clearly and explicitly seen based on the three previously cited statements from 

Section 201 of the Federal Power Act of 1930 that the federal government has no 

jurisdiction over electricity that doesn’t cross state lines.   
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 Throughout the decades since the passing of the Federal Power Acts of 1920 and 

1930, the lines separating federal and state jurisdiction over the regulation of electric 

infrastructure has become less black and white and more grey (Federal Power Act, 1920) 

(Federal Power Act, 1930).  When these laws and regulations are written there are always 

special case scenarios that can be reviewed and granted depending upon application.  

This has happened several times in the last century, which has contested the jurisdictional 

boundary (Peskoe, 2018).  There have been a large amount of FERC proceedings, legal 

briefings, federal court cases, and Supreme Court cases that have influenced the 

jurisdictional boundary.  Early on, FERC has tried to expand its regulatory jurisdiction 

such as in 1951 in Federal Court for Wisconsin-Michigan Power Co. v. FPC, where 

FERC:  

” rejected an argument that it did not have authority over certain wholesale 

energy sales because the energy only traversed facilities used for local 

distribution in the state where the energy was consumed. FERC explained that 

‘nothing in the [FPA] makes our jurisdiction . . . over sales of electric energy 

dependent upon the nature of the facilities involved in effecting the sale’” 

(Peskoe, 2018).  

This continues explicitly in a FERC proceeding in 1965 for Indiana and Michigan 

Electric Co. (33 FPC 739), where FERC: 

“rejected similar argument, holding that ‘there is nothing in the Power Act that 

makes Commission jurisdiction over sales dependent on whether the facilities 

used are local distribution facilities’” (Peskoe, 2018). 
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In these examples FERC has maintained that their jurisdiction is based upon the type of 

sale, being wholesale energy, and not based upon the transfer of electricity over a state 

border (33 FPC 739).  This directly goes against what Congress mandated in 1920 and 

1930 in the Federal Power Act.  This has been challenged many times over the years by 

electric utilities, public service commissions, regional transmission operators, and 

industry associations, where FERC has been able to maintain its posture on regulating 

wholesale electricity.   

 In 2010, this jurisdictional debate was directly challenged in FERC Docket EL10-

64-000 by the petition to intervene from the Sacramento Utilities District where they 

argued: 

“sales of energy by a DER should not be subject to FERC’s jurisdiction because 

they are not ‘in interstate commerce.’ The utility argued that ‘as a physical matter 

sales of power over lower voltage distribution wires are unlikely, on account of 

impedance, to enter the [interstate] bulk power system.’  It cautioned that ‘a 

decision asserting Commission jurisdiction over all distribution-level power sales 

to utilities would necessarily bring within the Commission’s regulatory reach 

literally millions of homeowners, farmers or businesses . . . who sell power to 

their local utility’” (Peskoe, 2018). 

The petition was denied, but their argument is justified.  If FERC is using the concept of 

having a unified and interconnected electric grid as a vague reason to extend their 

regulating reach to become further within state borders and impact every consumer with a 

generation source, then they must do it from a systems operation approach.  The 

argument that generation from someone’s home will impact the greater electric grid and 
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become interstate commerce is highly improbable of occurring.  FERC has ascertained 

that since it is technically possible for electricity from a DER to make it into a wholesale 

energy transaction, then it should have jurisdiction over all of the consumers that could 

impact the interstate system (Peskoe, 2018).  The California Public Utilities Commission 

clarifies FERC’s intentions to regulate DERs in the same docket (EL10-64-000):  

“The Commission’s FPA authority to regulate sales for resale of electric energy 

and transmission in interstate commerce by public utilities is not dependent on the 

location of generation or transmission facilities, but rather on the definition of, as 

particularly relevant here, wholesale sales contained in the FPA” (132 FERC ¶ 

61,047). 

It is made clear that over time the envelope has been continuously pushed for FERC to 

take on more and more regulatory authority from the state’s control.   

 Arguably the most critical of cases has been of recent development, which is 

where the state of North Dakota sued the state of Minnesota in the Federal Eight Circuit 

Court for attempting to indirectly regulate North Dakota’s energy market (8th Cir. No. 14-

2156, 2016).  This case presents a dispute between states’ influences on others’ energy 

markets, which requires a federal ruling to settle the dispute.  The most significant 

portion of the case is the debate between presiding judges where some judges disagreed 

with others upon there being electron flow or electron oscillation on the electric grid.  

Notably, Judge Loken held the opinion that electrons flow whereas Judge Murphy 

countered stating that electrons oscillate and the energy flows (Gellison, 2018).  

Ultimately, North Dakota won the case while having the flow of electrons being 

recognized (Gellison, 2018).  The issue herein is that the U.S. federal court system has 
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recognized that electrons flow on the grid, which makes it more difficult to reverse such 

an understanding now.  This disagreement has occurred much more than in one court and 

continues to present issues in many settings across the United States.  Utilizing this 

understanding presents issues for engineers, utilities, grid operators, regulators, and 

essentially every stakeholder in the electric utility industry in the U.S.   

The next question that arises is, “on what basis does FERC determine that DERs 

have a large impact to the bulk transmission system and therefore interstate commerce?”  

This is what forms the basis for the problem that is being addressed in this research and 

outlined in the following section.    

3.5.2 - Policy Problem 

Currently, FERC has used the argument of regulating “any wholesale electricity” 

transaction, while not considering the “in interstate commerce” clause, to achieve the 

jurisdictional authority to regulate any wholesale electricity transaction between utilities 

even if it is within the same state border.  This is a continuing argument and very relevant 

to the increased development and installation of DERs on the electric grid.  If FERC was 

responsible for regulating DERs of any type including R-DER and U-DER, then this 

would be a massive inhibitor to constructing DERs.  From the simplest perspective, there 

would at least be applied interstate commerce taxes and longer approval timelines which 

increase development costs.  This prompts the question, “how does FERC justify 

regulating DERs when they’re designed for localized power distribution and 

interconnected on medium voltage distribution lines?”  The reasoning that is used by 

FERC can be summarized in two major points: 
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(1) the electric grid is one large, interconnected grid including distribution, 

transmission, and generation 

(2) the “flow of electrons” or “electron flow” from DERs can go anywhere 

Point (1) that is mentioned, is technically true.  The modern electric grid is one large 

interconnected complex machine.  Point (2) is incorrect by nature, whereas electrons in 

an alternating current system do not “flow”, in fact there is no “flow of electrons”, but 

rather an oscillation.  Legal research conducted during this evaluation has found 323 

times that FERC/FPC has recognized the “flow of electrons” or “electron flow” in any 

sense during a court case, docket, or briefing (See Appendix).  This statement relating the 

“flow of electrons” to the electric grid became common place during the late 1800’s 

when most of the electric grid consisted of direct current power generation, delivery, and 

consumption rather than alternating current (Aczel, n.d.).  However, the modern electric 

grid consists primarily of alternating current compatible components, and the correct 

argument should be used to regulate such components.  Since the location of the “flow of 

electrons” is the determining factor that indicates whether electricity from a DER impacts 

the bulk electric system in interstate commerce, this is the focal point of this research. 

 To summarize, the problem is that the determining factor being used to justify 

FERC jurisdictional boundary is relying on the “flow of electrons”.  Quantum theory 

applied to electrical concepts does not allow for any “flow of electrons” in an alternating 

current electric grid.  There is power flow that occurs 24/7 on the electric grid from 

DERs, however the purpose of DERs is to serve local areas at medium voltages (Peak 

Substation Services, n.d.).  There are scenarios where DER power generation can exceed 

the localized load, but this is not a design standard for DERs to transmit power over long 
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distances (Surendra, n.d.).  If they do, then that amount that crosses a state border would 

be subject to interstate commerce tax.  To reiterate, the design purpose of a DER is to 

serve a localized area and should not continuously export to the transmission system. 

 3.5.3 - Policy Implications 

 The current FERC jurisdiction as it stands does not represent wholesale electricity 

transactions, but also wholesale transactions between utilities including intrastate 

commerce.  Spreading the impact to include all R-DER and U-DER would greatly impact 

development and installation on new generation assets as individual consumers such as 

homeowners and businesses would not want the added requirements, timeframes, and 

cost implications (taxes) that would follow with doing so.  Figure 3.6 illustrates a 

flowchart that shows the jurisdictional boundary as it currently stands.  In essence, what 

this indicates is if the DER does not offset consumption for a specified consumer within 

the utility it is interconnected to then it is subject to FERC authority (excluding PURPA 

Qualified Facilities).  Under this representation all consumer owned DERs that are 

designed to offset consumption would avoid federal regulation, which includes homes 

and businesses.  PURPA facilities are different and are outlined in the Public Utilities 

Regulatory Policies Act of 1978, which is where the acronym PURPA comes from 

(United States Congress,1978).  A PURPA Qualifying Facility is one that is either a 

cogeneration facility generating electricity and another form of useful thermal energy or a 

small power production facility consisting of a renewable generation source located 

within a mile of the load source where the generation amount does not exceed the load up 

to 80 MW AC (Federal Energy Regulatory Commission, n.d.).  These facilities are able 

to get fast-tracked approval for implementation and are granted avoided cost rates 
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Figure 3.6 – Flowchart indicating whether a specified DER is subject to state or federal 
regulation. (Peskoe, 2018) 

 (generally wholesale) from the interconnected utility.  These facilities are able to get 

special treatment and avoid FERC authority.  This is not seen as a “sale for re-sale” of 

electricity, which has been the common concern for classifying net metered DERs under 

FERC regulation (Peskoe, 2018).  The argument is that overgeneration is considered 

wholesale power due to the fact that the utility is delivering it to another customer even 

when the “transaction” was not at wholesale rates (Peskoe, 2018). 

 If FERC receives the jurisdictional boundary, they are seeking by using the 

“electron flow” argument, then they will regulate any consumer owned power generation 

source no matter if they export to the distribution grid or not.  This situation is 
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represented well on March 26, 1941, in Supreme Court Case, Connecticut Light & Power 

Co. v. Federal Power Commission (324 U.S. 515), where Connecticut Light & Power Co. 

states:  

“Federal jurisdiction was to follow the flow of electric energy, an engineering 

and scientific, rather than a legalistic or governmental, test…Every facility from 

generator to the appliance for consumption may thus be called one for 

transmitting such interstate power. By this test the cord from a light plug to a 

toaster on the breakfast table is a facility for transmission of interstate energy if 

any part of the load is generated without the state. It has never been questioned 

that technologically generation, transmission, distribution and consumption are 

so fused and interdependent that the whole enterprise is within the reach of the 

commerce power of Congress, either on the basis that it is, or that it affects, 

interstate commerce, if at any point it crosses a state line” (Connecticut Light & 

Power Co. v. Federal Power Commission, 1945). 

This argument relies heavily on the “uncertainty” of electron movement and doesn’t 

place much weight on the dependency for energy movement between states to necessitate 

jurisdictional claim over it.  In 2019, there were over 2,000,000 commercial and 

industrial solar arrays installed and operating that were either U-DER or R-DER in style, 

and if this jurisdictional change were to be implemented then all of these home and 

business owners would be subject to federal energy regulations (Merchant, 2019).  That 

is just for solar alone and does not include any other grid-interactive generation source 

that consumers may have installed.  The original intent of Congress under the Federal 

Power Act was not to regulate individual end customers, but to regulate wholesale market 
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transactions, whereas this jurisdictional change would directly go against that (Peskoe, 

2018).   

3.6 - Interstate Commerce Tax 

The Interstate Commerce Act was passed on February 4, 1887, which 

preemptively gave the federal government power “’to Regulate Commerce with foreign 

Nations, and among the several States’” including taxing it (United States Senate, n.d.).  

It wasn’t until 1920 that the Federal Power Commission was established to regulate and 

tax electricity in interstate commerce (Federal Power Act, 1920).  Interstate Commerce 

Taxes are assessed once a year or on a per quarter basis depending on the operator via 

wholesale energy transaction data provided by transmission owners/operators per 

FERC’s rules and regulations (United States Senate, n.d.).  This is done through the 

submittal of data from electric utilities to their respective RTOs/ISOs and each submits a 

FERC Form 1, which are evaluated by FERC.  It is then verified which tax rate will be 

charged per GWh reported of wholesale transactions across all RTOs/ISOs in order to 

reach the actual amount of taxes needing to be collected versus the budgeted amount.  

Table 3.1 contains the Interstate Commerce Tax data for every GWh reported to be sold 

in wholesale transactions from 2010-2020 compared to the cumulative GWh generated in 

the United States.  It is to be noted that detailed data for years 2013 & 2014 that matched 

the format and granularity for years 2010-2012 & 2015-2020 was unable to be retrieved 

from FERC.  From 2010-2020 there has been both an increase in the proportion of taxed 

energy vs. total generation as well as the cumulative taxes collected.  During this 

timeframe of 11 reporting years, cumulative interstate commerce taxes have increased by 
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Year $ Taxed GWh $/GWh 
Generated 

GWh 
% GWh 
Taxed 

2010 $   154,623,000 2,502,028,816 0.061799 4,125,000,000 60.66 

2011 $   165,528,370 2,578,373,222 0.0641988 4,100,000,000 62.89 

2012 $   164,648,000 2,584,392,502 0.0637086 4,048,000,000 63.84 

2015 $   175,671,000 2,715,481,354 0.0646924 4,078,000,000 66.59 

2016 $   185,277,883 2,677,910,060 0.0691875 4,077,000,000 65.68 

2017 $   195,849,890 2,711,899,981 0.0722187 4,034,000,000 67.23 

2018 $   203,841,227 2,675,044,040 0.0762011 4,178,000,000 64.03 

2019 $   211,067,034 2,766,787,001 0.076286 4,128,000,000 67.02 

2020 $   220,219,594 2,727,106,233 0.0807521 4,009,000,000 68.02 

 

Table 3.1 – Table indicating FERC reported interstate commerce tax collected, taxed 
GWh, $/GWh, U.S. Energy Information Administration reported annual generation in 
GWh, and the calculated % difference between taxed and generated GWh.  The data is 
from years 2010-2020, however FERC data from 2013 & 2014 was unable to be retrieved 
and therefore left out. (Created by Cooper Wade for the purposes of this research, 2022) 

over 42% and the proportion of taxed energy vs. total generated has increased by over 

12% during this time, while total energy production has maintained relatively the same 

over this period.  If proposed jurisdictional changes take place it will be a significant 

increase in the amount of data processing that will occur through FERC and therefore 

increase taxes paid by DER owners.  Based on the estimates in Figure 3.7 it is clear that 

taxes will continue to soar and exponentially more so if jurisdictional shifts occur 

towards the federal regulation of DERs. 
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Figure 3.7 – Chart indicating Interstate Commerce Tax collected for years 2015-2020, 
with forecasted amounts for years 2030, 2040, & 2050 based on historical increases at a 
95% confidence interval. (Created by Cooper Wade for the purposes of this research, 
2022) 

3.7 - Recent Developments 

During the course of this research, some developments have been made regarding 

FERC jurisdiction, DERs, and the wholesale power markets.  On May 5, 2020, the 

National Association of Regulated Utility Commissioners sued FERC in the U.S. Court 

of Appeals in Washington D.C. Circuit Court over the ability for DERs to participate in 

wholesale power markets (National Association of Regulated Utility Commissioners, 

2020).  The D.C. Circuit Court ended up issuing Ruling 841 that allowed DERs to be 

aggregated to participate in wholesale power markets similar to traditional large, 

centralized generators (Peskoe, 2018).  FERC ended up adopting this ruling into its 

policies and procedures through Order 2222 that was issued on September 17, 2020 
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(Federal Energy Regulatory Commission, 2020).  This ruling translates the U.S. Court of 

Appeals ruling into practice for RTOs/ISOs to adapt and implement in their processes 

(Federal Energy Regulatory Commission, 2020).  In this method, DERs can effectively 

be subject to interstate commerce tax if they subject themselves to wholesale energy 

transactions traversing state lines.   

In another form, history seeks to repeat itself once more as North Dakota is 

planning to sue Minnesota yet again for enacting another law during the 2023 Minnesota 

General Assembly attempting to indirectly regulate North Dakota’s energy market 

through requiring 100% energy supplied to be from clean sources by 2040 (Teristein, 

2023).  This case is a repeat from a previous attempt that was overturned by the Federal 

Court of Appeals in 2016, whereby the courts recognized that electrons do in fact flow, 

however it was a strongly debated recognition (Gellison, 2018).  The recurring nature of 

this case could reopen the electron behavior subject where it could this could either be 

reaffirmed or revised during this repeated court case.  This research seeks to provide 

insight for demonstrating how electrons and electric energy are distributed throughout the 

grid. 

The operational characteristics of DERs don’t change simply because they’re 

aggregated.  They’re still not intended to export energy to the bulk power system and by 

nature are limited in their ability to do so, where it is also important to note that neither 

energy nor electrons are likely to impact the transmission system.  Charging interstate 

commerce tax in this manner would not be based on where the energy went, but rather 

who it may have been sold to.  This basis on the nature of the transaction allows for DER 

owners and operators to voluntarily subject their energy resources to FERC jurisdiction 
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rather than involuntary methods.  This adjustment to allow DER aggregation in order to 

compete in wholesale market transactions protects DERs from forced jurisdictional 

authority and allows those that wish to participate to do so voluntarily.  It does blur the 

definition of interstate commerce by allowing more special case scenarios such as this 

one, but as it continues to adapt over time the concern is that the lines become so blurred 

that the original intent is lost (Peskoe, 2018).  As long as the system of checks and 

balances continues to allow for decisions to be challenged and questions to be asked, then 

consumer interest will be maintained.  This is the true purpose of the system in place that 

allows for policy to be challenged and to therefore modify as needed. 

3.8 - Policy Summary  

The application of this research is to show what behavior the electron as a particle 

is having within an alternating current electric grid, which will assist in determining the 

solution to this policy issue.  The hypothesis is that given a cumulative DER generation 

load that is lower than the cumulative substation load as measured on the substation 

secondary bus, then the overall movement of electricity will be an importing of electricity 

from the transmission system and not a net-export of electricity onto the transmission 

system.  This would result in no net energy flow onto the grid and therefore no electron 

movement onto the grid.  It would force those using the “electron flow” or “flow of 

electron” argument to change the basis for their reasoning or succumb to the 

understanding that electricity works differently than how it is currently being outlined. 

Policy and regulations have huge implications on the energy industry with regards 

to the development of technology and the speed of deployment.  The current policies set 

in place at both the federal and state levels are not perfect but work to address issues at 
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their given level without needing to move further up the food chain.  With DERs this 

could not be more true, because as the world grows into an increasingly carbonless world, 

energy plays a huge role in that.  Every year, more consumers and companies are setting 

and establishing renewable energy or carbon neutrality goals (Evro et al., 2023).  Solar, 

wind, and energy storage technologies would not have grown as much as they have 

without proper policy to support them.  Figure 3.8 demonstrates the policy structure that 

allowed this to happen.  Cohesively, the federal government was able to set goals and 

incentives at the federal level to get this accomplished, and the state level governments 

implemented policies that worked for their localized needs and interests.  Whereas Figure 

3.9 represents the structure where FERC takes control over DER generation.  If that is the 

case, then FERC has essentially gone from overseeing only large energy transactions to 

 

Figure 3.8 – Chart indicating Federal and State jurisdiction over the electric industry at 
its current status. (Created by Cooper Wade for the purposes of this research, 2022) 
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Figure 3.9 – Chart indicating what Federal and State jurisdiction would look like if FERC’s 
authoritative jurisdiction is changed to regulate DERs. (Created by Cooper Wade for the 
purposes of this research, 2022) 

now including the smallest energy transactions.  The question has to be asked, “what role 

does the state have left to play in this?”  In this scenario, there wouldn’t be much reason 

to maintain any state regulation since their authority has essentially been stripped with 

the exception of maintaining some control over consumer rate regulation to ensure 

market fairness. 

 In summary, the “electron flow” or “flow of electrons” argument is incorrect 

based upon the hypothesis of this research, whereas the focus should be turned to the 

flow of electrical energy.  With DERs, the flow of electrical energy is also up for debate 

given the nature of DERs to provide localized power generation not intended for long 

distance transmission and delivery of power.  Either way, the notion of DERs 
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transmitting across state lines in wholesale transactions is unlikely and unintended.  The 

conditions that coincide will be evaluated in the following chapters. 
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CHAPTER FOUR  

4.0 - Methodology 

This chapter was written entirely by Cooper R. Wade, and approximately 80% of 

it can be found published in the American Journal of Energy Research and co-authored 

by Dr. Tomomewo.  The manuscript is titled “The Quantum Movement Theory of 

Alternating Current” and was published on February 15, 2023. (Wade et al., 2023) 

4.1 - Introduction 

This chapter’s focus is on outlining the methodology for the research performed 

in Chapters Five, Six, & Seven.  The policy and regulatory issue that has been introduced 

in Chapter Three will be combined with the electrical and physics concepts discussed in 

Chapter Two.  In this application, the policy issue that has been discussed serves as the 

motivation behind the research as well as the application of the results of this research.  

The electrical and physics concepts will be critical in structuring the research and 

interpreting the results of the experimentation.  This methodology will outline the 

applications of the aforementioned concepts, and the roles they will play during the 

experimentation and analysis portions of this research. 

4.2 - Methodology 

This research is primarily motivated by the jurisdictional debate that has occurred 

and is currently ongoing regarding FERC jurisdiction over DERs.  The regulatory and 

policy literature review that was undertaken prior to this research recognized a need for 

an understanding of electric energy flow and electron movement on the electric grid.  

Both concepts have been exhaustively discussed in federal proceedings and lack an 



P a g e  | 111 
 

understanding of what is occurring within a conductor with regards to particle physics 

and electrical energy.  There appears to be a misunderstanding between direct current and 

alternating current systems when it comes to electric energy and electron movement.  

When turning to evaluate the electrical engineering and particle physics perspective when 

applied to alternating current there were very few trusted sources that mentioned anything 

of the concept and none that underwent the evaluation of particle movement on the 

electric grid.  Therefore, this understanding alone presented an appropriate opportunity to 

fill this void, and at the same time make the results applicable to a current ongoing 

situation.  In this way, this research being performed will serve two purposes: 1) to give a 

new applied perspective as to how electricity moves on the grid, and 2) apply the results 

to a real debate occurring amongst electric industry stakeholders. 

 4.2.1 - Problem 

As discussed, the problem that this research seeks to contribute to is the resolution 

of a United States federal policy issue.  The issue is that FERC is seeking to justify the 

expansion of its jurisdictional authority over DER assets.  The problem is that through the 

Federal Power Acts of 1920 & 1935 and the Interstate Commerce Act of 1887, the 

boundaries on FERC issued by Congress do not allow for the interference of electricity 

used in intrastate commerce (Peskoe, 2018).  This proposition that all generated 

electricity is wholesale energy as an excuse to regulate the entire electric grid is a direct 

interference on individual state regulated territory.  The argument and phrasing used to 

support that claim are that due to the “flow of electrons” or “electron flow”, it is 

uncertain where the particle travels (Wade et al., 2023) (Peskoe, 2018).  The fact that 

science cannot track every electron, in every atom, in every conductor of the electric grid 
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does not limit the ability to evaluate where these quantum particles move and what 

infrastructure is impacted by them.  Through applied physics it is possible to reasonably 

predict their movement and determine what is possible as displayed in this research.  To 

conclude, the overall problem presented here can be stated concisely as the following: 

There exists a misunderstanding of the wave-particle behavior of electrical 

energy as it pertains to alternating current, and the application of that concept on 

the modern electric grid with a bi-directional flow of power. 

Restated from the overarching problem statement referenced in Chapter One below: 

FERC is utilizing the understanding that electrons flow from a generation source 

to a point of consumption on the grid, and therefore they should have direct 

taxation and regulatory authority over all generation assets. 

 4.2.2 - Research Questions 

 The problem presented by the FERC jurisdictional issue has two sides to it.  Their 

regulatory authority stems from the duty to regulate wholesale interstate commerce, 

which is the exchange of electrical energy from one entity to another across state lines 

prior to distributing it to their consumers.  In practice that isn’t necessarily how it 

happens since the claim have correctly been made that once electrons or energy are 

comingled on a conductor it is impossible to determine which electrons or electricity are 

going to which consumers.  It can be evaluated via load flow analysis to most likely 

determine where the energy from DERs is flowing, and result in an impact analysis to see 

if a DER resource has the ability to cross state lines or even impact the transmission 

system.  FERC is relying on the uncertainty of electron movement to base their claim on, 
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whereas energy flow analysis is not being heavily considered.  Rather than avoiding the 

concept of determining a solution, this research seeks to evaluate the importance and 

acceptability of both practices.  Based on the results, the parties involved can freely 

determine the basis for their claims, and meanwhile the field of science gains an in-depth 

understanding of the application of particle physics on the macroscopic electric grid. 

 The first research question is more prevalent in concept and is practiced at various 

levels and is stated as follows: 

What is the impact of energy generated by DERs on the bulk electric system? 

The second question is with respect to the other half of electricity movement involving 

quantum particles and their behavior, and is similarly stated as follows: 

What is the impact of electrons moved from energy generation by DERs on the 

bulk electric system? 

The answers to both of these questions will help gain additional understanding as to what 

is occurring on the electric grid and similarly applied to building level circuits. 

  4.2.3 - Hypothesis 

 The research questions are simple in nature but complex in evaluation.  The first 

question is regarding the determination of where electricity from a DER flows on the 

distribution grid and whether or not it impacts the transmission system.  The second 

question is regarding electron movement on the electric grid due to the energy produced 

by a DER and whether or not it impacts the transmission system.  The two research 
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questions were developed to support the overarching research hypothesis previously 

stated in Chapter One and referenced below: 

Understanding the difference between electrical energy and electron movement in 

alternating current would assist policy makers to determine appropriate grid 

regulation. 

The anticipated results for each of the research questions and a brief explanation are 

listed in the following subsections. 

   4.2.3.1 - Research Question #1 Hypothesis 

If the cumulative energy produced from a DER is less than or equal to the 

cumulative load on a substation, then the electric energy produced by a DER does 

not impact the electric grid. 

  4.2.3.2 - Hypothesis #1 Explanation 

Due to Kirchhoff’s Law, the electric energy produced by a DER will flow via the 

path of least resistance and any excess generation produced by a DER will serve other 

distribution load prior to transferring onto the transmission system.  The resistance inside 

the substation transformer would be an inhibitor to the flow of energy through it unless 

there were a net excess energy generated by the DERs on the secondary side.  Only if 

there were a net excess of power generation from DERs would there be any energy that 

traverses to the primary substation voltage.   
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  4.2.3.3 - Research Question #2 Hypothesis 

The ratio of cumulative load to DER generation on the secondary bus of a utility 

substation is irrelevant to the movement of electrons on the electric grid, which do 

not impact the transmission system. 

  4.2.3.4 - Hypothesis #2 Explanation 

The amount of electric energy and the net flow thereof is irrelevant to electrons 

and their movement.  This is due to the oscillating nature of alternating current which 

changes direction and magnitude at the rate of its frequency in the United States of 60 

hertz.  Electrons can only travel so far during that lapse in time between changes in 

direction happening 60 times a second, so the impact is very minimal if any.  

Additionally, the determination of how many electrons are moving given a specific 

current also supports Research Question #1.  If there are no electrons moving in a certain 

portion of wire, then there can’t possibly be any electric energy moving through it. 

4.3 - Research Structure 

In order to attain the true and unbiased results that this research intends to achieve 

the research must be structured methodically.  The research is structured in a way where 

each experiment or stage of the research will build on the previous one, and the previous 

ones will serve as a proof of concept for the ones to follow.  The research is divided into 

three sections to allow the concepts to be applied at varying levels of complexity.  Some 

concepts or simulations may only be done in one of the experiments if it is determined 

that the results are sufficient and do not need to be repeated in the ones to follow.  The 

first experiment is the simplest application but has the most concepts being evaluated and 
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discussed. The first stage will serve as the proof of concept to move onto a more complex 

and diverse model in experiment two.  Once the first two experiments are complete and 

achieve the results that are sought, then the third and final experiment will be to bring 

two modeled scenarios into a live simulation.  The summary structure of each experiment 

is below. 

 4.3.1 - Experiment #1 

This experiment will serve as a proof of concept in order to justify continuing the 

research for further evaluation.  The structure of this experiment will be to build a simple 

single-phase model of an R-DER on the electric grid.  This will be strategized similar to a 

residential load with a constant current source serving as the generator that is installed 

behind the meter.  There will be three evaluations modeled that will be applied to sub-

questions/concepts that will be introduced in the next chapter and support both Research 

Questions 1 & 2.  Each of the three models will be ran for a single-phase load less than, 

equal to, and greater than the generation installed behind-the-meter.  These scenarios will 

serve as data collection methods to apply towards a load flow and electron movement 

evaluation. 

 4.3.2 - Experiment #2 

This experiment will expand upon the proof of concept performed in Experiment 

#1.  This experiment will be a modeling simulation of similar structure but with increased 

complexity that will model U-DER and R-DER on a three-phase distribution system.  

The structure of this simulation will consist of a 125kV voltage source with a WYE 

grounded configuration that is stepped down at a substation to serve localized distribution 
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loads.  The individual loads represent the cumulative effects of R-DERs, U-DERs, and 

typical consumer loads being metered at each delivery point, but also on the secondary 

bus at the substation.  The secondary bus metering is critical to this evaluation because it 

represents the node of connection for multiple distribution circuits and is allowed based 

upon Kirchhoff’s Law.  This law is what states that energy will follow the path of least 

resistance and is applied in a complex system as having a node (connection point) where 

there are multiple loads and supplies sharing a common conductor.  The secondary bus 

represents just that and will serve as a critical metering point for this experiment.  During 

the simulation process there will only be two simulations performed: 1) cumulative 

substation load less than cumulative DER generation, and 2) cumulative substation load 

is equal to cumulative DER generation.  The third simulation where the substation 

exports energy to the transmission grid does not need to be simulated in this experiment, 

because once the energy is on the transmission system it then depends on physical 

location of the next substations and not electrical theory in order to be applied to 

jurisdictional analysis. 

 4.3.3 - Experiment #3 

This experiment will serve as the real-life application of Experiment #2 with a 

greater amount of detail.  The experiment will be performed on a real operating 

distribution grid that is managed, operated, and maintained by an electric utility.  The 

purpose of this experimentation is to apply the concepts discussed herein and that were 

modeled and applied in Experiments #1 & #2 to a real-life scenario.  The experimentation 

will consist of measuring synchronized data from each distribution circuit served by this 

utility including consumer load, all active R-DERs, and all active U-DERs.  For this data 
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measurement and retrieval, there will only be one simulation performed under the grid 

operator’s requirements, which will be to not exceed the substation consumer load at any 

point in time.  Therefore, the simulation will demonstrate the current generation of the 

existing available DERs simultaneously where cumulative consumer load is being offset.  

This data is most valuable compared to the three simulations previously shown in 

Experiment #1 because it demonstrates that properly applied DER generation will never 

(or is highly unlikely) reach the primary side (or transmission side) of the substation 

transformer and become co-mingled with energy at that voltage level.  Once this 

experiment is complete, the results will be applied and serve as conclusive evidence for 

this theory. 

4.3.4 - Summary 

In each experiment the data and knowledge learned is applied to the next one.  In 

this way each rendition is able to apply what is recognized from the previous evaluation.  

As seen in experiment #1, there will be three simulations modeled, each having less than, 

equal to, or greater than cumulative DER energy supply to cumulative consumer load.  In 

Experiment #2 there will be two simulations that demonstrate less than and equal 

cumulative DER energy supply to cumulative consumer load.  And to complete the 

evaluation, Experiment #3 will be a real operating experiment demonstrating cumulative 

DER energy supply less than cumulative consumer load.  This is the most common 

application of DERs which are being used to offset specific or grouped consumer load in 

a certain locale.  From this perspective, the intent of DERs is to offset consumption and 

are not primarily meant to export power and this simulation therefore carries more 

importance in the discussion portion in Chapter Eight. 
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4.4 - Determining Electron Movement 

4.4.1 - Electron & Current Calculation 

The research that Michael Faraday performed in the 19th Century using an 

electron gun and a cathode ray tube to measure the number of electrons moving through a 

vacuum will directly apply to this research.  He performed these experiments to 

determine the amount of energy needed to move a specific number of electrons.  His 

findings related to electrons directly impacted the development of computer monitors, 

classic “big-box” television sets, and electroplating not to mention modern transformers 

and generators (BBC, 2022).  Through the cathode ray tube experiment, he developed 

Equation 13 in 1832 which related the properties of electrical and chemical change 

(Krishnan, 2007).  This equation related to direct current serves as the starting point for 

applying it to alternating current properties in order to be able to determine the electron 

movement given a measured current in Amps. 

 I = q / t         (13) 

When solving for coulombs, the equation can be seen as: 

 q = I t           (14) 

This equation can be stated as Coulombs (q) equals Current (I) multiplied by Time (t).   

 For the purposes of this research, the goal is to be able to equate a measured 

current to the number of electrons moving across the cross-sectional area of a conductor 

that created the detected current (amperage).  Based upon Equation 13, it is known how 

many electrons per second are moving in a cross-sectional area of a conductor to create 
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one amp of current.  Therefore, there stands a multiplicative relationship between current 

and coulombs or otherwise stated amperage and electrons moving per second.  The 

equation that can be used to calculate total electron movement in the cross-sectional area 

of a wire per unit time as the following: 

 𝒆𝒏 = 
 𝑰 𝒒 

𝒕
         (15) 

Using Equation 15, total electrons oscillating in a cross-sectional area of wire, 

represented as 𝒆𝒏 , can be calculated by multiplying the current measured (I) and 

coulombs (q) and then divide by time (t).  From Faraday’s research, it is known that one 

coulomb of charge requires the movement of 6.241509 x 10  electrons, which is 

recognized by the National Institute of Standards and Technology (National Institute of 

Standards and Technology, n.d.).  One coulomb is equal to one Amp and can therefore be 

considered a constant within this application carrying a value of 1.  Within Faraday’s 

original equation to calculate electron movement in direct current, time was equal to 1 

second.  For applying electron movement in an alternating current scenario, we’ll adjust 

time in seconds to be double the frequency.  Electrical frequency, measured in Hertz, is 

the cycles per second, where a complete cycle is the movement of current in one 

direction, then changing direction in an equal and opposite way.  Rather than counting the 

movement of electrons for a full second, we’re only going to count the movement of 

electrons in one direction for one cycle.  In the United States, alternating current has a 

frequency of 60 Hertz, which means that the direction of current in a conductor changes 

120 times a second, or two times for every cycle.  So rather than dividing by one second 

as in direct current, we’re going to divide by 120 (or multiply by 1/120th of a second), 
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otherwise noted in the equation as 2 f.  This will allow the equation to be adapted to 

different electric grid operating frequencies around the world.  The final electron 

movement calculation based on current can be noted as: 

𝒆𝒏 =  
 𝑰 𝒒 

𝟐 𝒇
         (16) 

Using Equation 16, the number of Electrons Moved (𝒆𝒏) can be calculated based upon a 

measured or provided current in units of Amps.   

 4.4.2 - Electron Distance Calculation 

 The previous section allows the number of electrons (or magnitude of the 

movement) oscillating in a cross-sectional area of wire to be calculated, but in this 

section the distance/position of the electrons moving through the conductor will be 

determined.  Building upon the relationship established between current and electron 

movement that is based upon Faraday’s research, an equation can be developed to 

determine the distance traveled by the electrons due to a specific current.  The goal is to 

be able to calculate the impact of electron movement within a conductor, which stated 

simply is the real maximum distance traveled by an electron.   

In order to develop this, the following steps will take place: 

1) Initialize conductor variables and values 

2) Perform algebraic calculations on conductor information 

3) Initialize physics and electrical variables and values 

4) Perform algebraic calculations for electron movement 
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4.4.2.1 - Step #1 

To begin step 1, the conductor variables are listed below that are needed to serve 

as the basis for the following calculations. 

 Conductor Information: 

  Material: Element on the periodic table 

  Material Density: 𝒅𝒎 :Weight per cm^3 (g/𝑐𝑚 ) 

  Free Electrons: 𝒆𝒂 :Free electrons available per atom of material type (e/a) 

  Atomic Weight: w :Weight per atom (g/a) 

  Surface Area: A :Conductor cross-sectional area (𝑐𝑚 ) 

 Calculated Variables: 

  Free Electron Density: 𝒅𝒆 :Amount of free electrons / 𝑐𝑚  (e/𝑐𝑚 ) 

  Free Electrons per Length of Conductor: 𝒆𝒍 :Free electrons/cm (e/cm) 

   4.4.2.2 - Step #2 

To proceed with step 2, the values of Free Electron Density (𝒅𝒆) and Free Electrons per 

Length of Conductor (𝒆𝒍) will be shown.   

To calculate Free Electron Density (𝒅𝒆) with units of electrons / cubic centimeter 

(e/𝑐𝑚 ) the starting point will be with finding the density of the material.  The 

first step in order to solve for Free Electron Density (𝒅𝒆) is to determine the 

number of atoms per cubic centimeter of the conductor material.  The Material 
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Density (𝒅𝒎) gives the weight of the conductor material per cubic centimeter 

where this can be divided by the Atomic Weight (w) of the conductor material to 

determine the number of atoms per cubic centimeter as shown below: 

 Atoms/𝒄𝒎𝟑 =  
 𝒅𝒎 

𝒘
       (17) 

To calculate the resulting Free Electron Density (𝒅𝒆) of a conductor material, 

multiply the Free Electrons (𝒆𝒂) with the result from Equation 17.  The units will 

be in electrons per cubic centimeter to form Equation 18. 

 Free Electron Density (𝒅𝒆) = (Atoms/𝑐𝑚 )  x 𝒆𝒂    (18) 

To calculate Free Electrons per Length of Conductor (𝒆𝒍) in units of electrons per 

centimeter, use the Free Electron Density (𝒅𝒆) solved for in Equation 18 in units 

of, electrons per cubic centimeter, and divide by the cross-sectional area of the 

conductor. 

 Free Electrons per Length of Conductor (𝒆𝒍) = 
 𝒅𝒆 

𝑨
   (19) 

   4.4.2.3 - Step #3 

To proceed with Step 3, the variables and values will be initialized for the electrical and 

physics applications: 

 Electrical Information:  

  Current: f : Amperage (A) 
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  Electron Charge: e : Constant = 1.6 x 10  C 

Calculated Variables: 

  Distance: d : Distance moved in one direction (cm) 

    4.4.2.4 - Step #4 

The final step is to calculate the distance traveled by the electrons in one direction. 

To calculate the Distance (d) that the electrons moved, the resulting values from 

Equations 16 and 19 will be used.  The result from Equation 16, Electrons Moved 

(𝒆𝒏), will be divided by the results from Equation 19, Free Electrons per Length 

of Conductor (𝒆𝒍), to get the Distance (d) in centimeters that the electrons traveled 

in one direction.  The equation can be represented as: 

 Distance (d) = 
 𝒆𝒏 

𝒆𝒍
       (20) 

To combine all previous equations into one single equation for calculating 

electron distance we’ll insert the equation for 𝒆𝒏 (Eq. 16) & 𝒆𝒍 (Eq. 19) into 

Equation 20. 

 Distance (d) = 
 𝒆𝒏 

𝒆𝒍
 = 

 ( 𝑰 𝒒 ) / (𝟐 𝒇) 

𝒅𝒆/ 𝑨
 = 

  𝑰 𝒒 𝑨 

𝟐 𝒇 𝒅𝒆
   (21) 

Inserting Equation 17 into Equation 18 in for Free Electron Density (𝒅𝒆) results 

in: 
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 Free Electron Density (𝒅𝒆) = 
  𝒅𝒎 𝒆𝒂  

𝒘
    (22) 

Now, inserting the reorganized equation for Free Electron Density (𝒅𝒆) as 

Equation 22 to form the more detailed Equation 23, which is equal to the 

simplified version identified as Equation 20:  

Distance (d) = 
 𝒆𝒏 

𝒆𝒍
 = 

  𝑰 𝒒 𝑨 

𝟐 𝒇 𝒅𝒆
 = 

  𝑰 𝒒 𝑨 𝒘 

𝟐 𝒇 𝒅𝒎 𝒆𝒂 
    (23) 

 Equations 20 & 23 will both result in the same value for Distance (d) for the 

amount of distance traveled by an electron in one-half cycle given a specific amount of 

current (I) in a conductor measured in centimeters.  This calculation does not consider the 

amount of resistance within a conductor and assumes it to be zero.  In this case, the result 

of the distance traveled by an electron is the maximum distance traveled by an electron, 

since no conductor possesses a resistance value of zero.  It is important to bear in mind 

that this distance calculation is for one half-cycle, and therefore to complete the other 

half-cycle the electron changes direction and has the potential to travel the same 

maximum distance in the direction it came from.  Taking resistance out of the equation, 

since it is presumed to be equal in both directions at this microscopic scale, the electron 

theoretically returns to its approximate starting location relative to the macroscopic scale.  

The application of this equation takes it an additional step further and will put in 

perspective the portion of a conductor that is impacted by electron movement. 
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 4.5 - Applications & Limitations 

 The Quantum Movement Theory has established two equations that quantify the 

theoretical amount of electrons moved and the distance they travel provided a specific 

current in either an alternating or direct current environment.  The applications of these 

two equations contribute towards resolving the policy dispute currently ongoing in the 

U.S. legal system, and also seek to provide a method for calculating electron movement 

(amount and distance) for scientific and research related purposes.  With these 

applications come certain direct and indirect limitations that need to be noted including 

external influences to current, conductor properties, power factor, as well as electron drift 

and losses.  These equations are intended to calculate the mass movement of electrons 

and do not take into consideration the outlier effects impacting a minority amount of 

electrons in comparison to the macroscopic movement of these quantum particles. 

 The direct impacts that are accounted for in the Quantum Movement Theory 

consist of primary contributors towards the performance of an electrical system.  These 

contributors are internal factors including the conductor properties consisting of 

conductor information being wire size, conductor material, and particle makeup.  

Combined, these variables allow for the two equations from the Quantum Movement 

Theory to take into consideration the electron behavior within the system when combined 

with the concepts and findings of Coulomb’s Law.  Based upon this, the primary input to 

both equations, aside from conductor properties, is the current that is measured within the 

system.  Current is the primary direct contributor that results in the greatest variance in 

both the amount of electrons moved but also the distance they travel in a single direction.  

This is due to current being the measured amount of charge moved within a system, 
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which consists of electron particle movement where each electron contains a fixed 

amount of charge.   

The indirect impacts that are accounted for in the Quantum Movement Theory 

consist of external contributors towards the performance of an electrical system.  As 

previously discussed, current is the primary direct contributor to both equations, whereby 

this allows for several indirect contributors to be present in the system.  These 

contributors are external factors including weather, resistance, voltage, or other 

current/voltage impacting variables.  All of these external impacts to electron behavior 

directly influence the measured current within a system and are indirectly accounted for 

in both equations from the Quantum Movement Theory.  This results in two simplified yet 

encompassing equations that reasonably quantify the mass movement of electrons in an 

electric system. 

The Quantum Movement Theory is intended to be utilized and improved upon by 

researchers and engineers in the future. The equations developed in the Quantum 

Movement Theory seek to quantify the mass movement of electrons in most conditions 

and present some potential limitations.  The potential limitations consist of outlier effects 

of particle movement due to quantum particle behavior such as drift and losses.  Their 

potential impact is expected to be minimal because it doesn’t represent the mass 

movement of quantum particles and could potentially occur in a small sample of particles 

compared to the system.  These limitations are not seen as negative impacts, but rather 

present opportunities for further research and development. 
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 4.6 - Summary 

 The initiating debate regarding FERC jurisdiction based upon electron movement, 

can be supported or refuted, depending on perspective, through the mathematical proofs 

provided in this chapter.  Equations 16 & 23 comprise the basis for the Quantum 

Movement Theory of Alternating Current that was developed during this research 

exercise.  These will be directly applied and demonstrated throughout each of the 

research models and simulations to occur in the following chapters.  This theory and 

mathematical representation provides clarity and understanding for what is occurring 

inside of an electrified conductor.  This article and method provided can be used in both 

particle physics and electricity.  The two equations comprising the Quantum Movement 

Theory of Alternating Current allows researchers and scientists a method to quantify 

electron behavior inside of a conductor.  There stands to be regulatory and educational 

implications as well where claims are made based upon the “flow of electrons” or 

“electron flow”, whereas that actually does not occur in alternating current systems.  As 

demonstrated empirically, electrons deliver and transfer energy via oscillations, and now 

there are two equations that can be used to describe these quantum interactions that 

impact the macroscopic world.  
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CHAPTER FIVE 

5.0 - Experimentation #1 : Simple Model 

5.1 - Introduction 

 Electric energy moves in a very unique manner compared to other energy forms 

and it is critical to be able to predict and control it in electrical scenarios.  If there wasn’t 

a good knowledge of how to control and manipulate electric power, then there wouldn’t 

be a reliable electric grid or handheld electronic devices.  Just because there is an 

understanding of how to control electric energy doesn’t mean there isn’t an understanding 

of how the electrons move behind the scenes to deliver it from point A to point B.   

 Electrons can’t be seen in particle form in alternating current, but one can 

manipulate, influence, test, and measure their effects.  This research evaluation will serve 

as a proof of concept for a small DER application, and connect the concepts together for 

how electrons interact in that scenario. 

 5.2 - Methodology 

5.2.1 - Purpose 

The purpose of this research is to evaluate where electrons move on the electric 

grid and the electricity they transport.  In doing so, the following theory is proposed: 

When consumption demand exceeds generation load the electrons and electricity 

from the generation do not travel past the point of exceeding the consumption 

demand. 

To be defined further: 
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In an electric grid environment where there exists higher cumulative consumer 

demand than the generation load on the secondary bus of a substation, then the 

electricity and therefore electrons from the generation load do not touch the 

conductors on the primary side of the substation. 

This is to demonstrate a typical DER producing power onto a distribution line connected 

to a substation that has typical commercial and residential loads on it, and the electricity 

and associated electrons are not making it onto the transmission system.   

 This research section is to evaluate the application of a DER behind the meter for 

a single customer.   The structure of this evaluation will be performed in-line with the 

North American Electric Reliability Corporation’s R-DER model as previously 

discussed.  This will evaluate the flow of energy and electrons from an R-DER on a 

customer’s building and internal electrical system while also modeling consumer load.  

This evaluation will serve as a proof of concept for the next applications of U-DER in the 

North American Electric Reliability Corporation’s Composite Load Model. 

5.2.2 - Research Question #1 - Contribution 

 For convenience, Research Question #1 is restated as: 

What is the impact of energy generated by DERs on the bulk electric system? 

This experimentation seeks to contribute the following data and concepts towards 

answering this question: 

1) Confirmation of the application of Kirchhoff’s Current Law with regards to 

load flow analysis  
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2) Application of Ohm’s Law regarding the flow of energy through the path of 

least resistance 

The contribution of 1 & 2, will support the result in 3: 

3) Understanding of electric energy flow generated by a DER interconnected 

behind a customer’s meter to determine the impact of the energy generated by 

an R-DER on a medium voltage grid 

Concept 3 will allow Research Question #1 to be answered for electric energy movement 

in an R-DER application, which are for customer voltages typically less than 480V.  The 

result of this experimentation can be extrapolated to support the electrical energy 

movement for a medium voltage grid as stated in Research Question #1.  This will be 

directly simulated in Chapter Six and tested in Chapter Seven. 

  5.2.3 - Research Question #2 – Contribution 

 For convenience, Research Question #2 is restated as: 

What is the impact of electrons moved from energy generation by DERs on the 

bulk electric system? 

This experimentation seeks to contribute the following data and concepts towards 

answering this question: 

1)   Quantifying the amount of electrons moved to transfer a specified current of 

energy 

2)   Quantify the maximum distance traveled by electrons given a specified 

amount of current 
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The contribution of 1 & 2, will support the result in 3: 

3)   Understanding the movement of electrons due to energy generated by a DER 

interconnected behind a customer’s meter to determine the impact of electron 

movement due to an R-DER 

Concept #3 will allow Research Question #2 to be answered for electron 

movement in an R-DER application, which are for customer voltages typically less than 

480V.  The result of this experimentation can be extrapolated to support the electron 

movement for a medium voltage grid as stated in Research Question #1.  This will be 

directly simulated in Chapter Six and tested in Chapter Seven. 

5.2.4 - Planning 

 To perform the analysis, a model will be built and simulated to reveal in a simple 

circuit where the power flows.  Readings will be taken in the simulation at various points 

in order to compare and use their values in the equations discussed.  Upon modeling and 

evaluating the results of the simulation, the basis for each concept to be proven is below: 

The modeling software that will be used is MultiSim developed by National 

Instruments Corporation and was selected due to its ability to model AC circuits and 

backflow of multiple generators.  The model will consist of the following components: 

Grid Power Source – Constant - 13,800V 

Step Down/Up Transformer – Constant - 1P, 2W, 13,800V-120V 

Load – Varying Ratings - 20 Ohms, 24, Ohms, & 28 Ohms 

Secondary Power Source – Constant - 5A, 120V 
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assembled in a single line diagram style fashion with all conductors shown and modeled 

in the simulation.   

 There will be three models simulated with the above components to simulate a 

DER interconnected on a residential single-phase service with a continuous load on the 

home.  There will be one model performed for each of the following values for the Load 

on the home: 20 Ohms, 24 Ohms, and 28 Ohms.  The components Grid Power Source, 

Step Down/Up Transformer, and Secondary Power Source will all be constants.  The 

reason that consumer load will vary is to be more aligned with reality, where consumer 

load varies throughout the day rather than ramping up and down a DER.  Each model will 

have an image of the SLD, voltage frequency chart, and current frequency chart.  Once 

completed, each concept and their necessary thresholds will be evaluated to determine if 

they met the expected hypothesis. 

  5.2.5 - Expected Results 

 There are to be 3 simulations modeled, each with varying consumer load resulting 

in an R-DER supply load that is less than, equal to, and greater than the consumer load.  

Cumulatively, each scenario will see through the application of Kirchhoff’s Current Law 

and Ohm’s Law that electrical energy offsets load along the path of least resistance.  

Based upon these measured results, this will then be applied to Equations 16 & 23 to 

quantify electron movement (Wade et al., 2023).  The final results will see the following 

expected impact: 

1) When R-DER is less than or equal to the consumer load then the DER asset has 

no impact to the medium voltage grid. 
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2) The electron movement based on Equations 16 & 23 will indicate that the 

electrons have little to no effect on the medium voltage grid.  

5.3 - Models & Simulations 

 The three models all had the following components as will be shown in the 

diagrams with the naming below as well as parameters for each: 

Grid Power Source – “DIST_SOURCE” – (Voltage Source) 

 13,800V, 1P, 2W, 60 Hz, 0-degree phasing, Neutral grounded at supply 

 Step Down/Up Transformer – “XFMR_120V” 

  Primary: 13,800V, Secondary: 120V, Neutral grounded on secondary 

 Resistance – “LOAD” 

  Resistance: 20 Ohm, 24 Ohm, 28 Ohm  

 Secondary Power Source – “SEC_GEN_120V” (Current Source) 

  120V, 1P, 2W, 60 Hz 

The values for resistance are being modeled as continuous customer load were chosen to 

be 20 Ohms, 24 Ohms, and 28 Ohms.  This was to serve the following scenarios: 

 Simulation 1 - Load = 20 Ohms 

  Secondary generation supplies 80% and 20% comes from grid source 

 Simulation 2 - Load = 24 Ohms 

  Secondary generation supplies 100% of load 
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 Simulation 3 - Load = 28 Ohms 

Secondary generation supplies 120% of load and 20% goes to 

neutral/ground 

The necessary resistance values were calculated using Equation 10.  For example: 

R = V / I = 120V / 5A = 24 Ohms      (24) 

As shown for Simulation 2 where the secondary generation is sized to offset 100% of 

customer load. 

 5.4 - Data Collection 

  5.4.1 - Model #1 – 20 Ohms 

 This model was built and configured with a 20 Ohm Load on the secondary side 

of the single-phase transformer as shown in Figure 5.1.  This model was built with the 

design criteria for the secondary generation to provide 80% of the customer’s load which 

leaves 20% of their load to be offset by the electric grid.  In the chart in Figure 5.2, the 

customer load is represented by an orange dashed line, the grid supplied power is 

represented as a dashed blue line, and the secondary generator is represented as a grey 

dashed line.  The chart in Figure 5.2 indicates the five most important current readings 

from the meters placed throughout the model as shown in Figure 5.1. The positive 

magnitude of the current waveform for the customer load is shown in a blue box, whereas 

the secondary generation is shown in a green box, and grid supplied power are shown in a 

red box.  These boxes represent one half-cycle of the frequency of current measured in 

amps as discussed in Chapter Four. 
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Figure 5.1 – This model represents a single-phase, 120V, 2 wire customer with a 20 Ohm 
Load and 5A generator on the secondary side of the transformer, with a primary grid 
supplied 13,800V distribution feed at 60 Hz.  Created in MultiSim. 

 

Figure 5.2 – This model represents a 0.8333 second timeframe (or 5 cycles) of current 
readings for meters M1, M2, M3, M4, & M5.  Created in MultiSim. 



P a g e  | 137 
 

Respectively, the following current values are for each component at their magnitude: 

Meter Location Current (Amps) Voltage (V) Power (W) 

M1 – Grid @ 13,800V 0.008683 13,779.15 119.644359 

M2 – Grid - Neutral 0.008683 0 0 

M3 – Grid @ 120V 0.998489 119.8187 119.637654 

M4 - Load 5.990935 119.8187 717.826043 

M5 – Generation @ 120V 4.992445 119.8187 598.18827 

 

Table 5.1 – This table indicates values for current (Amps), Voltage (V), and Power (W) tested 
by the virtual meters: M1, M2, M3, M4, & M5. 

The data collected during the simulation shown in Table 5.1 are exact measurements 

taken from the virtual meters at specific points in time in increments of 0.00052 seconds, 

therefore the exact magnitudes for current are not reading exactly 120V as an example.  

To additionally account for simulation errors the MultiSim software in this model has a 

Relative Error Tolerance setting of 0.01%, which is more accurate than the highest class 

of power meters which is 0.1% according to the American National Standards Institute 

(Kelley, 2020).  In evaluating the secondary side of the transformer, the customer has a 

load of 717.8 Watts of which 598.2 Watts is being supplied by the generator tied into the 

same load center and 119.6 Watts is being supplied by the electric grid.  On the primary 

side of the transformer at 13,800 Volts coming from the substation there is a grid supply 

load of 0.0087 Amps which is equivalent to approximately 1 Amp at 119.6 Volts on the 

secondary side of the transformer. 
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5.4.2 - Model #2 – 24 Ohms 

This model was built and configured with a 24 Ohm Load on the secondary side 

of the single-phase transformer as shown in Figure 5.3.  This model was built with the 

design criteria for the secondary generation to provide 100% of the customer’s load  

 

Figure 5.3 – This model represents a single-phase, 120V, 2 wire customer with a 24 Ohm 
Load and 5A generator on the secondary side of the transformer, with a primary grid 
supplied 13,800V distribution feed at 60 Hz.  Created in MultiSim. 

which leaves 0% of their load to be offset by the electric grid.  In the chart in Figure 5.4, 

the customer load is represented by an orange dashed line, the grid supplied power 

represented as a dashed blue line, and the secondary generator represented as a grey 

dashed line.  The chart in Figure 5.4 indicates the five most important current readings 

from the meters placed throughout the model as shown in Figure 5.3. The positive 

magnitude of the waveform for the customer load is shown in a blue box, whereas the 

secondary generation is shown in a green box, and grid supplied power are shown in a 

red box.  These boxes represent one half-cycle of the frequency of current measured in 

amps as discussed in Chapter Four. 
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Figure 5.4 – This model represents a 0.8333 second timeframe (or 5 cycles) of current 
readings for meters M1, M2, M3, M4, & M5.  Created in MultiSim. 

Respectively, the following current values are for each component at their magnitude: 

Meter Location Current (Amps) Voltage (V) Power (W) 

M1 – Grid @ 13,800V 1.38 x 10-8 13,779.15 0.00019 

M2 – Grid - Neutral 1.04 x 10-12 0 0 

M3 – Grid @ 120V 1.20 x 10-10 119.8187 1.44 x 10-8 

M4 - Load 4.992445 119.8187 598.188 

M5 – Generation @ 120V 4.992445 119.8187 598.188 

 

Table 5.2 – This table indicates values for current (Amps), Voltage (V), and Power (W) tested 
by the virtual meters: M1, M2, M3, M4, & M5. 
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Likewise in Table 5.1, the data collected during the simulation shown in Table 5.2 are 

exact measurements taken from the virtual meters at specific points in time in increments 

of 0.00052 seconds, therefore the exact magnitudes for current are not reading exactly 

120V as an example.  To additionally account for simulation errors the MultiSim 

software in this model has a Relative Error Tolerance setting of 0.01%, which is more 

accurate than the highest class of power meters which is 0.1% according to the American 

National Standards Institute (Kelley, 2020).  In evaluating the secondary side of the 

transformer, the customer has a load of 598.2 Watts of which 598.2 Watts is being 

supplied by the generator tied into the same load center, and 0.0 Watts are being supplied 

by the electric grid.  On the primary side of the transformer at 13,779.2 Volts coming 

from the substation there is a grid supply load of 0.0 Amps which is equivalent to 0.0 

Amps at 119.8 Volts on the secondary side of the transformer. 
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5.4.3 - Model #3 – 28 Ohms 

This model was built and configured with a 28 Ohm Load on the secondary side 

of the single-phase transformer as shown in Figure 5.5.  This model was built with the 

design criteria for the secondary generation to provide 117% of the customer’s load, 

which then forces the 17% of electricity that was oversupplied back onto the electric grid.  

 

Figure 5.5 – This model represents a single-phase, 120V, 2 wire customer with a 28 Ohm 
Load and 5A generator on the secondary side of the transformer, with a primary grid 
supplied 13,800V distribution feed at 60 Hz.  Created in MultiSim. 

In the chart in Figure 5.6, the customer load is represented by an orange dashed line, the 

grid supplied power represented as a dashed blue line, and the secondary generator 

represented as a grey dashed line.  The chart in Figure 5.6 indicates the five most 

important current readings from the meters placed throughout the model as shown in 

Figure 5.5. The positive magnitude of the waveform for the customer load is shown in a 

blue box, whereas the secondary generation is shown in a green box, and grid supplied 

power are shown in a red box.  These boxes represent one half-cycle of the frequency of 

current measured in amps as discussed in Chapter Four. 
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Figure 5.6 – This model represents a 0.8333 second timeframe (or 5 cycles) of current 
readings for meters M1, M2, M3, M4, & M5.  Created in MultiSim. 

Respectively, the following current values are for each component at their magnitude: 

Meter Location Current (Amps) Voltage (V) Power (W) 

M1 – Grid @ 13,800V 0.0062018 13,779.15 85.46 

M2 – Grid - Neutral 0.0062018 0 0 

M3 – Grid @ 120V 0.7132065 119.8187 85.46 

M4 - Load 4.279239 119.8187 512.73 

M5 – Generation @ 120V 4.992445 119.8187 598.19 

 

Table 5.3 – This table indicates values for current (Amps), Voltage (V), and Power (W) tested 
by the virtual meters: M1, M2, M3, M4, & M5. 
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Likewise in Tables 5.1 & 5.2, the data collected during the simulation shown in Table 5.3 

are exact measurements taken from the virtual meters at specific points in time in 

increments of 0.00052 seconds, therefore the exact magnitudes for current are not reading 

exactly 120V as an example.  To additionally account for simulation errors the MultiSim 

software in this model has a Relative Error Tolerance setting of 0.01%, which is more 

accurate than the highest class of power meters which is 0.1% according to the American 

National Standards Institute (Kelley, 2020).  In evaluating the secondary side of the 

transformer, the customer has a load of 512.73 Watts whereas 598.19 Watts is being 

supplied by the generator tied into the same load center and 85.46 Watts are being 

exported to the electric grid.  On the primary side of the transformer at 13,779.2 Volts 

coming from the substation there is a load of 0.0062 Amps which is equivalent to 0.71 

Amps at 119.8 Volts on the secondary side of the transformer.  This current detected on 

the primary side of the transformer in this scenario would essentially be going to ground 

via the neutral.  In reality, this would be traveling via the distribution grid to another 

customer or being transformed to a higher voltage and placed onto the transmission grid. 

 5.5 - Evaluation of Data 

 The goal of these modeling exercises were to prove where electricity would flow 

from a secondary generating source on a simple structured single-phase alternating 

current electric grid circuit.  The results are to be used as a proof of concept to further 

develop and test more complex structures in the next chapter. 

In this exercise, there were models created and simulations performed for the 

secondary load at 20 Ohms, 24 Ohms, and 28 Ohms with secondary generation remaining 

constant.  The model simulations for each scenario of a single-phase alternating current 
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grid architecture went as expected.  The load flow in each of the scenarios was 

predictable and operated as expected. 

 5.5.1 - Model #1 Results – 20 Ohms 

This model was designed to have a secondary load greater than the constant 

secondary generation amount.  In this scenario, the grid would have to supply the 

difference between the generation supply and the 20 Ohm load.  The results indicated that 

the 20 Ohm load required 5.99 Amps of current to satisfy the demand, however the 

generation only supplied a constant 4.99 Amps, therefore the grid had to supply 1 Amp of 

current.  Using Kirchhoff’s Law of Current it was predicted that 1 Amp would need to be 

supplied from an additional resource, in this case the voltage source functioning as the 

grid, provided that 5.99 Amps of load minus 4.99 Amps of generation, requires another 1 

Amp from the grid for it to equal zero.  The meter, M3, detected 0.998 Amps of current 

on the secondary side of the transformer that was being supplied by the grid.  This is 

within the relative tolerance of 0.01% accuracy and therefore is not a concern.   

Using Equation 16 the number of electrons can be calculated that are oscillating 

in the cross-sectional portion of wire at M3 in order to move 1 Amp worth of electricity.  

The electron calculation is shown below: 

𝒆𝒏 =  
 𝑰 𝒒 

𝟐 𝒇
         (16) 

𝒆𝒏 =  
 𝟎.𝟗𝟗𝟖𝟒𝟖𝟗 (𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖) 

𝟐 (𝟔𝟎)
 = 5.1934 x 1016 electrons  (25) 
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Therefore, it has been concluded that due to the grid needing to provide 0.998 Amps of 

current at 119.8 Volts that in order to move that amount of electricity, 5.1934 x 10  

electrons needed to oscillate between the cross-sectional portion of the conductor in order 

for that to happen.  

 To apply a real example for this 120V circuit, Equation 23 will be used to 

determine the distance that electrons moved due to the current being supplied by the grid 

on the customer’s equipment.   

Distance (d) = 
 𝒆𝒏 

𝒆𝒍
 = 

  𝑰 𝒒 𝑨 

𝟐 𝒇 𝒅𝒆
 = 

  𝑰 𝒒 𝑨 𝒘 

𝟐 𝒇 𝒅𝒎 𝒆𝒂 
     (23) 

The values for Current (I), Frequency (f), and Coulombs (q) are the same as in the 

previous example.  Copper is the most common conductor material used in homes and 

businesses and has one Free Electron (ea) available per atom.  Copper also has an Atomic 

Weight (w) of 1.055 x 10-22 grams, and a cubic centimeter of copper weighs 8.94 g/cm3 

(BYJU’s, n.d.)(Aqua-Calc, n.d.).  A common wire size for circuits in homes and 

buildings is utilizing 12-gauge wire, which has a cross-sectional area of copper that is 

0.331 cm2 (Armstrong Metalcrafts, n.d.)(Thiele, 2022).   Placing the values of each 

variable in Equation (23) is seen in (26) below: 

d = 
𝟎.𝟗𝟗𝟖𝟒𝟖𝟗 ( 𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖)(𝟎.𝟑𝟑𝟏)(𝟏.𝟎𝟓𝟓 𝒙 𝟏𝟎 𝟐𝟐) 

𝟐 (𝟔𝟎)(𝟖.𝟗𝟒)(𝟏) 
   (26) 

 d = 2.0286 x 10-7 cm 

Therefore, in order for 0.998489 Amps of current to be supplied by the electric grid to 

offset the remainder of the customer’s demand, the maximum distance that the electrons 
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necessary to move that amount of charge traveled is 2.0286 x 10-7 cm.  This distance in 

the macroscopic application of a conductor is quite small and insignificant compared to 

the larger system. 

5.5.2 - Model #2 Results – 24 Ohms 

This model was designed to have a secondary load equal to the constant 

secondary generation amount.  In this scenario, the grid would not have to supply any 

electricity to satisfy the secondary load.  Based upon Ohm’s Law, a 24 Ohm load at 120V 

will require 5 Amps of current to offset the load, and therefore not require any additional 

energy from the electric grid.  The results indicated that the 24 Ohm load measured 4.99 

Amps of current used to satisfy the demand also measured drawing 4.99 Amps.  Using 

Kirchhoff’s Law of Current for the meter M3 and the node therein, it was predicted that 0 

Amps would need to be supplied from an additional resource.  The meter, M3, provided 

confirmation of this and detected 1.20 x 10-10 Amps of current on the secondary side of 

the transformer that was being supplied by the grid.  This reading is very minimal and 

could be an error due to the meter’s accuracy having a tolerance of 0.01%.   

Similar to Model #1 Results, Equation 16 can be used to calculate the number of 

electrons that are oscillating in the cross-sectional portion of wire at M3 in order to move 

1.20 x 10-10 Amps worth of electricity.  The electron calculation is shown below: 

𝒆𝒏 =  
 𝟏.𝟐𝟎 𝒙 𝟏𝟎 𝟏𝟎 (𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖) 

𝟐 (𝟔𝟎)
 = 6,241,509 electrons  (27) 

This portion of the wire at node M3, measured 1.20 x 10-10 Amps of current at 119.8 

Volts, where in order to move that amount of electricity 6,241,509 electrons needed to 
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oscillate between the cross-sectional portion of the conductor in order for that to happen.  

This amount of electrons is very insignificant, and the small amount of current detected 

in this portion of the conductor at M3 was also significantly less than the relative 

tolerance of the meter at 0.01%.  This is considered negligible and to be regarded as a 

value of 0 Amps.  In this case, there are no electrons moving in this location at M3. 

 Even though the amperage measured at M3 is considered to be zero, the 

calculated distance of this small of an amperage is performed below.  Using Equation 23, 

the same variable values as in the Model #1 example, and the measured current at M3 in 

Model #2 will combine as indicated below: 

d = 
𝟏.𝟐𝟎 𝒙 𝟏𝟎 𝟏𝟎 ( 𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖)(𝟎.𝟑𝟑𝟏)(𝟏.𝟎𝟓𝟓 𝒙 𝟏𝟎 𝟐𝟐) 

𝟐 (𝟔𝟎)(𝟖.𝟗𝟒)(𝟏) 
   (28) 

 d = 2.438 x 10-17 cm 

Therefore, in order for 1.20 x 10-10 Amps of current to be supplied by the electric grid to 

offset the remainder of the customer’s demand, the maximum distance that the electrons 

necessary to move that amount of charge traveled is 2.438 x 10-17 cm.  This distance in 

the macroscopic application of a conductor is very small and insignificant compared to 

the larger system.  As discussed regarding the amount of electrons moved, the amperage 

should be considered to be zero and therefore the distance traveled by electrons would be 

zero.  The results of Equation 28 illustrate the very small magnitude of this potential 

electron movement. 
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 5.5.3 - Model #3 Results – 28 Ohms 

This model was designed to have a secondary load less than the constant 

secondary generation amount.  In this scenario, there would be excess secondary 

generation that would be pushed onto the grid and diverted to ground via the neutral.  In 

the real world, this electric energy would be dispersed amongst the medium voltage 

distribution conductors to the nearest load via the path of least resistance.  The results 

indicated that the 28 Ohm load required 4.279 Amps of current to satisfy the demand, 

however the generation supplied a constant 5 Amps, therefore the grid had to receive and 

displace 0.713 Amps of current.  Using Kirchhoff’s Law of Current it can be predicted 

that 0.721 Amps would be delivered to the electric utility grid.  The meter, M3, detected 

0.713 Amps of current which is less than the 0.721 Amps that the application of 

Kirchhoff’s Law of Current predicted.  This discrepancy is within the 0.01% relative 

tolerance that is set on the simulation.  The equivalent amperage on the primary side of 

the transformer at 13,779.2V is 0.0062 Amps, therefore the net current impact on the 

electric grid due to this R-DER over generating is 0.0062 Amps.  The electrons moved 

due to the amperage exporting on the secondary side is shown below: 

𝒆𝒏 =  
 𝟎.𝟕𝟏𝟑𝟐𝟎𝟔𝟓 (𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖) 

𝟐 (𝟔𝟎)
 = 3.7096 x 1016 electrons (29) 

The electrons moved due to the amperage exporting on the primary side is shown below: 

𝒆𝒏 =  
 𝟎.𝟎𝟎𝟔𝟐 (𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖) 

𝟐 (𝟔𝟎)
 = 3.2248 x 1014 electrons  (30) 
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The electron movement on the primary side is 3.7096 x 1016 electrons, whereas the 

secondary side has 3.2248 x 1014 electrons.  It is obvious that the impact on the electrons 

moving on the electric grids’ conductors from the net energy exported by a customer with 

an operating R-DER, due to voltage, is significantly less than the impact of the electron 

movement on the secondary side of the transformer.   

 For continuity, the maximum distance the electrons traveled in the conductor on 

the secondary side is indicated below using the same variable values as Models #1 & #2 

and the secondary amperage measured at M3 as 0.713 Amps: 

d = 
𝟎.𝟕𝟏𝟑 ( 𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖)(𝟎.𝟑𝟑𝟏)(𝟏.𝟎𝟓𝟓 𝒙 𝟏𝟎 𝟐𝟐) 

𝟐 (𝟔𝟎)(𝟖.𝟗𝟒)(𝟏) 
    (31) 

 d = 1.4486 x 10-7 cm 

As indicated, the maximum distance traveled by electrons due to a secondary current 

exporting 0.713 Amps to the electric grid is 1.4486 x 10-7 cm, which is a very small and 

insignificant distance. 

5.6 Conclusion 

The result of this simulation recognizes some important direct and indirect 

relationships that the flow of electric energy and electron movements have.  The three 

different load scenarios that were modeled indicated that electric energy in these 

applications flows according to Ohm’s Law and Kirchhoff’s Law, however electron 

movement occurs differently.  Simply stated, if the R-DER over-generated its load then 

then the electricity is transferred onto the distribution lines, and if the R-DER generates 

less than the load then all of the generated energy goes to offsetting load.  Electron 
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movement was illustrated to be a localized occurrence where each simulation indicated 

that the current measured at a specific point in a conductor only impacted the electrons in 

the immediate vicinity.  These applications resulted in a very small fraction of a 

centimeter for overall electron distance traveled.  In summary, localized electron 

movement only occurs when charge is moved through an area of a conductor.  Based on 

the results, electron movement has significantly less of an impact to the distribution 

system compared to the electric energy. 

It is clear where electric energy moves when there is a greater or lesser generation 

to load ratio, but this simulation also evaluated that when they are equal.  It is not a 

common scenario to have consumer load and generation equal each other while 

remaining tied to the grid.  This simulation was performed to explore what this would 

look like and demonstrated where the electric energy would flow.  It was recognized that 

it offsets the consumer load first due to taking the path of least resistance to offset load 

and not passing through the transformer to a higher distribution voltage.  The small 

discrepancy in this equal offset of measured current of 1.20 x 10-10 Amps is insignificant 

and within the 0.01% error tolerance for the simulation.  For this reason, and the fact that 

the timeframes do not indicate exact peak wavelength measurements for current, the 

value of this current at the M3 node can be assumed to be zero. In this application, it can 

be determined that when generation is less than or equal to the load, the generated electric 

energy serves the consumer load before moving outside the localized system. 

Regarding the research questions, these three simulations helped determine what 

needs to be explored in the following chapters.  The research questions specifically target 

electricity and electron movement on a medium voltage electric grid.  These simulations 
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do not directly answer either question, however, they contribute to the understanding of 

where electric energy and electrons move along with their magnitude of each in the 

following ways:  

1) electrons behave in a localized manner based upon the movement of charge 

2) electric energy goes to where it can be used first and reach a lower energy state 

With these contributions in mind, the research continues into Chapter Six. 
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CHAPTER SIX 

6.0 - Experimentation #2 : Complex Model 

 6.1 - Introduction 

 The single-phase modeling was a successful predecessor prior to proceeding 

further with the electric grid modeling of that scenario in a three-phase environment.  The 

vast majority of the electric grid consists of three-phase power balanced among 

commercial and residential consumers.  The next logical step during this process is to 

make the modeling more accurate as to what would be seen in a real application setting.  

In this process this requires the single-phase insight learned from the previous model to 

be applied to a three-phase application. 

 The three-phase application of this modeling concept needs to resemble the 

standard model that the National Renewable Energy Laboratory follows as an evaluation 

standard known as the U-DER and R-DER modeling basis as discussed in Chapter Three.  

This will allow for a side-by-side comparison between models to make this as accurate to 

NREL’s definitions of R-DER and U-DER, and model this based on NREL’s standards.  

The results are expected to be similar to the data retrieved from modeling the single-

phase system and indicate no load being distributed onto or from the transmission system 

from a cumulative DER generation load of equal to or less than the cumulative consumer 

load. 
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 6.2 - Methodology 

 6.2.1 - Purpose 

The purpose of this research is to expand upon the single-phase simulation 

performed and apply it to a three-phase electric grid scenario.  The goal and purpose of 

this exercise is the same as the single-phase  exercise, which is to evaluate where 

electrons move on the electric grid and the electric charge they transport.  In doing so, the 

following theory is proposed: 

When consumption demand exceeds generation load the electrons and electricity 

from the generation do not travel past the point of exceeding the consumption 

demand. 

To be defined further: 

In an electric grid environment where there exists higher cumulative consumer 

demand than the generation load on the secondary bus of a substation, then the 

electricity and therefore electrons from the generation load do not touch the 

conductors on the primary side of the substation. 

This is to demonstrate a typical U-DER producing power onto a distribution line with 

several non-exporting R-DERs connected to a substation that has typical commercial and 

residential loads on it, and the electricity and associated electrons from the generation are 

not making it onto the transmission system. 

 

 



P a g e  | 154 
 

6.2.2 - Research Question #1 - Contribution 

 For convenience, Research Question #1 is restated as: 

What is the impact of energy generated by DERs on the bulk electric system? 

This experimentation will contribute a direct answer to this question based upon a 

series of simulations evaluating R-DER and U-DER generation and power distribution.  

The model developed will evaluate electric energy movement on a medium voltage 

distribution grid as well as an additional contribution to evaluate the high voltage 

transmission grid.  The desired deliverable is to evaluate load and provide current 

readings that can be used in application for electrical energy movement. 

  6.2.3 - Research Question #2 – Contribution 

 For convenience, Research Question #2 is restated as: 

What is the impact of electrons moved from energy generation by DERs on the 

bulk electric system? 

This experimentation will directly answer this question based upon the 

simulations of R-DER and U-DER generation in the North American Electric Reliability 

Corporation’s Composite Load Model that is performed in this chapter.  The results from 

the model simulations will indicate the electron movement on medium voltage 

distribution lines as well as transmission lines.  The deliverables will be to quantify the 

amount of electrons moved and the maximum distance they traveled. 
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6.2.4 - Planning 

 To perform this experiment, there will be several simulations conducted to 

evaluate cumulative DER generation on a substation to be less than, equal to, or greater 

than the cumulative load on it.  Readings will be taken in the simulation at various points 

in order to compare and use their values in the equations discussed.  

The modeling software that will be used is MultiSim developed by National 

Instruments Corporation and was selected due to its ability to model AC circuits, 

individual conductors in a three-phase system, and the harmonics from backflow of 

multiple generators.  The model will consist of the following components: 

Grid Power Source – Constant – 125,000V 

Substation Transformer – Constant - 125,000V - 13,800V 

Commercial Load – Varying Ratings Per Phase – 0.48 Ohms & 0.60 Ohms 

 Service Transformer – 13,800V – 480V 

Three-Phase Current Source – 1,000A 

 Current Source Transformer – 13,800V – 480V 

R-DER – 120V 

 Load – 24 Ohms 

 Current Source – 5A 

 Quantity: 3 total in order to balance each phase 
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assembled in a single line diagram style fashion with all conductors shown and modeled 

in the simulation.   

 There will be three models simulated with the above components to simulate a U-

DER interconnected directly to a three-phase distribution line with no load behind the 

meter.  On the same distribution feeder will be a three-phase customer with no behind the 

meter generation that will represent commercial load on this distribution circuit.  There 

are also three R-DER applications where the generation is located behind the meter at the 

customers facility does not export or import electricity from the grid.  There are three 

similar R-DER with load in order to keep the phases balanced for this simulation, and to 

continue demonstrating the results shown in the single-phase exercise.  There will be one 

model performed for each of the following values for the commercial load on the 

distribution circuit: 0.60 Ohms, 0.48 Ohms, and 0.36 Ohms.  Every component in the 

model will be constant except for the three-phase commercial load.  Each model will 

have an image of the SLD and current frequency chart.  Once completed, each concept 

and their necessary thresholds will be evaluated to determine if they met the expected 

hypothesis. 

 6.2.5 - Expected Results 

There are to be 3 simulations modeled, each with varying cumulative consumer 

load resulting where a cumulative DER supply load that is less than, equal to, and greater 

than the consumer load.  Cumulatively, each scenario will see through the application of 

Kirchhoff’s Current Law and Ohm’s Law that electrical energy offsets load along the 

path of least resistance.  Based upon these measured results, this will then be applied to 
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Equations 16 & 23 to quantify electron movement.  The final results will see the 

following expected impact: 

1) When cumulative DER generation is less than or equal to the consumer load 

then the DER asset has no impact to the transmission system with regards to 

energy exportation. 

2) The electron movement based on Equations 16 & 23 will indicate that the 

electrons have little to no effect on the distribution and transmission systems. 

6.3 - Models & Simulations 

 The two simulations will all have the same base components comprising of 5 

voltage or current sources (2 are three-phase), 6 transformers (3 are three-phase), and 4 

customer loads (1 is three-phase).  The following tables have each individual component 

indicated per phase separated into categories of generation, transformers, and load.  In 

Table 6.1, the three-phase grid power source is indicated with the component prefix 

“DIST_”, the three-phase U-DER is represented with the prefix “U_DER_”, and the three 

single-phase R-DER configurations are represented with the prefix “R_DER”. 

Component Voltage Current Frequency Phase Phasing 

DIST_AP 125 kV  60 Hz A 0 

DIST_BP 125 kV  60 Hz B 120 

DIST_CP 125 kV  60 Hz C -120 

U_DER_AP 480 V 1000 A 60 Hz A 180 

U_DER_BP 480 V 1000 A 60 Hz B -60 

U_DER_CP 480 V 1000 A 60 Hz C 60 

R_DER1 120 V 5 A 60 Hz A 180 

R_DER2 120 V 5 A 60 Hz B -60 
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R_DER3 120 V 5 A 60 Hz C 60 

 

Table 6.1 – This model represents a 1 second timeframe of current readings for meters 
M1, M2, M3, M4, & M5.  Created in MultiSim. 

There are six transformers that are represented in this model; (1) 125kV to 13.8kV 

transformer representing a typical substation with the prefix “XFMR_”, (1) 480V to 

13.8kV transformer representing a U-DER with the prefix “XFMR_GEN_”, (1) 13.8kV 

to 480V transformer serving a typical commercial customer load with prefix 

“XFMR_480V_”, and (3) 13.8kV to 120V transformers for R-DER with the prefix 

“XFMR_120V_”.  These components and their values are seen in Table 6.2. 

Component Primary Secondary Frequency Phase 

XFMR_AP 125 kV 13.8 kV 60 Hz A 

XFMR_BP 125 kV 13.8 kV 60 Hz B 

XFMR_CP 125 kV 13.8 kV 60 Hz C 

XFMR_GEN_AP 13.8 kV 480 V 60 Hz A 

XFMR_GEN_BP 13.8 kV 480 V 60 Hz B 

XFMR_GEN_CP 13.8 kV 480 V 60 Hz C 

XFMR_480V_AP 13.8 kV 480 V 60 Hz A 

XFMR_480V_BP 13.8 kV 480 V 60 Hz B 

XFMR_480V_CP 13.8 kV 480 V 60 Hz C 

XFMR_120V_AP 13.8 kV 120 V 60 Hz A 

XFMR_120V_BP 13.8 kV 120 V 60 Hz B 

XFMR_120V_CP 13.8 kV 120 V 60 Hz C 

 

Table 6.2 – This model represents a 1 second timeframe of current readings for meters 
M1, M2, M3, M4, & M5.  Created in MultiSim. 

There are four loads represented on this model.  Three of the loads are 120V residential 

loads designed to not import or export any electricity from the distribution grid, and one  
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Component Voltage Resistance Frequency Phase 

LOAD_A  120 V 24 Ohms 60 Hz A 

LOAD_B 120 V 24 Ohms 60 Hz B 

LOAD_C 120 V 24 Ohms 60 Hz C 

LOAD_AP 480 V 0.48 & 0.60 Ohms 60 Hz A 

LOAD_BP 480 V 0.48 & 0.60 Ohms 60 Hz B 

LOAD_CP 480 V 0.48 & 0.60 Ohms 60 Hz C 

 

Table 6.3 – This model represents a 1 second timeframe of current readings for meters 
M1, M2, M3, M4, & M5.  Created in MultiSim. 

480V commercial customer load.  The variables for each component are shown in Table 

6.3.  There are 16 meters that measure voltage and amperage on different parts of the 

system.  Each R-DER, U-DER, grid power supply, and commercial load has a meter 

placed on the primary side of the transformer.  There is also one meter on the primary 

neutral.  These components and their values are seen in Table 6.4. 

Component Voltage Frequency Phase 

M1_GRID 13.8 kV 60 Hz A 

M2_GRID 13.8 kV 60 Hz B 

M3_GRID 13.8 kV 60 Hz C 

M4_UDER 13.8 kV 60 Hz A 

M5_UDER 13.8 kV 60 Hz B 

M6_UDER 13.8 kV 60 Hz C 

M7_RDER 13.8 kV 60 Hz A 

M8_RDER 13.8 kV 60 Hz B 

M9_RDER 13.8 kV 60 Hz C 

M10_LOAD 13.8 kV 60 Hz A 

M11_LOAD 13.8 kV 60 Hz B 

M12_LOAD 13.8 kV 60 Hz C 
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M13_RDER 120 V 60 Hz A 

M14_RDER 120 V 60 Hz B 

M15_RDER 120 V 60 Hz C 

M16_N 0 V 60 Hz N 

M17_TRAN 125kV 60 Hz A 

M18_TRAN 125kV 60 Hz B 

M19_TRAN 125kV 60 Hz C 

 

Table 6.4 – This model represents a 1 second timeframe of current readings for meters 
M1, M2, M3, M4, & M5.  Created in MultiSim. 

The values for resistance which are being modeled as continuous customer load for the 

three-phase application were chosen to be 0.36 Ohms, 0.48 Ohms, and 0.60 Ohms.  This 

was to serve the following scenarios: 

 Simulation 1 - Load = 0.36 Ohms 

Cumulative DER generation supplies 80% of three-phase load on the 

distribution grid and 20% comes from grid source. 

 Simulation 2 - Load = 0.48 Ohms 

Cumulative DER generation supplies 100% of three-phase load on the 

distribution grid and 0% comes from grid source. 

 Simulation 3 – Load = 0.60 Ohms 

Cumulative DER generation supplies 120% of three-phase load on the 

distribution grid and exports 20% of generation onto the transmission 

system.  
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The necessary resistance values were calculated using Equation 10, R = V / I.  For 

example: 

R = V / I = 480V / 1000A = 0.48 Ohms     (32) 

As shown for Simulation 1 the cumulative DER generation is sized to offset 80% of 

three-phase substation load, and Simulation 2 the cumulative DER generation is sized to 

offset 100% of three-phase customer load.  Simulation 3 will demonstrate that 20% of the 

cumulative DER generation will be exported to the transmission system and therefore 

over generate.  

 6.4 - Data Collection 

  6.4.1 - Model #1 – 0.36 Ohms 

This model was built and configured with cumulative DER generation that satisfies 75% 

of the cumulative consumer load.  This configuration is shown in Figure 6.1.  Each of the 

R-DER loads are completely offset behind the meter as performed in the experiment from 

Chapter Five.  The two main loads interconnected at separate points at 480V are the U-

DER and commercial load.  These components represent multiple facilities installed on 

the secondary side of a typical substation.  The meters, M1_GRID, M2_GRID, and 

M3_GRID, are metering the secondary bus on the substation for cumulative energy 

measurements. 
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Figure 6.1 – This table indicates values for current (Amps), Voltage (V), and Power (W) tested 
by the virtual meters used in this simulation.  Created in MultiSim. 

 In the chart in Figure 6.2, the current on each phase is charted for the following 

measurements: cumulative distribution load, cumulative consumer load, cumulative DER 

generation, and transmission system load.  The chart in Figure 6.2 indicates the four most 

important current readings from the meters placed throughout the model as shown in 
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Figure 6.1.  The positive magnitude of the waveform for each phase of cumulative 

consumer load is shown in a blue box, whereas the cumulative DER generation is shown 

in a green box, grid exported distribution power is shown in a red box, and grid supplied  

 

Figure 6.2 – This table indicates values for current (Amps), Voltage (V), and Power (W) tested 
by the virtual meters: M1, M2, M3, M4, M5, M6, M10, M11, M12, M17, M18, & M19.  
Created in MultiSim. 

transmission power is indicated with a black box.  These boxes represent one half-cycle 

of the frequency of current measured in amps as discussed in Chapters Four and Five. 

Respectively, the following current values are for each measuring point at their 

magnitude and averaged across the three-phases at that location:  
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Meter Location Current (Amps) Voltage (V) Power (kW) 

M1, M2, & M3 - Grid 11.57702 13,779.55 159.5261 

M4, M5, & M6 – U-DER 34.731056 13,779.55 478.5783 

M10, M11, & M12 - Load 46.30807 13,779.55 638.1043 

M17, M18, & M19 – Transmission 1.276242 124,814.7 159.2938 

 

Table 6.5 – This table indicates values for current (Amps), Voltage (V), and Power (W) tested 
by the virtual meters and averaged for: cumulative distribution load (M1, M2, & M3), 
cumulative DER load (M4, M5, & M6), cumulative consumer load (M10, M11, & M12), and 
transmission load (M17, M8, & M19). 

The data collected during the simulation shown in Table 6.5 are averaged from 

the three-phases, due to the time-step available to retrieve data for each meter.  Exact 

measurements taken from the virtual meters at specific points in time are in increments of 

0.00052 seconds, therefore the exact magnitudes for current are not reading exactly 

1000A as an example.  Due to phasing of each conductor, some the timesteps resulted in 

the peak current measured at that time to be off by < 0.002%, and are not exactly the 

same values even though all phases are balanced.  To additionally account for simulation 

errors the MultiSim software in this model has a Relative Error Tolerance setting of 

0.01%, which is more accurate than the highest class of power meters which is 0.1% 

according to the American National Standards Institute (Kelley, 2020).   

By evaluating the load on the distribution system, it can be seen that the 

substation is serving 159.3 kW of the load from the transmission grid.  The cumulative 

consumer load is measured to be 638.10 kW where 74.999% of that is being offset by the 

cumulative DER generation measured as 478.58 kW.  The grid thus supplies the 
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remaining energy needed to satisfy the additional 25% consumer load.  All measured 

values are acceptable and within their relative tolerance. 
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6.4.2 - Model #2 – 0.48 Ohms 

This model was built and configured with cumulative DER generation that 

satisfies 100% of the cumulative consumer load.  This configuration is shown in Figure  

 

Figure 6.3 – This table indicates values for current (Amps), Voltage (V), and Power (W) tested 
by the virtual meters used in this simulation.  Created in MultiSim. 
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6.3.  Each of the R-DER loads are completely offset behind the meter as performed in the 

experiment from Chapter Five.  The two main loads interconnected at separate points at 

480V are the U-DER and commercial load.  These components represent multiple 

facilities installed on the secondary side of a typical substation.  The meters, M1_GRID, 

M2_GRID, and M3_GRID, are metering the secondary bus on the substation for 

cumulative energy measurements.   

In the chart in Figure 6.4, the current on each phase is charted for the following  

 

Figure 6.4 – This table indicates values for current (Amps), Voltage (V), and Power (W) tested 
by the virtual meters: M1, M2, M3, M4, M5, M6, M10, M11, M12, M17, M18, & M19.  
Created in MultiSim. 
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measurements: cumulative distribution load, cumulative consumer load, cumulative DER 

generation, and transmission system load.  The chart in Figure 6.4 indicates the four most 

important current readings from the meters placed throughout the model as shown in 

Figure 6.3. The positive magnitude of the waveform for each phase of cumulative 

consumer load is shown in a blue box, whereas the cumulative DER generation is shown 

in a green box, and grid supplied distribution power is shown in a red box.  These boxes 

represent one half-cycle of the frequency of current measured in amps as discussed in 

Chapters Four and Five.  There is not a black box indicating the transmission current, 

because it is not impacted and can also be represented as the red box. 

Respectively, the following current values are for each measuring point at their 

magnitude and averaged across the three-phases at that location:  

Meter Location Current (Amps) Voltage (V) Power (kW) 

M1, M2, & M3 - Grid 3.11 x 10-8 13,779.55 4.28 x 10-7 

M4, M5, & M6 – U-DER 34.731056 13,779.55 478.58 

M10, M11, & M12 - Load 34.731056 13,779.55 478.58 

M17, M18, & M19 – Transmission 1.28 x 10-7 124,814.73 1.60 x 10-5 

 

Table 6.6 – This table indicates values for current (Amps), Voltage (V), and Power (W) tested 
by the virtual meters and averaged for: cumulative distribution load (M1, M2, & M3), 
cumulative DER load (M4, M5, & M6), cumulative consumer load (M10, M11, & M12), and 
transmission load (M17, M8, & M19). 

The data collected during the simulation shown in Table 6.6 are averaged from 

the three-phases, due to the time-step available to retrieve data for each meter.  Exact 

measurements taken from the virtual meters at specific points in time are in increments of 

0.00052 seconds, therefore the exact magnitudes for current are not reading exactly 



P a g e  | 169 
 

1000A as an example.  Due to phasing of each conductor, some the timesteps resulted in 

the peak current measured at that time to be off by < 0.002% , and are not exactly the 

same values even though all phases are balanced.  To additionally account for simulation 

errors the MultiSim software in this model has a Relative Error Tolerance setting of 

0.01%, which is more accurate than the highest class of power meters which is 0.1% 

according to the American National Standards Institute (Kelley, 2020).   

By evaluating the load on the distribution system, it can be seen that the 

substation is measurement is indicating that it is importing a 1.60 x 10-5 kW from the 

transmission grid.  This is a very small reading that falls within the 0.01% relative error 

tolerance and should be regarded as zero.  The cumulative consumer load is measured to 

be 478.58 kW where 100% of that is being offset by the cumulative DER generation 

measured as 478.58 kW.  The grid does not having to supply or receive any energy from 

the DERs or to serve consumer load.  The secondary bus on the substation measures 4.28 

x 10-7 kW, where this value is also within the 0.01% relative error tolerance and is 

regarded as zero.  All measured values are acceptable and within their relative tolerance. 
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6.4.3 - Model #3 – 0.60 Ohms 

This model was built and configured with cumulative DER generation that 

satisfies 120% of the cumulative consumer load and therefore export to the transmission  

 

Figure 6.3 – This table indicates values for current (Amps), Voltage (V), and Power (W) tested 
by the virtual meters used in this simulation.  Created in MultiSim. 
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grid.  This configuration is shown in Figure 6.5.  Each of the R-DER loads are 

completely offset behind the meter as performed in the experiment from Chapter Five.  

The two main loads interconnected at separate points at 480V are the U-DER and 

commercial load.  These components represent multiple facilities installed on the 

secondary side of a typical substation.  The meters, M1_GRID, M2_GRID, and 

M3_GRID, are metering the secondary bus on the substation for cumulative energy 

measurements.   

In the chart in Figure 6.6, the current on each phase is charted for the following  

 

Figure 6.6 – This table indicates values for current (Amps), Voltage (V), and Power (W) tested 
by the virtual meters: M1, M2, M3, M4, M5, M6, M10, M11, M12, M17, M18, & M19.  
Created in MultiSim. 
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measurements: cumulative distribution load, cumulative consumer load, cumulative DER 

generation, and transmission system load.  The chart in Figure 6.6 indicates the four most 

important current readings from the meters placed throughout the model as shown in 

Figure 6.5. The positive magnitude of the waveform for each phase of cumulative 

consumer load is shown in a blue box, whereas the cumulative DER generation is shown 

in a green box, grid exported distribution power is shown in a red box, and grid supplied 

transmission power is indicted with a black box.  These boxes represent one half-cycle of 

the frequency of current measured in amps as discussed in Chapters Four & Five. 

Respectively, the following current values are for each measuring point at their 

magnitude and averaged across the three-phases at that location:  

Meter Location Current (Amps) Voltage (V) Power (kW) 

M1, M2, & M3 - Grid 6.946211 13,779.55 95.72 

M4, M5, & M6 – U-DER 34.731056 13,779.55 478.58 

M10, M11, & M12 - Load 27.784845 13,779.55 382.86 

M17, M18, & M19 – Transmission 0.766862 124,814.73 95.72 

 

Table 6.5 – This table indicates values for current (Amps), Voltage (V), and Power (W) tested 
by the virtual meters and averaged for: cumulative distribution load (M1, M2, & M3), 
cumulative DER load (M4, M5, & M6), cumulative consumer load (M10, M11, & M12), and 
transmission load (M17, M8, & M19). 

The data collected during the simulation shown in Table 6.5 are averaged from 

the three-phases, due to the time-step available to retrieve data for each meter.  Exact 

measurements taken from the virtual meters at specific points in time are in increments of 

0.00052 seconds, therefore the exact magnitudes for current are not reading exactly 

1000A as an example.  Due to phasing of each conductor, some the timesteps resulted in 
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the peak current measured at that time to be off by < 0.002%, and are not exactly the 

same values even though all phases are balanced.  To additionally account for simulation 

errors the MultiSim software in this model has a Relative Error Tolerance setting of 

0.01%, which is more accurate than the highest class of power meters which is 0.1% 

according to the American National Standards Institute (Kelley, 2020).   

By evaluating the load on the distribution system, it can be seen that the 

substation is exporting 95.72 kW from the transmission grid.  The cumulative consumer 

load is measured to be 382.86 kW where 79.999% of that is being offset by the 

cumulative DER generation measured as 478.58 kW.  The grid thus supplies the 

remaining energy needed to satisfy the additional 20% consumer load.  All measured 

values are acceptable and within their relative tolerance. 

 6.5 - Evaluation of Data 

  6.5.1 - Model #1 Results – 0.36 Ohms 

This model was designed to have a cumulative substation load greater than the 

cumulative DER generation amount.  In this scenario, the grid would have to supply the 

difference between the cumulative DER generation and the cumulative load of 0.36 

Ohms.  The results indicated that the cumulative 0.36 Ohm load required 46.31 Amps of 

current to satisfy the demand, however the cumulative DER generation only supplied a 

constant 34.73 Amps, therefore the grid had to supply 11.58 Amps of current.  Using 

Kirchhoff’s Law of Current it was predicted that 11.59 Amps would need to be supplied 

from an additional resource.  In this case the voltage source functioning as the grid met 

this demand, provided that 46.31 Amps of load minus 34.73 Amps of generation requires 
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another 11.59 Amps from the grid for it to equal zero.  The meters, M1, M2, & M3, 

detected 11.58 Amps of current that was being supplied by the grid.  This is within the 

relative error tolerance of 0.01% accuracy and therefore is not a concern.   

Using Equation 16 the number of electrons can be calculated that are oscillating 

in the cross-sectional portion of wire at meters M1, M2, or M3 in order to move 11.58 

Amps worth of electricity.  The electron calculation is shown below: 

𝒆𝒏 =  
 𝑰 𝒒 

𝟐 𝒇
         (16) 

𝒆𝒏 =  
 𝟏𝟏.𝟓𝟕𝟕𝟎𝟐 (𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖) 

𝟐 (𝟔𝟎)
 = 6.0215 x 1017 electrons  (33) 

Therefore, it has been concluded that due to the grid needing to provide 11.58 Amps of 

current on each phase at 13,779.55 Volts that in order to move that amount of electricity 

6.0215 x 10  electrons needed to oscillate between the cross-sectional portion of the 

conductor in order for that to happen.  Since this is a three-phase system, this electron 

movement needs to be a factor of three to accurately represent the total amount of 

electron movement occurring across all three phases.  This means that 1.8065 x 10  

electrons were oscillating cumulatively across all three phases to deliver 11.58 Amps of 

electricity from the grid. 

 To apply a real example for this 13,800V circuit, Equation 23 will be used to 

determine the distance that electrons moved due to the current being supplied by the grid 

to serve consumer load.   
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Distance (d) = 
 𝒆𝒏 

𝒆𝒍
 = 

  𝑰 𝒒 𝑨 

𝟐 𝒇 𝒅𝒆
 = 

  𝑰 𝒒 𝑨 𝒘 

𝟐 𝒇 𝒅𝒎 𝒆𝒂 
     (23) 

The values for Current (I), Frequency (f), and Coulombs (q) are the same as in the 

previous example.  Aluminum Coated Steel Reinforced cable, also known as ACSR in 

the industry, is a common conductor material used for overhead distribution lines.  ACSR 

consists of an inner steel solid or stranded cable wrapped in multiple strands of high 

purity aluminum (Daware, n.d.).  According to the National Electric Code, in this 

application the steel wire is utilized as a messenger cable which only provided structural 

rigidity to the aluminum conductor wrapped around it, which is actually being used for 

the movement of electricity (Electrical License Renewal, 2020).  Aluminum conductor 

has three Free Electrons (ea) available per atom (Learning Physics, n.d.).  Aluminum also 

has an Atomic Weight (w) of 4.48 x 10-23 grams, and a cubic centimeter of aluminum 

weighs 2.699 g/cm3 (G., 2017)(Aqua-Calc, n.d.).  A common wire size for overhead 

distribution circuits using ACSR is 4/0, which has 6 aluminum strands wrapped around 

one solid steel messenger cable (Nehring Electrical Works Company, n.d.).  The total 

diameter of one strand of aluminum is 0.477 cm, which brings the total cross-sectional 

area of aluminum to 1.072 cm2 to account for all six strands (Nehring Electrical Works 

Company, n.d.).  Placing the values of each variable in Equation (23) is seen in (34) 

below: 

d = 
𝟏𝟏.𝟓𝟕𝟕𝟎𝟐 ( 𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖)(𝟏.𝟎𝟕𝟐)(𝟒.𝟒𝟖 𝒙 𝟏𝟎 𝟐𝟑) 

𝟐 (𝟔𝟎)(𝟐.𝟔𝟗𝟗)(𝟑) 
   (34) 

 d = 3.5715 x 10-6 cm 
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Therefore, in order for 11.58 Amps of current to be supplied by the electric grid to offset 

the remainder of the customer’s demand, the maximum distance that the electrons 

necessary to move that amount of charge traveled is 3.5715 x 10-6 cm on each phase.  

This distance in the macroscopic application of a conductor is quite small and 

insignificant compared to the larger system. 

  6.5.2 - Model #2 Results – 0.48 Ohms 

This model was designed to have a cumulative substation load greater than the 

cumulative DER generation amount.  In this scenario, the grid would have to supply the 

difference between the cumulative DER generation and the cumulative load of 0.48 

Ohms.  The results indicated that the cumulative 0.48 Ohm load required 34.73 Amps of 

current to satisfy the demand, where the cumulative DER generation supplied a constant 

34.73 Amps, therefore the grid should not have to supply any energy.  Using Kirchhoff’s 

Law of Current it was predicted that zero Amps would need to be supplied from an 

additional resource.  In this case the voltage source functioning as the grid did not need to 

provide any energy, given that 34.73 Amps of load minus 34.73 Amps of generation 

results in no current needing to be provided by the grid.  The meters, M1, M2, & M3, 

detected 3.11 x 10-8 Amps of current that was being supplied by the grid.  This is within 

the relative tolerance of 0.01% accuracy and therefore is not a concern.   

Using Equation 16 the number of electrons can be calculated that are oscillating 

in the cross-sectional portion of wire at meters M1, M2, or M3 in order to move 3.11 x 

10-8 Amps worth of electricity.  The electron calculation is shown below: 

𝒆𝒏 =  
 𝑰 𝒒 

𝟐 𝒇
         (16) 



P a g e  | 177 
 

𝒆𝒏 =  
 𝟑.𝟏𝟏 𝒙 𝟏𝟎 𝟖 (𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖) 

𝟐 (𝟔𝟎)
 = 1.6176 x 109 electrons (35) 

Therefore, it has been concluded that due to the grid needing to provide 3.11 x 10-8 Amps 

of current on each phase at 13,779.55 Volts that in order to move that amount of 

electricity 1.6176 x 10  electrons needed to oscillate between the cross-sectional portion 

of the conductor in order for that to happen.  Since this is a three-phase system, this 

electron movement needs to be a factor of three to accurately represent the total amount 

of electron movement occurring across all three phases.  This means that 4.8528 x 10  

electrons were oscillating cumulatively across all three phases to deliver 3.11 x 10-8 

Amps of electricity from the grid. 

 To apply a real example for this 13,800V circuit, Equation 23 will be used to 

determine the distance that electrons moved due to the current measured as being 

supplied by the grid.  This is to evaluate the small impact on electron movement 

assuming the relative error tolerance was not a factor. 

Distance (d) = 
 𝒆𝒏 

𝒆𝒍
 = 

  𝑰 𝒒 𝑨 

𝟐 𝒇 𝒅𝒆
 = 

  𝑰 𝒒 𝑨 𝒘 

𝟐 𝒇 𝒅𝒎 𝒆𝒂 
     (23) 

The values for Current (I), Frequency (f), and Coulombs (q) are the same as in the 

previous example.  Aluminum Coated Steel Reinforced cable, also known as ACSR in 

the industry, is a common conductor material used for overhead distribution lines.  ACSR 

consists of an inner steel solid or stranded cable wrapped in multiple strands of high 

purity aluminum (Daware, n.d.).  According to the National Electric Code, in this 

application the steel wire is utilized as a messenger cable which only provided structural 
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rigidity to the aluminum conductor wrapped around it, which is actually being used for 

the movement of electricity (Electrical License Renewal, 2020).  Aluminum conductor 

has three Free Electrons (ea) available per atom (Learning Physics, n.d.).  Aluminum also 

has an Atomic Weight (w) of 4.48 x 10-23 grams, and a cubic centimeter of aluminum 

weighs 2.699 g/cm3 (G., 2017)(Aqua-Calc, n.d.).  A common wire size for overhead 

distribution circuits using ACSR is 4/0, which has 6 aluminum strands wrapped around 

one solid steel messenger cable (Nehring Electrical Works Company, n.d.).  The total 

diameter of one strand of aluminum is 0.477 cm, which brings the total cross-sectional 

area of aluminum to 1.072 cm2 to account for all six strands (Nehring Electrical Works 

Company, n.d.).  Placing the values of each variable in Equation (23) is seen in (36) 

below: 

d = 
𝟑.𝟏𝟏 𝒙 𝟏𝟎 𝟖 ( 𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖)(𝟏.𝟎𝟕𝟐)(𝟒.𝟒𝟖 𝒙 𝟏𝟎 𝟐𝟑) 

𝟐 (𝟔𝟎)(𝟐.𝟔𝟗𝟗)(𝟑) 
   (36) 

 d = 9.5944 x 10-15 cm 

Therefore, in order for 3.11 x 10-8 Amps of current that was measured to be supplied by 

the electric grid is minimal, the maximum distance that the electrons necessary to move 

that amount of charge traveled is 9.5944 x 10-15 cm on each phase.  This distance in the 

macroscopic application of a conductor is quite small and insignificant to the larger 

system.  In this case, it should be regarded as zero given that the current supplied by the 

electric grid is with the 0.01% tolerance compared to the current needed to offset the 

remaining load not covered by the cumulative DER resources, which is nothing. 

 



P a g e  | 179 
 

6.5.3 - Model #3 Results – 0.60 Ohms 

This model was designed to have a cumulative substation load less than the 

cumulative DER generation amount.  In this scenario, the grid would have to distribute 

the difference between the cumulative DER generation and the cumulative load of 0.60 

Ohms.  The results indicated that the cumulative 0.60 Ohm load required 27.78 Amps of 

current to satisfy the demand, however the cumulative DER generation over supplied a 

constant 34.73 Amps, therefore 6.95 Amps of current would be distributed back to the 

substation and onto another circuit or the transmission system.  Using Kirchhoff’s Law of 

Current it was predicted that 6.95 Amps would be oversupplied by the cumulative DER 

generation.  In this case the transmission system distributed the excess electricity, 

provided that 27.78 Amps of load minus 34.72 Amps of generation requires 6.94 Amps 

to be distributed to the grid for the load and generation to be balanced and equal zero.  

The meters, M1, M2, & M3, detected 6.95 Amps of current that was being distributed by 

the grid.  This is within the relative tolerance of 0.01% accuracy and therefore is not a 

concern.   

Using Equation 16 the number of electrons can be calculated that are oscillating 

in the cross-sectional portion of wire at meters M1, M2, or M3 in order to move 6.95 

Amps worth of electricity.  The electron calculation is shown below: 

𝒆𝒏 =  
 𝑰 𝒒 

𝟐 𝒇
         (16) 

𝒆𝒏 =  
 𝟔.𝟗𝟒𝟔𝟐𝟏𝟏 (𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖) 

𝟐 (𝟔𝟎)
 = 3.6129 x 1017 electrons  (37) 
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Therefore, it has been concluded that due to the grid needing to provide 6.95 Amps of 

current on each phase at 13,779.55 Volts that in order to move that amount of electricity 

3.6129 x 10  electrons needed to oscillate between the cross-sectional portion of the 

conductor in order for that to happen.  Since this is a three-phase system, this electron 

movement needs to be a factor of three to accurately represent the total amount of 

electron movement occurring across all three phases.  This means that 1.0839 x 10  

electrons were oscillating cumulatively across all three phases to deliver 6.95 Amps of 

electricity to the grid. 

 To apply a real example for this 13,800V circuit, Equation 23 will be used to 

determine the distance that electrons moved due to the exporting of energy from the 

cumulative DER generation onto the transmission system.   

Distance (d) = 
 𝒆𝒏 

𝒆𝒍
 = 

  𝑰 𝒒 𝑨 

𝟐 𝒇 𝒅𝒆
 = 

  𝑰 𝒒 𝑨 𝒘 

𝟐 𝒇 𝒅𝒎 𝒆𝒂 
     (23) 

The values for Current (I), Frequency (f), and Coulombs (q) are the same as in the 

previous example.  Aluminum Coated Steel Reinforced cable, also known as ACSR in 

the industry, is a common conductor material used for overhead distribution lines.  ACSR 

consists of an inner steel solid or stranded cable wrapped in multiple strands of high 

purity aluminum (Daware, n.d.).  According to the National Electric Code, in this 

application the steel wire is utilized as a messenger cable which only provided structural 

rigidity to the aluminum conductor wrapped around it, which is actually being used for 

the movement of electricity (Electrical License Renewal, 2020).  Aluminum conductor 

has three Free Electrons (ea) available per atom (Learning Physics, n.d.).  Aluminum also 

has an Atomic Weight (w) of 4.48 x 10-23 grams, and a cubic centimeter of aluminum 
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weighs 2.699 g/cm3 (G., 2017)(Aqua-Calc, n.d.).  A common wire size for overhead 

distribution circuits using ACSR is 4/0, which has 6 aluminum strands wrapped around 

one solid steel messenger cable (Nehring Electrical Works Company, n.d.).  The total 

diameter of one strand of aluminum is 0.477 cm, which brings the total cross-sectional 

area of aluminum to 1.072 cm2 to account for all six strands (Nehring Electrical Works 

Company, n.d.).   Placing the values of each variable in Equation (23) is seen in (38) 

below: 

d = 
𝟔.𝟗𝟒𝟔𝟐𝟏𝟏 ( 𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖)(𝟏.𝟎𝟕𝟐)(𝟒.𝟒𝟖 𝒙 𝟏𝟎 𝟐𝟑) 

𝟐 (𝟔𝟎)(𝟐.𝟔𝟗𝟗)(𝟑) 
   (38) 

 d = 2.1429 x 10-6 cm 

Therefore, in order for 6.95 Amps of current to be distributed by the electric distribution 

system to offset the remainder of the customer’s demand, the maximum distance that the 

electrons necessary to move that amount of charge traveled is 2.1429 x 10-6 cm on each 

phase.  This distance in the macroscopic application of a conductor is quite small and 

insignificant compared to the larger system.   

This research seeks to evaluate the implications of the cumulative DER 

generation on the transmission system.  To evaluate the electrons moved on the 

transmission system due to the net-exported electricity from the substation, Equation 16 

& 23 will be applied in similar fashion.  The distribution system realized an impact of 

6.95 Amps, whereas the transmission system realized an impact of 0.77 Amps which is 

due to the higher voltage.  Equation 16 is demonstrated below: 
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𝒆𝒏 =  
 𝑰 𝒒 

𝟐 𝒇
         (16) 

𝒆𝒏 =  
 𝟎.𝟕𝟔𝟔𝟖𝟔𝟐 (𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖) 

𝟐 (𝟔𝟎)
 = 3.9886 x 1016 electrons  (39) 

The impact to the transmission system due to the need to distribute 0.77 Amps of current 

required the oscillation of 3.9886 x 1016 electrons to be moving to transfer that amount of 

energy.  The cumulative amount of electrons moved across all three phases is 1.1966 x 

1017 electrons. 

 The distance the electrons traveled is highly dependent on the conductor, and due 

to this impact being on a transmission line with a different voltage and current than on the 

distribution conductor, the conductor specs will change.  Equation 23 will be used to 

evaluate the distance traveled by electrons with the following variables remaining the as 

in the previous example using Equation 38: Material Density (dm), Free Electrons (ea), 

Atomic Weight (w), Current (I), Frequency (f), and Coulombs (q).  A common ACSR 

conductor used for overhead transmission of electricity is 1590 KCMIL, which consists 

of 54 strands of aluminum wire wrapped around 19 strands of steel wire (Nehring 

Electrical Works Company, n.d.).  The total diameter of one strand of aluminum is 0.436 

cm, which brings the total cross-sectional area of aluminum to 8.057 cm2 to account for 

all 54 strands (Nehring Electrical Works Company, n.d.).  Placing the values of each 

variable in Equation (23) is seen in (40) below: 

d = 
𝟎.𝟕𝟔𝟔𝟖𝟔𝟐 ( 𝟔.𝟐𝟒𝟏𝟓𝟎𝟗 𝐱 𝟏𝟎𝟏𝟖)(𝟖.𝟎𝟓𝟕)(𝟒.𝟒𝟖 𝒙 𝟏𝟎 𝟐𝟑) 

𝟐 (𝟔𝟎)(𝟐.𝟔𝟗𝟗)(𝟑) 
   (40) 
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 d = 1.7781 x 10-6 cm 

Therefore, within each phase the 3.9886 x 1016 electrons could have traveled a maximum 

of 1.7781 x 10-6 cm, which is a very insignificant impact to the transmission system. 

 6.6 - Summary 

 The three simulations conducted applied concepts of electricity movement and the 

Quantum Movement Theory introduced in Chapter Four.  These simulations were 

identical in structure to those performed on the single-phase model in Chapter Five but 

had an increased layer of complexity.  These models introduced multiple DERs and loads 

with the purpose of simulating a three-phase distribution circuit.  The experimentation 

yielded valuable results that were then applied to Equations 16 & 23, which were used to 

describe electron behavior in different scenarios.  The results of these models built upon 

those from Chapter Five to evaluate the impact on the three-phase distribution and 

transmission systems. 

 These simulations demonstrated where the electricity flowed on the distribution 

circuit.  The indication when comparing the progression between each of the three model 

results show that DER generation only impacts the transmission system when it exceeds 

the load on the substation.  First, cumulative DER generation must exceed the cumulative 

load on that circuit before moving onto the common substation secondary bus prior to 

offsetting any other circuits’ load.  To compound on this, the electron movement is 

directly tied to where the electricity moves.  In this case, the electron movement only 

occurs on the distribution network as long as the cumulative generation doesn’t exceed 

the load.  On top of this, electron movement is microscopically localized within the 
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conductor, and therefore electrons do not pose the risk of reaching the transmission 

system.   

These simulations present a unique conclusion when applied to electron 

movement on the transmission grid.  Since electrons energized by a DER do not “flow” 

onto the transmission system when DER generation exceeds the load, the electricity from 

DERs do.  When a substation exports electric energy generated from DERs onto the 

transmission grid, the electric energy can be measured in the form of current on the high 

side of the transformer.  As explained in Chapter Four and applied in Chapter Five along 

with this chapter, the electron movement occurs locally where this current is located.  

Therefore, electricity exported to the transmission system when cumulative DER 

generation exceeds load it does cause electron oscillation to occur on transmission 

conductors, but it does not cause electrons to move from distribution to transmission 

conductors.  Since in any scenario the electrons do not “flow” from medium voltage to 

high voltage conductors, the only thing that can occur is the electric energy moving from 

medium to high voltage conductors only when cumulative DER generation exceeds load. 
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CHAPTER SEVEN 

7.0 - Experimentation #3 : Grid Application 

 7.1 - Introduction 

 The purpose of this chapter is to apply the Quantum Movement Theory concepts 

and equations to real utility grid data using methodologies established and recognized by 

the industry.  In practice, per the FERC Small Generator Interconnection Procedures to 

perform feasibility or system impact evaluations, the system is separated into 

corresponding nodes to evaluate either whole or partial circuit data and the implications 

of new DERs being introduced into the network (Federal Energy Regulatory 

Commission, 2018).  This evaluation is to apply power flow analysis methods used in the 

industry to generate data needed to apply the Quantum Movement Theory to a commonly 

accepted practice throughout the industry.  In this manner, the conceptual application will 

be joined with industry best practices currently being used each day for DERs and load 

flow analysis. 

7.1.1 - Challenges  

 Prior to discussing the methodology, it is critical to highlight challenges that arose 

during the research process.  As the world is growing into an increasingly interconnected 

and technologically advanced era, energy has increased in its importance contributing 

towards every nations’ security.  Given events such as terrorist attacks, the War in 

Ukraine, countersurveillance among other things, has caused a number of nations around 

the world to protect their data and subsequent infrastructure from harm.  To this effect, 

there have been increasing concerns regarding the protection or censoring of energy data 
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including energy consumption, energy generation, equipment ratings, infrastructure 

locations, etc.  During this research, in September of 2022, U.S. President Biden issued 

an execute order further tightening who can access U.S. energy infrastructure data 

(Biden, 2022).  Due to this change, some data will not be available such as transmission, 

substation, and generation information, however, the data that was able to be attained and 

not deemed a risk to U.S. national security is utilized herein.  Any data not able to be 

publicly provided was generated using reputable programs provided in their place by the 

U.S. Department of Energy. 

 7.2 - Methodology 

  7.2.1 - Purpose 

The purpose of this research is to expand upon the two previous simulations 

performed and apply it to recently established DER evaluation method recognized by 

FERC.  The goal and purpose of this exercise is similar to the previous evaluations and 

places it in standardized practices currently used, which is to evaluate where electrons 

move on the electric grid and the electric charge they transport.  This evaluation applies 

FERC’s methodology for evaluating DER load flow, further discussed in a following 

section of this chapter, and applies the Quantum Movement Theory to further place the 

concepts from theory into practice.  In doing so, the following hypothesis is proposed: 

The Quantum Movement Theory applied to the FERC’s Composite Load Model 

will result in the determination that DER power flow can be used to benefit 

distribution and transmission infrastructure through energy offset and demand 
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reduction, additionally contributing that electron movement is insignificant 

comparatively. 

This is to demonstrate a conglomerate of DERs, consisting of a combination of U-DER 

and R-DER technology, offsetting energy and demand of the subsequent consumers on a 

substation.  The results are intended to support the need to regulate measurable energy 

components currently practices by providing supportive evidence to do so, and therefore 

redirect the electron argument due to its insignificance. 

7.2.2 - Research Question #1 - Contribution 

 For convenience, Research Question #1 is restated as: 

What is the impact of energy generated by DERs on the bulk electric system? 

This experimentation will contribute a direct answer to this question based upon a 

model consisting of cumulative DER generation and consumer load.  The Composite 

Load Model methodology developed by FERC will be applied to make the findings 

accurate to industry common practices and procedures..  The desired deliverable is to 

evaluate power flow interval data with DER generation that can be used in application for 

electrical energy movement. 

  7.2.3 - Research Question #2 – Contribution 

 For convenience, Research Question #2 is restated as: 

What is the impact of electrons moved from energy generation by DERs on the 

bulk electric system? 
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This experimentation will contribute a direct answer to this question based upon a 

model consisting of cumulative DER generation and consumer load.  The Composite 

Load Model methodology developed by FERC will be applied to make the findings 

accurate to industry common practices and procedures.  The results of the model will 

indicate the electron movement on medium voltage distribution lines as well as 

transmission lines as analyzed for a 24-hour period.  The deliverables will be to quantify 

the amount of electrons moved and the maximum distance they traveled. 

7.2.4 - Planning 

 This model is going to be constructed following the Composite Load Model 

methodology developed, utilized, and placed into practice by FERC outlined in Section 

7.2.4.1.  Lined out in FERC’s practices and procedures for modeling DERs in the 

following section, interval data for consumption and modeled DER generation will be 

utilized to evaluate the potential for DERs.  Interval data provided from a distribution 

utility will be utilized during a curtailment period mandated by the respective ISO/RTO 

and DER generation modeled per the respective fuel type.  In this application, the DER 

modeled will be a fossil fuel generator since that is what is currently in place and will 

make the results more directly applicable.  The sections following Section 7.2.4.1 will 

apply the model structure discussed to outline the methodology for this component. 

7.2.4.1 - Supporting Case Study 

 For this real grid modeling scenario, FERC has developed a method for modeling 

load flow from DERs and its impact on the distribution and transmission systems.  The 

first and only known case of this being utilized thus far was in FERC Docket No. AD 18-
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10-000 in 2018 where they were evaluating DER saturation and potential power quality 

concerns, which impacted the eventual interconnection screens discussed in Chapter 

Three.  The North American Electric Reliability Corporation developed the aggregated 

DER model used to evaluate individual circuits as shown on the right in Figure 7.1.  

FERC simplified this modeling to where all consumers and DERs on a circuit and/or 

substation can be aggregated to determine power quality or demand risk due to the 

presence of proposed DERs.  This Net-Demand vs. Aggregated Generation is a more  

 

Figure 7.1 – FERC preferred DER modeling structure for cumulative DER and consumer 
load (shown to the left) modified from NERC’s model (shown to the right) previously 
discussed in Chapter Three and illustrated in Figure 3.3 (Federal Energy Regulatory 
Commission, 2018). 

efficient method for evaluating grid impacts from DERs and is what will be used for the 

modeling in this chapter. 

 In FERC’s application they sourced utility grid data from an average circuit that 

had available data regarding load on the circuit.  The circuit shown in Figure 7.2 is for an 

average circuit currently active in the Northeast U.S. referred to as J1, where the utility 

and specific location are not publicly disclosed due to privacy and consumer data 

restrictions.  This circuit operates at a nominal voltage of 13.2 kV and has a consumer 
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Figure 7.2 – J1 distribution feeder located in the Northeast U.S. on an undisclosed utility 
(Federal Energy Regulatory Commission, 2018). 

load varying between 5MW – 12MW with an average load of around 8MW.  This circuit 

was selected due to its loading patterns being very average, while also containing 13 PV 

plants with scattered voltage and capacitance regulation throughout the J1 feeder.  One 

significant note with this evaluation is that it is solely based on evaluating real power 

(kW) and its likelihood to impact the substation and/or the transmission network.  In this 

manner, hourly interval data is used to determine this risk rather than one second interval 

data that would be ideal for evaluating load fluctuations from the DERs, in this case PV, 

and its contribution to power quality.  Figure 7.3 illustrates the comparison between solar 

output utilizing one second interval data (left) for a 24-hour period and hourly interval 

data (right) for a 24-hour period.  To emphasize, what is being evaluated here is power 

flow of DERs, in this case solar due to increasing implementation rates, rather than power 

quality challenges due to the load variations that require further exploration of necessary 

countermeasures to ensure reliability.  Both components of delivering power are critical, 
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but mass energy flow is a more critical component as it can cause vastly more extensive 

effects on the grid. 

 

Figure 7.3 – System Advisory Model (SAM) results for cumulative solar DER data on the 
J1 feeder.  The SAM modeled interval data illustrates one second intervals on the left and 
hourly intervals on the right (Federal Energy Regulatory Commission, 2018). 

 The solar DER evaluated demonstrates direct valuable load shedding 

contributions towards distribution feeders and indirect contributions towards transmission 

capacity.  Figure 7.4 demonstrates the impact that a solar DER can have on a distribution 

feeder through the reduction of load.  The figure highlights the current load on the J1  

 

Figure 7.4 – J1 distribution feeder located in the Northeast U.S. on an undisclosed utility 
(Federal Energy Regulatory Commission, 2018). 
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feeder indicated by the blue line illustrating a peak load of approximately 11.5 MW AC, 

where the solar DER reduces this load, proportional to output, to less than approximately 

10.4 MW AC.  Variable load during this process is higher for several short intervals, but 

nonetheless provides some reliable load reduction for the distribution and transmission 

systems providing access to valuable transmission capacity.  Several determinations 

made by FERC through this evaluation support the methodology used in Chapters Five, 

Six, & Seven and are listed below: 

1) DER generation patterns can be aggregated for power flow modeling on 

distribution feeders 

2) Load patterns can be aggregated for power flow modeling on distribution 

feeders 

3) Variability concerns are mitigated through the aggregation of DERs for 

evaluation 

4) Net-load in the form of hourly interval data are sufficient to model power flow 

impacts 

These findings support the simulations conducted previously in more detail but also 

continue to support the research discussed in the following sections. 

  7.2.5 - Model Structure 

 The model used for this evaluation uses the same methodology as the model 

performed by FERC in Docket AD 18-10-000 discussed in the previous section.  The 

components needed to perform the evaluation in the same manner are utility feeder 

interval data representing all consumptive utility loads on that feeder and a modeled DER 
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resource for a 24 hour period.  This comparison will be performed using Microsoft Excel 

provided that it can easily manipulate large comma separated value data sets such as 

interval data.  The model will be performed for a 24-hour period indicating the resulting 

net-load on a circuit given the parameters discussed, and then applied to the Quantum 

Movement Theory. 

7.2.5.1 - Utility Data 

 The utility being modeled is operated by the University of North Dakota located 

in Grand Forks, North Dakota.  As one of, if not the largest, consumers of electricity in 

Grand Forks, the university has operated its own network of various utility services for 

itself but also other residential and commercial entities in or around the Grand Forks area.  

This ability to efficiently serve their needs as well as the community presents a unique 

opportunity for the university to serve conveniently serve a participant for this research 

provided that they also possess a large amount of DERs on their distribution network.  In 

this manner, the university’s distribution system will serve as the host utility for this 

evaluation. 

 The University of North Dakota’s (UND) electrical distribution system consists of 

a combination of radial feeds, looped feeds, backup switching arrangement, and DERs of 

various fuel types and sizes.  The full scope of UND’s distribution grid is illustrated in 

Figure 7.5.  UND’s electrical system consists of 5 distribution feeders served by two 

substations operated and maintained by XCEL Energy with primaries at 69kV.  The 

distribution feeders operated by UND have a nominal voltage of 12.47 kV or 12,470 V,  
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Figure 7.5 – Overview of the geo-located one-line diagram of the University of North 
Dakota’s electrical distribution system (Provided by the University of North Dakota). 

where they also operate sub-feeders or branches containing voltages of 4.16 kV or 

4,160V.  Along these circuits there are a series of DERs intended to provide backup 

power generation during transmission events or to relieve demand during critical events.  

These DERs range from 20 kW AC – 1,825 kW AC and consist of fuel sources of either 

solar, diesel, or natural gas.  Consumers consist of a variety of residential consumers 

receiving power at 120/240V, small commercial consumers receiving power at 

120/208V, 277/480V, and large commercial consumers at 2,300 V.  All of these comprise 

the distribution network operated by UND in Grand Forks, North Dakota. 

 The feeder data being utilized for this model is from XCEL Energy’s 69 kV 

substation, which has four distribution feeders  Circuit #1 on UND distribution system.  

This feeder contains the largest loads on UND’s distribution system as shown 

comparatively on Figure 7.6.  Figure 7.7 indicates the area containing the  
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Figure 7.6 – Overview of the geo-located one-line diagram of the University of North 
Dakota’s electrical distribution system with Circuit #1 equipment locations highlighted in 
red (Provided by the University of North Dakota and edited by Cooper R. Wade). 

 
Figure 7.7 – Overview of the geo-located one-line diagram of the University of North 
Dakota’s electrical distribution system with Circuit #1 loads and generation as well as 
XCEL Energy’s substation highlighted and labeled (Provided by the University of North 
Dakota and edited by Cooper R. Wade). 
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consumer loads, the location of the DER, and XCEL Energy’s substation that Circuits 1-4 

originate.  Circuit #1 contains 37 commercial consumers receiving power single and three 

phase services types ranging in voltages from 120-2,300 V as well as one natural gas 

DER rated at 1,825 kW AC installed in a U-DER style.  Data type and quality is going to 

be from UND’s metering system for the meter located at the distribution breaker for 

Circuit #1 at 12,470 V for a 24-hour period.  This data will represent the cumulative load 

on the UND Circuit #1 with no DER generation, and thus representing the 37 consumer 

loads.  This will serve as the utility consumption basis for which the DER generation will 

be compared with. 

  7.2.5.2 - DER Data 

The evaluation will maintain the same structure as to what data was provided for 

UND’s Circuit #1.  This circuit contains a 1,825 kW AC natural gas generator 

interconnected as a U-DER which operates as a back-up power generation source for this 

circuit due it having a large amount of residential loads in the form of apartments.  The 

DER generation that will be modeled in its place will be a 1,825 kW AC solar array 

located in the same location as the existing DER.  This will be done by utilizing the 

System Advisory Model (SAM) developed by the National Renewable Energy 

Laboratory (NREL), which has become regarded as the most reliable solar modeling 

software by industry professionals and FERC (Ivins, 2022).  The interval data generated 

through the SAM modeling process will be used to implement into the model. 
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 7.2.6 - Expected Results 

 For this exercise there will only be one simulation or model created utilizing the 

interval data provided by UND and the interval data for the solar DER generated by 

SAM.  Cumulatively, these data sets will represent a 24-hour period comparing 

individual load, generation, and the net of load and generation.  In this model, the results 

will contribute towards energy and electron movement on this real circuit, which are 

recognized in the two research questions reviewed in Sections 7.2.2 & 7.2.3.  Regarding 

energy, this model will indicate through the application of Kirchhoff’s Current Law and 

Ohm’s Law that electrical energy offsets load along the path of least resistance.  

Regarding electron flow, through the application of the Quantum Movement Theory it 

will be quantified in terms of how many and the distance that electrons traveled.   

The final results will see the following expected impact: 

1) Energy movement carries a more significant potential impact to the electric 

grid than electron movement. 

2) The electron movement based on Equations 16 & 23 will indicate that the 

electrons have little to no effect on the distribution and transmission systems. 

 7.3 - Model 

  7.3.1 - Scenario 

 For application purposes, the date for the evaluation that was selected was during 

Winter Storm Elliott which occurred on December 23, 2022.  Extreme weather conditions 

that are not regularly occurring present unique stresses for transmission and generation 



P a g e  | 198 
 

resources.  Due to the interconnected nature of the electric grid, DERs can contribute to 

resolving demand constraints, which presents opportunities for DERs to participate in 

traditional grid operations.  FERC recognized this potential at the end of 2020, when they 

issued their Order 2222, which established opportunities for DERs to participate in these 

wholesale markets to receive compensation for their contributions (Federal Energy 

Regulatory Commission, 2020).  In this manner, the potential for DERs and benefits they 

can provide are critical to diversifying and increasing the reliability of the electric grid 

not only in the U.S. but also abroad. 

 On December 23, 2022, the Midcontinent Independent System Operator declared 

an emergency Maximum Generation Event due to ranging supply and demand constraints 

due to the extreme weather conditions presented by Winter Storm Elliott.  Figure 7.8 

illustrates the weather contributions that occurred during the Winter Storm Elliott event 

that triggered a Maximum Generation Event.  The significance of this type of event is 

that during this period there were unplanned outages totaling almost 18% of resources 

available at the time, which created the need to access reserve power generation as 

additional resources to offset demand.  Figure 7.9 illustrates the demand constraints faced 

by the grid as colder than expected temperatures were made present much faster than 

anticipated.  This resulted in generating resources not planned on operating to respond 

quickly to meet demand constraints.  The much needed supply relief throughout the grid 

was needed to satisfy the peak load occurrence that initiated the alert process.  The 

scenario that occurred as the regional grid was reaching supply constraints is illustrated in 

Figure 7.10 when additional resources were called to respond.  The relevant warnings as 

they progressed throughout the day are indicated in Figure 7.11.  The report indicates that  



P a g e  | 199 
 

 

Figure 7.8 – Overview of Winter Storm Elliott contributors towards supply and demand 
constraints (Midcontinent Independent System Operator, 2023). 

 

Figure 7.9 – Graph of time related values of the changes in predicted vs. actual demand 
the system experienced on 12/23/22 utilizing MISO’s system-wide integrated hourly load 
model. (Midcontinent Independent System Operator, 2023) 
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Figure 7.10 – Overview of Winter Storm Elliott contributors towards supply and demand 
constraints (Midcontinent Independent System Operator, 2023). 

 

Figure 7.11 – Overview of Winter Storm Elliott alerts, warnings, and events as the 
scenario progressed (Midcontinent Independent System Operator, 2023). 

the storm triggered alerts for demand and supply constraints during December 22-26, 

2022.  As the weather closed in, regional and system-wide warnings were issued at 8:15 
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AM CST and at 3:30 PM CST.  At 5:00 PM CST, emergency procedures were initiated to 

access additional demand response resources of various forms.   

 The resources available to grid operators during these events are reserve 

modifiable generators typically consisting of natural gas fuel sources capable of quickly 

ramping up or down but also DERs.  Demand response resources such as DERs include 

interruptible service customers capable of either reducing demand upon request, 

disconnecting from the grid utilizing a combination of DERs and microgrid capabilities, 

or a combination of both demand reduction and ramping/discharging of DERs.  The third 

strategy is being modeled for the DER generation on UND’s Circuit #1, where demand 

reduction of facilities occurred and the currently installed DER capacity discharged at 

maximum capacity to further respond needs.  This operational aspect further 

demonstrates the value that DERs can bring to the grid as decentralization of generating 

resources continues to gain popularity. 

7.3.2 - Utility Model 

The model for this evaluation was built from UND’s distribution system for 

Circuit #1 shown as a one-line diagram in Figure 7.12.  From FERC’s procedure, it can 

be simplified and amended to result in what is shown in Figure 7.13 as the Composite 

Load Model.  Table 7.1 contains all of the appropriate ratings for consumer loads and the 

DER served by Circuit #1.  The utility data metered for the cumulative load on Circuit #1 

was measured by a power meter located adjacent to the feeder breaker for Circuit #1.  

Data collected by this meter is stored in 15-minute time intervals containing kW data.  

This data is the net-energy that UND’s energy provider had to provide to meet demand. 
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Figure 7.12 – One-line diagram of the University of North Dakota’s electrical distribution 
system for Circuit #1 with locations and nodes for the DER and various consumptive 
loads on that circuit (Created by Cooper R. Wade with data provided by the University of 
North Dakota). 

 
Figure 7.13 – Aggregated perspective recommended by FERC for load flow analysis 
applied to UND’s Circuit #1 (Created by Cooper R. Wade with data provided by the 
University of North Dakota). 
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Component Description Primary Voltage Service Rating 

DER 1,825 kW Generator 12.47 kV 2,000 kVA 

L1 Mechanical Shop 12.47 kV 150 kVA 

L2 Odegard Hall 12.47 kV 500 kVA 

L3 Streibel Hall 12.47 kV 500 kVA 

L4 Transportation Grounds 12.47 kV 300 kVA 

L5 Materials Recovery 12.47 kV 150 kVA 

L6 University Ave. 12.47 kV 500 kVA 

L7 Tulane Ct. 12.47 kV 100 kVA 

L8 Tulane Dr. 12.47 kV 167 kVA 

L9 Tulane Dr. 12.47 kV 167 kVA 

L10 Carlton 12.47 kV 225 kVA 

L11 Carlton 12.47 kV 167 kVA 

L12 Carlton 12.47 kV 225 kVA 

L13 Carlton Ct. 12.47 kV 167 kVA 

L14 University Children’s 12.47 kV 300 kVA 

L15 Unit H 12.47 kV 75 kVA 

L16 Unit I & J 12.47 kV 37.5 kVA 

L17 Unit K 12.47 kV 75 kVA 

L18 Berkley 12.47 kV 50 kVA 

L19 Berkley 4.16 kV 50 kVA 

L20 Berkley 4.16 kV 25 kVA 

L21 Berkley 4.16 kV 50 kVA 

L22 Berkley 4.16 kV 50 kVA 

L23 Street Lights 4.16 kV - 

L24 Gorecki Alumni 4.16 kV 500 kVA 

L25 Chester Fritz Aud. 4.16 kV 750 kVA 

L26 University Place - West 4.16 kV 300 kVA 

L27 University Place - East 4.16 kV 750 kVA 

L28 University 4.16 kV 167 kVA 



P a g e  | 204 
 

L29 University 4.16 kV 167 kVA 

L30 State St. 4.16 kV 167 kVA 

L31 Manitoba 4.16 kV 225 kVA 

L32 State St. 4.16 kV 225 kVA 

L33 Campus Dr. 4.16 kV 225 kVA 

L34 Central Foods 4.16 kV 300 kVA 

L35 Central Receiving 4.16 kV 150 kVA 

L36 Facilities 4.16 kV 300 kVA 

L37 Auxiliary Services 4.16 kV 150 kVA 

 

Table 7.1 – Table indicating the various consumers on Circuit #1 of UND’S 
distribution network (Created by Cooper R. Wade with data provided by the 
University of North Dakota). 

The data utilized in this evaluation was recorded by Circuit #1’s meter near the 

feeder breaker.  The day that was chosen to model from was on December 23rd, 2022, due 

to it being in a critical event status from the ISO for the region which is the Midcontinent 

Independent System Operator.  In this scenario, the grid operator calls for utilities in the 

region to reduce their load through various methods including curtailment, DERs, etc.  

This means the grid is under high stress due to supply not meeting demand, and here 

exists the potential for DERs to free-up additional transmission capacity.  Figure 7.14 

illustrates the demand metered for 24-hours on December 23rd, 2022 for Circuit #1.  It 

can be recognized that during this period the demand doesn’t have tremendous spikes in 

consumption with the exception of the early morning hours as residences and places of 

work are in a period of usage exchange.  It’s important to note that temperature shifts 

throughout the day don’t necessarily impact these demand profiles of buildings in Grand 

Forks because temperature is regulated through a steam utility, rather than relying solely 
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Figure 7.14 – University of North Dakota’s Circuit #1 15-minute interval demand data 
from December 23, 2022 (Created by Cooper R. Wade with data provided by the 
University of North Dakota). 

on electricity to provide the primary source of heating and cooling for independent 

buildings.  This data will serve as the demand profile for the utility feeder being offset. 

7.3.3 - DER Model  

 The DER production model was performed using SAM modeled production for a 

natural gas energy resource on UND’s Circuit #1 in the exact same manner of the 

currently existing and installed DER.  This modeled DER production will be overlayed 

with the utility metered demand data to illustrate the offset of energy and demand 

throughout Circuit #1.  The DER model is the same size as the fossil fuel powered DER 

currently tied into Circuit #1 with a rating of 1,825 kW AC.  Critical Specs for the DER 

model are below that were recommended by SAM: 

 Nameplate: 1,825 kW AC 

 Capacity Factor: 86.4%* 

  *Nominal Capacity Factor: 90% 
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  *Plant Losses: 3.6% 

These components allowed the solar DER to model hourly production or load offset by 

the resource for the 24-hour period on December 23, 2022.  The modeled production is 

illustrated in Figure 7.15.  

 

Figure 7.15 – University of North Dakota’s Circuit #1 15-minute interval demand data 
from December 23, 2022 (Created by Cooper R. Wade with data provided by the 
University of North Dakota). 

 7.4 - Data Evaluation 

 The data organized during the modeling exercise for circuit load can be combined 

with the SAM modeled DER generation to demonstrate the time-coordinated impact that 

DERs can have on the distribution & transmission systems.  Figure 7.16 illustrates the 

net-load on Circuit #1 when the modeled DER data is overlayed with the real feeder 

demand for Circuit #1.  It can be recognized that the DER generation along Circuit #1 has 

decreased the net-load on that feeder after the 5:00 PM CST ramp up of available DERs.   
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Figure 7.16 – University of North Dakota’s Circuit #1 hourly interval data overlaid with 
SAM modeled DER offset and the resulting net-load on Circuit #1 (Created by Cooper R. 
Wade with data provided by the University of North Dakota and the System Advisory 
Model). 

The two components at play in this scenario are energy and demand, which are 

factors weighted by both transmission and distribution utilities undergoing normal 

operations.  In this demonstration shown in Figure 7.16, UND benefitted through 

generating their own energy and avoided the associated energy charges, meanwhile 

they’re compensated through lower demand charges by their supplier, XCEL Energy, for 

being able to reduce load during necessary periods.  This is a common relationship that 

utilities set up amongst large industrial users, such as UND in this scenario, operating 

several distribution feeders in the area.  In this manner, utilities can overcome supply and 

demand constraints by utilizing load reduction methods as well as additional generation 

to reduce capacity constraints.  Every kWh avoided through traditional means is an 

additional kWh available to other consumers during this period.   
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 The energy and demand on the distribution system by the DER being in operation 

are shown in Table 7.2.  As demonstrated in Table 7.2, the DER has provided significant  

 Circuit #1 DER Net Nordic #35* 

Energy (kWh) 96,489 11,037.6 85,451.4 85,451.4 

Average Load (kW) 4,020 459.9 3,560.1 3,560.1 

Nominal Voltage (V) 12,470 12,470 12,470 69,000 

Average Current (A) 322.4 36.9 285.5 51.6 

 

Table 7.2 – Table of characteristics regarding Circuit #1, the DER, the net-between the 
two, and Nordic #35 (transmission circuit).  *Nordic #35 data did not have a baseline, 
therefore a baseline of 0 was established to determine net-impact (Created by Cooper R. 
Wade with data provided by the University of North Dakota and the System Advisory 
Model). 

demand relief to Circuit #1, but more importantly to the Nordic #35 transmission circuit 

providing power to Circuit #1.  This valuable transmission relief allows for increased 

proportional power flow along Nordic #35, which provides the grid with the opportunity 

to move more power to surrounding areas in need. 

 To singularly highlight the impact at one point throughout the Maximum 

Generation Event on December 23, 2022, the 5:00 PM CST timestamp has been 

highlighted.  The data taken for 5:00 PM CST comprising distribution & transmission 

load and DER offset has been reflected in Table 7.3.  The data indicates that the DER 

was able to reduce Circuit #1’s loading by over 39%, which presents the opportunity for 

Nordic #35 to transport that same amount of energy to other substations further 

downstream.  To emphasize the point, as the DER increases output respective to the 

circuit loading, its potential benefit to the system increases. 
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 Circuit #1 DER Net Nordic #35* 

Load (kW) 4,039 1,576.8 2,462.2 2,462.2 

Nominal Voltage (V) 12,470 12,470 12,470 69,000 

Average Current (A) 323.9 126.4 197.4 35.7 

 

Tablee 7.3 – Table of characteristics for data recorded/calculated/simulated for 5:00 PM 
CST on December 23, 2022, regarding Circuit #1, the DER, the net-between the two, and 
Nordic #35 (transmission circuit).  *Nordic #35 data did not have a baseline, therefore a 
baseline of 0 was established to determine net-impact (Created by Cooper R. Wade with 
data provided by the University of North Dakota and the System Advisory Model). 

To apply the Quantum Movement Theory, the impact towards electron movement 

can similarly be calculated using Equations 16 & 23 and compared utilizing peak values 

from Figure 7.16 at time interval 13:00 or 1:00 PM CST.  For reference, Equations 16 & 

23 are listed below: 

𝒆𝒏 =  
 𝑰 𝒒 

𝟐 𝒇
         (16) 

Distance (d) = 
 𝒆𝒏 

𝒆𝒍
 = 

  𝑰 𝒒 𝑨 

𝟐 𝒇 𝒅𝒆
 = 

  𝑰 𝒒 𝑨 𝒘 

𝟐 𝒇 𝒅𝒎 𝒆𝒂 
     (23) 

Equations 16 & 23 are used to calculate the electron movement in Table 7.4.  The 

conductor sizing is critical to this calculation where Circuit #1 utilizes underground rated 

conductor/insulator sized at 4/0 aluminum.  4/0 aluminum conductor has a diameter of 

0.515 inches or 1.3081 centimeters (Priority Wire, 2020).  The cross-sectional area of the 

underground aluminum conductor is equal to 1.344 cm2 to account for all aluminum 

strands (Priority Wire, 2020).  Aluminum also has an Atomic Weight (w) of 4.48 x 10-23 
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grams, and a cubic centimeter of aluminum weighs 2.699 g/cm3 (G., 2017)(Aqua-Calc, 

n.d.).  Using these inputs, the values in Table 7.4 can be calculated and shown below: 

 Circuit #1 DER Net Nordic #35* 

Load (kW) 4,039 1,576.8 2,462.2 2,462.2 

Nominal Voltage (V) 12,470 12,470 12,470 69,000 

Average Current (A) 323.9 126.4 197.4 35.7 

Number of Electrons 1.685x1019 6.574x1018 1.027x1019 1.857x1018 

Electron Distance (cm) 0.0001253 0.0000489 0.0000763 0.0000138 

 

Table 7.4 – Table of characteristics regarding Circuit #1, the DER, the net-between the 
two, and Nordic #35 (transmission circuit) with the corresponding Quantum Movement 
Theory calculations performed respectively for Equations 16 & 23.  *Nordic #35 data did 
not have a baseline, therefore a baseline of 0 was established to determine net-impact 
(Created by Cooper R. Wade with data provided by the University of North Dakota and 
the System Advisory Model). 

 7.5 - Summary 

From the results, the amount of electrons moved and the corresponding distance 

they traveled are small in scope.  It is evident that the distance that electrons traveled in 

each application is yet again insignificant in nature compared to the scope of the grid 

itself.  Explanations based upon the interpretation of the data are to follow. 

The number of electrons oscillating are insignificant due to the fact that they are a 

relatively finite variable in applied physics and therefore so is their distance of 

movement.  The values calculated in Table 7.4 are proportional and relative to the 

amount voltage and current of the energy being moved.  The amount of electrons moved 

is not a value easily understood by the human brain, and therefore the distance evaluation 
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is a more appropriate comparison as it directly impacts the amounts of energy transferred 

through a conductor.  To place these values in perspective, the thickness of the thinnest 

known human hair is of flaxen type which has a width of at most 1/1500th of an inch, 

which is equivalent to 0.0017 centimeters (Harvard University, n.d.).  In every scenario 

measured and calculated in Table 7.4, the resulting maximum distance that the energized 

electrons traveled were insignificant being that their oscillation area was less than the 

width of thinnest known human hair to be in existence.  To compound the significance, 

none of the DER generation was exported to the transmission grid and therefore was not 

presented the opportunity to impact the greater electric grid.  Only if the DER generation 

exceeded the Circuit #1 consumer load, in other words the net-load became negative from 

the distribution perspective, would any electrons pose the potential to move onto the 

electric grid.  In this situation, electron oscillation would be insignificant in nature onto 

the transmission system, furthermore the electrons wouldn’t flow but oscillate.  Thus, 

creating the impossibility for mass electron movement onto the transmission system to 

occur. 

Energy is the more important factor in this scenario compared to electron 

movement due to the impact that energy movement and line sectional load can have on 

the system and its components.  This is also supportive as to why the electric industry is 

centered around energy transactions rather than electron transactions.  Energy is the 

resulting measurable variable that is exchanged between stakeholders.  In this sense, the 

industry has developed real-time market data determined through Locational Marginal 

Pricing (LMP) of electricity at various points throughout the grid.  These represent the 

wholesale power rates along critical transmission nodes.  Grand Forks, North Dakota has 
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an LMP node outside of town to the West that is operated and managed by MISO.  Figure 

7.17 illustrates the LMP data throughout the day during the Winter Storm Elliott event on  

 

Figure 7.17 – Chart of MISO LMP hourly pricing data for the OTP.MPC hub located near 
Grand Forks, North Dakota for December 23, 2022 (Created by Cooper R. Wade with 
data provided from MISO’s LMP pricing). 

December 23, 2022.  LMP prices for electricity in North Dakota are normally below 

$10/MWh, however during times of unexpected demand and supply constraints, prices 

can increase rapidly.  Due to rapidly increasing demand combined with a supply 

constraint, prices rose dramatically around 5PM CST and reserve demand response 

resources were called to respond.  During the event period from 5PM – 12AM CST, the 

1,825 kW DER generated 11,037.6 kWh with an LMP value of $6,979.58 in a period of 7 

hours.  According to the U.S. Bureau of Labor Statistics the average retail electricity 

price in North Dakota was $0.0865/kWh, which results in the retail value of the DER’s 

generation to be $954.75 (United States Energy Information Administration, 2021).  

When comparing the retail value versus the LMP value of the electricity generated by the 

DER on Circuit #1, the DER contributed a value of over 7 times that normally 
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experienced during typical grid scenarios.  In this sense, the scenario evaluated 

demonstrated the ability for DERs to positively contribute towards transmission 

operability, reliability, and affordability without even exporting power to the transmission 

system.  This monetizable value quantifies the benefits DERs can contribute to the 

system, while also supporting that they present no amount of electron movement onto the 

transmission system. 
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CHAPTER EIGHT 

8.0 - Conclusion & Discussion 

8.1 - Introduction 

This chapter concludes and summarizes the findings of the research conducted in 

the previous chapters.  The FERC jurisdictional policy issue over the regulation of DERs 

served as a catalyst for this research that resulted in the methodology and 

experimentation conducted herein.  The development of the abstract found at the 

beginning of this document, reiterated in the following Section 8.1.1, served as a focal 

point throughout the development of this evaluation.  Based on this template, research 

questions were identified, and subsequent objectives were noted for further evaluation 

throughout the development of the methodology.  As work progressed, opportunities 

were recognized and challenges were overcome to accomplish what was set out to be 

determined.  This process was constructed into three steps highlighted below: 

Chapter Five – Simple R-DER Model 

Chapter Six – Complex R-DER & U-DER Model 

Chapter Seven – Grid Application 

During each step the results supported the need to proceed with the following steps to 

increase complexity and in doing so make the data more applicable to real scenarios.  

This allows for the hypothesis to be evaluated from multiple virtual simulations and 

utilizing real applications respectively to further support the evaluation of electron 

behavior due to DERs.  The results are discussed in Sections 8.3.1.1 & 8.3.2.1, the 



P a g e  | 215 
 

significance is found in Sections 8.3.1.2 & 8.3.2.2, and the impact/implications are 

discussed in Sections 8.4 & 8.5. 

8.1.1 - Abstract 

The United States’ electric grid is currently undergoing a monumental energy 

transition involving the incorporation of new fuel sources, generation types, and 

operational modifications.  Since 1920, the U.S. energy collective has been overseen by 

the Federal Energy Regulatory Commission (FERC), where during this tenure they have 

pursued the direct regulation of Distributed Energy Resources (DERs).  This reasoning 

has been utilized over 300 times in federal cases and proceedings as the adoption rate of 

DERs has increased, which is based upon the language allowing the federal regulation of 

electricity based upon the flow of electrons.  This is based solely upon the understanding 

that electrons flow in one direction in an alternating current environment. 

 This problem presents an opportunity to determine electron behavior 

comparatively in direct and alternating current environments, and thus settling this 

energy policy debate.  The Quantum Movement Theory was established in 2023 to 

provide definition to quantify electron movement in specific environments.  This theory 

established two equations that define the amount of electrons moved and the magnitude 

of their distance.  The application of the Quantum Movement Theory demonstrates that 

electrons do not flow but oscillate in an alternating current environment.  This outcome 

accomplishes more than a regulatory disagreement, but rather contributes towards 

decarbonization, technological innovations, and increased energy security. 
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8.2 - Goals & Outcomes  

 This research began with the identification of an energy policy issue that has gone 

unresolved for decades, where the problem was stated in Chapter One as the following: 

FERC is utilizing the understanding that electrons flow from a generation source 

to a point of consumption on the grid, and therefore they should have direct 

taxation and regulatory authority over all generation assets. 

The subsequent hypothesis was determined, research questions were identified, 

methodology was developed, and research was executed based on this: 

Understanding the difference between electrical energy and electron movement in 

alternating current would assist policy makers to determine appropriate grid 

regulation. 

This research has been found to support the understanding that electrons oscillate 

in an alternating current environment, and to the extent that they move it is insignificant 

comparably.  Notably, in order to effectively determine the extent to which electron 

movement occurs, the Quantum Movement Theory was developed to quantify this 

behavior.  This was applied to each of the three experiments to serve as examples of 

electron behavior in common DER environments.  The results of each model support 

industry claims that FERC should not have direct regulatory jurisdiction over DERs and 

should remain as a regulatory and policy standards organization.  Meanwhile, further 

contributing to the general knowledge base of applied particle physics.  Due to this, 

DERs will not be subjected to unnecessary regulatory inefficiencies and simultaneously 
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be protected from rising interstate commerce taxes, thus encouraging and supporting the 

development of DERs. 

8.3 - Summary of Findings 

 This research was conducted in order to provide a scientific basis for a policy 

issue regarding FERC jurisdictional authority to regulate DERs based upon their electron 

behavior.  This claim asserted and recognized over 300 times during the recent century 

states that FERC should regulate DERs based upon the electron flow from these 

resources could travel anywhere along our electric grid, and therefore they should 

regulate every asset interconnected to the system.  The research findings from each of the 

three experiments support the assertion that electrons don’t flow in an alternating current 

environment where frequency is a value other than 1.  Therefore, the Federal Energy 

Regulatory Commission should redirect their efforts to regulating just that, energy.  On 

an ongoing basis, the Quantum Movement Theory serves as support for future 

development and as a basis to describe electron movement with regards to quantity and 

distance. 

 The experimentation and application of the Quantum Movement Theory indicates 

that electrons only flow in a direct current environment.  In every experiment of the three 

conducted herein, it was determined that it takes a significant number of electrons to 

move in order to transfer normal amounts of energy that move every day in conductors 

throughout most homes.  However, the magnitude of their movement is significantly 

smaller comparatively, in fact it is comparable to some of the smallest distances such as 

that less than the thickness of a human hair.  Thus, to base a jurisdictional claim granting 

authority over an entire nation’s due to the movement of a quantum particle moving less 
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than the width of a human hair is unreasonable.  In this manner, the results support 

science-based policy rather than policy-based science. 

  8.3.1 - Research Question #1   

 Research Question #1 is restated below for convenience from Section 1.6.1 in 

Chapter One: 

Where does electricity move on the electric utility grid when applied to a 

generator interconnected at medium voltage on a sub-circuit of an electric utility 

substation? 

This question seeks to contribute to determining the impact of energy movement on the 

electric grid that was generated by DERs.  The components of answering this question 

consist of the following objectives: 

1) Demonstrate the behavior of electric energy on the distribution and 

transmission network utilizing current electrical engineering principles. 

2) Demonstrate the opportunities and challenges that DERs can bring to the 

electric grid. 

3) Evaluate the policy implications of regulating energy flow from DERs. 

8.3.1.1 - Findings 

 The three evaluations conducted and documented in Chapters Five, Six, & Seven 

independently and collectively contributed towards the support of determining how 

energy moves on the electric grid due to DERs.  Experimentation #1 served as a 

confirmation of the electric energy flow concepts discussed herein and validated the 
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continued research for Experimentation #2, which indicated the same findings applied to 

a more complex scenario consisting of various DER types.  Experimentation #3 provided 

industry established practices for evaluating DERs to demonstrate the application in both 

a realistic scenario but also in common practice.  The data collected from the 

experimentation in Chapters Five & Six can be seen in Tables 8.1 & 8.2, where both 

display the data collected from the respective simulations.  It is recognized that through 

comparing both the power and current measurements in each simulation that energy  

Simulation Meter Location Current (Amps) Voltage (V) Power (W) 

1 M1 – Grid @ 13,800V 0.008683 13,779.15 119.644359 

1 M2 – Grid - Neutral 0.008683 0 0 

1 M3 – Grid @ 120V 0.998489 119.8187 119.637654 

1 M4 - Load 5.990935 119.8187 717.826043 

1 M5 – Generation @ 120V 4.992445 119.8187 598.18827 

2 M1 – Grid @ 13,800V 1.38 x 10-8 13,779.15 0.00019 

2 M2 – Grid - Neutral 1.04 x 10-12 0 0 

2 M3 – Grid @ 120V 1.20 x 10-10 119.8187 1.44 x 10-8 

2 M4 - Load 4.992445 119.8187 598.188 

2 M5 – Generation @ 120V 4.992445 119.8187 598.188 

3 M1 – Grid @ 13,800V 0.0062018 13,779.15 85.46 

3 M2 – Grid - Neutral 0.0062018 0 0 

3 M3 – Grid @ 120V 0.7132065 119.8187 85.46 

3 M4 - Load 4.279239 119.8187 512.73 
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3 M5 – Generation @ 120V 4.992445 119.8187 598.19 

 

Table 8.1 – Table of measured electrical values from simulations 1, 2, & 3 performed and 
documented in Chapter Five as recorded in Tables 5.1, 5.2, & 5.3. 

Simulation Meter Location Current (Amps) Voltage (V) Power (kW) 

1 M1, M2, & M3 - Grid 11.57702 13,779.55 159.5261 

1 M4, M5, & M6 – U-DER 34.731056 13,779.55 478.5783 

1 M10, M11, & M12 - Load 46.30807 13,779.55 638.1043 

1 M17, M18, & M19 – Tran. 1.276242 124,814.7 159.2938 

2 M1, M2, & M3 - Grid 3.11 x 10-8 13,779.55 4.28 x 10-7 

2 M4, M5, & M6 – U-DER 34.731056 13,779.55 478.58 

2 M10, M11, & M12 - Load 34.731056 13,779.55 478.58 

2 M17, M18, & M19 – Tran. 1.28 x 10-7 124,814.73 1.60 x 10-5 

3 M1, M2, & M3 - Grid 6.946211 13,779.55 95.72 

3 M4, M5, & M6 – U-DER 34.731056 13,779.55 478.58 

3 M10, M11, & M12 - Load 27.784845 13,779.55 382.86 

3 M17, M18, & M19 – Tran. 0.766862 124,814.73 95.72 

 

Table 8.2 – Table of measured electrical values from simulations 1, 2, & 3 performed and 
documented in Chapter Six as recorded in Tables 6.5, 6.6, & 6.7. 

flows to the nearest point of consumption via the path of least resistance.  

Experimentation #3 from Chapter Seven demonstrates the same message, but in a real 

electric grid application on a distribution circuit operated by the University of North 

Dakota.  Figure 8.1 serves as the best illustration of the movement of electric energy from 
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a DER while also demonstrating the benefits that DERs can have on the system as a 

whole. 

 

Figure 8.1 – University of North Dakota’s Circuit #1 hourly interval data overlaid with 
SAM modeled DER offset and the resulting net-load on Circuit #1 as recorded during the 
experimentation in Chapter Seven (Created by Cooper R. Wade with data provided by 
the University of North Dakota and the System Advisory Model). 

The DER generation serves to offset not only distribution load but also indirectly making 

available additional transmission capacity. 

   8.3.1.2 - Conclusion 

 The findings from each of the three experiments contributed to answering 

questions 1 & 2 regarding electric energy movement.  The experiments confirmed the bi-

directional power flow capabilities of alternating current based electric grids.  The 

modeling demonstrated that the impact of energy generated by DERs is highly dependent 

upon the load on the distribution network.  The only situation where load directly impacts 

the transmission system is when energy is exported onto it from excess DER generation.  

Other indirect ways that DERs impact the transmission system are through components 
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of power flow such as power quality consisting of voltage or current fluctuations, both 

being key variables to energy movement as recognized by Equations 1 – 12.  Equation 1 

is shown below:  

P = V x I         (1) 

Energy is the time value of power and these components each contribute towards system 

design and operation, which is why energy involved in interstate commerce is what 

should be regulated by FERC as established through numerous Acts and amendments 

made to the Federal Power Act.   

   8.3.1.3 - Significance 

 Answering Research Question #1 supports the recognition of the impact that 

energy movement has on the system.  This impact, when compared to electron 

movement, is much more significant comparatively.  When combined with the results for 

Research Question #2, it is evident what should be regulated.  This analysis applied to 

answering Research Question #1 accomplished more than just contributing towards a 

FERC jurisdictional debate, but it recognized the benefits that DERs can bring to the 

electric grid.  It was evident from the research that the contribution of energy generated 

by DERs can be demand response or power quality correction that contribute towards the 

U.S. Department of Energy’s goals of reliability, efficiency, & affordability.  These 

services help contribute towards overcoming power delivery constraints due to storms 

and defer transmission expenditures through utilizing localized power generation.  In 

application, the necessary next steps in the industry would be to spread a more 

collaborative development approach for DERs that is not largely prevalent in every 
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market.  In summary, Research Question #1 contributes towards the benefits and services 

that DERs can provide to market stakeholders.   

8.3.2 - Research Question #2  

 Research Question #2 is restated below for convenience from Section 1.6.2 in 

Chapter One: 

What is the impact of electrons moved from energy generation by DERs on the 

bulk electric system? 

This question seeks to contribute to defining the behavior of electrons on the electric grid 

that were energized by DERs.  The components of answering this question consist of the 

following objectives: 

1) Develop a method for describing and quantifying electron movement on 

the electric grid. 

2) Demonstrate the behavior of electron movement on the distribution and 

transmission network and apply the development in Objective 1. 

3)         Evaluate the policy implications of regulating electron movement from 

DERs. 

8.3.2.1 - Findings 

 The three evaluations conducted and documented in Chapters Five, Six, & Seven 

independently and collectively contributed towards the support of determining how 

electrons move on the electric grid due to DERs.  In order to quantify this movement, the 

Quantum Movement Theory was developed as discussed in Chapter Four.  The Quantum 
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Movement Theory was able to provide a method to quantify the amount of electrons 

moved and the distance traveled by those electrons given specific variables which are 

input into Equations 16 & 23 shown below for reference: 

𝒆𝒏 =  
 𝑰 𝒒 

𝟐 𝒇
         (16) 

Distance (d) = 
 𝒆𝒏 

𝒆𝒍
 = 

  𝑰 𝒒 𝑨 

𝟐 𝒇 𝒅𝒆
 = 

  𝑰 𝒒 𝑨 𝒘 

𝟐 𝒇 𝒅𝒎 𝒆𝒂 
     (23) 

Both of these equations directly contributed to the data evaluation in each step of the 

research.  

Three sequential methods of applying the Quantum Movement Theory were 

performed, each increasing in complexity of the application in order to accurately 

validate the findings.  Experimentation #1 served as a confirmation of the application of 

Equations 16 & 23 discussed herein and validated the continued research for 

Experimentation #2, which indicated the same findings applied to a more complex 

scenario consisting of various DER types.  Experimentation #3 provided industry 

established practices for evaluating DERs for which the Quantum Movement Theory was 

applied to further validate its application utilizing FERC standard practices.  The data 

collected from the experimentation in Chapters Five & Six can be seen in Tables 8.3 & 

8.4, where both display the data collected from the respective simulations.  Table 8.3 

indicates the results of Equations 16 & 23 for the zero-export model performed for the 

simple and complex modeling scenarios from Chapters Five & Six.  For both of these 

scenarios the cumulative consumer load and cumulative DER load result in a net offset 
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Experimentation 
& Simulation 

(Ex: 1:2) 

Component Voltage 
(V) 

Current (A) Amount of 
Electrons 

Electron 
Distance 

(cm) 

1:2 DER 120 4.99 - - 

1:2 Load 120 4.99 - - 

1:2 Net-Load 120 *1.2 x 10-10 6,241,509 2.438 x 10-17 

2:2 DER(s) 13,800 34.73 - - 

2:2 Load(s) 13,800 34.73 - - 

2:2 Dist. Net-Load 13,800 *3.11 x 10-8 1.618 x 109 9.594x10-15 

 

Table 8.3 – Table of measured electrical values from simulations 1 & 2 performed for 
non-exporting scenarios that were documented in Chapters Five & Six as well as their 
corresponding Quantum Movement Theory calculations. 

Experimentation 
& Simulation 

(Ex: 1:2) 

Component Voltage 
(V) 

Current 
(A) 

Amount of 
Electrons 

Electron 
Distance 

(cm) 

1:3 DER 120 5.0 - - 

1:3 Load 120 4.279 3.71 x 1016 1.449 x 10-7 

1:3 Dist. Net-Load 120 -0.713 3.225 x 1014 - 

2:3 DER(s) 13,800 34.73 - - 

2:3 Load(s) 13,800 27.78  - - 

2:3 Dist. Net-Load 13,800 -6.95 3.613 x 1017 2.143 x 10-6 

2:3 Trans. Net-Load 125,000 -0.77 3.989 x 1016 1.778 x 10-6 

 

Table 8.4 – Table of measured electrical values from simulations 1 & 2 performed for 
net-exporting scenarios that were documented in Chapters Five & Six as well as their 
corresponding Quantum Movement Theory calculations. 

and therefore there is no significant import or export of energy at this moment in time.  

The results indicated net oscillating electrons to be factors of 106 & 109 as well as the 

distance those electrons oscillated to be factors of 10-15 & 10-17 respectively.  Compared 

to the net exporting of energy from DERs as indicated in Table 8.4, the net oscillating 
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electrons to be factors of 1014 & 1017 as well as the distance those electrons oscillated to 

be factors of 10-6 & 10-7 respectively.  One factor to note from Table 8.4 is that both the 

resulting amount of electrons moved, and their corresponding distances are less for 

transmission than distribution applications.  This is due to the voltages of each system 

based upon their relationships defined by Ohm’s Law.  Comparatively, both scenarios are 

insignificant nonetheless due to the nature of their macroscopic impact. 

 The third experiment performed in Chapter Seven utilized a real grid scenario 

consisting of modeled DER generation onto UND’s electrical grid during a Maximum 

Generation Event on MISO’s grid.  The same effects as described from the previous two 

experiments are reflected in this scenario and thus support consistency across the various 

applications.  In this scenario, the modeled DER generation never exceeded the load on 

the substation and therefore never exported any energy, and thus never posed the  

 Circuit #1 DER Net Nordic #35* 

Load (kW) 4,039 1,576.8 2,462.2 2,462.2 

Nominal Voltage (V) 12,470 12,470 12,470 69,000 

Average Current (A) 323.9 126.4 197.4 35.7 

Number of Electrons 1.685x1019 6.574x1018 1.027x1019 1.857x1018 

Electron Distance (cm) 0.0001253 0.0000489 0.0000763 0.0000138 

 

Table 8.5 – Table of characteristics regarding Circuit #1, the DER, the net-between the 
two, and Nordic #35 (transmission circuit) with the corresponding Quantum Movement 
Theory calculations performed respectively for Equations 16 & 23.  *Nordic #35 data did 
not have a baseline, therefore a baseline of 0 was established to determine net-impact 
(Created by Cooper R. Wade with data provided by the University of North Dakota and 
the System Advisory Model). 
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potential to have an adverse electron impact to the transmission system along Nordic #35.  

The impact of the energy generated from the DER contributed to the amount of electrons 

being moved by a factor of 1018 & 1019 as well as an oscillating distance of a factor of 

104 & 105, whereas even if the energy impacted transmission the significance is less than 

that of the distribution system.  These results further support the application of the 

Quantum Movement Theory and the actual impact that electron movement has on the 

greater electric grid. 

8.3.2.2 - Conclusion 

 The Quantum Movement Theory established a foundation to quantify 1) the 

amount of electrons moved due to a specific current & 2) the distance electrons travel due 

to a specific current for both direct and alternating current environments.  The results of 

the experiments were able to quantify electron behavior in both alternating and direct 

current environments.  As demonstrated previously through the findings, there are 

millions, billions, trillions, or more electrons oscillating through cross sectional areas of 

conductors in order to transport electrical energy from one point to another.  Those 

amounts are significant in nature, but when placed in perspective of their size consisting 

of a diameter of 4x10-10 cm, then it becomes insignificant relative to the environment 

(Compton, 1919).  The human eye cannot see objects that small, and the distances of 

oscillation measured at factors less than the thickness of the thinnest known human hair 

of flaxen type that has a width of at most 0.0017 centimeters are not significant impacts 

to the electric grid (Harvard University, n.d.).  Furthermore, the intent of DERs is to 

reduce transmission constraints, and thus increase transmission capacity while serving 
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localized loads.  Due to this nature, it is uncommon for DERs to be utilized as 

transmission generation resources given cost-effectiveness. 

 The research findings combined with the Quantum Movement Theory defined the 

oscillating behavior of electrons of alternating current on the grid indiscriminately of 

generation type.  This understanding and quantification of electron behavior refutes the 

claim from FERC that electrons can flow from a home solar array on the West Coast and 

be used by a toaster on the East Coast.  This misunderstanding by FERC regarding 

electron behavior should thus be redirected to reflect the net movement of energy, 

provided that electrons don’t flow in alternating current and energy poses a significantly 

higher impact to the system.  Therefore, the conclusion of this research supports the need 

to change nomenclature from focusing on electron movement to energy movement, and 

thus stopping the misapplied jurisdictional authority of FERC over DERs and 

encroaching on states’ rights to govern intrastate electric grid operations.  This helps 

avoid misunderstanding of electron behavior compared between direct and alternating 

current systems, as well as avoiding unnecessary regulatory inefficiencies and cost 

implications for the development of DERs. 

   8.3.2.3 - Significance 

 The significance of this research has impacts on the scientific community as well 

as the industry as a whole.  The scientific community now has a method to quantify 

electron movement utilizing the Quantum Movement Theory, which can be used as a 

basis for future quantum research regarding particle behavior.  This potential could be 

applied to research including wireless electrical transmission and electromagnetic force 

field manipulation among other things.  These potential topics for future research present 
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areas of opportunity for interested parties to continue exploring the applications of 

quantum mechanics in modern society. 

 The inspiration for this research began with the purpose of solving an energy 

policy issue where FERC was trying to utilize an inappropriately applied concept to the 

electric grid in order to increase jurisdictional authority, but the result could have other 

industry impacts.  The industry implications of this research have one primary direct 

impact and several indirect impacts on the electric grid.  The primary impact, as 

discussed, is to provide a basis for understanding how electrons move on the grid to help 

provide a discernible solution for the FERC jurisdictional policy issue.  Due to the results 

of the research refuting the claim that FERC should have jurisdictional authority over 

DERs based on their electron movement, they pose the potential to contribute towards the 

further development of DERs.  Due to providing a resolution to the almost century old 

policy debate surrounding DERs, the electric industry avoids unnecessary regulatory 

inefficiencies, interstate commerce tax, and thus a resulting increased development of 

DERs.  In this manner, DERs remain on an efficient integration methodology that is also 

more financially feasible as a result.  Combined with the perspective shift towards a grid 

more accepting of DER technology, it can be expected that DER implementation would 

only increase.  Currently, DERs consist mostly of renewable fuel sources, which means 

that the increase in DER implementation also has a positive impact towards global carbon 

emission reduction.  As DERs become more prevalent throughout the electric grid, the 

industry as a whole becomes more efficient and reliable, therefore assisting to accomplish 

the goals that the U.S. Department of Energy set for utilities and grid operators across the 

nation.   
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 8.4 - Impact 

 The original intent of this research was to resolve the policy issue stemming from 

debate of FERC jurisdictional authority over DERs.  The argument used was based upon 

an incorrect understanding of how alternating current behaves, which ultimately was due 

to the combination of a fundamental misunderstanding but also outdated policies that 

didn’t reflect changes in the electric industry.  In order to accomplish this, the Quantum 

Movement Theory was created to define the behavior of electrons, which are at the center 

of this debate.  To accomplish this, there was a significant amount of research performed 

on the physics and chemistry behavior of electrons, electric utility standards, energy 

regulatory and policy, current market trends, and the dynamics of DERs.  Through this 

work, the research fulfilled its purpose of providing a basis for which to determine 

jurisdictional authority by refuting the claim that electrons flow in alternating current. 

 The research conducted throughout the process of achieving results to the 

research questions will have effects outside of this research alone.  On its face, the results 

provide direct support against the FERC jurisdictional argument of regulating DERs 

based upon the flow of electrons.  Furthermore, the research and its results could have 

overflowing impacts into other areas of the electric utility industry including 

nomenclature, policy, perspective, and provide opportunities for future research. 

 8.4.1 - Nomenclature 

 The importance of consistent nomenclature is high in this industry where every 

standard, policy, and manner of operation are critical to maintaining grid efficiency, 

reliability, and affordability.  It isn’t clear when the phrases “ flow of electrons” or 
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“electron flow” were first coined to describe electric energy.  It is clear that it occurred as 

a result of Benjamin Franklin’s research in 1752 as well as the adoption of direct current 

generation, distribution, and consumption technologies made famous by Thomas Edison 

during the late 1800’s (Independence Hall Association, 1995) (King, 2011).  This 

language has inadvertently made itself into U.S. federal laws, such as the one focused on 

in this research, as well as textbooks as recent as the 21st century.  However, it’s only 

incorrect when applied to alternating current systems, but the phrase is still utilized 

interchangeably regarding direct and alternating currents.   

 In language there are literal and figurative ways to describe things, and the “flow 

of electrons” or “electron flow” could be used either way (National Endowment for the 

Humanities, n.d.).  These phrases can be commonplace to be utilized to describe the 

movement of energy being transferred rather than intending to use them to describe the 

quantum particle itself (Northwestern University, n.d.).  This is fine, except for when the 

intent changes from literal to figurative with regards to laws.  Originally in 1887, the laws 

were written literally to describe electron and energy flow in a direct current system, and 

the legal argument by FERC uses this literal application for an electric grid that is 

different than what was present in the 19th century.  As mentioned, this phrasing didn’t 

stop when electric technology shifted from DC to AC, where the most cited resource for 

FERC’s argument is a Jr. High electronics textbook which states in one edition that there 

exists a flow of electrons in alternating current (Gerrish et. al, 1996).  This creates a need 

for clarity in the industry when lawmakers take misappropriated language literally.  In 

this manner, the research supports the need for a change in nomenclature to differentiate 

between electron and energy movement.  Concluded as the following statement: 
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Thus for alternating current systems, the electrons oscillate and energy has a net 

flow in either direction, whereas for direct current systems, the electrons flow in 

one direction and net energy flows in one direction. 

This terminology shifts the regulation of the electric energy towards something more 

reasonable to be measured such as energy (kWh) and away from obscure quantum 

particles that currently there doesn’t exist a reasonable method to measure. 

  8.4.2 - Policy 

The purpose of the research was to provide a scientific basis for determining the 

jurisdictional authority of FERC over their regulation of DERs.  The basis for that claim 

was placed on the movement of electrons energized by DERs, which based on the 

research results has determined that FERC doesn’t have justified jurisdiction over these 

assets and resources.  This results in an avoidance of interstate commerce tax on DERs 

implemented currently but also ones anticipated to come in the future.  The current trend 

indicates that the electric is transitioning to a style of grid architecture that supports an 

increasingly decentralized electric grid consisting of smaller scale generating and 

supporting resources.  The realization that DERs don’t cause adverse effects to the 

electric grid as well as avoiding unnecessary regulatory inefficiencies and taxes supports 

their implementation in future years.  As seen from the experimentation, there are mutual 

benefits that occur for both consumers and utilities in financial and operational manners.  

This mutually benefitting relationship is one that regulators have sought for decades, 

where the critical component to resolve has always been financial compensation between 

both parties that never seems to be agreeable.  The method to overcoming this obstacle is 

to recognize the benefits and challenges that DERs bring for users and the grid in order to 
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better struct compensation methods that appropriately benefit both parties.  This single 

factor would be the largest contributor to DER implementation in the U.S. and this 

research serves as a partial contributor to the growth of both energy technology and grid 

operations. 

  8.4.3 - Perspective 

 DERs can be a controversial issue when discussed in the United States due to 

differing perspectives surrounding the technology and its implementation.  The 

controversial discussions largely stem from fundamental misunderstandings of their 

compensation structures and operational concerns.  The International Energy Agency 

suggests that DERs are a misunderstood asset that the grid needs in order to maintain and 

increase efficiency and reliability (Kim et. al, 2021).  The largest source of contention 

that utilities tend to have with DERs are unfair compensation structures that don’t 

adequately compensate them for the infrastructure they have to maintain to distribute 

power produced by DERs, namely renewable energy sources provided that they usually 

are not allowed to curtail energy generation associated with natural resources.  

Compensation methods are specific to the locality in which they are installed where 

regulators are tasked with structuring these relationships depending upon public and/or 

environmental benefits.  These resources require a shift of worldview to where utilities 

and DERs owners, typically consumers, can coexist and mutually benefit each other’s 

agendas. 

 The second largest point of contention contributing to the debate surrounding 

DERs are their operational characteristics.  As mentioned, power flow was traditionally 

viewed as moving in one direction, whereas with high saturations of DERs the grid can 
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be seen as having a bi-directional flow of power.  For example, this scenario can view 

substations as either importing or exporting power depending upon the distribution load 

to generation ratio at a specific time.  This ability for substations to either import or 

export electric energy presents operational benefits and challenges for utilities to manage 

on an ongoing basis provided that power flow can shift instantaneously where appropriate 

measures need to be in place to ensure safe operations.  Utilities tend to struggle with 

understanding the affordability of DERs when compared to larger power plants and 

understandably so, but the benefit lies in the operational benefits for localized portions of 

the power grid to function as micro grids in times of operational constraints.  

Furthermore, consumers implementing DERs prevents the need for utilities to allocate 

large capital expenditures on power generation resources and thus increasing energy rates 

to account for the cost.  In this manner, DERs function as a system of “checks and 

balances” for stakeholders to utilize as a method of energy stability and thus contributing 

to a healthy energy mix. 

  8.4.4 - Future Research 

 The developments of this research such as the Quantum Movement Theory present 

opportunities for further research.  In the spirit of progress, this research would have no 

meaning if it weren’t for the contribution to the betterment of human life.  Future 

research opportunities can be separated into the two categories of physics and grid 

applications.  The physics applications seek to contribute towards new pioneering areas 

of energy research and potential technology developments, whereas the applications of 

these concepts also contribute to the implementation of DERs. 
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From a physics perspective, the Quantum Movement Theory could be utilized in 

application similar to Michael Faraday’s electron gun experiment.  This historic 

development utilizing direct current manipulation of electrons in a vacuum is what made 

cathode tube rays prevalent in everyday use including televisions and computer screens.  

This theory could be compounded to develop a method to manipulate electrons and 

effectively alter their directions in free space utilizing changes in their respective 

magnetic fields.  Potential applications of electron manipulation from means other than 

direct current magnetic fields could be used in the communications, energy, and defense 

industries.  Furthermore, based upon the limitations of the Quantum Movement Theory, 

the equations cannot account for the microscopic movement of electrons such as the 

concepts of electron drift and atom ionization.  These topics present opportunities for 

further research to evaluate how electrons can drift in direction over time, as well as 

having the net amount of electrons in a conductor that are ionized to potentially increase 

over time.  In either scenario, electron behavior can modify the macroscopic electron 

behavior and atomic structure of the conductor through the concept that electrons can 

shift their macroscopic presence and atoms can modify their charge balance via losing 

electrons and not gaining replacements overtime.  These outlier effects could potentially 

influence the conductors ability to transmit electric energy and present an opportunity for 

further research. 

 This research could also contribute to indirect benefits such as those focused on 

DER implementation and the relevant opportunities and challenges therein.  Future 

evaluations of DER integration methods would include microgrid capabilities that 

increase system reliability and demand response to support grid supply and demand.  As 
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an increasing number of DERs are placed in service the operational aspects of the grid 

need to change to adapt to more localized power generation resources.  This means that 

monitoring and controls networks will need to be developed into more robust frameworks 

that allow operators to remotely manage supply and demand.  Coupled with the 

contribution of renewable fuel sourced DERs, energy storage will be a critical technology 

requiring refinement in storage methods, development, manufacturing, and supply chains.  

As this continues to develop, the grid will become viewed more like the scenario 

modeled on the right side in Figure 8.2 as a smaller subset of the larger network. 

 

Figure 8.2 – Electric grid load flow comparison of three models consisting of the Typical 
Load Flow Model (left), High Penetration PV on Distribution System (middle), and the 
Recommended Load Flow Model (right). (Sandia National Laboratories, n.d.) 

 8.5 - The Grid of the Future 

 The future of the electric grid is opportunities and comprises power generation, 

demand response, smart grids, energy storage, and increased efficiency, reliability, 

affordability among other things.  The powerful aspect of the electric grid is that no one 
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strategy or technology is the perfect solution, and a machine as complex as the electric 

grid requires an equally complex solution in order to maintain operational success.  The 

major modifications to the electric grid that need to be considered going forward are grid 

architecture, DER integration and operation, and having a balanced energy mix.  A 

critical aspect to developing a reliable and efficient electric grid is the implementation of 

strategic DER assets.  This research, experimentation, and the development of the 

Quantum Movement Theory were combined to be one small component that supports 

continued DER development in the United States but also indirectly contributes to 

international markets.  The factors that allowed this research to contribute to DER growth 

are seen through mitigating regulatory inefficiencies and economic cost factors, while 

bringing attention to the positive benefits from DERs and relevant challenges needed to 

overcome as saturation of DERs continues to increase relative to load and larger 

centralized generating stations.   

  8.5.1 - Grid Architecture 

 The structure of the electric grid is changing to become more localized and 

decentralized compared to the traditional structure of the electric grid consisting of large 

centralized power generation facilities with vast distribution networks to disperse the 

power locally to consumers.  The traditional perspective of the electric grid consists of 

two halves being transmission and distribution networks.  The transmission grid is 

regulated by RTOs/ISOs consisting of large centralized power generation resources 

serving large industrial consumers meanwhile delivering energy to distribution utilities to 

serve lower voltage consumers.  The distribution grid is regulated by the respective 

distribution utilities and/or state regulators where applicable as is used to locally 
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distribute power to consumers, commonly referred to as “last mile” similar to the 

trucking industry.  This relationship is indicated in Figure 8.3, where a one-way power 

flow is seen from large generators transporting power throughout the grid to ultimately be 

stepped down to a lower voltage usable by most consumers.  This perspective is 

beginning to shift due to power flow changes as the saturation levels of DERs is ever 

increasing. The change from one directional power flows to bi-directional power flows is 

one that requires adjustments to be made in how that energy is managed safely and 

efficiently.  DERs being interconnected to operate in tandem with the electric grid 

include not only power generation but also load modifying resources such as electric 

 

Figure 8.3 – Traditional architecture of the electric grid in the United States consisting of 
transmission generation assets as well as distribution and load equipment (United States 
Department of Energy, 2016). 

vehicles and energy storage assets (Ernst et al., 2023).  These resources can be viewed as 

assets to distribution utilities that can be accessed in times of high grid stress to help 

relieve the system demand.  Figure 8.4 illustrates where these resources exist and seek to 

operate with respect to the greater electric grid network.  At this point, it is inevitable that 
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DERs are a critical part of the electric grid of the future given that their value is one that 

can’t be ignored.  No matter if utilities or consumers implement them, they are assets and 

therefore resources, nonetheless.  At the current moment both transmission and 

distribution networks provide value to all consumers through optionality and reliability 

standpoints, and DERs only complement the goals of the entire grid being efficiency, 

reliability, and affordability. 

 

Figure 8.4 – Modern electric grid architecture in the United States and abroad indicating 
the implementation of various distributed energy resources including generation, energy 
storage, electric vehicles, as well as consumers (United States Department of Energy, 
2016). 

 8.5.2 - DER Integration 

As discussed in detail in Chapter Three, DER integration encapsulates a large 

amount of regulation, evaluation procedures, and operational and safety standards.  From 

the federal perspective, the processes and recommendations made for ISOs/RTOs and 

utilities are relatively straightforward, but from the perspective of individual state and 

utility interests they are very different with little standardization except for the mandated 
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screening procedures.  Utilities tend to be against the integration of on-utility owned 

DERs due to the loss of potential revenue for the utility through customer owned power 

generation.  This aspect is the largest contributor towards the controversy surrounding 

DERs.  In many scenarios, this creates a conflict between consumers and utilities that 

limits collaborative solutions that benefit both parties. 

DERs present an opportunity for consumers and utilities to collaboratively benefit 

each other operationally and financially.  The vast majority of DERs implemented in the 

U.S. are done by consumers in order to save energy costs, but the implementation could 

be performed more collaboratively through utility provided input and data in order to 

ensure that a proposed project that will proceed forward mutually benefits both parties.  

In fact, studies conducted by the National Renewable Energy Laboratory indicate that 

more collaborative circuit data during the early development of DERs can result in twice 

as many DERs getting deployed.  Currently, on average 69% of DERs in development 

get canceled due to inadequate data availability during development.  This highlights the 

need for a more collaborative approach to improvements made throughout the grid such 

as the program being tested by Pacific Gas & Electric.  In this sense, PG&E has created 

an online GIS portal where authorized developers can view real data to determine where 

DERs could be located to best benefit utilities and their rate payers.  At this current pace 

of DER integration, they’re going to happen, and they can either be done in a way that is 

inefficient or to provide critical benefits to serve the utility as well as the consumer.  The 

benefits brought to light through this research that DERs can contribute to the grid only 

further the need for electric grid stakeholders to actively participate in development. 
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8.5.3 - Energy Mix 

 Throughout history, the fuel sources that have powered the electric grid have 

changed and adapted as demand and supply have shifted.  Historically, fossil fuels have 

contributed the vast majority of the energy supply globally, however with rising concerns 

surrounding climate change and carbon emissions, renewable energy technologies have 

grown exponentially (Evro et al., 2023).  The two largest contributors driving the 

adoption of DER technologies are the growth of renewable energies as well as the 

scalable applications of renewable energy and backup generation technologies.  

Secondary to technological developments are state and federal policies encouraging the 

decentralization of power generation throughout the electric grid, combined with the 

national security endeavors to increase energy security given current global political 

sentiment surrounding fuel sources.  These geopolitical aspects to the energy market have 

seen direct implications as tensions have arose due to scenarios such as the COVID-19 

pandemic and the War in Ukraine (Allam et. al, 2022).   

 Global political conflict creates uncertainties within the energy sector which is 

driving the need for alternative fuel sources that allow nations to not rely on those 

involved in the conflict for their fuel sources (Energy For Growth Hub, 2022).  This 

transition has placed security and reliability as a top priority for grid regulators as energy 

security is emerging as an evermore vital resource for a nation’s wellbeing.  DERs have a 

large part to play in the strengthening of U.S. infrastructure as the potential to segregate 

portions of the grid is increasing in importance to build resiliency throughout the system.  

Figure 8.5 appropriately illustrates the regulatory authority and applications of DER 

technologies into the existing grid architecture.  This research supports the benefits that 
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DERs contribute to the entire system, and indirectly the benefits that DER fuel sources 

can contribute towards energy security through having an appropriate energy mix.  

Traditionally, fossil fuels have had a stronghold on international relations due to limited 

regions globally providing large quantities of crude oil, but as DER technology continues 

to develop the fuel sources are diversifying.  Currently commercialized DER 

technologies rely on fuel sources such as gasoline, diesel, natural gas, solar, geothermal,  

 

Figure 8.5 – Future electric grid architecture in the United States from the 
implementation of FERC Order 2222 and its impact on DERs (Gotham, 2021). 

wind, and batteries, whereas promising development is ongoing for nuclear, biomass, 

tidal power, pumped hydro, hydrogen, fly wheels, etc.  DERs allow for expedited 

diversification of the energy sector due to more time efficient regulatory, design & 

development, and construction timeframes to implement project efficiently.  When 

combined with more efficient operations and the contribution towards decreasing reliance 

on foreign fuels, DERs are a necessity to diversifying America’s energy mix.  Not one 

fuel source, generation method, or energy storage technology is a perfect path forward 
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and requires the acknowledgement that individual energy types contribute to the system 

as a whole. 

8.5.4 - Challenges & Solutions 

 DERs present challenges for utilities and regulators to adapt to as they continue to 

increase in market shar each year globally.  The primary challenges facing DER 

integration are variability, due to over 90% of DERs currently integrated being 

intermittent renewable energy resources, as well as planning for high saturations of lower 

voltage generating assets (Carranza, 2021).  Both of these primary contributors impact 

the U.S. Department of Energy’s goals to achieve and maintain grid efficiency, 

reliability, and affordability for its citizens.  Variability or intermittency of DERs requires 

the development of energy storage supply chains and technologies as well as reliable base 

load generators such as nuclear or tidal power.  Planning is critical to forecasting energy 

demand patterns and effective DER planning requires large amounts of quality concise 

data sets with controls synchronization throughout the distribution system.  This places 

utmost importance on sensors, data collectors, controls, and energy management systems 

to be developed and integrated into future micro-grid capabilities contributing to the 

goals of efficiency, reliability, and affordability (Wade et al., 2023). 

   8.5.4.1 - Efficiency 

 Efficiency allows for stakeholders to maximize the current and future generating 

equipment by capturing higher amounts of energy through mitigating losses inherent in 

both generation and distribution infrastructure.  The need for improved system 

efficiencies is seen throughout power quality improvements, where such improvements 
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decrease the need for more generating equipment and thus avoiding infrastructure 

expansion projects.  This important factor helps keep energy costs low, maximizes fuel 

used to generate energy, and avoids unnecessary capital expenditure on infrastructure 

expansions through improving the system already in place.  DER implementation 

presents challenges and opportunities to improve power quality and therefore efficiency, 

where power factor and line losses contribute the most towards system losses of energy.  

Line losses are attributed to the conductor characteristics and largely the distance that 

energy is distributed from generating resources to end users.  This presents a large 

opportunity for DERs to avoid transmission losses which currently average around 7% of 

all energy generated in the United States.  Power factor contributes to the harmonics of 

the system, where improved power factor levels prevent distance generators from having 

to rapidly modify voltage and current waveforms to correct poor power factor among 

distribution networks.  This concept along with examples are discussed in the following 

paragraphs. 

This is an important concept in distributed generation because there is the need to 

maintain as perfect power factor as possible.  Power factor is related to the quality of 

power being delivered to the grid and is the ratio of true power (kW) and apparent power 

(kVA).  Power factor is negatively affected when voltage and current are out of phase 

with one another, where the goal is to have them in-phase with one another with a ratio of 

near 1.0 or 100% as possible as seen in Figure 8.6.  Power factor is caused by inductance 

and capacitance in an AC circuit that causes the cycles of voltage and current to become 

out of sync (Advanced Motion Controls, n.d.).  This difference in phasing results in 

wasted power, and the grid must correct for this by supplying reactive power (kVAr) to 
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Figure 8.6 – Illustration indicates an example of poor power factor (top) and corrected 
power factor (bottom) where the frequency curves for voltage and current are 
represented along with the indication of wasted potential electric energy. (Advanced 
Motion Controls, n.d.) 

get this corrected. 

Power factor is a measurement of efficiency of power being delivered and 

consumed on the electric grid.  This is represented as a value between 0.0 - 1.0 where 1.0 

is a perfect power factor.  As a baseline, large commercial or industrial facilities can be 

found to operate with a power factor between 0.90 - 0.95.  Figure 8.7 indicates a factory 

with a power factor of 0.95 and a load of 100kW AC.  Due to this factory’s power factor 

being further from 1.0 the grid has to supply reactive power of 32.9 kVAr in order to 

correct the out of cycle voltage and current coming from the factory back in phase or in 

sync.   

Now if you install a solar generating resource behind the meter at this factory, 

then it could negatively impact the reactive power supplied by the grid compared to the 

original situation without solar.  With a 60 kW AC solar array the overall demand on the 

grid for this facility during peak production time is 40 kW AC, however the power factor  
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Figure 8.7 – Illustration of average 3-phase commercial electric customer with no 
behind-the-meter generation an active power load of 100kW, reactive power of 32.9 
kVAr, and apparent power of 105.26kVA. (Global Sustainable Energy Solutions Pty Ltd., 
2015) 

 

Figure 8.8 – Illustration of average 3-phase commercial electric customer with behind-
the-meter generation an active power load of 40kW, reactive power of 32.9 kVAr, and 
apparent power of 51.79kVA. (Global Sustainable Energy Solutions Pty Ltd., 2015) 



P a g e  | 247 
 

remained the same as can be seen in Figure 8.8.   In this scenario, the grid benefits by 

having a reduced demand for that factory, however the power factor is worse by having 

to supply more reactive power to the facility relative to its overall active power consumed 

from the grid.   

On an individual customer basis, it can be seen that reduced demand is a positive 

impact for electric utilities and customers alike, but there must be a way for an R-DER to 

offset poor customer power factor and result in a more operably efficient electric grid. 

The way to accomplish this is to permit the output controls to adjust the frequency and 

magnitude of their outputs of voltage and/or current to correct poor power factor induced 

by the customer’s load or the grid itself.  This can be accomplished through DC to AC 

inverters or energy storage discharging rather than the classical manner of utilizing 

capacitors to capture large bursts of energy and slowly releasing it back onto the grid to 

improve power factor.  In Figure 8.9 the impact of power factor correction can be seen on 

the solar array with nameplate output of 60kW AC, however indicating that the active 

power is 57kWAC.  The 3kW AC of potential active power generation was instead used 

to dramatically improve power factor from 32.9kVAr to 14.2 kVAr.  Immediately this 

can be seen as a service to the grid that DER can provide, and the electric energy that 

would’ve been used to as active power was instead used to maintain grid stability.  This 

service has a price that is at least equal to the otherwise generated electric energy 

commonly recognized as kilowatt hours (kWh) and should even be at a premium due to 

the generation resource being utilized as a standby service provider. 
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Figure 8.9 – Illustration of average 3-phase commercial electric customer with behind-
the-meter generation an active power load of 43kW, reactive power of 14.2 kVAr, and 
apparent power of 45.28kVA. (Global Sustainable Energy Solutions Pty Ltd., 2015) 

 

 It is evident that power quality improvements present opportunities for more 

complex yet more cost-effective solutions to improved system efficiencies.  DERs 

implemented by either consumers or utilities correctly could provide higher power 

quality along distribution networks locally, thus improving energy efficiencies by 

mitigating the need for distant generators to modify voltage and current waveforms to 

resolve localized power quality issues (Deora et. al, 2017).  Collaborative resource 

planning results in consumer funded projects strategized in conjunction with the utility to 

ultimately keep energy costs lower.  In this manner, access to data is a high priority 

requiring the utility to collect larger amounts of data throughout the system to better 

effectively forecast loads and plan resources collaboratively. 
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8.5.4.2 Affordability 

 Affordability is a goal of the U.S. federal government to help ensure that 

everyone in the U.S. has access to energy to use in their daily lives.  Two common 

methods to contribute towards affordability is the use of regulation and the development 

of policy that allows for consumer load management (Wade et al., 2023).  Regulation 

involves government management of energy rates charged by utilities and/or allowing 

electric grid competition.  Both methods are strategies that help keep energy costs 

reasonable for both utilities and consumers.  Customer options to lower their energy bills 

are often accomplished through energy or load management alternatives.  These comprise 

energy efficiency improvements, load control programs, and implementing DERs to 

reduce load and/or offset energy consumption.  Increasingly so, consumers are opting to 

implement DER resources such as solar, batteries, and backup generators to reduce rising 

energy costs.  The mutual benefit that arises is similar to lowering consumer demand, the 

utility’s demand is also reduced and lowers subsequent charges.  These effects and 

appropriate policies combine to present opportunities for more consumer and utility 

collaboration that results in an improved electric grid for all stakeholders. 

   8.5.4.3 - Reliability 

 Reliability of the electric grid means exactly that, which infers that the electric 

grid will be available to deliver power when demanded.  Contributors to reliability 

include fuel availability, resource adequacy, and down time mitigation.  DERs allow for a 

large amount of smaller generating resources to offset that of equivalent capacity of a 

larger generating station.  This diversifies the risk of not having adequate demand 

response available when needed, whereas in order for a grid saturated with DERs there 
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would have to be a significant number of failures simultaneously compared to a small 

number of large power plant failures in order to cause a disruption in power.  Another 

critical component to risk is a diversified energy mix as discussed, which allows for 

multiple fuel sources and not one primary source of fuel that when constrained subjects 

the entire system to the will of another country or resource.  Lastly, effective protective 

devices contribute towards reliability in that one error may not bring down the entire 

network and the devices help restore power on their own and thus ensuring power supply 

to end users.  In this manner, DERs provide smaller comparative contributions to localize 

power needs that support the U.S. Department of Energy’s goal of maintaining reliability 

in order to mitigate downtime but also preventing reliance on a foreign entity. 

   8.5.4.4 - DER Standards 

 DERs have come a long way since becoming popular in the early 21st century due 

to the widely accepted solar technological developments that occurred.  As utilities 

around the nation have gained experience with integrating DERs the skepticism and 

caution surrounding their operability has lessened.  Through this experiential learning, 

standardization has developed and continues to improve the interoperability of DERs 

with the utility network while ensuring safety to linemen as shown in the table in Figure 

8.10.  Throughout this research the concept of variability of solar resources casts a 

shadow on all DERs being that they could pose power factor issues due to fluctuating 

fuel sources creating variability of output.  This largely occurs from DERs relying on 

natural resources whereas turbine generation types don’t have this problem to the same 

magnitude.  Moving forward, one type of DER based on fuel source shouldn’t inhibit all 

DERs to fail certain power quality screening procedures, but rather note the fuel type and 



P a g e  | 251 
 

utilize modeled interval data for the DER to determine system risks that need to be 

mitigated.  Ultimately this research supports standardization across the industry to 

support the growth of DERs and to set aside concerns due to unfamiliarity of the 

application.  Power flow is a commonly evaluated and applied concept within the greater 

electric grid, where individuals can predict certain outcomes and this research contributes 

towards the understanding of what cannot be seen.  Thus, indicating that the concerns  

 

Figure 8.10 – Chart of operational, interconnection, and safety standards for DERs 
implemented in the United States including UL, IEEE, and state specific regulations 
(Electric Power Research Institute, Inc., n.d.). 

surrounding DERs can be mitigated through industry standardization and common 

understanding. 
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8.6 – A Path Forward 

 This research has provided a level of understanding towards how the electric grid 

operates.  This perspective can be applied and utilized by law makers to set more accurate 

and effective policies.  As discussed in Chapter Three, there exists a misunderstanding 

that has been compounded through technological changes and incorrect nomenclature, 

which has resulted in numerous legal disputes regarding jurisdictional authority over the 

electric grid between the federal and state governments.  In order to move forward, we 

must differentiate the nomenclature of electric energy and electron movement.  Energy is 

what is generated, sold, measured, and consumed, therefore that should be the commodity 

regulated interstate commerce rather than continuing to debate the electron movement, a 

quantum particle behavior, as the justification for regulating every energy resource.  

Recent years have seen one significant Federal Court of Appeals case, North Dakota v. 

Heydinger, where the distinction between energy and electron movement was a 

significant debate.  Ultimately, the courts recognized electron flow in their statements, 

and currently (2023) this case is planned to repeat itself once again.  This makes it ever 

more critical for the courts to recognize the correct movement of electric energy, so the 

problem doesn’t continue to compound to where we regulate electricity based on an 

incorrect concept of electric power generation, distribution, and consumption.  This case 

is the next opportunity for regulators to correct their trajectory until there is another 

contesting of FERC’s jurisdictional authority based on electron flow.  Whereas, if this 

correction isn’t made then there will be an unnecessary regulation by the federal 

government of the distribution system ultimately dwindling states’ authority over their 

electric grids.  Side effects of this correction would avoid DER technology development 
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delays, involuntary interstate commerce tax, regulatory inefficiencies, and indirect 

stifling of the decarbonization of the power grid.  This is an urgent matter that needs to 

begin its recourse immediately to prevent these negative impacts to the system and 

ultimately contributing towards system reliability, energy security, and efficiency. 

8.7 - Conclusion & Summary 

As this research concludes it is critical to highlight the findings and future impacts 

concisely as to not distract from their value.  Throughout the process of evaluating 

FERC’s jurisdictional authority based upon electron movement, the Quantum Movement 

Theory was developed to quantify this behavior.  The result was one that delivered two 

quantifiable electron behavior calculations shown below that when applied determined 

that FERC should not have jurisdictional authority over the regulation of DERs.  These 

equations represent more than just equations used by scholars but serve as tolls to be used 

𝒆𝒏 =  
 𝑰 𝒒 

𝟐 𝒇
         (16) 

Distance (d) = 
 𝒆𝒏 

𝒆𝒍
 = 

  𝑰 𝒒 𝑨 

𝟐 𝒇 𝒅𝒆
 = 

  𝑰 𝒒 𝑨 𝒘 

𝟐 𝒇 𝒅𝒎 𝒆𝒂 
     (23) 

for future research and development.  Their application also supports the advancement of 

DER technology and implementation through disputing FERC’s claim of jurisdictional 

authority over DERs not participating in interstate commerce.  This results in avoiding 

unnecessary regulatory inefficiencies by overwhelming government agencies and 

unreasonable interstate commerce taxes for DERs in upwards of $500 million (in 2023 

dollars) spread across all ratepayers. 
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 The indirect side effects of these results only encourage the future of the electric 

grid that DERs can contribute towards.  DERs stand to be a strategic tool that the U.S. 

can use to benefit Americans in the following ways: 

 Energy Security – Reduction of dependence on foreign fuel sources 

 Carbon Reduction – Implementing renewable, environmentally friendly, or zero-

carbon (nuclear) fuel sources 

 Efficiency – Reduced operational losses in distribution and transmission of power 

 Reliability – Reduced susceptibility of the grid to weather or other events through 

the implementation of energy storage and microgrids  

 Capacity – DERs make available more valuable transmission capacity  

 Price Hedging – Renewable power sources aren’t susceptible to fuel market 

fluctuations 

 Affordability – Decreased electric ratepayer expenses for new centralized power 

plant capital costs and the deferment of infrastructure development due to DERs 

These benefits need to be widely recognized and accepted by all stakeholders in order to 

effectively facilitate this energy transition.  The two largest issues that have been raised 

in order for this to work is the development of robust transmission networks to move 

large renewable energy generation across the nation as well as structuring fair 

compensation structures for DER owners and their respective utilities (U.S. Department 

of Energy, 2007).  The large challenge that is already present in many parts of the U.S. 

and to come in others is that of fair rate compensation.  In order for this to work utilities, 

regulators, and third parties need to come together for a common goal, discuss objectives, 

and recognize mutual benefits and shown in Figure 8.11 (NARUC, 2016).  Utilize these 
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benefits to develop fair compensations structures that take into account all effective 

variables such as those recognized by the National Association of Regulated Utility 

Commissioners: 

 Increased electric system reliability (Section 2 of the Study)  

 An emergency supply of power (Section 2 and 7 of the Study)  

 Reduction of peak power requirements (Section 3 of the Study)  

 Offsets to investments in generation, transmission, or distribution facilities that 

would otherwise be recovered through rates (Section 3 of the Study)  

 Provision of ancillary services, including reactive power (Section 4 of the Study) 

 Improvements in power quality (Section 5 of the Study)  

 Reductions in land-use effects and rights-of-way acquisition costs (Section 6 of 

the Study)  

 Reduction in vulnerability to terrorism and improvements in infrastructure 

resilience (Section 7 of the Study) 

(NARUC, 2007) 

 

Figure 8.11 – Illustration of DER cost-benefits to society and the system as a whole 
(NARUC, 2016). 
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These values have been recognized publicly by one utility in the U.S., which is a local 

cooperative located in Camden, Arkansas called Ouachita Electric Cooperative.  They 

utilized solar and energy storage net-metering policies to allow their customers to install 

DERs that had a net-benefit on the utility as a whole, and thus decreased energy rates for 

all customers in their service territory as a manner to recognize the value of that energy 

(Bickel et. al, 2023).  The value of this case study is tremendous, as it sets an example for 

ways that utilities can collaborate together alongside consumers to develop an electric 

grid that moves forward together.  A series of simple charts are shown in Figure 8.12 

which indicates only some of the values that DERs brought to Ouachita Electric 

Cooperative’s network.   There is a long road ahead for this collaboration to take place, 

but the transition has begun as shown in Figure 8.13, and this research, results, and future  

 

Figure 8.12 – Seasonal demand reduction on Ouachita Electric Cooperative’s load and 
the corresponding demand savings that could be passed back to customers due to the 
collaborative approach between the utility and its ratepayers (Bickel et. al, 2023). 
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research on this topic seeks to contribute to creating a better electric grid for all 

stakeholders. 

 

Figure 8.13 – Illustration of collaborative policies and programs that are designed to 
mutually benefit consumers and utilities (Clean Energy Works, 2023). 
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GLOSSARY OF TERMS 

Alternating Current (AC) – “An electric current whose direction in the circuit is 

periodically reversed with a *frequency, f, independent of the circuit constants” 

(“alternating current”, 2018). 

Atom – “smallest unit into which matter can be divided without the release of electrically 

charged particles. It also is the smallest unit of matter that has the characteristic 

properties of a chemical element. As such, the atom is the basic building block of 

chemistry.” (McGrayne, 2022) 

Capacitance – “property of an electric conductor, or set of conductors, that is measured 

by the amount of separated electric charge that can be stored on it per unit change in 

electrical potential. Capacitance also implies an associated storage of electrical energy. If 

electric charge is transferred between two initially uncharged conductors, both become 

equally charged, one positively, the other negatively, and a potential difference is 

established between them. The capacitance C is the ratio of the amount of charge q on 

either conductor to the potential difference V between the conductors, or simply C = q/V” 

(Encyclopedia Britannica, n.d.). 

Coulomb – “unit of electric charge in the metre-kilogram-second-ampere system, the 

basis of the SI system of physical units. It is abbreviated as C … it is approximately 

equivalent to 6.24 × 1018 electrons, with the charge of one electron, the elementary 

charge, being defined as 1.602176634 × 10−19 C” (“coulomb”, n.d.) 

Current – “A flow of electric charge or, quantitatively, the rate of flow of electric 

charge. A conduction current is a current flowing in a conductor due to the movement of 
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electrons or ions through the material, usually under the influence of an applied field. The 

net current is the algebraic sum of the charges” (“current”, 2018). 

Direct Current (DC) – “An electric current flowing in one direction only and 

substantially constant in value” (“Direct Current”, n.d.) 

Distributed Generation (DG) or Distributed Energy Resources (DER) – “Distributed 

energy resources are small, modular, energy generation and storage technologies that 

provide electric capacity or energy where you need it. Typically producing less than 10 

megawatts (MW) of power, DER systems can usually be sized to meet your particular 

needs and installed on site” (National Renewable Energy Laboratory, 2002). 

Utility – Distributed Energy Resources (U-DER) – “DER directly connected to 

the distribution bus or connected to the distribution bus through a dedicated, non-

load serving feeder. These resources are specifically three-phase interconnections, 

and can range in capacity, for example, from 0.5 to 20 MW although facility 

ratings can differ” (North American Electric Reliability Corporation, 2016). 

Retail – Distributed Energy Resources (R-DER) – “DER that offsets customer 

load. These DER include residential, commercial, and industrial customers. 

Typically, the residential units are single-phase while the commercial and 

industrial units can be single- or three-phase facilities” (North American Electric 

Reliability Corporation, 2016). 

Electric Flux – “property of an electric field that may be thought of as the number of 

electric lines of force (or electric field lines) that intersect a given area… the net flux of 

an electric field through any closed surface is equal to the enclosed charge, in units of 
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coulombs, divided by a constant, called the permittivity of free space; in the centimetre-

gram-second system the net flux of an electric field through any closed surface is equal to 

the constant 4π times the enclosed charge, in electrostatic units (esu)” (Encyclopedia 

Britannica, 2022). 

Electron – “lightest stable subatomic particle known. It carries a negative charge of 

1.602176634 × 10−19 coulomb, which is considered the basic unit of electric charge” 

(Encyclopedia Britannica, n.d.). 

Feeder - means a three-phase set of conductors emanating from a substation circuit 

breaker serving customers in a defined local distribution area. This includes three-phase, 

two-phase and single-phase branches that are normally isolated at all endpoints (Law 

Insider, n.d.). 

Frequency – “the measure of the rate of that oscillation and is measured in the number of 

changes per second – also called hertz (Hz)” (Drax, n.d.). 

Impedance – “measure of the total opposition that a circuit or a part of a circuit presents 

to electric current. Impedance includes both resistance and reactance (qq.v.). The 

resistance component arises from collisions of the current-carrying charged particles with 

the internal structure of the conductor. The reactance component is an additional 

opposition to the movement of electric charge that arises from the changing magnetic and 

electric fields in circuits carrying alternating current. Impedance reduces to resistance in 

circuits carrying steady direct current” (Encyclopedia Britannica, n.d.). 
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Interstate Commerce – “in U.S. constitutional law, any commercial transactions or 

traffic that cross state boundaries or that involve more than one state” (“Interstate 

Commerce, n.d.). 

Intrastate Commerce – “any and all com- merce or trade that is begun, carried on, and 

completed wholly within the limits of the State…, and the phrase “introduced into 

intrastate commerce” defines the time and place at which the first sale and delivery of a 

commodity is made within the state, the delivery being made either directly to the 

purchaser or to a common carrier for shipment to the purchaser” (Intrastate Commerce, 

n.d.). 

Load – “The device which takes electrical energy is known as the electric load. In other 

words, the electrical load is a device that consumes electrical energy in the form of the 

current and transforms it into other forms like heat, light, work, etc. The electrical load 

may be resistive, inductive, capacitive or some combination between them” (“Load”, 

n.d.). 

Magnetic Flux – “Magnetic flux is the product of the average magnetic field times the 

perpendicular area that it penetrates. It is a quantity of convenience in the statement of 

Faraday's Law and in the discussion of objects like transformers and solenoids… the SI 

unit for magnetic field is the Tesla, the unit for magnetic flux would be Tesla m2. This 

unit combination has the historical name Weber (Wb)” (Nave, n.d.). 

Magnitude – “is defined as ‘how much of a quantity’…In physics, magnitude is defined 

as the maximum extent of size and the direction of an object. Magnitude is used as a 

common factor in vector and scalar quantities. By definition, scalar quantities are those 
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quantities that have magnitude only. Whereas vector quantities are those quantities that 

have both magnitude and direction” (BYJU’s, n.d.). 

Power – “The rate at which the work is being done in an electrical circuit is called an 

electric power. In other words, the electric power is defined as the rate of the transferred 

of energy” (Circuit Globe, n.d.). 

Resistance – “is a force that counteracts the flow of current. In this way, it serves as an 

indicator of how difficult it is for current to flow. Resistance values are expressed in 

ohms (Ω)” (Hioki, n.d.). 

Voltage – “is the pressure from an electrical circuit's power source that pushes charged 

electrons (current) through a conducting loop, enabling them to do work” (Fluke, n.d.). 

Watt – “unit of electrical energy or power - one watt is the product of one ampere and 

one volt - one ampere of current flowing under the force of one volt gives one watt of 

energy” (Engineering Toolbox, 2003).  
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APPENDIX 

 1.1 LEGAL - CASES 

1.     North Dakota v. Heydinger 

United States Court of Appeals for the Eighth Circuit | Jun 15, 2016 | 825 F.3d 912 

Overview: Electric cooperative entities had standing to challenge the validity of Minn. Stat. § 216H.03, subd. 

3(2) and (3); although an injunction against enforcement was upheld, the panel was split as to whether the 

decision should be based on violation of the Commerce Clause or on preemption. 

... person who "imports" electricity does not know the origin of the electrons it receives, whether or not the 

transaction is pursuant to a ... 

... market, the "contract path" between the importer and generator "represents a flow of dollars, not a flow of 

electrons." In the MISO grid, electrons flow freely without regard to state borders, entirely under MISO's 

control. Thus, ... 

... The FPA therefore preempts the import provision. Appellants contend that the import provision ... 

... to a traditional area of state regulation not covered by the FPA. FERC has recognized that the states retain 

authority under the FPA to regulate in "traditional areas" such as the "administration of integrated ... 

... (1936) ( Brandeis , J., concurring). The FPA gives exclusive jurisdiction to the Federal Energy Regulatory 

Commission (FERC ) over "the transmission of electric energy in interstate commerce" and ... 

... by MISO to generate power, that coal plant would not inject electrons into the grid to "flow into and be 

consumed in Minnesota " as suggested by Judge ... 

... into the MISO grid . . . cannot ensure that those electrons will not flow into and be consumed in Minnesota ." 

Experts have ... 

 

2.     New York v. FERC 

Supreme Court of the United States | Mar 04, 2002 | 535 U.S. 1 

Overview: FERC had jurisdiction to require nondiscriminatory access to electrical transmission by utilities 

which unbundled their costs, regardless of state regulation of retail sales, and was not required to impose 

requirement on bundled retail sales. 

... To be sure, I would not prejudge whether FERC  must  require that transmission used for bundled retail sales 

be subject to FERC's open access tariff. At a minimum, however, FERC should have determined whether 

regulating transmission used in connection with bundled ... 

... undue discrimination and protect electricity customers." Order No. 888-A, at 30,176. FERC 's conclusory 

statement instills little confidence that it either made this ... 
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... the Court essentially ignores the statute's mandatory prescription by approving of FERC's decision as a 

permissible "policy choice," the FPA simply does not give FERC discretion to base its decision not to remedy 

undue discrimination on ... 

... a "policy choice." The Court itself struggles to find support for FERC 's conclusion that it was not "necessary" 

to regulate bundled retail ... 

... to remedy discrimination. First, the Court points to the fact that FERC 's findings concerned electric utilities' 

use of their market power to ... 

... not provide an interpretation to which the Court can defer. 2 FERC does provide more explicit interpretations 

of its jurisdiction elsewhere. It is difficult, however, to isolate FERC's position on this matter because FERC 

presents different interpretations in its orders, its brief, and at oral argument. At certain points, FERC 

affirmatively states that it lacks jurisdiction to regulate this transmission; at other times,  ... 

 

3.     TRANSMISSION ACCESS POLICY STUDY GROUP v. FERC 

United States Court of Appeals for the District of Columbia Circuit | Jun 30, 2000 | 225 F.3d 667 

Overview: Energy regulatory commission orders allowing open access to electricity transmission lines were 

upheld with two exceptions: 1) further explanation of stranded cost market option needed; 2) reasonable cap 

on contract extensions required. 

... (1999) . TDU petitioners claim that in rescinding the notice requirement, FERC ignored the fact that utilities still 

have substantial market power. That ... 

... however, does not undermine Orders 888 and 889. Through these orders, FERC sought to move the 

electricity industry toward competition; by providing an ... 

... which buyers may purchase power from suppliers other than transmitting utilities, FERC substantially 

reduced utilities' market power. Eliminating the notice requirement furthered that ... 

... believe termination of their contracts is unjust can seek relief from FERC pursuant to section 206 of the FPA.  

See  Order 888-A, P 31,048 at 30,393. ... 

... sales have not for the most part involved local distribution facilities. FERC claims that increased unbundling 

gives resellers the opportunity to reconfigure the ... 

... facilities which traditionally have been treated as local distribution facilities. Moreover, FERC 's assertion of 

jurisdiction over the transmission component of unbundled retail ... 

... and facilities used for transmission in interstate commerce. In Order 888, FERC claimed exclusive authority 

over the regulation of facilities which sell and ... 

 

4.     Consolidated Edison Co. v. Public Service Com. 

Court of Appeals of New York | Oct 25, 1984 | 63 N.Y.2d 424 



P a g e  | 306 
 

Overview: Public Utility Regulatory Policies Act (PURPA) did not preempt state from requiring electric utilities 

to offer to buy energy from alternate energy producers that qualified under both federal and state law at rate in 

excess of maximum PURPA rate. 

... mandates the Federal Energy Regulatory Commission (FERC ) to prescribe rules that will foster 

development of qualifying cogeneration ... 

... Federal qualifying facilities. PURPA directs that the regulatory rates established by FERC for purchases by 

electric utilities be (1) just and reasonable to ... 

... small power producers and limits the purchase rate by providing that FERC may not establish a rate that 

exceeds the purchasing utility's "avoided cost".  In addition, section 210 of PURPA authorizes FERC to exempt 

many Federal qualifying facilities from certain Federal and State laws, including the Federal Power Act (FPA) ( 

16 USC § 824  et seq .... 

... The Appellate Division granted the petition, in part, holding that the FPA and PURPA preempted the area 

and, therefore, that FERC had exclusive jurisdiction to determine rates for sales of electricity at ... 

... however, was deemed to be under the preemptive blanket of the FPA . Further, the State requirement of a 6 

cents per kilowatt ... 

... ., 404 U.S. 453 , 454-455 [ FERC jurisdiction upheld on basis of scientific and technical evidence that was 

used to determine that electrons from a  Florida  utility eventually flowed into  Georgia... 

 

5.     Union Elec. Co. v. PSC 

Court of Appeals of Missouri, Western District, Division Three | Oct 15, 2013 | 422 S.W.3d 358 

Overview: Missouri Public Service Commission properly allowed an electric public utility company to use a 

Fuel and Purchased Power Adjustment Clause (FAC) to automatically recover from customers certain 

electricity transmission charges because Mo. Rev. Stat. § 386.266(1) permitted the company to use the FAC 

to pass on the charges at issue. 

... stages: production, transmission, and distribution. 11 Electricity is a physical product—the flow of electrons; 

it may not be visible, but it can be turned on and off and can be measured and marketed. FERC,  Energy Primer: 

A Handbook of Energy Market Basics... 

... Energy & Utilities Law, Utility Companies HN2 Electric public utilities within Federal Energy Regulatory 

Commission (FERC) jurisdiction are required to maintain their books and records in accordance with FERC 's 

Uniform System of Accounts. 18 C.F.R. §§ 101 - 935 ... 

... are directed to use the Uniform System of Accounts prescribed by FERC. ... 

... Midcontinent Independent System Operator, Inc. " MISO is the Federal Energy Regulatory Commission 

("FERC ")-approved regional transmission organization ("RTO"), in which Ameren Missouri participates, with ... 

... Regs. Ann. tit. 4, § 240-20.030 . Electric public utilities within FERC jurisdiction are required to maintain their 

books and records in accordance with FERC 's Uniform System of Accounts. See 18 CFR §§ 101 - ... 

... Electric public utilities within Federal Energy Regulatory Commission ( ... 
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6.     Atl. Wind, LLC v. Zoning Hearing Bd. of Penn Forest Twp. 

Commonwealth Court of Pennsylvania | Jan 12, 2022 | 2022 Pa. Commw. Unpub. LEXIS 18 

... from the wind into electricity. And that happens whenever the wind flows across a wind turbine. Modern wind 

turbines then turn to the ... 

... energy of the blades which in turn turns a generator producing electrons that then flow out of the wind 

turbine through a local collector system and ... 

... the grid. And then the laws of physics dictate where those electrons will flow . Reproduced Record ( R.R. ) 

at 951a-952a. Section 202 of ... 

... conclusion: 32. The Chairman of the [] Authority wrote to the Federal Energy Regulatory Commission 

[(FERC)] on February 25, 2015, 16 The Authority drafted the letter as a comment to be included in FERC 's 

environmental impact statement regarding the route of the proposed PennEast ... 

... 32. The Chairman of the [] Authority wrote to the Federal Energy Regulatory Commission [(FERC)] on 

February 25, 2015, 16 The Authority drafted the letter as a comment to be included in FERC 's environmental 

impact statement regarding the route of the proposed PennEast ... 

... at 1 (R.R. at 409a). The Authority defended its purpose to FERC in 2015. Because the Authority, the 

Agreement, and the Conservation Easement ... 

 

7.     City of Seattle v. FERC 

United States Court of Appeals for the Ninth Circuit | Jan 15, 1991 | 923 F.2d 713 

Overview: Federal energy regulatory commission (FERC) was correct when it ordered city to deliver power to 

public utility district at cost, as determined on a demand-related basis by FERC, as the procedures did not 

deprive city of any rights. 

... since energy will flow directly over a BPA line to Ponderay, it is not really ... 

... language which suggests that there is something unique about the power flowing within each system. We 

must assume that no party to this ... 

... really believes any such thing. It hardly matters whether a particular electron starts in one place or another; 

the flow along the system is essentially one of fungible matter. Given that, the fact that the particular energy 

reaching Ponderay will flow through  BPA  lines is simply outside the point. PUD, not ... 

... Petitioner city sought review of the decision of respondent Federal Energy Regulatory Commission 

(Washington), which issued an order having the effect of requiring city ... 

... the license in a manner favorable to petitioner public utility district. Federal energy regulatory commission 

(FERC ) was correct when it ordered city to deliver power to ... 

... utility district at cost, as determined on a demand-related basis by FERC , as the procedures did not deprive 

city of any rights. ... 
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... rights. Petitioner public utility district (PUD) sought an order from respondent federal energy regulatory 

commission interpreting a license, which had been granted to petitioner city. The ... 

 

8. Direct Energy Servs., LLC v. Public Utils. Regulatory Auth. 

Superior Court of Connecticut, Judicial District of New Britain | Jul 23, 2021 | 2021 Conn. Super. LEXIS 1102 

... using renewable energy, as it is not possible to trace the flow of electrons from either renewable or 

traditional energy sources to any customer. It ... 

... be produced . . . . "In other words, it is FERC itself that has instituted a sort of regionalization of the national 

electricity market.  And neither FERC nor Congress has given any indication that this structure is unduly ... 

... and the NEPOOL-GIS, both of which are supervised by FERC — not  the state of Connecticut . It is FERC 

that has created the geographic distinctions on which Connecticut 's program ... 

... and ends are well within the scope of what Congress and FERC have traditionally allowed the States to do in 

the realm of ... 

... by ISO-NE and the NEPOOL-GIS, both of which are supervised by FERC — not  the state of Connecticut . It 

is FERC that has created the geographic distinctions on which ... 

... NEPOOL, moreover, is governed through a committee structure expressly approved by FERC .... It is 

through the incorporation of NEPOOL's GIS Rule 2.7(c) ... 

 

9.     In re Erving Indus., Inc. 

United States Bankruptcy Court for the District of Massachusetts, Western Division | Apr 07, 2010 | 432 B.R. 

354 

Overview: Because electricity supplied by a creditor to a debtor just before its bankruptcy filing was movable 

at the time it was identified to the contract, the electricity constituted "goods" within the meaning of UCC § 2-

105(1), which was the appropriate definition of "goods" to be applied to priority expense claims under 11 

U.S.C.S. § 503(b)(9). 

... basic principles to create electricity by applying a force to push electrons out of their orbits and cause them to 

"flow" from atom to atom. For example, the force of a spinning electromagnetic rotor will move electrons out of 

orbit in a nearby copper wire. This creates the ... 

... and transported wholly within a gas-producing state is also exempt from FERC jurisdiction. There  are 

several states that have intra-state (as opposed to interstate) gas pipelines. FERC took the lead in deregulating 

both the natural gas and electricity ... 

... to wholesale electricity markets, but those desires have been frustrated by FERC to date. Some large 

customers can become true wholesale customers through petitions to FERC or local regulators. However, the 

standards are very strict. Generally, the ... 

... transaction to use the same low-voltage wires. In those situations, both FERC and the state may have 

authority to set access terms and rates, often in conflict with each other. For example, FERC's access terms for 
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transmission lines require open access, whereas state regulations prohibit retail access prior to deregulation. 

Similarly,  ... 

 

10.     City Pub. Serv. Bd. of San Antonio v. PUC 

Court of Appeals of Texas, Third District, Austin | Jan 06, 2000 | 9 S.W.3d 868 

Overview: Because the Public Utilities Commission of Texas was not given the statutory authority to set the 

rates, the rate-setting portions of the wholesale transmission rules were invalid. 

... electricity will travel in reaching its destination requires a constructive fiction. Electrons flow freely through the 

entire ERCOT grid, and will always take the ... 

... Act, expanding the jurisdiction of the Federal Energy Regulation Commission (" FERC ") to include the 

authority, upon complaint , to order one ... 

... transmission services that are not less than the transmission services the Federal Energy Regulatory 

Commission may require in similar circumstances." PURA 95 § 35.006(a)(3).      The Federal Energy 

Regulatory Commission ... 

... See 16 U.S.C.A. § 824j(a) (West Supp. 1999) ("Any US Federal Energy Regulatory Commission , 

Authorities & Powers Civil Actions, Jurisdiction Electric Power Industry, Federal ... 

... transmission services that are not less than the transmission services the Federal Energy Regulatory 

Commission may require in similar circumstances; (4) must require that an electric ... 

... each order must necessarily be issued on an ad hoc basis. FERC does not have jurisdiction to issue an order 

compelling a transmission-provider ... 

 

11.     Powerex Corp. v. Dep't of Revenue 

Supreme Court of Oregon | Mar 26, 2015 | 357 Ore. 40 

Overview: Company's natural gas sales were not in Oregon under Or. Re. Stat. § 314.665(1) because the 

natural gas merely passed from one pipeline to another at the Oregon hub location on its way to purchasers in 

other states. 

... transmission lines, virtual photons should not be viewed separately from the flow of electrons that constitute 

electric current. Because electrons have mass and because electricity is perceptible, Fajans testified that 

electricity ... 

... personal property. Fajans testified that an electric current consists of the flow and "pressure" of electrons , 

which both he and Fisher agreed have mass. He also ... 

... the terms are synonymous) emerged as a result of a 1992 Federal Energy Regulatory Commission order, 

which required that "interstate natural gas pipeline companies transform themselves ... 
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12.     Powerex Corp. v. Dep't of Revenue 

Oregon Tax Court, Regular Division | Aug 01, 2016 | 22 OTR 222 

Overview: For purposes of Or. Rev. Stat. § 314.665, sales of electricity were sales of tangible personal 

property. The shipments of electricity at issue terminated in states other than Oregon, except as to sales that 

both parties agreed occurred in Oregon. 

... its next brief the department concedes that at COB and NOB electrons keep flowing along the transmission 

line but the "transaction" comes to rest. 6 ... 

... transaction 'comes to rest,' [at the trading hub] even though the electrons never stop moving." (Def's Post 

Case Mgmt Hg Reply Br at ... 

... system along the Pacific coast is governed by the provisions of FERC Order 888, 18 CFR §35 (1996) . ( See 

Ptf's Resp ... 

 

13.     Peterson v. Israel 

Superior Court of Connecticut, Judicial District of Hartford - New Britain, At Hartford | Jul 21, 1998 | 1998 Conn. 

Super. LEXIS 2133 

Overview: A Michigan child support order was not subject to collateral attack by Connecticut father who 

appeared specially in Michigan to contest in personam jurisdiction but failed to appeal from an adverse ruling 

on that issue. 

... another State is commerce although the transaction does not concern the flow of anything more tangible than 

electrons and information.    Id ., 106 .  The ... 

... clause because of regulation promulgated by Federal Home Loan Bank ] FERC v. Mississippi , supra , 456 

U.S. at pp. 760-61 , ... 

... is presumed to be a constitutional enactment under the Commerce Clause. FERC v. Mississippi (1982), 456 

U.S. 742 , 754 , 102 S. ... 

 

1.2 – LEGAL – STATUTES & LEGISLATION 

14. 139 Cong Rec S 15190 

Congressional Record | Nov 05, 1993 | 139 Cong Rec S 15190 | Vol. 139,No. 154 | Senate 

103rd Congress, 1st Session >  November 1993 >  November 5, 1993 >  Senate >  REMARKS OF 

COMMISSIONER WILLIAM L. MASSEY, FEDERAL ENERGY REGULATORY COMMISSION >  139 Cong Rec 

S 15190 

... case is the same one implicit in our order on RTG's. FERC will give the industry a chance to work out these 

issues ... 
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... indefinitely. If the industry cannot resolve these issues fairly and consensually, FERC will step in and decide 

them. I hope FERC intervention is the exception, not the rule. I strongly encourage the ... 

... generation competitors and a greater disintegration of the generation function as FERC continues boldly to 

implement its new wheeling authority. And, importantly, the ... 

... incrementally by allowing more EWG sellers into the market and increasing FERC 's authority to order 

wholesale transmission service. This encourages but does ... 

... rates for generation increasingly available. Third, on the natural gas side, FERC has occasionally exercised 

its authority to allow industrial customers and electric ... 

... the local distribution company and hook up directly with the pipeline. FERC has no similar authority on the 

electric side. In fact, Congress has stated unequivocally that FERC has no authority to order retail wheeling. 

Thus, the pressure for ... 

... the traditional contract path, or instead on the actual path of electron flow ; embedded costs or incremental 

costs; and postage-stamp rates or distance-sensitive ... 

 

15. 2017 Legis. Bill Hist. CA A.B. 813 

California Legislative Bill History | Jun 25, 2018 | 2017 Legis. Bill Hist. CA A.B. 813 | Bill Analysis 

... TO EXISTING LAW Existing law, the Federal Power Act, grants the Federal Energy Regulatory 

Commission (FERC ) with exclusive jurisdiction over the transmission of electric energy in ... 

... transmission or sale of electric energy subject to the jurisdiction of FERC , and all rules and regulations 

affecting or pertaining to such ... 

... CAISO indicating its intent to become a participating transmission owner, and FERC has approved any 

changes to the CAISO's tariff necessary for the ... 

... Existing law, the Federal Power Act, grants the Federal Energy Regulatory Commission (FERC ) with 

exclusive jurisdiction over the transmission of electric energy in ... 

... transmission or sale of electric energy subject to the jurisdiction of FERC , and all rules and regulations 

affecting or pertaining to such ... 

 

16. 106 S. Rpt. 324 

Committee Reports | Jun 28, 2000 | 106 S. Rpt. 324 

106th Congress, 2nd Session >  Senate >  Senate Report 106-324 

... reliability rules would be subject to approval and oversight by the FERC . The reliability standards established 

by the ERO would be mandatory ... 

... Council (NERC) and its individual regional reliability councils may file with FERC those existing reliability 

standards they propose to be mandatory in the interim before the new ERO is approved by FERC and it 

establishes reliability standards. FERC must approve any such standards before they become mandatory. 

FERC may select only one organization to become the ERO. FERC must select from applicants the one which 

will best meet the ... 
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... States and State commissions; and addressing such other matters as the FERC considers appropriate to 

ensure that the procedures, governance and funding of ... 

... the reliability of the bulk power market by creating an industry-run, Federal Energy Regulatory 

Commission (FERC ) overseen, organization that sets enforceable rules for the use of ... 

... reliability rules would be subject to approval and oversight by the FERC . The reliability standards established 

by the ERO would be mandatory ... 

... Council (NERC) and its individual regional reliability councils may file with FERC those existing reliability 

standards they propose to be mandatory in the interim before the new ERO is approved by FERC and it 

establishes ... 

 

17. 149 Cong Rec S 15140 

Congressional Record | Nov 19, 2003 | 149 Cong Rec S 15140 | Vol. 149,No. 168 | Senate 

108th Congress, 1st Session >  November 2003 >  November 19, 2003 >  Senate >  ENERGY POLICY ACT 

OF 2003-CONFERENCE REPORT-CONTINUED >  149 Cong Rec S 15140 

... blackout in the Northeast and the Midwest have stated that the Federal Energy Regulatory Commission, 

known as FERC, needs to move ahead with standardized electricity markets in order to improve the reliability of 

our markets. Since electricity flows across power lines without regard to State boundaries, we need clear ... 

... apply to the entire Nation. Unfortunately, this legislation would actually prohibit FERC from moving ahead 

with standardized markets for another 3 years. I ... 

... conference. We quoted our regulators on the impact of delaying these FERC rules. Specifically, we stated: ... 

... that capital will be less expensive for all market participants if FERC continues (and is permitted to continue) 

its efforts to provide reasonably ... 

... is hard to attract to this business. Congress is calling for FERC to slow down, Wall Street is frustrated FERC 

won't move faster." S. 14 makes participation of federal utilities in ... 

... The health of our state economies depends upon the free flow of interstate commerce governed at the 

federal level to ensure consistent, ... 

... state lines. Similarly, vibrant competitive power markets rely on the free flow of electrons through state and 

regional boundaries. To the extent there is a ... 

 

18. 2011 Legis. Bill Hist. CA A.B. 2234 

California Legislative Bill History | Apr 16, 2012 | 2011 Legis. Bill Hist. CA A.B. 2234 | Bill Analysis 

... reliability problems for other customers of the utility. 7) Can the electrons flow out from one project and 

provide electricity to another customer? NEM projects are equipped with bi-directional meters that count the 

flow of kilowatthours to and from a utility customer. With respect to where electricity that flows 'back to the 

grid,' there is no way to know where ... 

... was discharged. It cannot be said with certainty that the power flowed to the neighbor because one cannot 

say whether the neighbor was ... 
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... the transformers and substations are not bi-directional so any electricity that flows onto the grid from a 

customer-generator will be limited to a ... 

... schools that are closed on weekends, substantial amounts of electricity could flow to the local distribution 

grid. On weekends, electricity demand is typically ... 

... case, more data is needed to support claims that the excess electrons are delivered to neighbors or any 

other utility customer. Importantly, because ... 

... peak demand reported in the utility's Form 1 filing with the Federal Energy Regulatory Commission (FERC 

) and the sum of the individual NEM customer capacity is ... 

... peak demand reported in the utility's Form 1 filing with the Federal Energy Regulatory Commission (FERC 

) and the sum of the individual NEM customer capacity is ... 

 

19. 147 Cong Rec H 2265 

Congressional Record | May 16, 2001 | 147 Cong Rec H 2265 | Vol. 147,No. 67 | House 

107th Congress, 1st Session >  May 2001 >  May 16, 2001 >  House >  LIVABLE COMMUNITIES >  147 Cong 

Rec H 2265 

... convey to Californians the degree of this rip-off. You see, the electrons flowing to each California home, 

about two-thirds of them, are coming at ... 

... have suggested a couple of things. Number one, that he call FERC, the Federal Energy Regulatory 

Commission , and he ask them to impose a 2-year cost-based pricing ... 

... investigate to ensure that illegal price-fixing does not occur, and have FERC impose wholesale price caps so 

we do not continue to have ... 

 

20. 2011 Legis. Bill Hist. CA A.B. 2514 

California Legislative Bill History | Apr 16, 2012 | 2011 Legis. Bill Hist. CA A.B. 2514 | Bill Analysis 

... have identified as being valuable to the grid. 7) Can the electrons flow out from one project and provide 

electricity to another customer? NEM projects are equipped with bi-directional meters that count the flow of 

kilowatthours to and from a utility customer. With respect to where electricity that flows 'back to the grid,' there 

is no way to know where ... 

... was discharged. It cannot be said with certainty that the power flowed to the neighbor because one cannot 

say whether the neighbor was ... 

... the transformers and substations are not bi-directional so any electricity that flows onto the grid from a 

customer-generator will be limited to a ... 

... peak demand reported in the utility's Form 1 filing with the Federal Energy Regulatory Commission (FERC 

) and the sum of the individual NEM customer capacity is ... 

... peak demand reported in the utility's Form 1 filing with the Federal Energy Regulatory Commission (FERC 

) and the sum of the individual NEM customer capacity is ... 
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21. 2011 Legis. Bill Hist. CA A.B. 2514 

California Legislative Bill History | May 29, 2012 | 2011 Legis. Bill Hist. CA A.B. 2514 | Bill Analysis 

... (DG) have identified as being valuable to the grid. Can the electrons flow out from one project and provide 

electricity to another customer?  NEM projects are equipped with bi-directional meters that count the flow of 

kilowatthours to and from a utility customer. With respect to where electricity that flows 'back to the grid,' there 

is no way to know where ... 

... was discharged. It cannot be said with certainty that the power flowed to the neighbor because one cannot 

say whether the neighbor was ... 

... the transformers and substations are not bi-directional so any electricity that flows onto the grid from a 

customer-generator will be limited to a ... 

... peak demand reported in the utility's Form 1 filing with the Federal Energy Regulatory Commission (FERC 

) and the sum of the individual NEM customer capacity is ... 

 

22. USCS Const. Art. I, § 8, Cl 3, Power of Congress to regulate commerce. 

USCS - Constitution of the United States | USCS Const. Art. I, § 8, Cl 3 

ARTICLE I. LEGISLATIVE DEPARTMENT. > Sec. 8. LEGISLATIVE DEPARTMENT. 

... 1992 U.S. App. LEXIS 29288 (11th Cir. 1992) . FERC did not err in finding that hydroelectric project was 

subject to FERC’s mandatory licensing jurisdiction based on Congress’s authority to regulate commerce; FERC 

did not abuse its discretion in determining that post-1935 construction resulted in increase in generating 

capacity.  Turlock Irrigation Dist. v. FERC,  786 F.3d 18... 

... sporadic, and though they do not utilize common carriers or concern flow of anything more tangible than 

electrons and information. United States v. South-Eastern Underwriters Ass'n, 322 U.S. 533 ... 

 

23. CRS Report No. R47093 

Congressional Research Service Reports | May 05, 2022 |  CRS Report No. R47093  

... known as the p/n junction. When sunlight illuminates the cell, free electrons are generated around the 

interface, and if a wire is connected to the device, a flow of electricity is produced. 34Using half-cut cells 

provides lower currents, which ... 

... known as the p/n junction. When sunlight illuminates the cell, free electrons are generated around the 

interface, and if a wire is connected to the device, a flow of electricity is produced. 34Using half-cut cells 

provides lower currents, which ... 

... utility regulation, see CRS Report R44783, The Federal Power Act ( FPA ) and Electricity Markets , by 

Richard J. Campbell. which accounted ... 

 

1.3 – LEGAL – ADMINISTRATIVE MATERIALS 
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24. NOTE: Flow or Oscillate? The Mismatch between the Language Judges and 
Attorneys Use to Describe Electricity and the Actual Behavior of Electricity on the 
Grid 

Ecology Law Quarterly & Currents | Jan 01, 2017 | 44 Ecology L.Q. 343 | 18825 | Elissa Walter* 

... Widespread Usage of Inaccurate " Flowing Electrons" and "Directional Electricity Flow" Language  Judge  

Loken 's use of this inaccurate "flowing electrons" and "directional electricity flow " language is not an isolated 

incident. Judges, attorneys, scholars, and ... 

... even public utility commissions frequently use language that either explicitly describes electrons as 

"flowing" or implicitly paints an image of electrons flowing from power plants directly to end-use consumers. 

64 See, e.g., id. ... 

... Petitioners, supra note 11, at 20-21. As a result, the " flowing electrons" and "directional electricity flow " 

language that once sufficiently approximated the behavior of electricity on ... 

... or accurate. Nevertheless, some attorneys and judges continue to use " flowing electrons" and "directional 

electricity flow " language. This reliance on inaccurate language by some legal professionals ... 

... depict the behavior of electricity. The mismatch between the outdated " flowing electrons" and "directional 

electricity flow " language employed by some practitioners and the physical structure of ... 

... law cases. While some attorneys and judges utilize this inaccurate " flowing electrons" and "directional 

electricity flow " language to interpret issues of constitutionality and jurisdiction in energy ... 

 

25. NOTE: IF IT'S BROKE, FIX IT: FEDERAL REGULATION OF ELECTRICAL 
INTERSTATE TRANSMISSION LINES 

University of Illinois Law Review | Jan 01, 2013 | 2013 U. Ill. L. Rev. 695 | 38024 | Elena P. Vekilov* 

... 1000 facilitating a federal expansion of authority over transmission line siting, FERC has mandated regional 

consideration of line effects and required states to ... 

... as much state action as can be justified via its current FPA authority. By consistently reiterating that it is not 

infringing on states' siting authority, however, FERC is recognizing the existing limitation to its authority via the 

FPA 's differentiation between "intrastate" and "interstate" jurisdiction. Order 1000 reflects the ... 

... is not working to enable grid expansion and continues the consistent FERC trend of pushing for greater 

interstate consideration, but it remains constrained ... 

... by current legislation. 357 Id. There is not much more that FERC can do under the current FPA to promote 

interstate transmission lines - so long as the states ... 

... current regulatory debate. This is especially so when combined with the electron flow theories discussed 

above: with no way to control electron flow , no way to know whether the electricity is moving through ... 

... note 269, at 125. There is no similar provision in the FPA. As discussed above, FERC lacks certificate 

jurisdiction under the FPA , and all siting and authorization of transmission lines is subject ... 

 

26. ARTICLE: THE FALSE ANALOGIES OF ELECTRICITY, AND TOWARD AN 
ANALYSIS OF CONTRACTUAL RELATIONSHIPS TO DIFFERENTIATE 
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TRANSACTIONS AMONG STATES UNDER THE DORMANT COMMERCE 
CLAUSE 

Texas Journal of Oil, Gas and Energy Law | Jan 01, 2016 | 11 Tex. J. Oil Gas &amp; Energy L. 31 | 10605 | 

TODD L. LUNDY * 

... Heydinger , we believe electricity is produced in the form of electrons and that these electrons flow inside 

wires. We think electrons flow to our homes and businesses, where they deposit electrical energy to ... 

... and appliances. We think of purchasing electricity from a pool of electrons, like a pool of water that has a 

particular source of generation and that flows as a stream. We believe electrons move at the speed of light--

from an electricity generation plant through ... 

... to a light bulb. This happens to be all wrong. The electrons addressed in ... 

... comprised of copper wire, copper atoms supply the moving and charged electrons.    233    Id.  Therefore, 

contrary to the analogy that generators produce electrons that flow from a point of creation to a point of use, 

electrons never enter the grid, because "electrons flowing in your wires were there to begin with." 234 

Schewe, supra ... 

... electric current, and energy and current therefore "are two different things flowing in wires at the same time."    

245    Id. How fast are electrons moving? Electrons in an electric current flow relatively slowly, only  

centimeters per minute .  246   ... 

 

27. ARTICLE: Inverting Choice of Law in the Wired Universe: Thermodynamics, 
Mass, and Energy 

William & Mary Law Review | Apr 01, 2004 | 45 Wm. &amp; Mary L. Rev. 1839 | 46950 | STEVEN FERREY * 

... Unless the wire is conducting current, there are just as many electrons going forward as backward in the 

wire, the electrons have frequent collisions with the other electrons and with atoms in the wire, and they 

transport no charge. When current flows through a wire to transmit power, there are slightly more electrons 

with velocities in the current direction than opposite it. There will ... 

... so its cross section is about A=0.0079 cm,2. The density of electrons in copper is approximately 

N=8.5x10,[22] cm,[-3]) (one electron per copper atom), and the electron charge is e-1.6x10,[-19] C. So one 

can find the drift velocity ... 

... is a miniscule velocity compared to the random Fermi velocity. An electron moving at the drift velocity would 

take more than three minutes ... 

... beams or laser beams through empty space, where there are no electrons to flow. The amount of energy 

from an electron that moves from one wire to another is the product of the electron charge times the potential 

difference between the wires. The potential difference ... 

... difference is measured in volts. With a big voltage difference, few electrons need flow . To minimize the 

current in the wires, power companies use ... 

 

28. COMMENT: ORDER 888: HAS THE FEDERAL ENERGY REGULATORY 
COMMISSION INVADED THE STATES' JURISDICTIONAL TERRITORY? 



P a g e  | 317 
 

ABA Administrative Law Review | Jul 01, 2002 | 54 ADMIN. L. REV. 1213 | 12753 | Laura Duos *J.D. 

Candidate, 2003, Washington College of Law, American University, B.A. Vanderbilt University, 1999. Senior 

Staff, ADMINISTRATIVE LAW REVIEW, 2002-2003. The author would like to thank her family for their constant 

love and support. 

... received from Public Service . . . ."). In determining whether FERC properly limited its jurisdiction under the 

FPA regarding bundled retail transmissions, one must consider the scope of FERC's jurisdiction as mandated 

by the FPA. The statute is ambiguous because the FPA grants FERC jurisdiction over all transmission of 

energy, but retains jurisdiction for states ... 

... PRAC. L. INST. 71, 74-77 (1998) (analyzing circumstances in which the FPA empowers FERC action). FPA 

allows FERC to intervene if FERC finds undue discriminatory practices in the areas over which FERC has 

jurisdiction. Id. B. Order 888 Requires the Filing of Open ... 

... It appears FERC possesses the necessary tools to restructure the energy market, given the ... 

... allows state regulation over bundled retail sales. State regulatory commissions argue FERC exceeded its 

jurisdiction, citing the congressional intent of the FPA, and disputing when energy transmission becomes 

interstate commerce. Independent providers argue FERC improperly limited its jurisdiction, and should require 

utilities engaging in bundled ... 

... sales to file tariffs to prevent undue discrimination in the market. FERC contends, as affirmed by the 

Supreme Court, it has correctly excluded ... 

 

29. COMMENT: ORDER 888: HAS THE FEDERAL ENERGY REGULATORY 
COMMISSION INVADED THE STATES' JURISDICTIONAL TERRITORY? 

ABA Administrative Law Review | Jul 01, 2002 | 54 ADMIN. L. REV. 1213 | 12754 | Laura Duos *J.D. 

Candidate, 2003, Washington College of Law, American University, B.A. Vanderbilt University, 1999. Senior 

Staff, ADMINISTRATIVE LAW REVIEW, 2002-2003. The author would like to thank her family for their constant 

love and support. 

... received from Public Service . . . ."). In determining whether FERC properly limited its jurisdiction under the 

FPA regarding bundled retail transmissions, one must consider the scope of FERC's jurisdiction as mandated 

by the FPA. The statute is ambiguous because the FPA grants FERC jurisdiction over all transmission of 

energy, but retains jurisdiction for states ... 

... PRAC. L. INST. 71, 74-77 (1998) (analyzing circumstances in which the FPA empowers FERC action). FPA 

allows FERC to intervene if FERC finds undue discriminatory practices in the areas over which FERC has 

jurisdiction. Id. B. Order 888 Requires the Filing of Open ... 

... It appears FERC possesses the necessary tools to restructure the energy market, given the ... 

... allows state regulation over bundled retail sales. State regulatory commissions argue FERC exceeded its 

jurisdiction, citing the congressional intent of the FPA, and disputing when energy transmission becomes 

interstate commerce. Independent providers argue FERC improperly limited its jurisdiction, and should require 

utilities engaging in bundled ... 

... sales to file tariffs to prevent undue discrimination in the market. FERC contends, as affirmed by the 

Supreme Court, it has correctly excluded ... 
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30. ARTICLE: In (Reluctant) Defense of Enron: Why Bad Regulation Is to Blame for 
California's Power Woes (or Why Antitrust Law Fails to Protect Against Market 
Power When the Market Rules Encourage Its Use) 

Oregon Law Review | Apr 01, 2004 | 83 Or. L. Rev. 207 | 32398 | DARREN BUSH*, CARRIE MAYNE** 

... In 1977, Congress renamed and reengineered the FPC (dubbing the agency FERC). FERC's jurisidiction is 

essentially an electron flow test. Thus, transactions between two utilities in a single state are FERC-

jurisdictional because electrons could flow across state lines. 92 Connecticut Light & Power Co. v. FPC, ... 

... 535 U.S. 1 (2002). The Supreme Court's pronouncement that FERC could invade bundled retail markets has 

emboldened FERC. Recently, FERC promulgated its SMD NOPR that requires energy markets to have certain 

characteristics that FERC has found to be procompetitive.   106  See  Pennsylvania  - ... 

... Florida Power & Light Co., 404 U.S. 453 (1972). Of course, electrons run like water, and it is impossible to 

determine in reality which electrons are flowing where. See  Jersey Cent. Power & Light Co. v. FERC, 319 

U.S. 61, 71 (1943).... 

... is that market manipulation means a violation of antigaming provisions of FERC-approved tariffs. See 

Federal Energy Regulatory Commission , Final Report on Price Manipulation in Western Markets: Fact-

Finding Investigation ... 

 

31. UNIT IV Glossary of Energy Terms 

Energy Law and Transactions | 7 Energy Law and Transactions Scope 

UNIT IV Glossary of Energy Terms 

UNIT IV Glossary of Energy Terms 

... ELECTRICITY ( q.v. ) and the rate of such movement. A flow of electrons in an electrical conductor. Refers 

to current intensity or strength. The ... 

... the electricity is measured in amperes. Technically, the measure of the flow of electrons through a line in 

electrons per second, measured in VOLTS ( q.v. ). See ALTERNATING CURRENT ... 

... air is passed across the cathode. The hydrogen atoms release their electrons and become positively 

charged hydrogen atoms. The negatively charged free electrons migrate toward the positive cathode through a 

connecting circuit. The electron flow in the external circuit constitutes electricity. Fuel Cost Adjustment Clause 

A ... 

... of electric current. An ampere is proportional to the quantity of electrons flowing through a conductor past a 

given point in one second. It is analogous to the flow of a cubic foot of water past a given point during ... 

... developed this program when “the FERC came to the conclusion that it could no longer adequately monitor ... 

... ) arrangements to ensure that all allocations were non-discriminatory. Pursuant to FERC Order No. 636, the 

FERC decided that to further place gas purchasers on equal footing and ... 

 

32. ARTICLE: Supreme Court Strips States of Their Power over the World's Second 
Most Important Technology 
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Baylor Law Review | Apr 01, 2017 | 69 Baylor L. Rev. 315 | 29360 | Steven Ferrey* 

... the matter. She noted that "in the electricity transmission system, individual electrons do not actually "flow' 

in the same sense as water flows in a pipe. Rather, the electrons oscillate in place, and it is electric energy 

which is transmitted ... 

... created in the power lines by electric power generators causing the electrons to oscillate.  ... 

... California 171 California Indep. Sys. Operator Corp., 128 FERC P 61,103 at P 61,501, 2009 FERC LEXIS 

1590, 2009 FERC LEXIS 1590 (FERC 2009);  Order on Petitions for Declaratory  Order... 

... In the MISO grid, electrons flow freely without regard to state borders, entirely under MISO's federally 

approved ... 

... person who "imports" electricity does not know the origin of the electrons it receives, whether or not the 

transaction is pursuant to a ... 

... market, the "contract path" between the importer and generator "represents a flow of dollars, not a flow of 

electrons ." 219 North Dakota v. Heydinger, 825 F.3d 912, 921 (2016). ... 

... indicated in note 4. Id. at 62767; see Ohio Edison Company, FERC Market-Based Rate Power Sales Tariff, § 

19.05 Affiliate Sales (3.0.0); Cleveland Electric Illuminating Company, FERC Market-Based Rate Power Sales 

Tariff, § 19.05 Affiliate Sales (3.0.0); Toledo Edison Company, FERC Market-Based Rate Power Sales Tariff, § 

19.05 Affiliate Sales (3.0.0); Ohio ... 

 

33. COMMENT On the Pulse of America: The Federal Government's Assertion of 
Jurisdiction over Electric Transmission Planning and Its Effect on the Public 
Interest* 

North Carolina Law Review | Mar 01, 2013 | 91 N.C.L. Rev. 997 | 25478 

... has not spoken clearly against FERC's authority. And, given the recent trend in the industry and 

corresponding trend toward more permissive readings of FERC's authority in the case law, this indirect effect on 

retail sales is probably not enough to prevail. That FERC Order 1000 is not too far removed from a practice 

affecting ... 

... rates, while still permitting voluntary coordination for operations and not exceeding FERC's authority with 

respect to state jurisdiction, is reconcilable. As long as FERC's FPA section 206 authority may be construed 

broadly enough to enable it ... 

... practice too far removed from rates or needing to be voluntary, FERC may exercise its longstanding authority 

over transmission in interstate commerce. Further, such authority is not limited to only wholesale sales. FERC 

has historically forborn from asserting its full authority over interstate transmission, but at a time when FERC 

would like to shepherd the interstate transmission system to support wholesale ... 

... not-yet-asserted regulatory powers. C. Chevron Step Two: Order 1000's Reading of FPA Section 206 Is a 

Reasonable Interpretation of the Statute... 

... incompatible with the reservation of jurisdiction to the states under the FPA is that ... 

 

34. ARTICLE:A JURISDICTIONAL CLASH OVER ELECTRICITY TRANSMISSION: 
NORTHERN STATES POWER v. FERC 
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Energy Law Journal | Jan 01, 1999 | 20 Energy L. J. 205 | 13969 | William H. Penniman *, Paul B. Turner ** 

... 61,178 (1997). Furthermore, experience and logic support the view that the FERC 's jurisdiction over 

interstate transmission facilities and service must include the ... 

... through those transmission facilities. Inasmuch as both wholesale and retail power flow through common 

transmission lines as indistinguishable, commingled electrons , allocation of constrained transmission capacity 

is a zero sum game. ... 

... available for other sales (e.g., retail sales) and vice versa. The FERC could not effectively regulate either the 

terms of wholesale services or ... 

... event of capacity constraints. Such a conclusion would severely undermine the FERC's jurisdiction, leaving 

the FERC to regulate only the transmission capacity that is left over after ... 

... Under that view, the retail sale/local distribution exceptions would swallow the FERC 's primary grant of 

transmission jurisdiction. It is difficult to see ... 

... affected states. The physics of electricity generation and transmission dictates that flows of co-mingled 

power will freely cross state lines, and that changes ... 

... jurisdiction over retail sales would follow, in time and place, the FERC's jurisdiction over the underlying 

transmission of electricity. The language of the FPA also supports the FERC's exercise of jurisdiction over all 

transmission curtailments. Although the FPA limits the FERC's sales jurisdiction to wholesale transactions, the 

FPA's grant to the FERC of jurisdiction over interstate transmission of electricity and facilities used for ... 

 

35. ARTICLE: UNRESOLVED JUDICIAL CONFLICT AND CRITICAL 
INFRASTRUCTURE 

Texas A&M Law Review | Apr 01, 2016 | 3 Tex. Wesleyan L. Rev. 581 | 29393 | By: Steven Ferrey* 

... Unless the wire is conducting current, there are just as many electrons going forward as backward in the 

wire, the electrons have frequent collisions with the other electrons and with atoms in the wire, and they 

transport no charge. When current flows through a wire to transmit power, there are slightly more electrons 

with velocities in the current direction than opposite it. There will ... 

... so its cross section is about A=0.0079 cm2. The density of electrons in copper is approximately 

N=8.5x10(22) cm(-3)) (one electron per copper atom), and the electron charge is e-1.6x10(-19) C. So one can 

find the drift velocity ... 

... is a miniscule velocity compared to the random Fermi velocity. An electron moving at the drift velocity would 

take more than three minutes ... 

... has a positive electrical charge … together with a number of electrons, all having the same negative charge 

and mass, which move at distances from the nucleus." Electrons moving around the nucleus on the outermost 

plane (or "shell") can ... 

... with them. It is the energy produced by this movement of electrons from atom to atom that we call 

"electricity." Power plants use ... 

... basic principles to create electricity by applying a force to push electrons out of their orbits and cause them 

to "flow " from ... 
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36. STUDENT NOTE: EXTRATERRITORIALITY AND THE ELECTRIC GRID: 
NORTH DAKOTA V. HEYDINGER, A CASE STUDY FOR STATE ENERGY 
REGULATION 

The Harvard Environmental Law Review | Jan 01, 2017 | 41 Harv. Envtl. L. Rev. 563 | 19424 | Tessa Gellerson* 

... on a misconception of the electric grid. Judge Murphy concluded that electrons do not "behave like drops of 

water flowing through a pipe … . rather, the electrons oscillate in place, and it is the electric energy which is ... 

... these GHG emissions seems unlikely in the current political climate. And FERC's ability to regulate GHG 

emissions from the grid is limited by the FPA's bifurcation of authority over the wholesale and retail electric 

markets between FERC and the states, respectively. State regulation of the grid is thus ... 

... Second, authority to regulate the electric grid is bifurcated between the Federal Energy Regulatory 

Commission ("FERC") and the states. While FERC has authority to regulate wholesale electricity markets, 3 

See 16 U.S.C. ... 

... of authority, which confines state policies to the retail market and FERC policies to the wholesale market. 

Excessive application of extraterritoriality in this context threatens to create regulatory gaps where neither 

FERC nor the states can regulate, leaving room only for unlikely national regulation.  ... 

 

37. ARTICLE: Rethinking Grid Governance for the Climate Change Era 

California Law Review & Online | Feb 01, 2021 | 109 Calif. L. Rev. 209 | 78230 | Shelley Welton* 

... A. Pare Them Back As mentioned earlier, FERC did not expect RTOs to come to have the range of ... 

... done, but on a more efficient, integrated regional scale: managing the flow of electrons over the 

transmission grid.           340             ... 

... ISO-NE "jump ball" filings. So much for state involvement. What about FERC 's own oversight strategies? As 

described in Part II.D, the circuit ... 

... have diminished these as well through opinions that limit the matters FERC can regulate and the extent to 

which the agency can amend RTO proposals. FERC still has tools, however, blunted though they may be. The 

agency ... 

... the privatized RTO structure both diminishes and aggrandizes the role of FERC in problematic ways, with 

respect to different policy priorities. In short, the structure of FERC's legal oversight of RTOs makes it easy for 

FERC to justify approving reforms favored by incumbents, but difficult for the agency to force the industry to 

innovate.      1. Diminished FERC Authority in the Face of Competing Priorities... 

... RTOs work through their internal governance processes to propose solutions. If FERC rejects a proposal, the 

whole process starts over - often, over ... 

 

38. SYMPOSIUM: The Fifth Dimension: Legal Infrastructure, Cracks, and 
Governance 

Minnesota Journal of Law, Science & Technology | Jan 01, 2014 | 15 Minn. J.L. Sci. &amp; Tech. 469 | 16005 | 

Steven Ferrey * 
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... 155, at 850. Because the current is constantly changing direction, the electrons do not flow around the 

circuit, but oscillate in a confined area, delivering energy ... 

... Current is the rate of flow of electric charge from one region to another in a circuit.    158    Id.  Because the 

motions of the electrons are random, there is no net flow of charge in any direction inside the copper wire. 159 

Id. ... 

... a Supremacy Clause issue lurking in states adopting ROFR despite federal FERC prohibition of such 

provisions, when the FERC has exclusive   authority to oversee such transactions.   ... 

... 16 U.S.C. §§ 824d -- 8 24 e (2012). empower the Federal Energy Regulatory Commission (FERC ) 

exclusively to regulate rates for the interstate and wholesale sale ... 

... a facility identified and approved for construction in a federally approved FERC plan, at the expense of a 

potential competitor, contrary to the FERC's order.    188    Compare   ... 

... Ferrey, supra note 155, at 1889. FERC Order 1000 requires incumbent transmission providers, utilities, to 

remove ... 

 

39. NOTE: Dual Environmentalism: Demand Response Mechanisms in Wholesale 
and Retail Energy Markets 

Pace Environmental Law Review | Oct 01, 2016 | 34 Pace Envtl. L. Rev. 165 | 19429 | Sarah M. Main* 

  FERC v. Elec. Power Supply Ass'n, 136 S. Ct. 760, 771 (2016).     FERC invoked its authority to amend its 

regulations under the FPA provision that mandates FERC change "any rule, regulation, practice, or contract 

affecting such rate, change, ... 

... Id. at 766. Adopting a "common sense construction of the FPA's language, limiting FERC 's "affecting' 

jurisdiction to rules or practices that "directly affect the ... 

... the Court reasoned that regulating wholesale demand response was wholly within FERC's jurisdiction.   123    

Id. at 774.   ... 

... Solicitor General, who filed the Supreme Court challenge on behalf of FERC, the Court of Appeals "departed 

from the interpretive approach to the FPA that the court has applied for a half-century;" that is, to give FERC 

flexibility in performing its mandate of ensuring just and reasonable wholesale ... 

... at 778. As its third and final holding, the Court found FERC 's compensation scheme was not arbitrary or 

capricious under the Administrative ... 

... 745 attempts to ensure "just and reasonable" wholesale rates, as per FERC's FPA mandate, by requiring 

market operators to compensate demand response providers in ... 

 

40. ARTICLE: Troubled Water: Building a Bridge to Clean Energy Through Small 
Hydropower Regulatory Reform 

UCLA Journal of Environmental Law & Policy | Jan 01, 2018 | 36 UCLA J. Envtl. L. &amp; Pol'y 231 | 10412 | 

Jody D. Lowenstein  1 J.D. Candidate, Alexander Blewett III School of Law at the University of Montana. Thank 

you to my parents for their support and guidance. and Samuel J. Panarella  2 Associate Professor of Law & 

Director of the Max S. Baucus Institute, Alexander Blewett III School of Law at the University of Montana. Thank 

you to my colleagues and my family for their assistance and critical reviews of this paper. 
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... licensing or exemption process, with FERC providing a public-comment period on the final application, 

conducting an environmental ... 

... Following submission of a final application and any corrections of deficiencies, FERC will provide another 30-

day public comment period. Then, FERC will initiate an environmental analysis of the project under NEPA. This 

... 

... fish and wildlife species and habitat under section 10(j) of the FPA. Once the environmental analysis and 

accompanied public comment period is complete, FERC will make a licensing decision regarding the project.  

Id.  at 22.  From start to finish, FERC intended the HPPL process to take approximately six months to complete 

... 

... project developer may obtain a thirty- to fifty-year operating license from FERC by completing one of the 

three standard licensing processes. Since most ... 

... a developer may also seek a small hydropower licensing exemption from FERC. However, as discussed 

above, similar to a general small hydropower project, obtaining an exemption from FERC licensing would likely 

do little to expedite approval and construction of ... 

... materials. The developer will then submit its revised draft application with FERC , including a process-waiver 

request to use the Hydrokinetic Pilot Project ... 

... A developer must also request designation as the non-federal representative of FERC for ESA and National 

Historic Preservation Act consultations. Once a draft ... 

 

41. ARTICLE:NOTHING BUT NET: RENEWABLE ENERGY AND THE 
ENVIRONMENT, MIDAMERICAN LEGAL FICTIONS, AND SUPREMACY 
DOCTRINE 

Duke Environmental Law and Policy Forum | Oct 01, 2003 | 14 Duke Envtl. L. &amp; Pol'y F. 1 | 46023 | Steven 

Ferrey* 

... wholesale level, although it is netted against a retail sale. However, FERC took a contrary position in 

MidAmerican, holding that no sale technically occurs. Without a wholesale sale, FERC does not have 

jurisdiction. In essence, FERC held states could not recognize as a transaction what occurs on ... 

... the only point of "sale." Put in proverbial form, if an electron is transferred and no one records it, has it really 

been transferred? The peculiar element in this holding is that FERC allows states to make the "netting" 

decision, which at its core is a determination to recharacterize instantaneous wholesale sales (FERC 

jurisdiction) as retail sales (state jurisdiction). If FERC announced this in a generic rulemaking, this would be 

understandable policy. ... 

... To do so on the MidAmerican facts is awkward, at best. FERC embeds the above proverb in its MidAmerican 

decision in a leap ... 

... in any fashion address net metering. Analyzing these decisions upon which FERC directly relies in 

MidAmerican, as well as their own respective precedent, lays even less foundation for the FERC decision. In 

fact, two decades of FERC and federal court precedent prior to MidAmerican seems to prescribe to ... 

 

42. ARTICLE: Net Legal Power 
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San Diego Law Review | Apr 01, 2016 | 53 San Diego L. Rev. 221 | 28477 | STEVEN FERREY* 

...  FERC articulates the foundation of avoiding FERC jurisdiction of wholesale sales of power: Where there is 

no net ... 

... [Qualifying Facility] that has been exempted from section 205 of the FPA [Federal Power Act] by section 

292.601 of our regulations, no filing under the FPA is necessary to permit the net sale; however, if the entity ... 

... a QF that is not exempted from section 205 of the FPA by section 292.601 of our regulations, a filing under 

the FPA is necessary … .  180  Id. (footnotes omitted, emphasis added). ... 

  FERC v. Mississippi, 456 U.S. 742, 769 (1982).     While FERC has promulgated two decades of generic rules 

and orders encouraging competitive ... 

... orders which have a similar effect to federal trial court rulings. FERC has twice adjudicated whether state net 

metering programs are within state authority, or are disguised FERC -jurisdictional wholesale sales of power. 

Recall that if not a wholesale ... 

... individual distributed generation customers. 170 See supra Section II.A. In 2001, FERC rejected ... 

... not energized by a generator and is at rest, negatively charged electrons in the copper atoms are free to 

move randomly in all ... 

 

43. COMMENT: ALLOCATING POWER: TOWARD A NEW FEDERALISM 
BALANCE FOR ELECTRICITY TRANSMISSION SITING 

Maine Law Review | Jan 01, 2013 | 66 Me. L. Rev. 229 | 27158 | Kevin Decker* 

... 130 S.Ct. 1138 (2010). for the Piedmont Environmental Council decision, however, FERC might face a 

substantial risk of a similar outcome in other ... 

... to wait for a split among the circuits to emerge if FERC forced the issue. But of course FERC risked using its 

resources only to lose again in other circuits and providing opponents of broad FERC authority further 

advantage. A more immediate and difficult challenge for FERC is that DOE has designated only two NIETCs in 

which FERC may exercise its backstop authority, one in Southern California and another ... 

... Act created the Federal Power Commission ("FPC"), known today as the Federal Energy Regulatory 

Commission ("FERC"), and Section 201(a) of the FPA granted FERC jurisdiction over "transmission of electric 

energy in interstate commerce and to ... 

... See Brown & Sedano, supra note 3, at 3-4. FERC exercises its authority under the FPA primarily by setting 

rates for electricity. Section 205 of the FPA provides that utilities may charge only "just and reasonable rates" 

for ... 

 

44. § 240E.05 Transmission of Electricity 

Business Organizations with Tax Planning | 16 Business Organizations with Tax Planning § 240E.05 

PART 33 ENVIRONMENTAL LAW > CHAPTER 240E Electricity Regulation 

§ 240E.05 Transmission of Electricity 
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... under “postage stamp” or “ratable distance” approaches. Both approaches ignore “inadvertent flow” or “loop 

flow,” the tendency of electrons to flow around a congested transmission line and reach its destination in 

circuitous fashion if at all. 22 The FERC’s final ruling in FERC’s Order Nos. 888/889 declined to address 

proposes to depart from contract path pricing. Federal Energy Regulatory Commission, Order No. 888, April 

24, 1996, adopting amendments to ... 

... (Docket No. RM95-8-000 and RM94-7-001), May 24, 1996. [iii] Reciprocity— FERC’s Long Arm Jurisdiction. 

While it is clear that FERC continues to recognize the exemption of state power marketers and municipalities 

from FERC jurisdiction, under the terminology of “non-public utilities,” FERC has clearly asserted its long-arm 

jurisdiction over them. All parties may now be, of practical necessity, subject to FERC jurisdiction. [5] Smart 

Grid The Energy Independence and Security Act of ... 

... the open access pro forma tariff contained in Order No. 888, FERC Stats. & Regs. ¶ 31,036, as ... 

 

45. TOWARD A CLEAN ENERGY FUTURE: POWERING INNOVATION THROUGH 
LAW: ARTICLE: Public Utility and the Low-Carbon Future 

UCLA Law Review & Discourse | Jul 01, 2014 | 61 UCLA L. Rev. 1614 | 36847 

... of reliable electric service. 35 Electricity is often mischaracterized as the flow of electrons. In fact, it is 

electric current that flows through the grid at roughly the speed of light. The electrons in the transmission and 

distribution wires simply oscillate in place (in ... 

... is the pulse or signal of the current, not the individual electrons ."). For a good overview of the distinctive 

features of electric ... 

... Physicists in Support of Respondents at 2, 6-9, New York v. FERC, ... 

... as one large machine, not a set of straws through which electrons flow . While the laws of supply and 

demand and the invisible ... 

... there is ongoing debate about the role (and legality) of recent FERC rules in promoting this growth by 

allowing for the aggregation of ... 

... as a resource in these markets. The D.C. Circuit recently vacated FERC Order 745, which created a 

framework for the compensation of demand ... 

... States over retail electricity markets. See Elec. Power Supply Ass'n v. FERC, No. 11-1486 ( D.C.  Cir. May 

23, 2014) (vacating FERC Order 745); see also Peter Cappers et al., Demand Response in ... 

 

46. ARTICLE: CAN ENERGY MARKETS BE TRUSTED? THE EFFECT OF THE 
RISE AND FALL OF ENRON ON ENERGY MARKETS 

Houston Business and Tax Law Journal | Jan 01, 2004 | 4 Hous. Bus. &amp; Tax L.J. 1 | 65323 | Jacqueline 

Lang Weaver * 

... techniques, such as strategic bidding, to influence prices. The GAO criticized FERC 's study of outages as 

not thorough enough to support its ... 

... of repairs is a judgment call by plant owners or operators. FERC had no data on past outages to use as 

benchmarks for comparison. Without a baseline, FERC could not justifiably conclude that the outages were 

normal. Yet FERC 's report had been widely used by the generators in the ... 
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... of withholding had been made against them. The GAO report chided FERC as follows: FERC 's report comes 

on the heels of some of the most ... 

... power in an effort to raise prices . . . . FERC 's views, opinions, and orders clearly send important signals to 

the ... 

... public confidence. We believe that, as the federal government's market-monitoring entity, FERC has ... 

... Accounting Office report, released in June 2002, sought to determine how FERC had revised its oversight 

functions and how it was meeting its ... 

... challenges in regulating the new power markets. The report found that FERC was still struggling to educate 

itself about the new markets, rather than actually oversee them. FERC Chair Pat Wood III thanked the GAO for 

its insights and attached FERC 's plans to establish the Office of Market Oversight and Investigation ... 

 

47. § 82.05 Transmission Rates 

Energy Law and Transactions | 4 Energy Law and Transactions § 82.05 

8 TRANSPORTATION OF ENERGY > CHAPTER 82 Electricity: Open Access, Transmission & Comparability 

§ 82.05 Transmission Rates 

... unique physical nature of electric transmission. Consistent with Kirchoff’s laws, the flow of electrons across 

a transmission system follows the path of least resistance between ... 

... source and load, although not necessarily the shortest path. Indeed, the flow of electric energy across a 

transmission system follows multiple, parallel paths—and ... 

... General Counsel, N. States Power Company, to David P. Boergers, Secretary, FERC (Nov. 19, 1999) (on file 

with FERC ). The Commission also provided for special procedures when a transmission ... 

... F.E.R.C. ¶ 61,152 (1997) , aff’d , W. Mass. Elec. Co. v. FERC , 165 F.3d 922 , 334 U.S. App. D.C. 135 (D.C. 

... 

... the D.C. Circuit’s opinion in South Carolina Public Service Authority v. FERC resolved the question of the 

Commission’s authority to promulgate the Order ... 

... of Order No. 1000. The court also rejected claims that the FPA prevents the Commission from mandating 

transmission planning, or that the reforms ... 

... costs of all transmission facilities.” 6 Sierra Pac. Power Co. v. FERC , 793 F.2d 1086 , 1088 (9th Cir. 1986) . 

Rolled-in, ... 

 

48. ARTICLE: Taxing Residential Solar 

New York University Tax Law Review | Dec 21, 2020 | 74 Tax L. Rev. 69 | 53069 | Ethan Yale*    Gregg 

Polsky** 

... there is no difference whatsoever between self-generated and utility-supplied electricity. Both flow together 

and mix in the distribution system. Flow through the system is measurable, but the original source of any 

particular electron is unknowable. (This is not quite true.) 27 The claim that ... 
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... as a literal matter - not communicating ownership over "her" electrons to the utility through the grid for use 

beyond her premises. ... 

... which might depend on whether it is possible to distinguish "her" electrons from the mass flowing through 

the interconnected system - then perhaps it can (and possibly ... 

... A. Federal-State Sharing of Regulatory Responsibility The Federal Power Act ( FPA) assigns to FERC the 

exclusive authority to regulate "sale of electric energy at wholesale ... 

... The argument appears based on the observation that in regulatory adjudications, FERC defers to state law 

characterization of the transactions. Therefore, the argument ... 

... law characterization. The argument is not persuasive for two reasons. First, FERC has not applied a principle 

of comity so much as it ... 

... of the details of present policies. The federal regulator is the Federal Energy Regulatory Commission 

(FERC ). The state regulators include state public utilities commissions and state ... 

 

49. NOTE: Time-of-Need and Amount-of-Need: Overcoming Two Key Issues with 
Deploying Clean, Renewable Electricity Generation 

Georgetown Environmental Law Review | Jan 01, 2020 | 32 Geo. Envtl. L. Rev. 369 | 42570 | MOLLY BLEI 

FELLUS * 

... the 1935 Public Utility Act created the Federal Power Act (" FPA"), from which the Federal Energy 

Regulatory Commission's ("FERC") derives its regulatory authority.                                 ... 

... To further complicate matters, electron flow cannot be directly manipulated, as electrons will neutralize 

charges by always moving from areas of higher voltage ... 

...  FERC Order 2006 also greatly impacted renewable generation while interacting in an ... 

... for utilities to purchase from 80 MW QFs in competitive markets, FERC Order 2006 standardized 

interconnection procedures for generators with capacity up to ... 

... Various FERC orders issued over the years have strongly influenced U.S. renewable generation, and FERC 

orders will likely continue to play a prominent role in future solutions to TON and  AON  issues. FERC derives 

its authority to regulate from the Commerce Clause.           ... 

... alleviate TON and AON problems. It then provides examples of select Federal Energy Regulatory 

Commission ("FERC ") orders that have impacted renewable generation as well as TON ... 

... Many FERC orders have had a substantial effect on renewable generation in the past. For example, FERC 

Order 888 (issued in April 1996) compelled utilities to open their ... 

 

50. ARTICLE: SHINING A LIGHT ON MARYLAND'S SOLAR ENERGY MARKET & 
ITS RENEWABLE ENERGY POLICIES 

Environmental and Earth Law Journal | Jan 01, 2019 | 9 Env. &amp; Earth Law J. 81 | 23040 

... (Oct. 2016), https://perma.cc/2W29-ME4B . Traditionally, under the Federal Power Act ( FPA), state authority 

was reserved over power plants and sales to consumers and FERC only oversaw only limited wholesale 

electricity transactions.            111                 ... 
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... Id. Thus, under the FPA, the FERC has assumed jurisdiction to regulate these entities.            113                 

... 

... Id. The electrons will "flow through such a circuit and generate electricity."            15                 ... 

... DeBono, supra note 11. With this type of electricity, " electrons flow in one direction around a circuit."            

18                 ... 

... A. Restructuring of the wholesale transmission markets In 1996, the Federal Energy Regulatory 

Commission (FERC ) Order 888 laid the foundation upon which to build a ... 

... Under Order 888, the " FERC supported the formation of Independent System Operators -- independent 

entities designated ... 

... Id. Conversely, "with alternating current (AC) electricity, electrons are pushed and pulled, periodically 

reversing direction."            19                 ... 

 

51. NOTE: THE DORMANT COMMERCE CLAUSE AND STATE CLEAN ENERGY 
LEGISLATION 

Michigan Journal of Environmental and Administrative Law | Oct 01, 2019 | 9 Mich. J. Envtl. &amp; Admin. L. 

189 | 23308 | Kevin Todd * 

... import energy into the state, rather than attempting to restrict actual flow of electrons into the state.            

122       ... 

... view on the Eighth Circuit, a combination of the unpredictable flow of electrons on the multi-state grid and 

the professed hesitance of out-of-state producers ... 

... majority of regional transmission grids encompass several states). Because the actual flow of electrons on 

the grid is unpredictable, as noted in    Heydinger ,           ... 

... North Dakota 's argument, focusing in particular on the unpredictability of electron flows within the power 

grid.            71             ... 

... (8th Cir. 2016) (Murphy, J., concurring in part) (arguing that because electrons do not "flow " in the way the 

majority describes, a sounder reading of ... 

... Id. at 921 . Since electrons do not follow a direct path from producer to utility to ... 

... not moved to either approve or bar the state action). Through FERC , Congress has granted its approval to 

the regional transmission grid ... 

 

52. COMMENT: THE NUCLEAR OPTION: WHAT CAN STATES DO TO 
ENCOURAGE CLEAN ENERGY AFTER HUGHES AND EPSA? 

University of Pennsylvania Law Review | Apr 01, 2018 | 166 U. Pa. L. Rev. 1267 | 10947 | JENNIFER KO + 

... as the Supreme Court has also acknowledged, "Trying to predict the flow of electrons is akin to putting a 

drop of ink into a water pipe flowing into a pool, and then trying to predict how the ink ... 

... of outflow pipes will eventually contain ink." 55 New York v. FERC, 535 U.S. 1, 32 (2002)... 
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... STAN. L. REV.ONLINE 100, 105 (2016) (discussing the literal reading of FERC authority under the Federal 

Power Act in EPSA and noting that ... 

... consumers pay for electricity. As a result . . . the FPA does not necessarily preclude FERC from regulating in 

a manner that affects the retail purchasing decision, ... 

... as it does not regulate the actual retail rate"). In contrast, FERC may regulate fairly expansively in a manner 

that affects retail purchasing ... 

... that if, according to petitioner Electric Power Supply Association , neither FERC nor the states has authority 

to regulate wholesale demand response, FERC would be unable to authorize any proposed demand response 

program moving ... 

... at 780-81. Such an outcome, Justice Kagan noted, would "flout the FPA 's core objects" of "protect[ing] 

'against excessive prices' and ensur[ing] effective ... 

 

53. ARTICLE: Grid Governance: The Role of a National Network Coordinator 

Cardozo Law Review & de novo | Jun 01, 2014 | 35 Cardozo L. Rev. 1993 | 21491 | Ashira Pelman Ostrow+ 

... using FERC 's long-standing jurisdiction over natural gas pipelines as a model. 244 ... 

... natural gas model, developers of interstate natural gas pipelines apply to FERC for a Certificate of Public 

Convenience and Necessity. FERC has the authority to impose conditions on the certificate and to ... 

... the service area to be covered. Once a project is approved, FERC grants the pipeline owner eminent domain 

authority to construct the pipeline. ... 

... 11, 2011) (to be codified at 18 C.F.R. pt. 35) [hereinafter FERC Order 1000]. Order 1000 expands upon 

FERC's earlier planning requirements. Under FERC 's Order 890, issued in 2007, utility transmission plans 

were required ... 

... network operations, transmission costs, or regional energy markets. Moreover, although the Federal Energy 

Regulatory Commission (FERC) is not authorized to regulate intrastate infrastructure directly, this Section 

suggests that FERC 's existing authority to establish transmission reliability standards, 16 16 U.S.C. ... 

... New York v. Fed. Energy Regulatory Comm'n , 535 U.S. 1, 17 (2002); see also Fla. Power Comm'n ... 

... Power & Light Co., 404 U.S. 453 (1972) (describing the scientific electron flow test for federal jurisdiction).   

In Federal Energy Regulatory Commission v.  Mississippi ,   173    Fed. Energy Regulatory Comm'n v. 

Mississippi, ... 

 

54. ARTICLE: Grid Governance: The Role of a National Network Coordinator 

Cardozo Law Review & de novo | Jun 01, 2014 | 35 Cardozo L. Rev. 1993 | 21491 | Ashira Pelman Ostrow+ 

... using FERC 's long-standing jurisdiction over natural gas pipelines as a model. 244 ... 

... natural gas model, developers of interstate natural gas pipelines apply to FERC for a Certificate of Public 

Convenience and Necessity. FERC has the authority to impose conditions on the certificate and to ... 

... the service area to be covered. Once a project is approved, FERC grants the pipeline owner eminent domain 

authority to construct the pipeline. ... 
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... 11, 2011) (to be codified at 18 C.F.R. pt. 35) [hereinafter FERC Order 1000]. Order 1000 expands upon 

FERC's earlier planning requirements. Under FERC 's Order 890, issued in 2007, utility transmission plans 

were required ... 

... network operations, transmission costs, or regional energy markets. Moreover, although the Federal Energy 

Regulatory Commission (FERC) is not authorized to regulate intrastate infrastructure directly, this Section 

suggests that FERC 's existing authority to establish transmission reliability standards, 16 16 U.S.C. ... 

... New York v. Fed. Energy Regulatory Comm'n , 535 U.S. 1, 17 (2002); see also Fla. Power Comm'n ... 

... Power & Light Co., 404 U.S. 453 (1972) (describing the scientific electron flow test for federal jurisdiction).   

In Federal Energy Regulatory Commission v.  Mississippi ,   173    Fed. Energy Regulatory Comm'n v. 

Mississippi, ... 

 

55. ARTICLE:USING THE EEI-NEM MASTER CONTRACT TO MANAGE POWER 
MARKETING RISKS 

Energy Law Journal | Jan 01, 2000 | 21 Energy L. J. 269 | 15399 | Andrew S. Katz* 

... Id. V . FERC Tariff and Filing Requirements  The working group also addressed how to use the Master 

Agreement under the FERC's tariff and filing requirements for market-based Sellers. With guidance from the 

FERC Staff, the drafting committee developed a tariff and service agreement structure ... 

... market-based transactions. Today, competitive bulk power transactions are "quasi-regulated" by the FERC, 

because the 1935 Federal Power Act (FPA) still requires it to protect captive customers from undue 

discrimination and abuse of market power. The FERC 's acceptance of minimal market-based tariffs and 

quarterly short-term transaction reporting ... 

... 1992. Under traditional regulation, the filed rate doctrine as embodied in FPA section 205 and mirrored in 

Part 35 of the FERC 's regulations, requires cost-based jurisdictional Sellers to file in advance all ... 

... (1996). Thus, not having to file specific contract terms with the FERC allows parties to respond quickly to 

counterparty defaults through exercising the liquidation and termination provisions of the Master Agreement. 

Some FERC counsel are concerned that the appeal has gone beyond the narrow ... 

... issue of the case to the broader issue of whether the FERC has authority to allow companies subject to its 

jurisdiction to not file contracts and to raise the  ... 

 

56. FOREWORD: Foreword 

Ecology Law Quarterly & Currents | Jan 01, 2017 | 44 Ecology L.Q. 147 | 4688 | Eric Biber and Robert Infelise 

... 2016). Their disagreement stemmed from conflicting understandings of the behavior of electrons. While one 

judge described electrons as "flowing freely"   27    Id. at 921.   ... 

... also sell excess energy, thereby providing incentives to reduce consumption. In Federal Energy Regulatory 

Commission v. Electric Power Supply Association (FERC v. EPSA), the U.S. Supreme Court held that the 

Federal Power Act authorizes FERC to regulate demand response as a practice affecting rates. 36 136 ... 

... This overturned a D.C. Circuit decision and rejected the argument that FERC lacks jurisdiction because 

demand response is not technically a sale of ... 
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... and improvements in the supporting infrastructure, the author argues that the FERC v. EPSA decision may 

foreshadow an expansive role for FERC in regulating these "grid edge" developments. However, the author 

highlights a ... 

... Id. at 764. Ms. Aki argues that FERC's obligation under the FPA to provide for just and reasonable rates 

means that it is ... 

... Id. at 921. through the grid's transmission lines, another contended that electrons do not "flow,"   but rather 

"oscillate in place."  ... 

 

57. ARTICLE: Exit Strategy: State Legal Discretion to Environmentally Sculpt the 
Deregulating Electric Environment 

The Harvard Environmental Law Review | Jan 01, 2002 | 26 Harv. Envtl. L. Rev. 109 | 32989 | Steven Ferrey * 

... States retain jurisdiction over intrastate distribution of electricity. FERC concluded that it was appropriate to 

leave to state regulatory authorities ... 

... assess any stranded investment costs occasioned by retail wheeling. In addition, FERC announced that it 

expects states to provide procedures for the full ... 

... stranded costs are occasioned by wholesale wheeling, rather than retail wheeling, FERC announced that it 

will provide a forum to deal with such ... 

... fora for determination of stranded investment costs. At the federal level, FERC has rules for stranded cost 

assignment to wholesale customers who depart. FERC Rule 888 allows assessment of wholesale stranded 

costs to all transmission ... 

... or direct assignment of stranded costs to a particular departing customer. FERC has concluded that 

assigning wholesale stranded costs directly to departing wholesale ... 

... 688 N.E.2d 1337 (Mass. 1997). It is important to note that FERC does not impose exit fees on co-generators 

or self-generators who leave the system--they are exempt. Nor does FERC suggest that states should impose 

stranded costs or exit fees on self-generators. To the contrary, FERC precedent holds that states may not 

impose disincentives or utility-type regulation ... 

... (2) Local distribution facilities are primarily radial in character. (3) Power flows into local distribution systems; 

it rarely, if ever, flows out. (4) When power enters a local distribution system, it is ... 

 

58. ARTICLE: ROLES FOR STATE ENERGY REGULATORS IN CLIMATE 
CHANGE MITIGATION 

Michigan Journal of Environmental and Administrative Law | Oct 01, 2012 | 2 Mich. J. Envtl. &amp; Admin. L. 67 

| 10456 | Brandon Hofmeister * 

... GHG Mitigation Policies 1. Preemption by the Federal Power Act The Federal Energy Regulatory 

Commission (FERC ) has the exclusive authority to set rates for wholesale electricity ... 

... sales made by private utilities under the Federal Power Act ( FPA).    213    16 U.S.C. §§ 824,... 

... 2, 2012). These programs do not ensure that actual renewably produced electrons flow into the customers 

home, but that the utility purchases a small ... 
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... to succeed if the state energy regulatory program is carefully designed. FERC has interpreted the FPA to 

allow states to "choose to require a utility to construct ... 

... agreement among a number of entities involved in RTO governance. Alternatively, FERC could potentially 

issue a rule requiring RTOs to use environmental dispatch ... 

... methodologies. This would be a bold administrative move that might require FERC to broaden the way it 

interprets the Federal Power Act to ... 

... are just and reasonable. See Grand Council of the Crees v. Fed. Energy Regulatory Comm'n, ... 

 

59. NOTE: RENEWABLE PORTFOLIO STANDARD GENERATOR APPLICABILITY 
REQUIREMENTS: HOW STATES CAN STOP WORRYING AND LEARN TO 
LOVE THE DORMANT COMMERCE CLAUSE 

Vermont Law Review | Jul 01, 2006 | 30 Vt. L. Rev. 1079 | 27574 

... a consumer and replaces it with the uncertainty of power pool electron flow . When a state's RPS 

enumerates the in-state consumption of renewable ... 

... Fuels Act of 1980, 42 U.S.C. § 8802 (2)(A) (2000). The Federal Energy Regulatory Commission (FERC ) 

interpreted biomass to mean "any organic material not derived from ... 

... York Power Authority and having it wheeled by Long Island Lighting, FERC would have no authority to direct 

Long Island Lighting to provide ... 

... 38 16 U.S.C. § 824a-3 (b) (2000). FERC defines avoided costs as "the incremental costs to an electric utility 

... 

... further complicate the difficulty of tracking both the contract path and electron path of electricity. 92 Cf. 

Jorgenson & Felder, supra note 86 ... 

... hydro as a renewable power under PURPA, see infra Part I.B, FERC recommended to Congress that 

PURPA "does not exclude projects that use ... 

... restrictive. Bosselman illustrates the difference between wholesale and retail as follows: FERC 's jurisdiction 

extends to wholesale sales only. It can order the ... 

 

60. ARTICLE: SUPREME COURT SHIFTS SUPREMACY DOCTRINE-
PREEMPTING STATE SUSTAINABILITY? 

Arizona State Law Journal | Jul 01, 2018 | 50 Ariz. St. L.J. 515 | 10250 | Steven Ferrey * 

... is the adjacent PJM ISO implicated in the Hughes case, " electrons flow freely without regard to state 

borders, entirely under MISO's [federally approved] ... 

... and reasonable. 16 U.S.C. § 824d (a). Section 206 of the FPA requires FERC to fix "just and reasonable" 

rates whenever it finds that any ... 

... Court has long held that §§ 205 and 206 confer on FERC jurisdiction to regulate "practices . . . affecting" 

wholesale rates, even ... 
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... 297-98 . For example, the demand reduction of power, addressed by FERC Order 745, is within FERC 

authority to determine whether its authority over wholesale market transactions includes ... 

... why it is that when you say it was subject to FERC's jurisdiction, that doesn't end the case right there against 

you . . . . [It is FERC 's authority] to set the rates and other terms of wholesale ... 

... v. Mississippi ex rel. Moore, 487 U.S. 354, 370-72 (1988) (recognizing FERC remedial jurisdiction over the 

terms of agreements to integrate power supply resources between utilities, even though FERC does not itself 

have jurisdiction over the affected generation assets). The ... 

 

61. SYMPOSIUM ON ENERGY LAW: ARTICLE: OF NESTING DOLLS AND 
TROJAN HORSES: A SURVEY OF LEGAL AND POLICY ISSUES ATTENDANT 
TO VEHICLE-TO-GRID BATTERY ELECTRIC VEHICLES 

Chicago-Kent Law Review | Jan 01, 2011 | 86 Chi.-Kent L. Rev. 193 | 22241 | Bryan Lamble* 

... note 9, at 258. Reliability challenges involve congestion problems (bottlenecking of electrons as a result of 

unanticipated power flow patterns and/or line disturbances), outsized energy transfers across jurisdictions 

caused by ... 

... 3, at 3586. 1. Renewables' "Adequacy" and "Variability" Problems Solved The Federal Energy Regulatory 

Commission (FERC ) notes three primary challenges involving renewable energy: (1) resource adequacy ... 

... C.F.R. § 2.2 . The most contentious legal issue related to FERC's jurisdiction has generally been what 

constitutes transmission lines (FERC possesses jurisdiction) versus what is local distribution (states have 

jurisdiction). In ... 

... to occur regularly to keep pace with technological improvement. 207 Id. FERC's policy statement on the 

development of smart grid standards articulates a few important considerations. First, FERC recognizes that 

while a transition to a large GEV fleet will ... 

... is also clear from this excerpt is the missing language whereby FERC assures the separate states of their 

continued jurisdiction over local distribution. FERC also recently issued Order Number 719, which mandates fair 

dealing between ... 

 

62. ARTICLE:SOFT PATHS, HARD CHOICES: ENVIRONMENTAL LESSONS IN 
THE AFTERMATH OF CALIFORNIA'S ELECTRIC DEREGULATION DEBACLE 

Virginia Environmental Law Journal | Jan 01, 2004 | 23 Va. Envtl. L.J. 251 | 45050 | Steven Ferrey* 

... ISO by some $ 1.8 billion. 509 California Owes Suppliers, Rules FERC ALJ, Electricity Daily, Dec. 16, 2002. 

FERC presiding judge Bruce Birchbaum ruled that the $ 1.8 billion in ... 

... 100 active parties, amid political pressure. See also Let Down By FERC ALJ Ruling, California Vows to Push 

for at Least $ 9-billion, ... 

... on the California - Oregon border, where there is no physical flow of electrons on the path, to confuse the 

Bonneville Power Administration . Portland ... 

... levels at Northwest wholesale trading points. 285 No Northwest Refunds, Says FERC ALJ, Electricity Daily, 

Sept. 28, 2001, at 1. See also FERC Judge Denies Northwest Buyers' Attempt to Get Refunds from Sellers, 
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Electric Util. Wk., Oct. 1, 2001, at 3.  . FERC ruled that PG&E could not pass on higher purchased power costs 

... 

... Co. v. Gov. Davis and Cal. Power Exch., No. EL01-40 ( FERC filed Feb. 27, 2001) (company arguing block of 

forward contracts required FERC approval); San Diego Gas & Elec. Co. v. Sellers of Energy ... 

... Indep. Sys. Operator and the Cal. Power Exch., No. EL00-95-000 ( FERC filed Jan. 2, 2000); ... 

 

63. ARTICLE: MEASURING THE BENEFITS AND COSTS OF REGIONAL 
ELECTRIC GRID INTEGRATION 

Energy Law Journal | Jan 01, 2007 | 28 Energy L. J. 147 | 17192 | Seth Blumsack * 

... their portions of the network. 15 The physics of AC power flow make it impossible to literally restrict 

electrons from flowing over certain lines. Discriminatory access came most often through the use ... 

... left a disconnect between the wholesale and retail markets. Subject to FERC approval, wholesale prices 

determination was left to the market, while retail ... 

... [hereinafter NOPR]. attempted to get the entire transmission network under the FERC 's jurisdiction to 

operate under a similar set of protocols. Order ... 

... Order 2000 mandated that every transmission owner join or form a FERC-approved RTO. Under SMD, every 

FERC -approved RTO would operate and run a spot market for electric ... 

... This paper is largely concerned with the last two items. The FERC has played an instrumental role in 

developing policies to promote spot ... 

... the first three have largely been left to the states. Four FERC actions in particular have influenced the path 

that restructuring has taken in the United States. First, in 1996, the   FERC issued Order 888   16... 

... C.F.R. pts. 18, 37). Order 888 required every transmission-owning utility in FERC's jurisdiction to offer 

nondiscriminatory access to its transmission system, and to file an open access tariff with the FERC . Order 888 

recognized the critical role played by the transmission ... 

 

64. PROFESSIONAL ARTICLE: Making Renewable Energy FiT: A Feed-in-Tariff 
Certifying Body Could Accelerate Renewable Energy Deployment in the United 
States 

Natural Resources Journal | Apr 01, 2012 | 52 Nat. Resources J. 157 | 16406 | IVAN LIEBEN* AND IAN 

BOISVERT** 

... the realm of wholesale energy markets for the following reasons. The FPA preempts states from setting a 

wholesale price, as it specifies that only FERC has the power to set and approve wholesale rates of electricity. 

PURPA modifies FPA to a certain degree by allowing states to set wholesale price ... 

... from certain qualifying facilities. While significant, this order does not invalidate FERC's earlier order paving 

the way for the establishment of differentiated avoided costs).  Indeed, recent FERC developments bode 

positive since FERC appears to be easing conditions for states to develop FiT programs. FERC recently ruled 

that the pricing scheme under California 's FiT program ... 
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... 20, 2011)(explaining the basic principles of electricity). Electrical power comprises the flow of charge, in the 

form of electrons , to power the machines of humanity, and results from the ... 

... that gives rate-setting authority to a federal entity, such as the Federal Energy Regulatory Commission 

(FERC), could preempt state authority over electricity systems.    53  For example, the Federal Powers Act ( ... 

 

65. SYMPOSIUM ARTICLE: CLIMATE CHANGE AND THE FUTURE OF ENERGY: 
REGULATORY BARRIERS TO CLEAN ENERGY 

Toledo Law Review | Jul 01, 2010 | 41 U. Tol. L. Rev. 923 | 9553 | Trevor D. Stiles* 

... states regulated the distribution and retail aspects of intrastate commerce, while FERC exercised exclusive 

jurisdiction over any electricity sold at wholesale in interstate ... 

... interstate commerce. Because of the unique nature of electricity--namely, that the electrons commingle, 

move very quickly, flows along the path of least resistance, and ignore state boundaries--the U.S. ... 

... removed the mandatory purchase obligation and enabled utilities to apply to FERC to terminate the 

obligation. Upon a showing of non-discriminatory access to ... 

... wholesale energy markets and non-discriminatory access to transmission and interconnection services, 

FERC approved the utility applications in several regions, including the Midwest ISO. To implement Section 

210(m), FERC established three rebuttable presumptions: 69 New PURPA Section 210(m) Regulations 

Applicable ... 

... (d) (2006). These wholesale sales are now the exclusive domain of FERC, as outlined in the Federal Power 

Act ("FPA"): (a)Federal regulation of transmission and sale of electric energy... 

... Company Act of 1935 ("PUHCA") and the Federal Power Act (" FPA"), both of which applied increasing 

federal scrutiny to interstate electricity companies. The FPA delineated the boundary between state and federal 

regulation: states had sole ... 

 

66. ARTICLE: ANTITRUST IN THE ELECTRIC UTILITY INDUSTRY: REGIONAL 
TRANSMISSION GROUPS 

The Journal of Law and Commerce | Jan 01, 1994 | 14 J.L. &amp; Com. 39 | 21582 | Joshua Z. Rokach * 

... intricate engineering ballet. The laws of physics teach that electricity will flow where free capacity, not the 

transmission owner, directs. Calculating power flows involves "tracing invisible electrons on a system of 

wires." 165 New York State Elec. & ... 

... see Thomas K. Gump, Antitrust Aspects of The ITCF's New Parallel Flow Discussions,  15 ENERGY L.J. 

123, 125-27 (1994).  As the FERC Policy Statement envisions them, these associations comprise a mixed 

membership and responsibilities. States, FERC -regulated utilities and unregulated entities would exercise a 

combination of private ... 

... RTG (by way of background) and analyze the following antitrust issues: FERC antitrust immunity; state 

action; industry self-regulation, including the sharing of information; ... 

... for several reasons. The associations enjoy narrow implied immunity to enable FERC to effectuate its 

mandate under the statutes it currently administers. The ... 
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... 83 Id. at 389-90. The RTGs, in contrast, act under a FERC order. The Commission, as the regulatory body 

with jurisdiction over transmission ... 

... going off on a "private" caper, an RTG operates under some FERC oversight. The Commission must approve 

the governing agreement before the organization may legally function. FERC exercises judgment in considering 

whether to approve agreements. In fact, the ... 

 

67. COMMENT: TRUST AND THE GREEN CONSUMER: THE FIGHT FOR 
ACCOUNTABILITY IN RENEWABLE ENERGY CREDITS 

University of Colorado Law Review | Jul 01, 2010 | 81 U. Colo. L. Rev. 893 | 25888 | Kelly Crandall* 

... when they purchase green energy is that there are no "green electrons." Electrons do not flow like water; 

76 Brief for Electrical Engineers, Energy Economists and Physicists ... 

... Physicists as Amici Curiae Supporting Respondents at 5, New York v. Fed. Energy Regulatory Comm'n, ... 

... Bosselman et al., supra note 15, at 753. The Federal Energy Regulatory Commission ("FERC "), an 

independent administrative agency, regulates interstate and wholesale transmission and ... 

... electric energy at wholesale in interstate commerce … ."); see also Fed. Energy Regulatory Comm'n, What 

FERC Does (Oct. 1, 2009),  http://www.ferc.gov/about/ferc-does.asp . FERC enforces transmission reliability to 

prevent outages with the assistance of the ... 

... cost to customers, eventually bankrupting them and leading to power blackouts. Fed. Energy Regulatory 

Comm'n, The Western Energy Crisis, the  Enron  Bankruptcy, and FERC's Response 1 (2005), available at  

http://www.ferc.gov/industries/electric/indus-act/... 

... in scattered sections of 42 U.S.C.), available at http:// www.epa.gov/oust/fedlaws/publ_109-058.pdf ; Fed. 

Energy Regulatory Comm'n, Regional Transmission Organizations (RTO) / Independent System Operators 

(ISO) (Feb. 5, 2010), http://www.ferc .gov/industries/electric/indus-act/rto.asp [hereinafter ... 

 

68. ARTICLE: PREEMPTING PAROCHIALISM AND PROTECTIONISM IN POWER 

Harvard Journal on Legislation | Jan 01, 2012 | 49 Harv. J. on Legis. 87 | 27214 | Sandeep Vaheesan* 

... its earlier attempt to fix the broken siting process and grant FERC exclusive authority over the siting and cost 

allocation for all new transmission lines. FERC should be empowered to authorize the routes of transmission 

facilities and ... 

... the necessary rights-of-way. Because of the interconnected nature of the grid, FERC should be granted 

jurisdiction over all new intrastate and interstate lines--not ... 

... As part of granting FERC exclusive authority over transmission siting and cost allocation,  Congress  should 

require FERC to perform a comprehensive cost-benefit analysis of transmission line proposals. Currently, 

FERC's process for assessing the benefits of a proposed transmission project is inadequate. FERC examines 

how the new transmission line would reduce dispatch costs, but ... 

... is consumed. Regardless of the seller and purchaser in wholesale transactions, electrons flow over the path 

of least resistance. 12 Pierce, supra note 9, ... 
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... to be a credible threat, they may disregard the possibility of FERC intervention when reviewing transmission 

proposals. The latter appears to be the ... 

... Part IV.A-B. A federal appellate court decision in 2009 further eroded FERC's backstop authority. In 

Piedmont Environmental Council v. Federal Energy Regulatory Commission,   275    558 F.3d 304  (4th Cir. 

2009).... 

 

69. ARTICLE: RENEWING ELECTRICITY COMPETITION 

The Florida State University Law Review | Jul 01, 2015 | 42 Fla. St. U.L. Rev. 937 | 25793 | David Schraub* 

... they are an electricity "product" that is not tied to the flow of electrons and thus can be bought and sold 

outside the electricity grid ... 

... 173-74 and accompanying text. Despite the interstate character of the market, FERC only has a limited role 

in regulating RECs. Recall that the Federal Power Act gives FERC authority to regulate "the transmission of 

electric energy in interstate commerce" ... 

... WSPP Inc., 139 FERC P 61,061  (2012)  (concluding that unbundled REC sales are outside of FERC's 

jurisdiction but that REC sales bundled with electric energy are FERC jurisdictional).   Nor were REC sales 

necessarily contemplated as part of the transactions regulated by PURPA. In 2003, FERC explicitly held that 

the contracts it approved for electricity purchases from ... 

... earnest through the 1990s, this began to change. Led by the Federal Energy Regulatory Commission 

(FERC ), open-access rules were designed to create a level playing field ... 

... (b)(1) (2012) (showing that with some exceptions, FERC "shall not have jurisdiction … over facilities used for 

the generation ... 

 

70. Article: Why Agencies Act: A Reassessment of the Ossification Critique of 
Judicial Review 

Ohio State Law Journal | Jan 01, 2009 | 70 Ohio St. L.J. 251 | 31994 | Mark Seidenfeld* 

... for inappropriate agency failure to regulate: Richard Pierce's critique of the Federal Energy Regulatory 

Commission's (FERC ) refusal to universally order utilities to provide access to their ... 

... the first study, this Article concludes that judicial review did discourage FERC from regulating, but did so in a 

way that merely prevented FERC from proceeding without solving some fundamental problems posed by 

deregulation. With ... 

... If agency incentives and non-rational biases had any influence on FERC 's propensity to order wheeling, they 

would have increased the inertia ... 

... large scale blackout, which would be a salient event for which FERC 's engineers could expect some blame. 

In this context, action would ... 

... wheeling would have imposed costs on a politically powerful constituency of FERC -the incumbent power 

companies-to avoid uncertain future rate increases. This is ... 

... therefore not surprising that Pierce was correct in his prediction that FERC would address the problem in a 

manner that would essentially avoid ... 
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... would have generated. Instead of adopting a rule for the industry, FERC recognized that many owners of 

transmission facilities also were generators of power, and that they would need FERC rate approval to sell their 

power to customers that were not ... 

 

71. ARTICLE: WATT TO KNOW ABOUT SMART METER DATA PRIVACY: A 
COMPARATIVE ANALYSIS ON HOW TO BEST REGULATE AND ENSURE 
CONSUMER PRIVACY PROTECTION 

Journal of High Technology Law | Jan 01, 2020 | 20 J. High Tech. L. 415 | 45093 | Allison L. Colton * 

... Matthews, supra note 18 (noting that electricity is "the flow of electrons" and electrons have mass); U.C.C. 

§ 2-105 (2018) (defining goods as "all things ... 

... GREENFIELD, supra note 57, at 11 (identifying how the FERC 's regulatory powers stem from its "exclusive 

jurisdiction over the 'transmission ... 

... 'all facilities for such transmission or sale of electric energy'"). Thus, FERC is authorized to regulate and 

oversee any activity by an IOU ... 

... GLOBAL GUIDE TO ENERGY AND NATURAL RESOURCES (2018), Westlaw (comparing the Federal 

Energy Regulatory Commission and state public utility commissions). FERC is an independent federal 

agency that regulates the rates, terms and ... 

... transmission of power in interstate commerce by public utilities. Id. Additionally, FERC 's responsibilities 

include, but are not limited to, "review[ing] specific mergers, ... 

... 388 (Ill. App. Ct. 2017) (finding that FERC 's federal authority only extends to subject matters which are not ... 

... capricious manner when making its decision). The Commission also found that FERC is only "responsible for 

and regulates the transmission component of ComEd's ... 

 

72. ARTICLE: Wind Energy Incentives in Texas 

Texas Journal of Oil, Gas and Energy Law | Jan 01, 2019 | 14 Tex. J. Oil Gas &amp; Energy L. 189 | 13909 | 

Victoria Chang* 

... Operates Power Markets to Balance Supply and Demand ERCOT manages the flow of electrons in the 

ERCOT region "to more than 25 million Texas customers ... 

... has its own grid to avoid dealing with the feds."); ERCOT, FERC , supra note 28 ("The transmission grid that 

the ERCOT independent ... 

... electric energy occurring wholly within ERCOT is not subject to [ FERC's] jurisdiction under sections 203, 

205, or 206 of the Federal Power Act."). But the Federal Energy Regulatory Commission retains jurisdiction 

over reliability and interconnection requirements. Chernyakhovskiy et al., supra ... 

... ." ERCOT, FERC,  https://www.ferc.gov/industries/electric/indus-act/rto/ercot.asp  [hereinafter ERCOT, 

FERC ]. Because the Texas grid is "not electrically tied to power ... 

... in any other state," there is no interstate commerce for the Federal Energy Regulatory Commission to 

regulate.  ... 
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... electricity supplier is paid the price of the highest-accepted bid." 42 Fed. Energy Regulatory Comm'n v. 

Elec. Power Supply Ass'n, 136 S. Ct. 760, 763 (2016), ... 

... has its own grid to avoid dealing with the feds."); ERCOT, FERC , supra note 28 ("The transmission grid that 

the ERCOT independent ... 

 

73. ARTICLE: RING-FENCING THE POWER ENVELOPE OF HISTORY'S SECOND 
MOST IMPORTANT INVENTION OF ALL TIME 

William and Mary Environmental Law and Policy Review | Oct 01, 2015 | 40 Wm. &amp; Mary Envtl. L. &amp; 

Pol'y Rev. 1 | 10722 | STEVEN FERREY * 

... not energized by a generator and is at rest, negatively charged electrons in the copper atoms are free to 

move randomly in all ... 

... a gas moving in random motion. Because the motion of the electrons is random, there is not a net flow of 

charge in any direction inside the copper wire. When an ... 

... ("The filed rate doctrine requires 'that interstate power rates filed with FERC or fixed by FERC must be given 

binding effect by state utility commissions determining intrastate ... 

... a violation of the Commerce Clause; 235 Ill. Commerce Comm'n v. FERC , 721 F.3d 764, 776 (7th Cir. 2013) 

("[I]t trips over ... 

... P 66. When FERC rejected all of California 's arguments regarding generic environmental rationales for ... 

... in excess of limits under federal law or as set by FERC,  147    Id.   California... 

... California setting in-state wholesale tariffs); 233 Cal. Pub. Utils. Comm'n, 132 FERC P 61,047, 20 (2010). . 

Vermont 's attempt to discriminate against ... 

 

74. ARTICLE: REMOVING UNCONSTITUTIONAL BARRIERS TO OUT-OF-STATE 
AND FOREIGN COMPETITION FROM STATE RENEWABLE PORTFOLIO 
STANDARDS: WHY THE DORMANT COMMERCE CLAUSE PROVIDES 
IMPORTANT PROTECTION FOR CONSUMERS AND ENVIRONMENTALISTS 

Energy Law Journal | Jan 01, 2015 | 36 Energy L. J. 45 | 11065 | Harvey Reiter* 

... first point. Because there was no way to trace the actual flow of electrons between seller and buyer, it said, 

sellers in the region could ... 

... 461 US 402, 404-05 (1983). nor the Federal Power Act ( FPA), which gives the FERC exclusive jurisdiction 

to regulate the rates for interstate wholesale sales of ... 

... the project was underway, PG&E chose to cancel it, asking the Federal Energy Regulatory Commission 

(FERC ) to allow it to recover the eight million dollars in ... 

... at P 5. Among the reasons it cited and that the FERC found persuasive was that a 2011 ... 

... the project was underway, PG&E chose to cancel it, asking the Federal Energy Regulatory Commission 

(FERC ) to allow it to recover the eight million dollars in ... 



P a g e  | 340 
 

... at P 5. Among the reasons it cited and that the FERC found persuasive was that a 2011 California state law 

had made ... 

... Id. at 776. The case involved Michigan 's objection to a FERC decision upholding the allocation to Michigan 

utilities of costs associated with ... 

 

75. ARTICLE:Regulation of Power Generated by Stationary Fuel Cells in the United 
States 

Tulane Environmental Law Journal | Jan 01, 2004 | 18 Tul. Envtl. L.J. 141 | 8159 | Andrew R. Thomas*, Brad N. 

Mondschein+, Shellie Gutman** 

... Regulatory Law Affecting Stationary Fuel Cells A. Controlling Federal Law The Federal Energy Regulatory 

Commission (FERC ) regulates interstate power transportation and distribution. The federal government has ... 

... regulation of intrastate power generation or transportation and distribution. Even though FERC has not 

ventured into the intrastate power arena, its regulations still ... 

... in which fuel cells are characterized under state laws and regulations. FERC has promulgated regulations 

relating to small power production and cogeneration. 1 ... 

... from the air with hydrogen to make water. In the process, electrons are stripped from the hydrogen atoms, 

creating a direct current from the electron flow . The critical energy source for fuel cells is hydrogen. Hydrogen 

... 

... not considered a candidate for cogeneration. The issues raised in the FERC regulatory scheme for small 

power production facilities exist because of FERC's limited focus on solar,   wind, waste, and geothermal 

facilities.  ... 

... to stimulate growth in fuel cells. Many states look to the FERC regulations for guidance in determining 

funding and regulatory exemptions for renewable resources. That being so, FERC could help lead our nation 

into oil independence by revising its ... 

 

76. ARTICLE: THE CASE FOR AI IN NEW MEXICO: USING ARTIFICIAL 
INTELLIGENCE TO CUT COSTS AND ACHIEVE AMBITIOUS RENEWABLE 
ENERGY STANDARDS 

Chicago Kent Journal of Environmental and Energy Law | Jan 01, 2020 | 9 Chi. -Kent J. Env. Energy L. 1 | 

23431 | Benjamin Robert Zeter * 

... Electric transmission involves channeling the flow of the electrons produced in generation to the markets 

where those electrons are put to use.            28             ... 

... RES. INST. (May 1994), http://ipu.msu.edu/wp-content/uploads/2016/12/Costello-Overview-of-Issues-

Relating-94-09-May-94-1.pdf [ https://perma.cc/R4HQ-MAZZ ]. In 1996, the Federal Energy Regulatory 

Commission (FERC ) mandated "open and equal access" to utilities' transmission grids for ... 

... 75 F.E.R.C. P 61,080 (1996) . As the FERC began to see some of the less desirable side effects of ... 

... Frequently Asked Questions (FAQs) , FEDERAL ENERGY REGULATORY COMMISSION,  https://www.ferc 

.gov/resources/faqs/about.asp [ https://perma.cc/BA87-TJH8 ] (last visited Apr. 8, 2020). Electricity transmission 

... 
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... but emergence of ISOs was slowed by the failure of the FERC and state regulators to define ISO 

responsibilities.            45             ... 

... 89 F.E.R.C. P 61,285 (1999) . The FERC 's next proposed Regional Transmission Organizations (RTOs) in 

an effort to ... 

 

77. ARTICLE: Clean Energy Equity 

Utah Law Review | Jan 01, 2019 | 2019 Utah L. Rev. 335 | 23327 | Felix Mormann* 

... requires significant upgrades to a network historically designed for the mono-directional flow of electrons 

from utility-scale power plants to consumers. 183 See Eisen & Mormann, ... 

... supra note 96, at 83 (discussing the additional strains that bi-directional flow of electricity imposes on the 

grid). ... 

... example of energy law's enduring commitment to equity. In 2011, the Federal Energy Regulatory 

Commission (FERC ) adopted Order 1000 in part to prevent free ridership by ... 

... Illinois Commerce Comm'n v. FERC, 576 F.3d 470, 476 (7th Cir. 2009)  (citing  Midwest ISO Transmission 

Owners v. FERC , 373 F.3d 1361, 1368 (D.C. Cir. 2004)); see also William ... 

... To this end, FERC adopted a set of cost allocation principles requiring that "all regional ... 

... pay those costs." 34 Id.; see also Illinois Commerce Comm'n v. FERC , 721 F.3d 764, 770 (7th Cir. 2013) 

(offering an illustrative ... 

...  FERC P 61051 (July 21, 2011).   To this end, FERC adopted a set of cost allocation principles requiring that 

"all regional ... 

 

78. § 82.01 Development of Transmission Systems 

Energy Law and Transactions | 4 Energy Law and Transactions § 82.01 

8 TRANSPORTATION OF ENERGY > CHAPTER 82 Electricity: Open Access, Transmission & Comparability 

§ 82.01 Development of  Transmission Systems 

... it is not a discrete product or concrete entity but a flow of electrons . Unlike natural gas or oil, electricity 

generally cannot be stored. ... 

... of electric energy is that, in keeping with Kirchoff’s laws, the flow of electrons across a transmission system 

follows the path of least resistance between ... 

... volts, or kilovolts (kV). Current, which is a measure of the flow of electricity through the line in electrons per 

second, is measured in amperes. transmission line ringing the service ... 

... much the same manner as stocks on a stock exchange ( Federal Energy Regulatory Commission , Power 

Pooling in the United States 13–14 (1981)). Economy exchanges ... 

... accounting coordination at the individual utility, regional, and inter-regional levels ( Federal Energy 

Regulatory Commission, Power Pooling in the ... 
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... to Vincent, California carrying 500 kV. 37 Federal Energy Regulatory Commission , Power Pooling in the 

Western Region 29 (1981). In the ... 

... much the same manner as stocks on a stock exchange ( Federal Energy Regulatory Commission , Power 

Pooling in the United States 13–14 (1981)). Economy exchanges ... 

 

79. ARTICLE: SOLVING THE MULTIMILLION DOLLAR CONSTITUTIONAL 
PUZZLE SURROUNDING STATE "SUSTAINABLE" ENERGY POLICY 

Wake Forest Law Review | Apr 01, 2014 | 49 Wake Forest L. Rev. 121 | 32480 | Steven Ferrey* 

... S. Cal. Edison Co., 70 F.E.R.C. P 61,215, P 61,676 (1995). FERC goes on to note that "in setting an avoided 

cost rate, ... 

... sources included in an all source determination of avoided cost." Id. FERC notes that this could include a tax 

on fossil-fuel generators or could provide a subsidy to alternative generation. Id. FERC also states that the 

costs imposed in such evaluations must be ... 

... ("The filed rate doctrine requires "that interstate power rates filed with FERC or fixed by FERC must be given 

binding effect by state utility commissions determining intrastate ... 

... NAACP v. Fed. Power Comm'n, 425 U.S. 662, 666 (1976). Whenever FERC determines that a public utility's 

rates, charges, or service classifications are unjust, unreasonable, or unduly discriminatory, FERC can 

determine and order rates that are just and reasonable. 237 ... 

... 476 U.S. 953, 962 (1986) (noting "interstate power rates filed with FERC or fixed by FERC must be given 

binding effect by state utility commissions determining intrastate ... 

... change did not end the legal challenge; relief was sought at FERC by plaintiff Riggs, and ... 

 

80. 3.02 Falling Off the Edge (of the Grid) 

Pratt's Energy Law Report | 18 Pratt's Energy Law Report 3.02 

3 Volume 18, Issue 3—March 2018 

3.02 Falling Off the Edge (of the Grid) 

... utility is to make sure there is the appropriate number of electrons flowing to meet its load obligations in an 

efficient, safe manner. The ... 

... critical” of critical infrastructure. At the agency level, in 2013, the Federal Energy Regulatory Commission 

(“FERC ”) approved changes and additions to CIP reliability standards, also known ... 

... On the issue of supply chain risk management, in July 2016, FERC adopted Order 829, which implemented 

rules impacting the NERC reliability standard ... 

... standards on the local distribution utilities will likely be quite minimal. FERC ’s authority under Section 215 of 

the Federal Power Act to ... 

... has jurisdiction, which are the bulk power generation and transmission sectors. FERC does not have direct 

jurisdiction over the grid operations within the ... 
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... Revised Critical Infrastructure Protection Reliability Standards , 156 FERC ¶ 61,050 .  FERC directed NERC 

to develop a forward-looking, objective-based reliability standard “to require ... 

... At the agency level, in 2013, the Federal Energy Regulatory Commission (“FERC ”) approved changes 

and additions to CIP reliability standards, also known ... 

 

81. Falling Off the Edge (of the Grid), 2018 Emerging Issues 8635 

Environment Emerging Issues only | May 08, 2018 | 2018 Emerging Issues 8635 | By Joseph E. Donovan and 

Tamar Cerafici 

Environment >  Falling Off the Edge (of the Grid) 

... utility is to make sure there is the appropriate number of electrons flowing to meet its load obligations in an 

efficient, safe manner. The ... 

... critical" of critical infrastructure. At the agency level, in 2013, the Federal Energy Regulatory Commission 

("FERC ") approved changes and additions to CIP reliability standards, also known ... 

... On the issue of supply chain risk management, in July 2016, FERC adopted Order 829, which implemented 

rules impacting the NERC reliability standard ... 

... standards on the local distribution utilities will likely be quite minimal. FERC 's authority under Section 215 of 

the Federal Power Act to ... 

... has jurisdiction, which are the bulk power generation and transmission sectors. FERC does not have direct 

jurisdiction over the grid operations within the ... 

... Revised Critical Infrastructure Protection Reliability Standards, 156 FERC para. 61,050 .  FERC directed 

NERC to develop a forward-looking, objective-based reliability standard "to require ... 

... At the agency level, in 2013, the Federal Energy Regulatory Commission ("FERC ") approved changes 

and additions to CIP reliability standards, also known ... 

 

82. ARTICLE: High-Voltage Conflict on Blackacre: Reorienting Utility Easement 
Rights for Electric Reliability 

Columbia Journal of Environmental Law | Jan 01, 2011 | 36 Colum. J. Envtl. L. 1 | 24798 | Brian S. Tomasovic* 

... for wholesale electricity exist today under the regulatory watch of the Federal Energy Regulatory 

Commission ("FERC") and are the product of restructuring initiatives that began, principally, under FERC 

Orders 888 and 889 in 1996. See David B. Spence, Can ... 

... electrical circuit. When the circuit is closed, voltage causes current ( electrons) to flow in the conductor 

(wire). See Steven W. Blume, Electric Power System ... 

... analogous to water pressure in a pipe; current is the amount flowing . Id. of a line is the most important 

factor in ... 

... formerly a voluntary industry organization - assumed watchdog responsibility under the Federal Energy 

Regulatory Commission ("FERC ") for federal enforcement of reliability standards, which include mandatory 

vegetation ... 
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... Scott Grover, FERC Guidance Order Shows Inter-Agency Tension,  23 Nat. Resources & Env't 61, 62 (2009).  

FERC's vegetation management FAQ can be found at http://www .ferc.gov/industries/electric/indus-

act/reliability/blackout/vm-faq.pdf.  Nonetheless, the new enforcement culture of NERC, fostered under the 

penalty review authority of FERC , likely contributes to aggressive UVM practices on lower voltage lines. ... 

 

83. § 8.01 The Power Grid: Regions, Market Oversight, and Infrastructure 

Renewable Energy Law and Policy (Matthew Bender) | 1 MB Renewable Energy Law and Policy § 8.01 

Chapter 8 Selling Clean Electricity 

§ 8.01 The Power Grid: Regions, Market Oversight, and Infrastructure 

... access to transmission, 23 Federal oversight of transmission, by the U.S. Federal Energy Regulatory 

Commission (FERC ), is stronger in RTOs and ISOs because all transmission owners ... 

... must follow their grid organization’s transmission policies, which are approved by FERC . Jay Caspary, 

Director of Research and Development and Special Studies, ... 

... particular area. 14 See Figure 8-4. ISOs and RTOs manage the flow of electrons in competitive wholesale 

markets across power lines they do not own, ... 

... and subsequently the U.S. Federal Energy Regulatory Commission (FERC) 19 FERC first mentioned 

RTOs and ISOs in Orders No. 888 and 889. See  § 4.01[5] ,  [6]  for a discussion of FERC Orders No. 888 and 

889.... 

... which further encourages competition in power markets. For example, the U.S. Federal Energy Regulatory 

Commission (FERC ) requires all buyers and sellers of wholesale electricity to have ... 

... access” to transmission facilities. 53 See § 4.01[5] for a discussion of FERC Order No. 888.... 

... Electric Reliability Corporation ( NERC ) was certified by the U.S. Federal Energy Regulatory Commission 

(FERC ) in 2006 as the Electric Reliability Organization for North America. ... 

 

84. COASTAL WIND ENERGY GENERATION: CONFLICT AND CAPACITIE: 
SYMPOSIUM ARTICLE: Nepa Review of Offshore Wind Farms: Ensuring 
Emission Reduction Benefits Outweigh Visual Impacts 

Boston College Environmental Affairs Law Review | Jan 01, 2004 | 31 B.C. Envtl. Aff. L. Rev. 349 | 15579 | 

DOROTHY W. BISBEE * 

... ftp:// 

www.nerc.com/pub/sys/all_updl/docs/testimony/House_Cmte_Energy_Commerce_Testimony_090303.pdf (last 

visited Jan. 5, 2004). Power flows through the "grid," a byzantine network of connections that allows electrons 

to flow , mix, and land where they will. 62 Id. A rudimentary ... 

... no action alternative descriptions give no details on these impacts. 184 FERC Guidelines provide several 

short examples for environmental effects of no action ... 

... unabated or at increased levels as the local electrical demand increased." FERC GUIDELINES, supra note 

183, at 41. CONCLUSION Offshore wind power can ... 
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... OF FED. MANDATES, INTERAGENCY TASK FORCE REPORT ON NEPA PROCEDURES IN FERC 

HYDROELECTRIC LICENSING 1 n.1 & 4 (2000),  http://www.ferc.gov/industries/hydropower/gen-

info/itf/nepa_final.pdf... 

... to this Executive Order, although some independent federal agencies, like the Federal Energy Regulatory 

Commission, are not.  See  Jason Pinney, Note,  The Federal Energy Regulatory Commission and 

Environmental Justice: Do the National Environmental Policy Act and the ... 

... OF FED. MANDATES, INTERAGENCY TASK FORCE REPORT ON NEPA PROCEDURES IN FERC 

HYDROELECTRIC LICENSING 1 n.1 & 4 (2000),  http://www.ferc.gov/industries/hydropower/gen-

info/itf/nepa_final.pdf  (last visited Dec. 31, 2003). A task force including the Federal Energy Regulatory 

Commission , the Departments of Interior, Commerce, and Agriculture, Environmental Protection Agency, ... 

 

85. SYMPOSIUM: THE DOMESTIC RESPONSE TO GLOBAL CLIMATE CHANGE: 
FEDERAL, STATE, AND LITIGATION INITIATIVES: Comment: Shaping the 
Energy Future in the American West: Can California Curb Greenhouse Gas 
Emissions from Out-of-State, Coal-Fired Power Plants Without Violating the 
Dormant Commerce Clause? 

University of San Francisco Law Review | Jul 01, 2007 | 42 U.S.F. L. Rev. 185 | 21514 | By PATRICIA 

WEISSELBERG* 

... measured in megawatts, is the amount of generation needed to keep electrons flowing in the system at any 

given moment of peak demand. Id. ... 

... (2005). Congress , by enacting the Federal Power Act, granted the Federal Energy Regulatory 

Commission ("FERC ") "exclusive authority to regulate the transmission and wholesale of electric ... 

... has found electricity to be an item of interstate commerce. 168 Fed. Energy Regulatory Comm'n v. 

Mississippi, 456 U.S. 742, 757 (1982). "It is difficult to ... 

... to be an item of interstate commerce. 170 New York v. Fed. Energy Regulatory Comm'n , 535 U.S. 1, 16 

(2002). Therefore, the Act does regulate ... 

... Id. These merchant power plants are under the jurisdiction of the Federal Energy Regulatory Commission 

and out of the regulatory reach of state public utility commissions. ... 

... customers is a police power long reserved to the states - FERC has no jurisdiction over such utilities. 150 

McKinstry, supra note 143, ... 

 

86. NOTE: Finding New Power in the Wind, the Earth, and the Sun: A Survey of the 
Regulation of Alternative Energy Generated on American Indian Reservations in 
the United States and First Nation Reserves in Canada 

Connecticut Law Review | Apr 01, 2012 | 44 Conn. L. Rev. 1383 | 16844 | Jessica A. R. Hamilton* 

... made of a semiconducting material that causes solar energy to "knock[] electrons loose from their atoms," 

and allows the electrons to flow through the special material to produce electricity. 54 Guide to Tribal ... 

... Id. at 2-3. In the United States , the Federal Energy Regulatory Commission ("FERC "), an independent 

government agency within the DOE, governs the electricity ... 
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... 42 U.S.C. §§ 7134, 7172 (2006). FERC is responsible for regulating the interstate transmission of electricity 

and the ... 

... interstate but not intrastate commerce); 42 U.S.C. § 7172 (a) (granting FERC jurisdiction to regulate the 

transmission and sale of electricity under the ... 

 

87. ARTICLE: APPLYING THE PENNSYLVANIA ENVIRONMENTAL RIGHTS 
AMENDMENT MEANINGFULLY TO CLIMATE DISRUPTION 

Michigan Journal of Environmental and Administrative Law | Oct 01, 2018 | 8 Mich. J. Envtl. &amp; Admin. L. 49 

| 10589 | Robert B. McKinstry, Jr. * and John C. Dernbach ** 

... Types of Leakage Interstate leakage occurs in the electricity sector, where electrons flow readily across 

state boundaries and where generation units are called upon ... 

... to supply electricity to the grid in order of price. 258 Fed. Energy Regulatory Comm'n v. Elec. Power Supply 

Ass'n, 136 S. Ct. 760, 768-69 (2016) ... 

... FRAMEWORKS (2017), http://pjm.com/∼/media/library/reports-notices/special-reports/20170502-advancing-

zero-emission-objectives-through-pjms-energy-markets.ashx. These leakage prevention mechanisms require 

approval by the Federal Energy Regulatory Commission . Notably, the various mechanisms for limiting 

interstate and intersectoral leakage ... 

... thereby increasing emissions. For a discussion of wholesale electricity markets, see Fed. Energy 

Regulatory Comm'n v. Elec. Power Supply Ass'n, 136 S. Ct. 760, 768-72 (2016). ... 

... Interstate leakage occurs in the electricity sector, where electrons flow readily across state boundaries and 

where generation units are called upon ... 

... to supply electricity to the grid in order of price. 258 Fed. Energy Regulatory Comm'n v. Elec. Power Supply 

Ass'n, 136 S. Ct. 760, 768-69 (2016) ... 

... utilities. See CONG. RESEARCH SERV., REPORT R44783, FEDERAL POWER ACT ( FPA ) AND 

ELECTRICITY MARKETS (2017). as well as New York Independent ... 

 

88. Nuclear Power or Renewable Energy?: Available Options in Today's Energy 
Market 

Environmental Law Reporter News and Analysis | Apr 01, 2005 | 35 ELR 10260 | Shubh Nigam 

... beams of ultraviolet light from the sun strike metal plates where electrons start to flow and create a direct 

current, which is then converted to an ... 

... hydropower in the state. 158 Id. at iii, 30. Though the Federal Energy Regulatory Commission (FERC ) 

regulates hydroelectric power plants, the generation of hydropower is not ... 

 

89. NOTE: STATE RENEWABLE PORTFOLIO STANDARDS: THEIR CONTINUED 
VALIDITY AND RELEVANCE IN LIGHT OF THE DORMANT COMMERCE 
CLAUSE, THE SUPREMACY CLAUSE, AND POSSIBLE FEDERAL 
LEGISLATION 
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Harvard Journal on Legislation | Jan 01, 2008 | 45 Harv. J. on Legis. 259 | 13701 | Nathan E. Endrud* 

... more easily administrable. Due to the difficulties of predicting and tracing electron flows , 91 See Bosselman 

et al., supra note 13, at 859-60; ... 

... Act established the jurisdiction of the Federal Power Commission, now the Federal Energy Regulatory 

Commission , over "the transmission of electric energy in interstate commerce" and ... 

 

90. NOTE: RENEWABLE PORTFOLIO STANDARDS AND THE DORMANT 
COMMERCE CLAUSE: THE CASE FOR IN-REGION LOCATION 
REQUIREMENTS 

Boston College Environmental Affairs Law Review | Jan 01, 2014 | 41 B.C. Envtl. Aff. L. Rev. 133 | 18287 | 

WILLIAM GRIFFIN * 

... direct connection between generator and end-user, it is impossible to trace electrons in interstate 

commerce.  See    New York v. Fed. Energy Regulatory Comm'n, 535 U.S. 1, 7 n.5 (2002)  ("[E]lectricity 

flowing onto a power network or grid ... 

... the Constitution, discriminate against out-of-state renewable energy." Ill. Commerce Comm'n v. Fed. Energy 

Regulatory Comm'n , 721 F.3d 764, 776 (7th Cir. 2013). Although at least ... 

 

91. ARTICLE: Utility Privatization in the Military Services: Issues, Problems, and 
Potential Solutions 

Air Force Law Review | Jan 01, 2002 | 53 A.F. L. Rev. 55 | 22104 | Major Jeffrey A. Renshaw * 

... the operation and maintenance of the distribution system, presumably ensuring the flow of electricity to those 

installation buildings requiring it. The actual electricity, the electrons being distributed over the now contractor-

owned system, typically will not be ... 

... body." 157 DFARS 241.101. It defines "independent regulatory body" as "the Federal Energy Regulatory 

Commission , a state-wide agency, or an agency with less than statewide ... 

 

92. ARTICLE: The Legal Control of Indoor Air Pollution (C) Arnold W. Reitze, 1997. 
In preparing this Article, the authors were assisted by research assistant F. 
James Cumberland, Shaw Fellow Andrew J. Harrison, Jr., Esq., and legal 
secretary Ms. Winnie Hercules. The authors thank Dr. Richard Cothern and Dr. 
James L. Repace for their helpful comments. 

Boston College Environmental Affairs Law Review | Jan 01, 1998 | 25 B.C. Envtl. Aff. L. Rev. 247 | 56907 | 

Arnold W. Reitze, Jr.** and Sheryl-Lynn Carof*** 

... 402. EMFs may cause calcium atoms in nerve cells to lose electrons and become charged ions, which may 

cause the cells to die, or EMFs may alter the flow of calcium ions from cell to cell. See James A. Haught, ... 

... of Standards and Technology, Department of Transportation, Rural Electrification Administration, and 

Federal Energy Regulatory Commission . DOE administers the program. See Federal Agencies Begin Five-

Year Study ... 
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93. NOTE:Does the Commerce Clause Provide Constitutional Refuge for the Child 
Support Recovery Act of 1992?: United States v. Faasse 

Howard Law Journal | Oct 01, 2002 | 46 How. L.J. 147 | 15360 | Ronald Curtis* 

... another State is commerce although the transaction does not concern the flow of anything more tangible 

than electrons and information." 69 Id. at 396 (arguing that "an ordinance not ... 

... its ruling upholding the CSRA on the precedent set forth in Federal Energy Regulatory Commission v. 

Mississippi , 76 For a more detailed response to recent ... 

 

 1.4 – LEGAL – ADMINISTRATIVE MATERIAL 

1. Hyperlinked Reply Brief of FERC Trial Staff under ER18-2358, et. al.. 

FERC Briefings and Arguments of Law | Dec 10, 2020 

... because of the new open access (through the use of a FERC-filed open access transmission tariff or through 

transmission services ordered pursuant to section 211 of the FPA ), we believe that any costs stranded as a 

result of ... 

... but for the action of this Commission (either through a mandatory FPA section 205-206 open access tariff or 

an order under FPA section 211) in permitting the new wholesale entity to become an ... 

... from a new supplier.[FN718] There is a clear nexus between the FERC -jurisdictional transmission access 

requirement and the exposure to non-recovery of prudently ... 

... because in these situations there is no direct nexus between the FERC -jurisdictional transmission access 

requirement and the exposure to non-recovery of prudently ... 

... Wellhead Decontrol, Order No. 636, 57 FR 13267 (April 16, 1992), FERC Stats. & Regs. 30,939 (1992), 

order on reh'g, Order No. 636-A, 57 FR 36128 (August 12, 1992), FERC Stats. & Regs. 30,950 (1992); order on 

reh'g, Order No. 636-B, 57 FR 57911 (December 8, 1992), 61 FERC P61,272 (1993), reh'g denied, 62 FERC 

61,007 (1993), appeal pending United Distribution Companies, et al., v. FERC , No. 92-1485, et al., ( D.C. Cir. 

Oral Argument Held ... 

 

2. Reply Brief of the California Parties (with links) under EL02-71. 

FERC Briefings and Arguments of Law | Jun 15, 2017 

... The California Wholesalers contended, and FERC ultimately concluded, that  California 's complaint 

amounted to an impermissible collateral attack on prior Commission orders pertaining to FERC's marketbased 

rate authority and procedures, on prior FERC determinations regarding refund liability, and as to FERC's 

decisions to grant the various defendants their respective market-based rate authority. FERC granted the 

complaint in part, holding that where the California Wholesalers ... 

... aggregated rather than transaction-specific data, the reports failed to comply with FPA § 205(c). Rather than 

ordering refunds for the reporting violations, however, FERC held that "the failure to report transactions in the 

format required by FERC for quarterly reports is essentially a compliance issue" for which "refiling ... 
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... to include transactionspecific data is an appropriate and sufficient remedy." 99 FERC ¶ 61,-247 at 62,068 

(2002). California  timely filed a petition for re-view of FERC's decision and properly invokes our jurisdiction to 

review final orders of FERC pursuant to 16 U.S.C. § 8251(b).... 

... activity or circumstances relating to imports . . . or exports[.]" FERC reasonably determined that False Export, 

False Load Scheduling and Anomalous Bidding violated these provisions.  ... 

 

3. Hyperlinked Initial Post-Hearing Brief of the Indicated SPP Transmission Owners 
under ER18-2358. 

FERC Briefings and Arguments of Law | Nov 10, 2020 

... GHP cites to the Brattle analysis as evidence that benefits flow to SPS from the GHP Facilities because 

power flows over the SPS Facilities. GHP Pre-Hearing Brief, at 16. At Hearing, ... 

... analogy is false. Cars go where their drivers direct them. But electrons do not follow instructions that way. 

They flow according to the laws of physics, along the path of least ... 

... Energy Law & Transactions § 82.05 ("Consistent with Kirchoff’s laws, the flow of electrons across a 

transmission system follows the path of least resistance between ... 

... generating source and load, although not necessarily the shortest path."). They flow off the SPS system onto 

the GHP system because the GHP ... 

... connected to SPS, not because there is any benefit to such flows. Such flows are sometimes called 

"inadvertent" flows, "loop" flows, or "parallel" flows. And importantly transmission providers are not permitted 

to charge for such flows , because they are not intentional, beneficial use of transmission, but ... 

... of interconnected utility operations." E. Kentucky Power Coop., Inc. , 114 FERC 61,035, at P 33 (2006) 

(noting that compensation may only be ... 

... unique physical nature of electric transmission. Consistent with Kirchoffs laws, the flow of electrons across a 

transmission system follows the path of least resistance between ... 

 

4. Initial Decision re Midwest Independent Transmission System Operator, Inc, 
under ER11-1844. 

FERC ALJ Issuances | Dec 18, 2012 | ER11-1844-002 

... should not be considered in isolation." 1258 PJMTOs explain that loop flows occur because electrons 

cannot be directed to flow only on a designated path, or on a specific utility's transmission wires. 1259  Instead, 

power flows along the path of least resistance, which is determined by the ... 

... Order No. 890-C, 126 FERC ¶ 61,228,  order on clarification , Order No. 890-D, 129 FERC ¶ 61,126 (2009) 

and FPA § 205, 16 U.S.C. § 824d(b) (2012)). 1938 NYTOs Initial Br. ... 

... 2925 Occidental Chem. Corp. v. PJM Interconnection, L.L.C. , 110 FERC ¶ 61,378, at P 10 (2005) ("The 

Commission's long-standing policy is ... 

... is that when a Commission action under section 206 of the FPA requires only a cost allocation change, or a 

rate design change, ... 
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... at 3, 25. 2476 See ISO New Eng., Inc. , 136 FERC ¶ 61,221, at P 20 (2011) (explaining that, "[w]here, as 

here, a filing is made under section 205 of the FPA , the burden of proof is on the filing party to ... 

 

5. Initial decision re Midwest Independent Transmission System Operator, Inc under 
ER11-1844. 

FERC ALJ Issuances | Dec 18, 2012 | ER11-1844-002 

... should not be considered in isolation." 1258 PJMTOs explain that loop flows occur because electrons 

cannot be directed to flow only on a designated path, or on a specific utility's transmission wires. 1259  Instead, 

power flows along the path of least resistance, which is determined by the ... 

... Order No. 890-C, 126 FERC ¶ 61,228,  order on clarification , Order No. 890-D, 129 FERC ¶ 61,126 (2009) 

and FPA § 205, 16 U.S.C. § 824d(b) (2012)). 1938 NYTOs Initial Br. ... 

... 2925 Occidental Chem. Corp. v. PJM Interconnection, L.L.C. , 110 FERC ¶ 61,378, at P 10 (2005) ("The 

Commission's long-standing policy is ... 

... is that when a Commission action under section 206 of the FPA requires only a cost allocation change, or a 

rate design change, ... 

... at 3, 25. 2476 See ISO New Eng., Inc. , 136 FERC ¶ 61,221, at P 20 (2011) (explaining that, "[w]here, as 

here, a filing is made under section 205 of the FPA , the burden of proof is on the filing party to ... 

 

6.     California Independent System Operator Corporation, Pacific Gas and 
Electric Company 

Federal Energy Regulatory Commission Decisions | May 10, 2002 |  99 F.E.R.C. P63,020 | Docket Nos. ER01-

313-000, ER01-313-001, ER01-424-000, ER01-424-001 (Consolidated) 

... behind-the-meter loads in that the deliveries to such loads do not flow over the ISO Controlled Grid, SCE 

asserts there is a greater ... 

... and IOU wholesale loads that similarly are not served through deliveries flowing over ISO Controlled Grid 

facilities. SCE I.B. at 12. SCE also ... 

... and wholesale loads, whether GE or IOU, met by deliveries not flowing over the ISO Controlled Grid. First, 

GE and IOU loads served ... 

... Exh. SCE-7 at 3. It is impossible to tell whether the electrons flow on the ISO Controlled grid or not; the 

loads are served by remote generation and the flow on the utility system is measurable. See Tr. 1146 (Lyon). 

SCE ... 

  electrons flow    on the ISO Controlled Grid or not; however, the loads are served by remote generation and 

the flow on the utility system measurable. ... 

... that did not use the ISO Controlled Grid, based on the flow of electrons.   88 FERC at 65,072-73 . It too 

argued that distribution-only Generating Units were ... 

... NEW YORK ET AL., PETITIONERS v. FEDERAL ENERGY REGULATORY COMMISSION ET AL. ENRON 

POWER MARKETING, INC., PETITIONER v. FEDERAL ENERGY REGULATORY COMMISSION ET AL., 122 

S. Ct. 1012 ; 2002 U.S. LEXIS 1380 ... 
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7.     Midwest Independent Transmission System Operator, Inc. 

Federal Energy Regulatory Commission Decisions | Dec 18, 2012 |  141 F.E.R.C. P63,021 | Docket No. ER11-

1844-002 

... supersede filing rights that transmission owners or ITCs have under the FPA. Similarly, the RTOs retain their 

rights under the FPA to propose tariff modifications and can put forward proposals developed under ... 

... may be modified pursuant to the various parties' rights under the FPA , and to include this revision in their 

compliance filing. 1337 ... 

... in isolation." 1258 Ex. PTO-1 at 9:15-18. PJMTOs explain that loop flows occur because electrons cannot 

be directed to flow only on a designated path, or on a specific utility's transmission wires.  1259 PJMTOs Initial 

Br. at 10.  Instead, power flows along the path of least resistance, which is... 

... 1016 Ex. ITC-1 at 24. First, IESO is not subject to FERC jurisdiction, such that FERC has no authority to 

allocate costs to IESO. 1017 Ex. ITC-1 ... 

... a contract rate initially fixed by the parties and filed with FERC [can] be overridden by FERC at any time 

under the just and reasonable standard."  1653 Boston Edison Co. v. FERC , ... 

... the DFAX calculation was intended to be a reasonable forecast of flows in the ... 

 

8. Errata to Initial Brief of the California Parties, under EL00-95. 

FERC Briefings and Arguments of Law | Oct 15, 2012 

... at Section II.A.6; San Diego Gas & Elec. Co. , 135 FERC ¶ 61,173 at PP 25-26. FERC Staff settled the vast 

majority of those cases, so FERC never had to reach the question of overcharges/refunds. Further, the Ninth 

Circuit considered those FERC orders and explained that: "FERC itself casts its company-specific approach as 

supplemental to the adjudicative refund proceedings undertaken pursuant to § 206."  CPUC v. FERC , 462 F.3d 

at 1050. The court held that the "fact that FERC may be seeking similar remedies against specific companies in 

its §1b ... 

... Brief at III.D. FERC specifically required sellers that had previously been authorized to sell energy ... 

... Thus Respondents that sold Ancillary Services at market based rates without FERC authorization violated 

the FPA, the filed rate doctrine, FERC regulations, the ISO Tariff, those Respondents' individual tariffs, and 

FERC 's order. Those violations are properly considered as part of this ... 

... 734 ISO Tariff section 2.5.7.3 provided that "[P]ublic utilities under the FPA must submit bids for Ancillary 

Services capped at FERC authorized cost-based rates, unless ... 

 

9. Initial Brief and Appendix of City Utilities of Springfield, Missouri under ER18-99. 

FERC Briefings and Arguments of Law | Apr 18, 2019 

... Electricity Oversight Board (collectively, California PUC). 13 [**10] 8 98 FERC P61,141, reh'g denied, 99 

FERC P61,258, modified on other grounds, 101 FERC P61,113 (2002), on remand, 102 FERC P61,193 

(Remand Order), reh'g denied, 104 FERC P61,012 (2003) (Midwest ISO).... 
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... being used to serve transmission from a source to a sink. Electrons obviously flow wherever they're going to 

go. They don't stay along a direct ... 

... been or may hereafter be made 1 Southwest Power Pool, Inc., FERC FPA Electric Tariff, Service 

Agreements Tariff, 3330 City of Nixa NITSA, 3330 ... 

... Order No. 679-A, FERC Stats. & Regs. P 31,236 (2006), order on reh'g, 119 FERC P 61,062 (2007)); So. 

Cal. Edison Co., 133 FERC P 61,107, at P 63 (discussing the Commission's FPA section 205 authority to grant 

rate incentives). [**61] 61. We also ... 

... 17 Order. 1. Cost Causation 9 Boralex Livermore Falls LP, 123 FERC P 61,279, at P 62 (2008); Southern 

Cal. Edison Co., 102 FERC P 61,256, at P 17 (2003); Philadelphia Elec. Co., ... 

 

10. Initial Brief of the California Parties, under EL00-95. 

FERC Briefings and Arguments of Law | Sep 28, 2012 

... at Section II.A.6; San Diego Gas & Elec. Co. , 135 FERC ¶ 61,173 at PP 25-26. FERC Staff settled the vast 

majority of those cases, so FERC never had to reach the question of overcharges/refunds. Further, the Ninth 

Circuit considered those FERC orders and explained that: "FERC itself casts its company-specific approach as 

supplemental to the adjudicative refund proceedings undertaken pursuant to § 206."  CPUC v. FERC , 462 F.3d 

at 1050. The court held that the "fact that FERC may be seeking similar remedies against specific companies in 

its §1b ... 

... 734 ISO Tariff section 2.5.7.3 provided that "[P]ublic utilities under the FPA must submit bids for Ancillary 

Services capped at FERC authorized cost-based rates, unless and until FERC authorizes different pricing. . . . 

Public utilities under the FPA which have not been approved to bid at market-based rates will ... 

... Brief at III.D. FERC specifically required sellers that had previously been authorized to sell energy ... 

 

11.     Restructuring of the Electric Industry 

CT Public Utility Regulatory Authority | Jul 14, 1995 | 1995 Conn. PUC LEXIS 1 | Docket No. 94-12-13 

... of transmission that it collects. While it makes a difference where electrons actually flow, whose electrons 

they are does not. The user can rely on contract path ... 

... path to manage its transactions and the system can use loop flow to correctly pay for and value transmission 

paths. "Pancaking" to the ... 

... be a function of a number of variables including the actual flow of electricity.  Part of the debate on pricing  

transmission  has been whether the price should be based on "loop flow" (actual flow of electrons through the 

grid) or "contract path" (a feasible transmission path between ... 

... and cons of the two methods. On the one hand, loop flow is what actually happens and what determines the 

short run marginal ... 

... cost. The solution to this dilemma is to use both loop flow and contract path. In the moment to moment 

pricing  of transmission,  3 above, loop flow is appropriate. In the pricing of transmission rights sold between 

grid ... 

... Department  endorses FERC views and believes the same goals hold true as for competitive ... 



P a g e  | 353 
 

... competitive retail markets, if such restructuring were to occur. 40 The FERC proposed method for recovery of 

stranded costs is primarily through the ... 

 

12. Post-Hearing Reply Brief of TransAlta Energy Marketing (U.S.) Inc. and TransAlta 
Energy Marketing (California) Inc. in Docket No. EL01-10. 

FERC Briefings and Arguments of Law | Jan 28, 2014 

... never "left" the ISO control area. To the extent that a flow of electrons scheduled on TransAlta's behalf from 

the ISO into LADWP was redelivered ... 

... into the AC to DC converter at Sylmar, a stream of electrons equal in quantity to that exported from the ISO 

on TransAlta's behalf flowed onto the DC Tie, was transmitted to Celilo , the northern ... 

... left the ISO control area. Kirchof's law also dictates that the electrons could only move from the Southern 

end of the DC Tie ... 

... between two points, the southern terminus and the northern terminus. When electrons are introduced at one 

terminus with voltage to supply the force ... 

... – in fact, the only path available – is for the electrons to flow to the other terminus. From Big Eddy the 

scheduled flow was either credited as a net import by TransAlta into the ... 

... From Big Eddy the scheduled flow was either credited as a net import by TransAlta into the ... 

... a false export contravenes the law of physics. Electric energy – electrons pushed by voltage – flowed from 

the Desert Southwest to the Pacific Northwest, regardless of Mr. ... 

 

13. Initial Brief of the PJM Transmission Owners Group under ER11-1844. 

FERC Briefings and Arguments of Law | Oct 16, 2012 

... PTO-1 at 9:12-15. 25 PTO-1 at 9:15-18. Loop flows occur because electrons cannot be directed to flow 

only on a designated path, or on a specific utility's transmission wires. Instead, power flows along the path of 

least resistance, which is determined by the ... 

... Rule 706 of the Rules of Practice and Procedure of the Federal Energy Regulatory Commission 

("Commission") and the Presiding Judge's January 17, 2012 Order Establishing Procedural ... 

... October 20 Filing is contrary to the Federal Power Act (" FPA") and the Federal Energy Regulatory 

Commission's ("FERC " or "Commission") cost allocation policies, and violates the Joint Operating ... 

... the Applicants' October 20 Filing contrary to Section 205 of the FPA. The FPA does not authorize a utility to 

assess costs on non-customers in ... 

... prohibits allocation of costs of the ITC PARs to PJM, the FPA does not permit the Applicants to make the 

October 20 Filing. ... 

... Put another way, the Applicants made this filing at FERC, and thus sidestepped the JOA themselves – and 

once this was filed at FERC,  PJM  and the  PJM  TOs had to fight this at FERC . ... 
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14.     Buckeye Power, Inc. v. American Transmission Systems, Incorporated 

Federal Energy Regulatory Commission Decisions | Jan 11, 2013 |  142 F.E.R.C. P63,007 | Docket No. EL11-

54-002 

... There is no question that net power flow is downward under the various load flow studies. Power will flow to 

meet the load placed on the system, and if the ... 

... load is served at 46 kV and below, then power will flow from the higher voltages downward when the higher 

voltage lines are ... 

... taken out of service. This does not mean that power cannot flow upward. What [the intervenor] is attempting 

is electron tracing, but there is little or no way of tracing the actual electron path taken during  various line 

outages. [The intervenor's] load flow studies do not tell us that no power flowed upward. All they demonstrate 

is the ... 

... Consolidated Edison Co. of New York , Inc. v. FERC, Cities of Newark, New Castle and Seaford v. FERC, 

City of Frankfort v. FERC , and  Western Grid Development, LLC . ... 

... intervenor's initial brief). 555. While the intervenor argued that no power flowed upward, the Commission 

responded that "there is little or no way of tracing the actual electron path taking during various line outages;" 

in fact, "it would be ... 

 

15.     PJM Interconnection, L.L.C. 

Federal Energy Regulatory Commission Decisions | Jul 13, 2006 |  116 F.E.R.C. P63,007 | Docket No. EL05-

121-000 

... 195. JCA's assertion that the physical flow of electrons within the PJM footprint has not changed, similarly 

misses the point, ... 

... parties. Further, Ormet sees as highly doubtful the proposition that the flow of electrons has not changed as 

power flows and trading patters over PJM 's and MISO's wires have changed ... 

... Light Company v. Thornburg the US Supreme Court held that FERC had exclusive jurisdiction over the rates 

to be charged interstate wholesale customers, and stated that when "FERC sets a rate between a seller of 

power and a wholesale-as-buyer, ... 

... to prevent the wholesaler-as-seller from recovering the costs of paying the FERC -approved rate." 476 U.S. 

953 at 970 (1988). 153. The Court ... 

... paid for by some customers. 195. JCA's assertion that the physical flow of electrons within the PJM footprint 

has not changed, similarly misses the point, ... 

... parties. Further, Ormet sees as highly doubtful the proposition that the flow of electrons has not changed as 

power flows and trading patters over ... 

... to transmission systems throughout PJM. Allegheny Power System Operating Cos., 115 FERC P 61,156 at 

61,542. In Order No. 2000, the Commission allowed ... 
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16.     Puget Sound Energy, Inc., Complainant v. All Jurisdictional Sellers of Energy 
and/or Capacity at Wholesale into Electric Energy and/or Capacity Markets in the 
Pacific Northwest, Including Parties to the 

Federal Energy Regulatory Commission Decisions | Mar 28, 2014 |  146 F.E.R.C. P63,028 | Docket No. EL01-

10-085 

... temporal periods at issue in this case. Constellation states that under FPA section 206, FERC has the 

authority to investigate whether a particular rate is "just and reasonable." If FERC finds the rate unjust and 

unreasonable, it may order sellers to ... 

... Mr. Taylor admitted that his screen does not track the actual flow of electrons . Moreover, Mr. Tranen states 

that Mr. Taylor admitted that there ... 

... D.C. 374 (D.C. Cir. 1992) (finding that section 309 of the FPA confers the power to order refunds to FERC , 

but that "refunds are a form of equitable relief, akin ... 

... However, Trial Staff notes that the Ninth Circuit was clear that FERC did fulfill its duty under the FPA by 

"screening individual sellers for market power." 801 Id. at 917 ... 

... D.C. 374 (D.C. Cir. 1992) (finding that section 309 of the FPA confers upon FERC the power to order 

refunds, but that "refunds are a form ... 

... 2000. 786 See id. 916. Constellation states that unlike section 206, FPA section 309 gives ... 

 

17. Initial Decision re PJM Interconnection, LLC under EL05-121. 

FERC ALJ Issuances | Jul 13, 2006 | EL05-121-000 

... parties. Further, Ormet sees as highly doubtful the proposition that the flow of electrons has not changed as 

power flows and trading patters over PJM's and MISO's wires have changed substantially ... 

... paid for by some customers. 195. JCA's assertion that the physical flow of electrons within the PJM footprint 

has not changed, similarly misses the point, ... 

... W. J. COWAN 116FERC63,007 FERC ALJ Issuances 20060713-3048 Issued by FERC OSEC 07/13/2006 in 

Docket#: EL05-121-000  UNITED STATES OF AMERICA  116 FERC ¶63,007 FEDERAL ENERGY 

REGULATORY COMMISSION  PJM Interconnection, L.L.C.... 

... a rate design change. Allegheny Power System Operating Cos. , 115 FERC ¶ 61,156 at 61,544. Further, 

Staff suggests that the Commission should ... 

... state preemption in regards to utility rate making. Order No. 888, FERC Stats. & Regs. ¶ 31,036 at 31,966. 

Staff asserts that in ... 

... & Light Company v. Thornburg the US Supreme Court held that FERC had exclusive jurisdiction over the 

rates to be... 

... 373 F.3d 1361 at 1372. The Court of Appeals agreed with FERC and invalidated the argument as a matter of 

law stating that ... 

 

18. Reply Brief of Transmission Owner Proponents under EL05-121. 
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FERC Briefings and Arguments of Law | Jun 06, 2006 

... what the contract 68Ormet also incorrectly states (p. 32) that " electrons physically flow to the load from the  

closest generation sources." They flow based on impedance, to the point of least resistance, no matter ... 

... 64 (2002) ("It is a basic law of physics that electricity flows across an integrated grid in inverse proportion to 

the impedance on ... 

... requisite expertise and gives no basis for his faulty conclusions concerning flows of electrons . Standards 

and Procedures for Determining the Admissibility of Expert Evidence ... 

... date. Mr. Bourquin was the first, - 64 - 200606065060 Received FERC OSEC 06/06/2006 03:47:00 PM 

Docket# EL05-121-000 and so far only, representative ... 

... 69 FERC ¶ 61,437 (1994)   .............................................  30 Southern Natural Gas Co., 51 FERC ¶ 61,296 

(1990)  ................................................  65 Southwestern Pub. Serv. Co., et al.,  46 FERC ¶ 61,006 (1989)   

.................................  30... 

... See ISO New England, Inc. , 106 FERC ¶ 61,280 (2004); Ex. No. PPP-10, p. 23, ll. 8 - 12    (Solomon).  - 58 -  

200606065060 Received FERC OSEC 06/06/2006 03:47:00 PM Docket#  EL05-121-000 ... 

 

19. Initial Decision re Buckeye Power, Inc v. American Transmission Systems, 
Incorporated under EL11-54. 

FERC ALJ Issuances | Jan 11, 2013 | EL11-54-002 

... Id. power will flow from the higher voltages downward when the higher voltage lines are ... 

... taken out of service. This does not mean that power cannot flow upward. What [the intervenor] is attempting 

is electron tracing, but there is little or no way of tracing the actual electron path taken during various line 

outages. [The intervenor's] load flow studies do not tell us that no power flowed upward. All they demonstrate 

is the  net effect  of the power flows. As pointed out by the judge, [the intervenor's] load flow studies are not 

sufficient in scope in that they do not ... 

... lower voltages.'" 1999 555. While the intervenor argued that no power flowed upward, the Commission 

responded that "there is little or no way of tracing the actual electron path taking during various line outages;" 

in fact, "it would be ... 

... In affirming the Commission, the Ninth Circuit pointed out that " FERC's policy of rolling-in transmission costs 

in integrated systems is apparent from even a cursory examination of FERC and judicial decisions." 1642 The 

court stated that the intervenor's reliance ... 

 

20. Initial Decision re Puget Sound Energy, Inc v. All Jurisdictional Sellers of Energy 
and/or Capacity at Wholesale into Electric Energy et al under EL01-10. 

FERC ALJ Issuances | Mar 28, 2014 | EL01-10-085 

... Ninth Circuit's Montana Consumer Counsel opinion to support a claim that FERC cannot rely on market 

forces to fulfill its obligations under the FPA to ensure prices are just and reasonable. Constellation 

acknowledges that the court stated that "FERC may not substitute prevailing market prices for its own 

judgment." 773 ... 
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... 97 FERC ¶ 61,275, at 62,212 (2001). 782 Id.  at 62,211. periods at issue in this case. Constellation states 

that under FPA section 206, FERC has the authority to investigate whether a particular rate is "just and 

reasonable." If FERC finds the rate unjust and unreasonable, it may order sellers to ... 

... Mr. Taylor admitted that his screen does not track the actual flow of electrons . Moreover, Mr. Tranen states 

that Mr. Taylor admitted that there ... 

... Circuit's statement that "the Commission cannot fulfill its duty under the FPA to make sure that prices for 

wholesale energy are 'just and ... 

... However, Trial Staff notes that the Ninth Circuit was clear that FERC did fulfill its duty under the FPA by 

"screening individual sellers for market power." 801 926. With respect ... 

 

21. Initial brief of Enron Power Marketing,Inc re Pacific Gas and Electric Co et al 
under ER97-2358 et al. 

FERC Briefings and Arguments of Law | Mar 05, 1999 

... transmission or ancillary services nor affects in any significant way the flow of electrons on the ISO Grid. 35 

This type of prohibited service is ... 

... Arizona or Nevada for that matter) theoretically is affected by the flow of electrons in California has not, 

however, meant that all power in the ... 

... neither utilizes the ISO’s transmission or ancillary services, nor affects the flow of electrons on the ISO Grid. 

15. Restructuring has resulted in an increase ... 

... No. 888 and Order No. 889. 21 are applicable to all FERC -jurisdictional services -- including the instant WDT 

service - irrespective of ... 

... the Commission’s exclusive jurisdiction under sections 205 and 206 of the FPA.”  Order No. 888 , FERC 

Stats. & Regs. ¶31,036, at 31,969. As a result, the fact ... 

... requirements or obtain waiver of them. See Order No. 888-A, III FERC Stats, and Regs, at 30,286 & n.330, 

30,290; Order No. 889-A, III FERC Stats, and Regs, at 30,553 & n.25. 31.596. 29 Therefore, utilities ... 

... to all such service. The mere fact that the movement of electrons in  Montana  (or  Arizona  or ... 

 

22. Corrected Pre-Hearing Brief of TransAlta Energy Marketing (U.S.) Inc. under 
EL00-95. 

FERC Briefings and Arguments of Law | Apr 04, 2012 

... of physics dictate that electric energy is a fungible product. The electrons  that  flow as electric energy move 

from the points of generation onto and ... 

... transactions. Accordingly, interchange transactions between control areas do not require physical flows of 

specific electrons from specific generators. Rather, with respect to the reliability of scheduled ... 

... of physics dictate that electric energy is a fungible product. The electrons  that  flow as electric energy move 

from the points of generation onto and ... 
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... transactions. Accordingly, interchange transactions between control areas do not require physical flows of 

specific electrons from specific generators. Rather, with respect to the reliability of scheduled ... 

... to enforce the other provisions of the FPA,  is  a matter  of  first  impression.   Existing  Commission  3  

20120404-5165 FERC PDF (Unofficial) 4/4/2012 3:21:09 PM... 

... was $98,627, or approximately $87,940 over what the California 4 20120404-5165 FERC PDF (Unofficial) 

4/4/2012 3:21:09 PM Parties estimate TransAlta would have received ... 

... violations is $502,024.78. The market-wide remedy sought by the 9 20120404-5165 FERC PDF (Unofficial) 

4/4/2012 3:21:09 PM California Parties yields a refund claim ... 

 

23. Enron Power Marketing, Inc resubmits initial brief re Pacific Gas and Electric Co 
et al under ER97-2358 et al. 

FERC Briefings and Arguments of Law | Mar 08, 1999 

... neither utilizes the ISO’s transmission or ancillary services, nor affects the flow of electrons on the ISO Grid. 

15. Restructuring has resulted in an increase ... 

... Arizona or Nevada for that matter) theoretically is affected by the flow of electrons in California has not, 

however, meant that all power in the ... 

... transmission or ancillary services nor affects in any significant way the flow of electrons on the ISO Grid. 35 

This type of prohibited service is ... 

... No. 888 and Order No. 889 21 are applicable to all FERC -jurisdictional services - including the instant WDT 

service - irrespective of ... 

... the Commission’s exclusive jurisdiction under sections 205 and 206 of the FPA.”  Order No. 888 , FERC 

Stats. & Regs. ¶31,036, at 31,969. As a result, the fact ... 

... to all such service. The mere fact that the movement of electrons in  Montana  (or  Arizona  or ... 

... a request for service. See Midwest Energy, Inc., etal , 77 FERC at 61,854. OASIS posting will provide market 

participants with access to ... 

 

24. Dismukes DE. 2011. OCS-related infrastructure fact book, Volume I: post-
hurricane impact assessment. 381 p. OCS Study 2011-043. Obligation No.: 
M08AC12280 (1435-01-04-CA-32806-39641). - Final Report 

BOEM Environmental Studies | Dec 01, 2011 

... is the Federal Power Act ( FPA). Enacted in 1935, the FPA regulates interstate wholesale power transactions 

and the transmission of electric power. The FPA created the Federal Power Commission (FPC) (which later 

became FERC ) to ensure that rates are "reasonable, nondiscriminatory, and just to ... 

... national policy has been to foster competition in wholesale power markets. FERC has the authority to 

regulate the prices, terms, and conditions of wholesale power sales and transmission services. FERC states its 

core responsibility is to "guard the consumer from exploitation by non-competitive electric power companies 

(FERC, 2010)." To do this, FERC has attempted to maintain the appropriate balance between regulation and 

competition. ... 
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... the commissions' views of this balance have changed over time, the FERC's goal is to find the best mix in 

order to protect customers from monopoly power (FERC, 2010). Order 888, issued by FERC in 1996, gave all 

suppliers of electricity access to investor-owned transmission lines, which created a competitive market for 

these lines. FERC Orders 888 and 889 suggested the concept of an Independent System ... 

 

25. Initial brief submitted on behalf of Village of Freeport,NY re Consolidated Edison 
Co of New York, Inc under EL99-58. 

FERC Briefings and Arguments of Law | Sep 27, 1999 

... 59 Fed. Reg 55,031, FERC Stats & Regs. ¶ 31,005 at 31,145 (1994). Not surprisingly, the ... 

... “contract paths”, a fiction, and does not reflect where the actual electrons flow The evidence in this case 

clearly shows that power actually flows to Freeport across  all eleven feeders  serving  Con Edison... 

... Judge Pursuant to Section 206 of the Federal Power Act ( FPA), 16 U.S.C. § 824e, and Rules 206 and 706 

of the Rules of Practice and Procedure of the Federal Energy Regulatory Commission (FERC or 

Commission), 18 C.F.R. §§ 385.206 and 385.706 (1999), the Village ... 

... 888 In analogous circumstances, in Washington Water Power Co . 83 FERC ¶ 61,097 (show cause order), 

83 FERC ¶ 61,282 (1998) (determining that penalties imposed in show cause order ... 

... could be interrupted on a one-day-ahead notice. In so doing, the FERC held that: Washington Water Power 

violated the comparability requirements of Order ... 

... underlying data provided in Exh. FR-67 demonstrated that some of the flow to Freeport actually flows 

through 901 and 903 under many conditions Exh. FR-50 at 21. ... 

... Con Edison Witness Jaeger conceded on cross-examination: “We know that the electrons flow in the path 

of least resistance and that we do have ... 

 

26. Reply Brief of ORMET PRIMARY ALUMINUM CORP under EL05-121. 

FERC Briefings and Arguments of Law | Jun 06, 2006 

... other zones pay for none. JCA also asserts that the physical flow of electrons within the PJM footprint has 

not changed, and continues to operate ... 

... However, the issue is not the physical flow of electrons over the transmission wires, but the economic right 

to obtain generation ... 

... to any other zone in PJM. Moreover, the proposition that the flow of electrons has not changed since the  

original PJM footprint 54  is highly doubtful.  In fact, the power flows and trading patterns... 

... PJM Region; (ii) meet the definition of transmission facilities pursuant to FERC's Uniform System of  

Accounts or have been classified as transmission facilities in  a ruling by FERC addressing such facilities ; and 

(iii) have been demonstrated to the ... 

... 293-2275 (Fax) Dated: June 6, 2006 36 {W0140885; 2} 200606065051 Received FERC OSEC 06/06/2006 

03:13:00 PM Docket# EL05-121-000 CERTIFICATE OF SERVICE I hereby ... 

... 109 FERC ¶ 61,168 (2004) ("November 18,    2004 Order"). 21 RPA Initial Brief at pp. 44-45.  11 {W0140885; 

2}  200606065051 Received FERC OSEC 06/06/2006 03:13:00 PM Docket#  EL05-121-000... 
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27. Reply Brief of Occidental and the New Mexico Cooperatives under ER12-959. 

FERC Briefings and Arguments of Law | Jan 28, 2013 

... 39 "Looped flows" do not equate to a "looped transmission circuit" as  Tri-County  claims.  Flows measure 

the  movement of electrons; a circuit is a physical asset that carries flows.  Flows of electrons and 

transmission circuits are no more alike than electric energy is ... 

... "Looped flows"  are  caused  by  the  laws  of  physics  and  result  from  the  unintended  flow  of electrons 

through transmission lines based on where there is the least impedance, which causes actual flows to depart 

from scheduled flows.  ... 

... non-sequitur. Tri-County does not even claim that its facilities carry "looped flows."  "Looped  flows"  are  

caused  by  the  laws  of  physics  and  result  from  the  unintended  flow  of... 

... 133 FERC ¶ 61,018 (2010)    ......................................           26 City of Colton, California , 141 FERC ¶ 

61,217 (2012) ................................................................... 4 City of Pella, Iowa v. Midwest ... 

... ("Tri-County Initial Brief"). 5 Tri-County Initial Brief at 6. 2 20130128-5210 FERC PDF (Unofficial) 1/28/2013 

3:45:54 PM Occidental and the New Mexico Cooperatives, ... 

 

28. Re Restructuring New Hampshire's Electric Utility Industry 

NH Public Utilities Commission Decisions | Feb 28, 1997 | 1997 N.H. PUC LEXIS 18 | DR 96-150; Order No. 

22,514 

... utility under a wholesale rate subject to the jurisdiction of the Federal Energy Regulatory Commission 

(FERC ) under the Federal Power Act. This situation has given rise ... 

... preventing full recovery of all costs incurred by them under these FERC-jurisdictional agreements. The 

utilities then extend their asserted right to cost recovery by combining their preemption argument with FERC's 

Order No. 888. Specifically, they argue that FERC 's Order No. 888 allows wholesale sellers to recover costs 

beyond ... 

... cert, denied , 435 U.S. 972 (1978) . That the FPA precludes states from setting wholesale rates, however, 

says nothing about whether ... 

... action that might affect a utility's ability to collect costs under FERC-approved rates. On this question, the 

FPA is silent. As a result, we must turn to case law ... 

... of when states may take action that may affect recovery of FERC -approved rates without engaging in setting 

of wholesale rates. c. The ... 

... determined that there is no evidence demonstrating that FERC ordered any of these utilities to buy from their 

affiliates or ... 

... to purchase from its affiliated entity is a product of a FERC mandate.     FERC Order No. 888, specifically its 

provision of an opportunity to wholesale ... 

 

29. TransCanada Power Marketing Ltd. v. FERC 



P a g e  | 361 
 

FERC Appellate Briefs | Mar 12, 2021 | No. 20-1289, et al. 

... or the energy inherent in wind, sunshine, or water, into a flow of electrons. That flow of electrons is then 

transmitted over high-voltage power lines operated by ISO New ... 

... ., 145 FERC Bid Results Order ¶ 61,023 (2013) (R. 24), JA ___ Bid Results Rehearing  ISO New England, 

Inc . 147 FERC Order ¶ 61,027 (2014) (R. 34), JA ___ Commission or FERC Federal Energy Regulatory 

Commission ... 

... BRIEF OF RESPONDENT FEDERAL ENERGY REGULATORY COMMISSION STATEMENT OF THE 

ISSUES This case returns to the Court after a 2015 remand to the Federal Energy Regulatory Commission 

("Commission" or "FERC "). The Court directed the Commission to better explain why the ... 

... meaning of the Federal Power Act. See TransCanada Power Marketing v. FERC , 811 F.3d 1 (... 

... 554 U.S. at 837-38; see also Cal. ex rel. Lockyer v. FERC,  383 F.3d 1006, 1013 (9th Cir. 2004) (approving 

market-based tariffs);  La. Energy & Power Auth. v. FERC,  141 F.3d 364, 365 (... 

... one possible or even whether it is better than the alternatives." FERC v. Elec. Power Supply Ass'n , 136 S. 

Ct. at 782. ... 

 

30. Belmont Municipal Light Dept., et al. v. FERC 

FERC Appellate Briefs | Feb 09, 2021 | Nos. 19-1224, et al. 

... or the energy inherent in wind, sunshine, or water, into a flow of electrons. That flow of electrons is then 

transmitted over high-voltage power lines operated by ISO New ... 

... Sierra Club Br. 26; see also Mystic Order, 164 FERC ¶ 61,003 at P 26. As the Commission has explained, 

there ... 

... or best practices for conducting" fuel security analyses. Mystic Order, 164 FERC ¶ 61,003 at P 52. A 

deterministic analysis – which "is ... 

... F.3d at 111 ("In determining whether rates are just and reasonable, FERC is charged with balancing ... 

competing interests, and we are not persuaded that there is anything unreasonable in FERC 's conclusion that 

higher prices were necessary to ensure reliability by ... 

... U.S.C. § 825 l (b) ................................................................ 33, 43 GLOSSARY Commission or FERC 

Federal Energy Regulatory Commission Fuel Security Analysis ISO New England Operational Fuel-Security 

Analysis, dated January ... 

... difficulties," deference is due. Id . at 885 ("We defer to FERC's reasonable approach here," even though 

"FERC acknowledges the imperfections of these interim solutions."). V. THE INVENTORIED ENERGY ... 

 

31. Belmont Municipal Light Dept., et al. v. FERC 

FERC Appellate Briefs | May 04, 2021 | Nos. 19-1224, et al. 

... or the energy inherent in wind, sunshine, or water, into a flow of electrons. That flow of electrons is then 

transmitted over high-voltage power lines operated by ISO New ... 
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... Sierra Club Br. 26; see also Mystic Order, 164 FERC ¶ 61,003 at P 26. As the Commission has explained, 

there ... 

... or best practices for conducting" fuel security analyses. Mystic Order, 164 FERC ¶ 61,003 at P 52. A 

deterministic analysis – which "is ... 

... practical difficulties," deference is due. Id. at 885 ("We defer to FERC's reasonable approach here," even 

though "FERC acknowledges the imperfections of these interim solutions."). V. THE INVENTORIED ENERGY 

... 

... F.3d at 111 ("In determining whether rates are just and reasonable, FERC is charged with balancing ... 

competing interests, and we are not persuaded that there is anything unreasonable in FERC 's conclusion that 

higher prices were necessary to ensure reliability by ... 

... also focused on the region's broader energy security risks. See 164 FERC ¶ 61,003, PP 14, 20, 37, 53-55. 

Thus, while the Commission ... 

... one possible or even whether it is better than the alternatives." FERC v. Elec. Power Supply Ass'n , 136 S. 

Ct. at 782. ... 

 

32. Constellation Mystic Power, LLC, et al. v. FERC 

FERC Appellate Briefs | Dec 06, 2021 | Nos. 20-1343, et al. 

... or the energy inherent in wind, sunshine, or water, into a flow of electrons. That flow of electrons is then 

transmitted over high-voltage power lines operated by ISO New ... 

... Documents relating to the pending formal challenges are available on the FERC E-Library system in Docket 

No. ER 18-1639 (https://elibrary.ferc.gov/idmws/docket_search.asp).  Nat'l Park Hospitality Ass'n v. Dep't of the 

Interior,... 

... BRIEF OF RESPONDENT FEDERAL ENERGY REGULATORY COMMISSION STATEMENT OF THE 

ISSUES This case arises from an effort by the Federal Energy Regulatory Commission (Commission or 

FERC ), the New England regional transmission operator, and wholesale electricity market ... 

... Wis. Pub. Power, Inc. v. FERC , 493 F.3d 239, 266 ( D.C. Cir. 2007) ("Merely because ... 

... . method that they believe would be superior to the one FERC approved does not mean that FERC erred in 

concluding the latter was just and reasonable."); see also ... 

... must uphold the agency's findings. See Fla. Gas Transmission Co. v. FERC , 604 F.3d 636, 645 ( D.C. Cir. 

2010) ("[W]e do ... 

... the proposed retirement date. See Constellation Mystic Power , LLC, 165 FERC ¶ 61,267, P 4 (2018) 

(December 2018 Order) (R. 313), JA ... 

 

33.     18 CFR Part 37 Preventing Undue Discrimination and Preference in 
Transmission Service 

Federal Energy Regulatory Commission Decisions | Dec 28, 2007 |  121 F.E.R.C. P61,297 | Docket Nos. 

RM05-17-001, RM05-17-002, RM05-25-001, RM05-25-002; Order No. 890-A 
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... Eastern Interconnect, EEI argues, contract paths have little bearing on how electrons actually flow , and 

thus it is critical for transmission planners to know ... 

... number field. 1047. User assistance is available for eLibrary and the FERC's website during normal business 

hours from FERC Online Support at 202-502-6652 (toll free at 1-866-208-3676) or email at  

ferconlinesupport@ferc .gov , or the Public Reference Room at (202) 502-8371, TTY ... 

... proposal, they argue, would be inconsistent with the Commission's obligations under FPA sections 217 . 

Hoosier and TDU Systems argue that the transmission ... 

... requirements is tantamount to dictating reliability standards in violation of FPA section 215 . 36 E.g., EEI, 

E.ON LSE, and Southern. These ... 

... transmission in bundled retail transaction, citing Northern States Power Co. v. FERC , 176 F.3d 1090 (8th 

Cir. 1999) and Order No. 890 ... 

... qualified management. It contends the Commission would have no authority under FPA section 316A to 

impose penalties on particular employees for tariff violations ... 

... 104 FERC P 61,063 (2003) , order on reh'g, 108 ... 

 

34. Village of Freeport,New York's brief on exceptions v Consolidated Edison 
Company of New York,Inc under EL99-58. 

FERC Briefings and Arguments of Law | Dec 14, 1999 

... "contract paths," a fiction, and does not reflect where the actual electrons flow. The evidence in this case 

clearly shows that power actually flows to Freeport across  all eleven feeders  serving  Con Ed... 

... VILLAGE OF FREEPORT, NEW YORK Pursuant to Rule 711 of the Federal Energy Regulatory 

Commission’s (FERC or Commission) Rules of Practice and Procedure, 18CF.R. §385.711 (1999), and ... 

... Commission’s "Order on Complaint Establishing Hearing Procedures" in this proceeding, 87 FERC ¶ 

61,301(1999), the Village of Freeport, New York (Freeport), hereby respectfully ... 

... underlying data provided in Exh. FR-67 demonstrated that some of the flow to Freeport actually flows 

through 901 and 903 under many conditions Exh. FR-50 at 21. ... 

... Ed ison witness Jaeger conceded on cross-examination: "We know that the electrons flow in the path of 

least resistance and that we do have ... 

... Y50 goes out of service, the remaining feeders take up the flow that would have gone over Y50. Tr 338-39. 

He stated, "if ... 

... The PARs are set deliberately to prevent energy flow that could serve Freeport Exh. FR-10 at 38. As 

Freeport shows ... 

 

35. IN RE: NARRAGANSETT ELECTRIC COMPANY PETITION FOR 
DECLARATORY JUDGMENT REGARDING STATION SERVICE DELIVERY 
CHARGES ASSESSED USGEN NEW ENGLAND, INC. AND THE PROPOSED 
STATION SERVICE RATE AND SETTLEMENT  

RI Public Utilities Commission Decisions | Aug 20, 2002 | 2002 R.I. PUC LEXIS 25 | DOCKET NO. 3342 
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... the M-1 Tariff . He pointed out that with traditional customers, electrons flow one way -- away from 

Narragansett and toward the customer.  However, with generators,  electrons can flow in both directions, 

depending on whether they are internally consuming more ... 

... to challenge or propose different rate treatment before the Commission or FERC on and after July 1, 2003 to 

take effect on and ... 

... January 1, 2005. 99 Settlement, p. 2. On May 15, 2002, FERC issued an Order in part denying and in part 

granting USGen's Petition. Of particular note, FERC stated, "Our action today serves the public by properly 

delineating areas of federal and state responsibility." FERC concluded its order, stating "...the parties' stipulation 

demonstrates that the delivery ... 

... this element of delivery is subject to the jurisdiction of [ FERC], and this portion of the petition is granted."  99 

FERC P 61,169  (issued May 15, 2002).... 

... of the three low voltage delivery points, the power has to flow through the distribution facilities. Narragansett 

pointed out that because the two substations  act in tandem, the electrons, flowing along the lines of least 

resistance, are delivered to Manchseter Streets ... 

 

36. Brief Opposing Exceptions of Transmission Owner Proponents under EL05-121. 

FERC Briefings and Arguments of Law | Sep 08, 2006 

... requisite expertise and gives no basis for his faulty conclusions concerning flows of electrons . Standards 

and Procedures for Determining the Admissibility of Expert Evidence ... 

... See also, City of Seattle v. FERC , 923 F.2d 713, 717 (9 th  Cir. 1991) ("It hardly  matters whether a particular 

electron starts in one place or another; the flow along the system is  essentially one of fungible matter.");  

Northern Ind. Pub. Ser. Co. v. FERC , 954 F.2d 736, 737  (... 

... 100 FERC ¶ 61,137 (2002)         ...........................................................   11 Boston Edison Co.,  104 FERC ¶ 

63,031 (2003), aff'd, 107 FERC ¶ 61,248 (2004), aff'd sub nom. Boston Edison Co. v. FERC,  441 F.3d 10 (1st 

Cir. 2006)    ..........................................  10... 

... 1961) ........................................................................ 5 - vii - 200609085049 Received FERC OSEC 

09/08/2006 03:25:00 PM Docket# EL05-121-000 PAGE Other Authorities: John T. ... 

... cert. denied , 493 U.S. 954 (1989) (" FERC, an administrative agency, must operate within the statutory 

jurisdiction  given it by  Congress .") 64 Pennsylvania-NewJersey-Maryland Interconnection, supra,  81  ... 

 

37. INITIAL BRIEF OF THE COMMISSION TRIAL STAFF In Southern Company 
Energy Marketing, Inc. and Southern Company Services, Inc. Docket EL04-124-
000. 

FERC Briefings and Arguments of Law | Aug 24, 2007 

... contingencies with electrons generated by its least-cost ( e.g ., economic) generation. Theoretically, this ... 

... this is obviously a fiction. A utility cannot accurately trace the flow of a physical electron from source to sink. 

Thus, as Staff posits, it is entirely ... 
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... that was agreed to in the Joint Statement of Issues. 20070824-5074 FERC PDF (Unofficial) 08/24/2007 

04:28:11 PM Southern Company Services , Inc., Docket ... 

... Commission Staff Counsel Washington, D.C. August 24, 2007 20070824-5074 FERC PDF (Unofficial) 

08/24/2007 04:28:11 PM Southern Company Services , Inc., Docket ... 

... operating reserves should not be reflected in a proper DPT. 20070824-5074 FERC PDF (Unofficial) 

08/24/2007 04:28:11 PM Southern Company Services , Inc., Docket ... 

... 117 FERC ¶ 61,316 at P 3 and footnote 7 (2006)  [Emphasis added]. 100   Id.  at P 3.   20070824-5074 

FERC PDF (Unofficial) 08/24/2007 04:28:11 PM... 

... Commission issued an order 2 instituting a Federal Power Act (" FPA ") Section 206 3 proceeding to 

determine whether Southern may continue ... 

 

38. Prehearing Brief of TransAlta Energy Marketing (U.S.) Inc., et. al. under EL01-10 

FERC Briefings and Arguments of Law | Aug 23, 2013 

... bases his false export violation on the fact that actual energy flows do not match scheduled energy flows . 

98 Mr. Taylor's observation is both accurate and irrelevant. The ... 

... The electric industry apportions and monitors transmission usage based on scheduled flows of energy. The 

practice is an effective and useful convention given the current impracticality of tracing the flow of each 

electron from point of generation to point of consumption. The objective of ... 

... the demand are agnostic as to the actual source of the electron flow that comprises electric energy.... 

... The electric industry apportions and monitors transmission usage based on scheduled flows of energy. The 

practice is an effective and useful convention given the current impracticality of tracing the flow of each 

electron from point of generation to point of consumption. The objective of ... 

... the demand are agnostic as to the actual source of the electron flow that comprises electric energy. 

TransAlta 's witness Mr. Harrigan, an experienced ... 

... determined that it may order refunds for earlier transactions under its FPA Section 309 authority insofar as 

any "refund claimants . . . ... 

... demonstrat[e] a seller's specific violation of a substantive provision of the FPA or a tariff, compliance with 

which the Commission can enforce by ... 

 

39.     Re Proposed Policies Governing Restructuring California's Electric Services 
Industry and Reforming Regulation 

CA Public Utilities Commission Decisions | Dec 20, 1995 | 1995 Cal. PUC LEXIS 1034 | Decision 95-12-063; 

Rulemaking 94-04-031; Investigation 94-04-032 

... (July 11, 1994), IV FERC Stats. & Regs., Proposed Regulations  P32,507.  the FERC addressed these 

issues in the context of discussing its jurisdiction over ... 

... over the transmission component of an unbundled retail wheeling transaction. The FERC distinguished 

between transmission,  which is subject to the FERC's exclusive jurisdiction (except that the FERC is prohibited 
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from ordering retail  wheeling) and local distribution, which the FERC found to be subject to exclusive state 

jurisdiction. The FERC asserted, based on its analysis of Supreme Court cases addressing the ... 

... each other to develop a detailed proposal for submission to the FERC to establish the ISO and its protocols 

and transfer operational control ... 

... recognize that these proposals go beyond the minimum requirements specified by FERC . However, we 

believe that these proposals will amply meet the ... 

... that improves over the minimum requirements in the directions recommended by FERC and necessary for 

the competitive market.  These proposals shall be filed at FERC and simultaneously filed in this docket within 

130 days after the ... 

... electric restructuring plan could cause jurisdictional problems between itself and the Federal Energy 

Regulatory Commission (FERC) in that some of the sales arranged through the Exchange will be for resale 

purposes and thus subject to  ... 

 

40. GEORGIA POWER COMPANY, Petitioner, v. DOUGLAS J. MACGINNITIE, In 
his Official Capacity as Revenue Commissioner of the State of Georgia, 
Respondent. 

GA Tax Tribunal Decisions | Jan 05, 2015 | 2015 GA TAX LEXIS 9 | TAX TRIBUNAL DOCKET NO.: TAX - 

S&UT - 1403540 

... issue in this case."   23  Both experts agreed that the electrons  within the conductors  in a utility customer's  

home or business are exactly the same as the electrons  in the utility's delivery system, and they will react to 

voltage  the same way the electrons in the utility's system react to convey electrical energy once a ... 

... Consequently, while the customer wants the electrical energy conveyed by the electrons  flowing in 

Petitioner's electrical  current, both experts agreed that an electron does not have to fmd its way through a 

utility's transmission ... 

... point between a utility's system and a customer's home or business, electrons moving as current can cross 

over from the utility's side to ... 

... a very short distance and only momentarily. When that occurs an electron from the customer's side of the 

circuit must move to the ... 

... the utility's side, because there has to be a balance of electrons  on aggregate crossing that boundary. 

When the AC current direction changes the movement of electrons  is in the opposite direction. (Fuchs, Tr. 

274-277; Aucoin, Tr. 371-372). Petitioner is not selling electrons --Petitioner is selling the energy  that is 

transmitted by the motion of those electrons.  Dr. Fuchs testified that electrons are being "processed" in a 

utility's transmission and distribution system because ... 

 

41.     People's Electric Cooperative 

Federal Energy Regulatory Commission Decisions | Sep 16, 1998 |  84 F.E.R.C. P61,229 | Docket Nos. ER90-

54-001, ER91-221-000, EL91-20-000 

... services, by public utilities in interstate commerce. 30 Order No. 888, FERC Stats. & Regs. at pp. 31,780-83; 

Order No. 888-A FERC Stats. & Regs. at pp. 30,339-41. The Commission also set forth ... 
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... The Court in Jersey Central thus interpreted the FPA as placing within the federal province regulation of 

wholesale sales of electric energy that, in any manner, flows in interstate commerce. Contrary to the presiding 

judge's interpretation, the language of FPA section 201(c) itself, and the Court's discussion quoted above, 

support the ... 

... the conclusion that this Commission has jurisdiction if electric energy either flows into or out of a state, so 

long as the energy ... 

... of section 201(c) that in any way indicates that energy must flow both into and out of a state to be considered 

transmitted ... 

... 789 . Unlike Centralia, the test under Part II of the FPA is not whether there is a real and substantial effect on 

... 

... as that term is specifically defined in Part II of the FPA . Centralia bears no relevance to this case and cannot 

provideany ... 

... B. Does electric energy flow to the Byng and Chickasaw Authorities in interstate commerce? 1. The ... 

 

42. Brief on Exceptions of the Indicated SPP Transmission Owners under ER18-
2358, et. al. 

FERC Briefings and Arguments of Law | Jul 02, 2021 

... GHP cites to the Brattle analysis as evidence that benefits flow to SPS from the GHP Facilities because 

power flows over the SPS Facilities. GHP Initial Br. at 80. At Hearing, ... 

... analogy is false. Cars go where their drivers direct them. But electrons do not follow instructions that way. 

They flow according to the laws of physics, along the path of least ... 

... Energy Law & Transactions § 82.05 ("Consistent with Kirchoff's laws, the flow of electrons across a 

transmission system follows the path of least resistance between ... 

... source and load, although not necessarily the shortest path."). If they flow off the GHP system onto the SPP 

system they do so ... 

... connected to SPS, not because there is any benefit to such flows. Such flows are sometimes called 

"inadvertent" flows, "loop" flows, or "parallel" flows. And importantly transmission providers are not permitted 

to charge for such flows , because they are not intentional, beneficial use of transmission, but ... 

... of interconnected utility operations." E. Kentucky Power Coop., Inc. , 114 FERC 61,035 at P 33 (2006) 

(noting that compensation may only be ... 

... record of this case. See Sw. Power Pool, Inc. , 175 FERC ¶ 61,235 at P 34 (clarifying that parties were not 

restricted ... 

 

43.     Pacific Gas and Electric Company, Southern California Edison Company, 
San Diego Gas & Electric Company 

Federal Energy Regulatory Commission Decisions | Sep 01, 1999 |  88 F.E.R.C. P63,007 | Docket Nos. ER97-

2358-002, ER98-2351-001, ER97-2355-002, ER98-2322-000, ER97-2364-002, ER97-4235-002, ER98-497-

002, ER98-2371-000 
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... even if undue discrimination were found, the transfer of control of FERC -jurisdictional facilities to an ISO -- 

the remedy proposed by Vernon ... 

... the alleged discrimination -- is not a lawful remedy in a FPA section 205 proceeding such as these dockets, 

but rather must be requested in a FPA section 203 application, followed by a Commission finding that the 

proposed ... 

... neither utilizes the ISO's transmission or ancillary services nor affects the flow of electrons on the ISO Grid.  

See   Enron  IB at pp. 48-49. ... 

... the Commission grant Enron WDT access under Section 212(h) of the FPA  61 FPA Section 212(h) prohibits 

FERC from: requiring retail wheeling -- that is, the transmission of electric ... 

... a pro forma TO Tariff on its equal applicability to both FERC and non-FERC -jurisdictional PTOs. As the TO 

Tariff is an integral portion of ... 

... of policy, and should be instituted due to the comparability among FERC-jurisdictional and non-FERC 

jurisdictional entities that such a concept provides. See Companies IB at ... 

... mandates, the Companies submitted their "WEPEX" Phase I filing to the Federal Energy Regulatory 

Commission in Docket Nos. EC96-19-000, ER96-1663-000, and EL96-48-000. That filing requested ... 

 

44.     Promoting Wholesale Competition Through Open Access Non-discriminatory 
Transmission Services by Public Utilities, Recovery of Stranded Costs by Public 
Utilities and Transmitting Utilities 

Federal Energy Regulatory Commission Decisions | Mar 04, 1997 |  78 F.E.R.C. P61,220 | Docket No. RM95-8-

001, RM94-7-002, ORDER NO. 888-A 

... order open access transmission as a remedy for undue discrimination. 83 FERC Stats. & Regs. at 31,676-78; 

mimeo at 120-27. Notice of Proposed Rulemaking and Supplemental Notice of Proposed Rulemaking, FERC 

Stats. & Regs. P 32,514 at 33,053-56 (1995). Union Electric points ... 

... had noted, in Otter Tail, that the legislative histories of the FPA and NGA are "materially different." As we 

explained in Order No. ... 

... we have thoroughly reexamined the legislative histories of the NGA and FPA with respect to this issue and 

now conclude that there is ... 

... preclude that decision from applying equally in the electric industry. See FERC Stats. & Regs. at 31,676-78; 

mimeo at 121-26. We also note ... 

... wheeling to remedy undue discrimination or anticompetitive behavior. . . ." FERC Brief at 25 (footnote 

omitted). We also have examined the legislative ... 

... in point-to-point transmission the contract actually determines the path of the flow of electrons . In fact, 

American Forest & Paper argues, the only issue ... 

... to sections 205 and 206 of the Federal Power Act ( FPA ), to reexamine undue discrimination in interstate 

transmission services and the ... 

 

45. INITIAL BRIEF OF THE COMMISSION TRIAL STAFF, under EL03-180 
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FERC Briefings and Arguments of Law | Apr 04, 2007 

... S-54 at 23-24. As Trial Staff witness Gross explained, a Counter Flow is a real physical flow of energy that 

runs in a direction opposite to the prevailing flow of energy across a congested interface. It is created by 

increasing ... 

... the MW output of a generator so long as the Counter Flow is in opposition to a real physical flow. In contrast, 

a Counter Schedule is a schedule and does not involve the actual physical flow of energy. Mr. Gross 

concludes, "[t]he use of a Counter Schedule in conjunction with a Return Schedule moves no electrons: there 

is no energy flow and no generator is involved. It may  appear  from an academic viewpoint as if there is energy 

flowing, but in terms of transmission system operations, no energy flows ." Ex. S-54 at 20-21. In this case, 

there is no ... 

... available to the CAISO or that the CAISO accepted more scheduled flows in the direction of the congested 

zone as a result. Ex. ... 

...  electrons do not flow and that  Enron  submitted inaccurate schedules to further this practice. The notion 

that the flow of someone else's power would improve efficiency and benefit consumers in ... 

 

46. Brief on exceptions of Enron Power Marketing,Inc et al re Pacific Gas & Electric 
Co et al under ER97-2358 et al. 

FERC Briefings and Arguments of Law | Oct 01, 1999 

... transmission or ancillary services nor affects in any significant way the flow of electrons on the ISO Grid. 30 

Rather, the WDTs create the fiction ... 

... brief: “It would be particularly difficult to avoid transition charges because FERC has ruled that states have 

authority ‘over services, not just the ... 

... to assign them to specific facilities.’ Order No. 888 at 31,783. FERC continued, explaining, ‘Under this 

interpretation of state/federal jurisdiction, customers have no ... 

... 77 FERC ¶ 61,208 (1996). Under the reciprocity condition, non-public utilities must also ... 

... requirements or obtain waiver of them. See Order No. 888-A, III FERC Stats, and Regs, at 30,286 & n.330, 

30,290; Order No. 889-A, III FERC Stats, and Regs, at 30,553 & n.25. transmission lines are complying ... 

... 82 FERC ¶ 61,209, at 61,822 n.4 (1998);  CentralPower andLight Co.,  85 FERC ¶ 61,224, at 61,924 (1998). 

This does not mean that enhanced ... 

... on retail wheeling in California . See Laguna Irrigation District, 84 FERC ¶ 61,226, at 62,088 (1998). Thus, 

the Commission may order access ... 

 

47.     California Independent System Operator Corporation 

Federal Energy Regulatory Commission Decisions | Oct 20, 2014 |  149 F.E.R.C. P61,058 | Docket Nos. ER14-

1386-001, ER14-1386-002 

... the passage of title as a legal construct, and the physical flow of electrons is a matter addressed separately 

in CAISO's tariff. 37. The Commission ... 
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... title to electricity as a legal construct and the actual, physical flow of electrons . 65 CAISO Answer to 

Answer at 2. According to CAISO, ... 

... Credit Reforms in Organized Wholesale Electric Markets , Order No. 741, FERC Stats. & Regs. P 31,317 

(2010), order on reh'g, Order No. 741-A, FERC Stats. & Regs. P 31,320, reh'g denied , Order No. 741-B, ... 

... L. Ed. 2d 443 (1983) ; Sacramento Mun. Util. Dist. v. FERC , 616 F.3d 520 , 528 , 392 U.S. App. D.C. ... 

... Southwest Power Pool, Inc ., 112 FERC P 61,303 , at P 26 (2005) ;    Southwest Power Pool, Inc .,  114 

FERC P 61,289 , at PP 30-32, 38-44... 

... Cal. Indep. Sys. Operator Corp ., 128 FERC P 61,265 , at P 21 (2009) ;    City of Bethany v. FERC ,  727 

F.2d 1131 , ... 

 

48. Enron Power Marketing Inc et al submits joint brief on exceptions re Pacific Gas 
& Electric Co et al under ER97-2358 et al. 

FERC Briefings and Arguments of Law | Oct 04, 1999 

... transmission or ancillary services nor affects in any significant way the flow of electrons on the ISO Grid. 30 

Rather, the WDTs create the fiction ... 

... brief: “It would be particularly difficult to avoid transition charges because FERC has ruled that states have 

authority ‘over services, not justthe facilities.’ ... 

... to assign them to specific facilities.’ Order No. 888 at 31,783. FERC continued, explaining, ‘Under this 

interpretation of state/federal jurisdiction, customers have no ... 

...  FERC ¶ 61,208 (1996). Under the reciprocity condition, non-public utilities must also ... 

... requirements or obtain waiver of them. See Order No. 888-A, HI FERC Stats, and Regs at 30 286 & n 330 

30,290; Order No. 889-A, III FERC Stats, and Regs, at 30,553 &n 25 transmission lines are complying ... 

... Companies’ Reply Brief at 45-46 (citing Order No. 888, FERC Stats, and Regs. at 31,781). In short, even 

under the most ... 

... in this proceeding that power marketers should be eligible to receive FERC -jurisdictional service that takes 

place on the Companies’ distribution lines (under ... 

 

49. Reply brief of Midwest ISO Participants re American Electric Power Co, Inc et al 
under EC98-40 et al.Public Version. 

FERC Briefings and Arguments of Law | Sep 22, 1999 

... (columns c and d of the forms) and not the actual flow figures (columns e and f). Baker, Tr. 1986-91. In other 

words, Mr. Baker is focussed upon contract path, not actual flow of electrons. Needless to say, it is the actual 

flow that causes congestion, not the contract path. For Applicants to refer ... 

... smoke and mirrors at their worst. The actual data—data of power flow—shows that AEP’s actual flows with 

Alliance companies are just 54% of its actual flows with the Midwest ISO Participants. The significant point is 

not the ... 
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... of the data. Electrical interconnection is a physical fact of power flows . A significant purpose of an RTO is to 

manage congestion. ... 

... 1017 (9th Cir. 1940); Cincinnati Gas & Elec. Co. . 64 FERC ¶61,237, at 62,682 (1993), affd, 69 FERC 

¶61,005 (1994);  UtiliCorp United Inc. . 56 FERC ¶61,031, at 61,119, ... 

... Notice of Proposed Rulemaking, IV FERC Stats. & Regs., Proposed Regs, ¶ 32,541 (1999) (“RTO NOPR”), 

Policy ... 

... Statement at 30,137; and Louisville Gas & Elec. Co. . 82 FERC ¶61,308 (1998).... 

... 81 FERC ¶61,110 (1997)...26 Sierra Pac. Power Co.. 88 FERC ¶61,058 (1999)...28 Sierra Pac. Power Co. . 

87 FERC ¶61,007 (1999)...27 UtiliCorp ... 

 

50.     Application of Pacific Gas and Electric Company for Approval of Valuation 
and Categorization of Non-Nuclear Generation-Related Sunk Costs Eligible for 
Recovery in the Competition Transition Charge; Application 

CA Public Utilities Commission Decisions | Dec 17, 1998 | 1998 Cal. PUC LEXIS 1015 | Decision No. 98-12-

067, Application No. 96-08-001 (Filed August 1, 1996), Application No. 96-08-006 (Filed August 1, 1996), 

Application No. 96-08-007 (Filed August 1, 1996), Application No. 96-08-070  

... and CAC/EPUC contend that it is not useful to track the electron  flow when determining whether a direct 

transaction does or does not otherwise ... 

... the load. CAC/EPUC explain that electric utilities do not typically track electron  flows for individual power 

purchase transactions, but rather rely on contractual transmission ... 

... transmission rights to govern power delivery in lieu of the physical flow of electrons.  Thus, regardless of the 

actual flow of electrons,  the power is "assumed" to flow over the path the transacting parties have agreed 

upon, and transactions ... 

... operated in parallel are governed by metered quantities, rather than instantaneous electron  flows.... 

... use the utilities' transmission and distribution facilities? 2. What is the flow of electrons  in terms of provision 

of standby  service and the new customer  load  provided by non-utility  generators?  What is the flow of dollars 

that accompany the provision of service to new customer ... 

... that this assurance exists throughout the standby relationship, without regard to electron  flows at any given 

time, and constitutes use of the utilities' facilities ... 

... pricing of standby service is not a function of the instantaneous flow of electrons,  but reflects the 

contractual path concept. While the  laws of physics govern the actual electron  ... 

 

51. American Clean Power Ass'n v. FERC 

FERC Appellate Briefs | May 03, 2021 | No. 20-1453 

... or the energy inherent in wind, sunshine, or water, into a flow of electrons. That flow of electrons is then 

transmitted over high-voltage power lines operated by the System ... 

... public utilities, who in turn distribute that electricity to consumers. See FERC , ENERGY PRIMER: A 

HANDBOOK OF ENERGY MARKET BASICS 35-36, 91-94 ... 
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... Order No. 888, FERC Stats. & Regs., Regs. Preambles ¶ 31,036 (1996),  clarified , 76 FERC ¶ 61,009 and 

76 FERC ¶ 61,347 (1997),  order on reh'g , Order No. 888-A, FERC Stats. & Regs., Regs. Preambles ¶ 31,048, 

... 

  FEDERAL ENERGY REGULATORY COMMISSION STATEMENT OF THE ISSUES This case returns to the 

Court after a 2018 remand to the Federal Energy Regulatory Commission ("Commission" or "FERC "). The 

Court directed the Commission to provide reasoned consideration to ... 

... the interconnection of new power generators. See Ameren Servs. Co. v. FERC , 880 F.3d 571 (... 

... the Court's mandate. See, e.g. , Process Gas Consumers Grp. v. FERC , 292 F.3d 831, 840 ( D.C. Cir. 

2002). While it ... 

... Tail Power Co. v. Midcontinent Indep. System Operator, Inc ., 156 FERC ¶ 61,099, P 12 (2016). Under 

Option 3, or " Transmission ... 

 

52. Commission Trial Staff's brief opposing exceptions & motion to strike portions of 
Village of Freeport,NY's brief on exceptions v Consolidated Edison Company of 
New York under EL99-58. 

FERC Briefings and Arguments of Law | Jan 04, 2000 

... in paragraph number 1 here, regarding the contract path for energy flow 83  is but another attempt to 

suggest that energy can and should be allowed to flow to Freeport through alternative delivery points. 

Irrespective of Freeport’s suggestion as to the actual physical flow of the electrons, no tracing of the precise 

flow of electrons is necessary. It is the service agreement that determines the path ... 

... Practice and Procedure, 18 C.F.R. § 385.411(a)(2) (1999).................................................................53 

Complaint Procedures, 86 FERC ¶ 61,324(1999), FERC Stats. & Regs. III, ¶ 

31,071................................................................13, 14 Page Promoting Wholesale Competition ... 

... 59 FERC ¶ 61,072, at 61,291 (1992). 33  86 FERC ¶61,324 (1999), FERC Stats. & Regs, 111, ¶ 31,071, at 

30,765. 34  12 FERC ¶ 61,005 (1980). 35... 

... 110 ID at 8-9. 111 88 FERC, at 61,123-24. 112  Tr. 154-56.  113 BOEat44. 114  88 FERC at 61, 123-24; 87 

FERC at 61,768-69. 38 (b). The Presiding Judge Correctly Dismissed Freeport’s Arguments ... 

 

53.     Southwest Power Pool, Inc. 

Federal Energy Regulatory Commission Decisions | Apr 22, 2013 |  143 F.E.R.C. P63,003 | Docket No. ER12-

959-003 (Phase I) (Facilities Classification) 

... outages of September 8, 2011, illustrates this misunderstanding: "Loop flow refers to power flow along any 

transmission paths that are in parallel with the most ... 

... a bilateral contract to assume that power provided under the contract flows along a specified path, even 

though physics dictates that the electrons actually disperse among various facilities that may be owned by one 

... 

... fact that unbundling was a recent development, the Court states: "As FERC explained, at the time that the 

FPA was enacted, transmissions were bundled with the energy itself, and electricity ... 
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... Section 205 of the Rules of Practice and Procedure of the Federal Energy Regulatory Commission (FERC 

or Commission), 18 C.F.R. § 385.205 . On February 1, 2012, ... 

... It applies this extra-Commission construct to define a term in a FERC-jurisdictional document in order to 

qualify its facilities as transmission under a FERC tariff. 167. Tri -County ostensibly misconstrues its status as a 

cooperative ... 

... Swearingen even argues that the SPP Tariff confers FERC jurisdiction only on SPP and certain of its 

members: The SPP tariff, while it's a FERC jurisdictional document, I would say that it's a jurisdictional 

document as ... 

 

54. Electric Power Monthly - With Data for March 1996 

EIA Electric Power Monthly Reports | Jun 01, 1996 

... the receiving end. The voltage drop that is the rate of flow  of  the  electrons , and also on ambient weather 

conditions, such as temperature, wind ... 

... along the AC line is almost directly proportional to reactive power flows and line reactance 6 . The line 

speed, and wind direction, ... 

... 4, No. 5, No. 6; topped crude; Kerosene; and jet fuel. Federal  Energy  Regulatory  Commission  (FERC)  

pursuant  to  the  PURPA,  and  has  filed  with  the  FERC for QF status or has self-certified. For additional 

informa- Petroleum Coke ... 

... of the transformer to carry power. The transmission line resists the flow of electrons through it, causing heat 

to customers. Low voltages cause inadequate operation ... 

... A conductor or a system of conductors Current (Electric) : A flow  of  electrons  in  an  elec- through which 

electric current flows.                                          trical  conductor.  The  strength  or  rate  of  movement  of... 

... However, the few utilities that generate electricity using renewable fuel sources FERC Form 423 

hydroelectric are all included in the sample. The Form ... 

 

55. Pre-Hearing Brief of TransAlta Energy Marketing (U.S.) Inc. under EL00-95-248. 

FERC Briefings and Arguments of Law | Mar 16, 2012 

... of physics dictate that electric energy is a fungible product. The electrons that flow as electric energy move 

from the points of generation onto and ... 

... transactions. Accordingly, interchange transactions between control areas do not require physical flows of 

specific electrons from specific generators. Rather, with respect to the reliability of scheduled ... 

... such relief under Section 309 of the Federal Power Act (" FPA"), which is a provision that provides the 

Commission necessary and appropriate powers to enforce the other provisions of the FPA , is a matter of first 

impression. Existing Commission precedent establishes ... 

... unlawfully collected by their own, specific violation of provisions of the FPA and the rules and orders that the 

Commission has issued under the FPA . The California Parties have requested that the Commission reset the 

... 
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... on the official service list compiled by the Secretary of the Federal Energy Regulatory Commission for this 

proceeding. Dated at Washington, D.C. this 16th day of ... 

... U.S. ) Inc. under EL00-95-248. United States Department of Energy, Federal Energy Regulatory 

Commission EL00-95-248 FERC Briefings and Arguments of Law San Diego Gas & Electric Company ... 

 

56. Initial Decision re Southwest Power Pool, Inc under ER12-959. 

FERC ALJ Issuances | Apr 22, 2013 | ER12-959-003 

... Owning and Operating Public Utilities, Order No. 1000, Docket No. RM10-23-000, FERC Stats. & Regs. 

¶31,323, at 31,381, n.394, 76 FR 49842 (Aug. ... 

... No. 1000), order on reh'g and clarif'n, Order No. 1000-A, 139 FERC ¶ 61,132, order on reh'g and clarif'n, 

Order No. 1000-B, 141 FERC ¶ 61,044 (2012) (quoting Indiana Michigan Power Co. and Ohio Power ... 

... outages of September 8, 2011, illustrates this misunderstanding: "Loop flow refers to power flow along any 

transmission paths that are in parallel with the most ... 

... a bilateral contract to assume that power provided under the contract flows along a specified path, even 

though physics dictates that the electrons actually disperse among various facilities that may be owned by one 

... 

... full quotation from the footnote explains the Commission's conception of loop flow:... 

... the burden of proof), and ISO New England, Inc. , 136 FERC ¶ 61,221 at P 20 (2011) (explaining that, 

"[w]here, as here, a filing is made under section 205 of the FPA , the burden of proof is on the filing party to ... 

... fact that unbundling was a recent development, the Court states: "As FERC explained, at the time that the 

FPA was enacted, transmissions were bundled with the energy itself, and electricity ... 

 

57.     Idaho Power Company 

Federal Energy Regulatory Commission Decisions | Aug 31, 2007 |  120 F.E.R.C. P63,014 | Docket Nos. ER06-

787-002, ER06-787-003 

... as to how to characterize the Legacy Agreements in its annual FERC Form 1 filings in years past. Idaho 

Power has referred to the Legacy Agreement services in its FERC Form 1 filings for 2004 through 2006 as 

"other long-term firm service," which is indicated on the FERC Form 1 with the designation "OLF." 242 See 

Nichols Hg. Tr. ... 

... Schellberg Hg. Tr. 521:6-522:1; Exhibit Nos. INT-40 at 2 (Idaho Power FERC Form 1 at p. 328 lines 10-12); 

INT 41 at 3. ... 

... using only 36 MW, which was based upon "an analysis of electron flows during the test year."  386 Id.      ... 

... 263 Id . at 7:9-11. In addition to its acceptance by FERC , Mr. Obenchain said, Idaho Power's retail rates 

have been set ... 

... these facility charge revenues, and any change in the formulas before FERC would necessitate a change in 

its revenue requirement methodology before its ... 
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... PJM Interconnection, LLC , 110 FERC P61,053  at P120 (2005)  ( PJM );  also see  Pub. Util. Comm'n of Cal. 

v. FERC ,  254 F.3d 250... 

... Illinois Power Co ., 62 FERC P61,147 at 62,062 (1993) ; Northeast Utilities Services Co. , ... 

 

58. Reply Brief of Southern California Edison Company re California Independent 
System Operator Corporation and Pacific Gas and Electric Company under 
ER01-313 et al. 

FERC Briefings and Arguments of Law | Feb 22, 2002 

... is taken off the system. The ISO only responds when the electrons actually flow off the system. The ISO 

does nothing, sees nothing, and has no responsibility for serving loads that do not cause electrons to actually 

flow from the grid, and that flow is easily measured by site-boundary meters. FERC Staff even admits that "all 

loads benefit from the provision of ... 

... at 20. FERC Staff also notes that BTM load should "pay CAS just like every other load-serving entity in the 

Control Area."  Id.  FERC Staff fails to understand, however, that they are advocating that the two types of loads 

be treated differently. For example, FERC Staff states "[w]hen the behind-the-meter load requires use of the 

ISO ... 

... power to the load, at any, time safely and reliably." Id. FERC Staff would deny however that a retail customer 

turning on a ... 

... electricity consuming device similarly is "covered." For example, the ISO and FERC Staff have never argued 

to apply the CAS Charge to a ... 

... regulating units to balance load and generation. Similarly, the ISO and FERC Staff have never argued to 

apply the CAS Charge to retail ... 

 

59.     Southern California Edison Company and San Diego Gas and Electric 
Company 

Federal Energy Regulatory Commission Decisions | May 05, 1989 |  47 F.E.R.C. P61,196 | Docket No. EC89-5-

000 

... Congressional concerns underlying enactment of PUHCA and Part II of the FPA.  41 FERC at p. 61,753 . 

However, in both cases the Commission emphasized ... 

... issue we set for hearing, has a technical name: "unintended loop flow ." It occurs all the time on transmission 

grids because when ... 

... lines, it takes no account of who owns the wires the electrons traverse.  We just set an unintended loop flow 

case for hearing, ... 

... Accord, Florida Power and Light Company v. FERC,   660 F.2d 668  (5th Cir. 1981) ;  Richmond Power and 

Light Company v.    FERC,  ... 

... gave the FPC, through Part II of the FPA , jurisdiction to regulate transactions by public utilities, holding 

companies which ... 
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... of holding companies. 18 Importantly, an early draft section of the FPA gave the FPC the authority to 

implement the substantive provisions of PUHCA under  section 203  of the FPA . Section 31 of the Senate bill, 

S. 2796, gave the ... 

... state that these provisions are facially anticompetitive and unlawful under the FPA.    Turlock  Irrigation 

District ( Turlock... 

 

60. Initial Decision re Idaho Power Company under ER06-787. 

FERC ALJ Issuances | Aug 31, 2007 | ER06-787-003; ER06-787-002 

... using only 36 MW, which was based upon "an analysis of electron flows during the test year." 386 243.The 

decision of the Administrative Law ... 

... S. A. GLAZER 120FERC63,014 FERC ALJ Issuances 20070831-3024 Issued by FERC OSEC 08/31/2007 in 

Docket#: ER06-787-002  UNITED STATES OF AMERICA   120 FERC ¶ 63,014 FEDERAL ENERGY 

REGULATORY COMMISSION  Idaho  Power Co... 

... its annual FERC Form 1 filings in years past.   Idaho Power  has referred to the Legacy  Agreement services 

in its FERC Form 1 filings for 2004 through 2006 as "other long- term firm service," which is indicated on the 

FERC Form 1 with the designation "OLF." 242 Ms. Nichols testified, however, ... 

... 404 See id . 405 See id . 20070831-3024 Issued by FERC OSEC 08/31/2007 in Docket#: ER06-787-002 

Docket Nos. ER06-787-002, et al . ... 

... 8 FERC ¶ 61,077 (1979). 116 American Electric Power  Service Corp. , 80 FERC ¶ 63,006 (1997),  affirmed 

in  relevant part , Opinion No. 440, 88 FERC ¶ 61,141 (1999) (... 

 

61. Long Island Lighting Company; New York State Electric & Gas Corporation; 
Niagara Mohawk Power Corporation; Consolidated Edison Company of New 
York, Inc.; Rochester Gas & Electric Corporation; Orange and 

NY Public Service Commission Decisions | Jul 28, 1998 | 1998 N.Y. PUC LEXIS 436 | CASE 97-E-1951; CASE 

97-E-1966; CASE 97-E-1967; CASE 97-E-1968; CASE 97-E-1969; CASE 97-E-1975; CASE 97-E-2003 

... 60 FERC P 63 , 004 (1992) . Agreeing with CPB's analysis of ... 

... No. 97-12, NRDC says the seven indicators applied there to segregate FERC -jurisdictional transmission 

facilities from state-jurisdictional local distribution facilities demonstrate net metering ... 

... is state-jurisdictional. Since Opinion No. 97-12 was issued in conformance with FERC 's Order No. 888, 

NRDC maintains, that Order itself buttresses the ... 

... that PV production is intrastate in character and so is outside FERC purview. B.  The Safety and Reliability  

Issues... 

... to the Federal Energy  Regulatory Commission (FERC), for resolution in a declaratory order. FERC 

precedents,  Niagara Mohawk  contends, support its analysis. The utility finds preemption in FERC decisions 

that provide FERC has exclusive jurisdiction over sale for resale rates paid by public ... 

... facilities (QF) (made at rates developed by states in conformance with FERC regulations).  1 Connecticut 

Light & Power Co.,  70 FERC P61,012... 
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... both that federal and state courts have found that an incidental electron flow does not countermand the 

conclusion that an electric production facility operates ... 

 

62. Initial Brief of American Electric Power Service Corporation and Allegheny Power 
under EL05-121. 

FERC Briefings and Arguments of Law | May 17, 2006 

... Opinion No. 364-A, 58 FERC ¶ 61,070 at 61,206 (1992). This issue is answered by application ... 

... dispatch of generation. Merit order dispatch does not mean that the electrons flowing from a specific unit 

dispatched will necessarily flow over a particular transmission component to serve a particular load. This ... 

... 101 FERC ¶ 61,316 at P 35 (2002),  order on reh'g , 103 FERC ¶ 61,208 (2003). In the order on rehearing, 

FERC noted that it was "encouraged by the recognition of the integrated, ... 

... back-bone transmission facilities reflected in these aspects of TRANSLink's proposal." 103 FERC ¶ 61,208 P 

26 (2003). This particular comment applies specifically to ... 

... or otherwise change the method for fixed cost recovery." 72 While FERC has permitted an RTO and its 

transmission owning members to propose ... 

... continuation of license plate rates, Order No. 2000 made clear that FERC was "reluctant to announce 

generically that license plate rates may be ... 

... See Electrical District No. J v. FERC , 774 F.2d 490, 492-93 ( D.C.  Cir. 1985) (the requirement to "fix" a rate 

in FPA section 206(a) must be read in light of the FPA 's primary purpose of protecting utility customers). 228 

See S-3 at ... 

 

63. Commission Trial Staff's reply brief re City of Freeport,New York v Consolidated 
Edison Company of New York under EL99-58. 

FERC Briefings and Arguments of Law | Oct 13, 1999 

... Freeport’s contentions regarding the contract path for energy flow  27  are but another attempt to suggest 

that energy can and should be allowed to flow to Freeport through alternative delivery points. Irrespective of the 

suggestion of Freeport as to the actual physical flow of the electrons, no tracing of the precise flow of 

electrons is necessary. It is the service agreement that determines the path ... 

... Florida Power and Light Company, Florida Municipal Power Co., 85 FERC ¶ 61,182, at 61,740 (1998) citing 

Order No.888-A, FERC Statutes and Regulations, Regulations Preambles January 1991-June 1996 at p. 

30,260. ... 

... in the service agreement.” 25 Freeport IB at 18. 26 88 FERC at 61, 123-24; 87 FERC at 61,768-69. 27 

Freeport IB at 18-20. 28 Tr. at 343. ... 

... Washington, D.C. this 13th day of October, 1999. Theresa J. Burns Federal Energy Regulatory 

Commission Room 92-61 888 First Street, N.E. Washington,  D.C.  20426 (202)208-2160                     ... 

... (March 14, 1997), FERC Stats. & Regs, ¶ 31,048 (1997), order on reh’g,  Order No. 888-B, 81  ... 
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64. Brief on Exceptions of Shell Energy North America (U.S.), L.P. under EL01-10. 

FERC Briefings and Arguments of Law | May 12, 2014 

... of Mr. Taylor's 139 False Export allegations against Coral. 155 Since electrons cannot be labeled or traced, 

power exported out of the California ... 

... .") (emphasis added); Sierra , 350 U.S. at 353. 20140512-5229 FERC PDF (Unofficial) 5/12/2014 4:37:31 PM 

Shell Energy Exceptions Page 94 of ... 

... 37 FERC ¶ 61,256 (1986)                                                                         

............................................................................... 75 San Diego Gas & Elec. Co. v. Sellers of Energy , 101 

FERC ¶ 61,186 (2002)   ............................. 42 San Diego Gas & Elec. Co. v. Sellers of Energy , 96 FERC ¶ 

61,120 (2001)   ...................... iv, 4, 42... 

... at P 1710. 316 Id. at P 1696 & n.2421. 20140512-5229 FERC PDF (Unofficial) 5/12/2014 4:37:31 PM Shell 

Energy Exceptions Page 92 of ... 

... effect?" A: "I've done no analysis to quantify that impact."). 20140512-5229 FERC PDF (Unofficial) 5/12/2014 

4:37:31 PM Shell Energy Exceptions Page 54 of ... 

... Order at P 20. 116 Rehearing Order at P 25. 20140512-5229 FERC PDF (Unofficial) 5/12/2014 4:37:31 PM 

Shell Energy Exceptions Page 32 of ... 

 

65. Order Instituting Rulemaking on the Commission's Proposed Policies Governing 
Restructuring California's Electronic Service Industry and Reforming Regulation; 
Order Instituting Investigation on the Commission's 

CA Public Utilities Commission Decisions | May 24, 1995 | 1995 Cal. PUC LEXIS 429 | Decision No. 95-05-045, 

Rulemaking No. 94-04-031 (Filed April 20, 1994), Investigation No. 94-04-032 (Filed April 20, 1994) 

... more likely to be dispatched. It is our belief that the Federal Energy  Regulatory Commission (FERC) will 

work in a cooperative manner to foster a fully competitive  wholesale  market before moving to retaing 

competition. FERC has very recently proposed sweeping changes in the wholesale electric industry ... 

... cost NOPR (RM95-8) (Supplemental NOPR). We believe that today's proposal complements FERC 's 

proposals for wholesale competition and stranded cost recovery. This Commission ... 

... and requiring transmission-owning utilities to take service under those same tariffs, FERC is ensuring the 

open, nondiscriminatory access which is the necessary prerequisite ... 

... arrangements is that Section 202(b) permits this Commission to apply to FERC to require utilities to 

participate in a pool. We ask for ... 

... ask parties to comment on whether this Commission could apply to FERC under Section 202(b) to order 

establishment of the pool, and if ... 

... not, why not. Assuming that we may apply under Section 202(b), FERC may order investor-owned utilities 

such as Pacificorp and Sierra Pacific to ... 

... Finally, we ask for comment on whether we can apply to FERC to require the independent system operator to 

perform the function of ... 
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66. COMMISSION TRIAL STAFF'S INITIAL BRIEF under ER06-456 et al. 

FERC Briefings and Arguments of Law | Jun 16, 2008 

... so. Given that even the MTFs appear to concede that their electrons flow over the various constrained 

facilities and that they thereby benefit from ... 

... Nos. PJM-3 at 7, lines 4-23 and PTO-7 at 7-8. 20080616-5082 FERC PDF (Unofficial) 6/16/2008 3:57:26 PM 

34 obvious. 114 Moreover, excluding a ... 

... MISO v. FERC,  373 F.3d at 1369. 93            Id.  at 1368.  20080616-5082 FERC PDF (Unofficial) 6/16/2008 

3:57:26 PM... 

... 116 FERC ¶ 61,118 (2006) (August 3 Order);  PJM  Interconnection, L.L.C ., 117 FERC ¶ 61,058 (2006) 

(October 18 Order);  PJM  Interconnection, L.L.C. , 119 FERC ¶ 61,033 (2007) (April 10 Order) (collectively, ... 

... Mary C. Hain Commission Staff Counsel Federal Energy Regulatory Commission  888 First Street, NE 

Washington  D.C.  20426  (202) 502-8247  20080616-5082 FERC PDF (Unofficial) 6/16/2008 3:57:26 PM 

Document Content(s) PJMInitialBrief ER06-456.PDF .......................................... 1-75 ... 

... D.C. Cir. 2003) (quoting Western Massachusetts Elec. Co. v. FERC,    165 F.3d 922 ( D.C.  Cir. 1999)                                                      

...............................................................................Passim  ... 

...  FERC Stats. & Regs. P31,089 at 30,993 (1999)    (Order 2000) ,  on reh'g, Order No. 2000-A,  ... 

 

67. Reply brief of Village of Freeport, New York v Consolidated Edison Co of New 
York Inc under EL99-58. 

FERC Briefings and Arguments of Law | Oct 13, 1999 

... at 21-22, 105-06; Exh. CE -40. ConEd has conceded that “ electrons flow in the path of least resistance,” 

and that the Company has some but not complete control over such flow . Tr. 338-39, 343. 6 ConEd also 

admitted that after Y50 ... 

... Y50 goes out of service, the remaining feeders take up the flow that would have gone over Y50. Id. Notably, 

ConEd identifies four ... 

... Judge Pursuant to Section 206 of the Federal Power Act ( FPA), 16 U.S.C. § 824e, and Rule 706 of the 

Rules of Practice and Procedure of the Federal Energy Regulatory Commission (FERC or Commission), 18 

C.F.R. § 385.706 (1999), the Village of Freeport, ... 

... “contract paths,” a legal fiction, and does not reflect where the electrons actually flow.  See  Order No. 888 

at 31,667 n 184. In fact, Freeport’s NYPA power actually flows to Freeport across ... 

... v. New Hampshire Electric Cooperative . Inc.. 85 FERC ¶63,001 (1998), aff’d, 86 FERC ¶ 61,174 (1999), 

“[t]he regulatory effects of state or federal agencies ... 

 

68.     Entergy Services, Inc. and Gulf States Utilities Company 

Federal Energy Regulatory Commission Decisions | Dec 15, 1993 |  65 F.E.R.C. P61,332 | Docket Nos. EC92-

21-000, ER92-806-000 and EL94-13-000 

... power flows over the ITS post-merger, and that the Operating Companies should therefore ... 
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... that Gulf States will be compensated in any way for "spill-over flows " on the ITS. Finally, Applicants argue 

that since the "total ... 

... "total power on the [ITS] lines includes all regional utilities' loop flows , including those of Cajun and others . . 

. there ... 

... is no way to segregate or identify the sources of the electrons " for which Applicants are responsible. 435 Id. 

at p. 94 ... 

... could be marketed, or what value it might have. 255 64 FERC at p. 65,082 . The Arkansas Commission and 

the Mississippi AG ... 

... 61-62, citing Northeast Utilities Service Co. , Opinion No. 364, 56 FERC P61,269  at pp. 62,028-031 (1991)  

(Opinion No. 364).  Specifically, New ... 

... 62 FERC at p. 61,372, n.82 (emphasis added). As explained below, we affirm ... 

 

69. Pub. Serv. Elec. & Gas, et al. v. FERC 

FERC Appellate Briefs | Oct 30, 2020 | Nos. 19-1091 and 20-1039 

... Power Act in these special circumstances, where the recipients of electrical flows over transmission 

equipment added to improve stability are not the project's ... 

... how that record underpins the Commission's decision to depart from the Flow -Based Method. The 

Commission was persuaded that in the context of ... 

... of an electric stability project like the Artificial Island Project, power flows do not properly identify the 

beneficiaries of that project. The direction of power flow is not important in solving a stability problem, except to 

the ... 

... generator causing the stability issue. So if project costs follow the flow of electrons, as they do under the 

Flow -Based Method, they will not attach to the entities that caused ... 

... transmission line that relieves the stability problem. Having determined that the Flow -Based Method does 

not properly identify the beneficiaries of a new ... 

... regional planning process, to improve stability around Artificial Island Commission or FERC Respondent 

Federal Energy Regulatory Commission Glossary Delmarva State Delaware Public Service Commission 

Commissions and Maryland Public ... 

... electric transmission tariff – which is under the jurisdiction of Respondent Federal Energy Regulatory 

Commission ("Commission" or "FERC") – provided that the transmission zones within PJM to which power 

would flow over the new line should pay for the upgrades. Accordingly, even ... 

 

70. Electric Power Monthly - With Data for July 1999 

EIA Electric Power Monthly Reports | Oct 01, 1999 

... 4, No. 5, No. 6; topped crude; Kerosene; and jet fuel. Federal  Energy  Regulatory  Commission  (FERC)  

pursuant  to  the  PURPA,  and  has  filed  with  the  FERC for Petroleum Coke : See Coke (Petroleum). QF 

status or has ... 
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... A conductor or a system of conductors Current (Electric) : A flow  of  electrons  in  an  elec- through which 

electric current flows.                                          trical  conductor.  The  strength  or  rate  of  movement  of... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... per thousand cubic feet. Note: Data for 1998 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... Nonutility Power Plant Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 

 

71.     PSEG Energy Resources & Trade, LLC 

Federal Energy Regulatory Commission Decisions | Jan 20, 2016 |  154 F.E.R.C. P63,008 | Docket No. ER15-

1882-001 

... Southern Co. , 61 FERC at 65,025-26 . it is really more of a nuisance than ... 

... pulses of amperage to lag behind pulses of voltage on the flow of electrons through the wires. 20 Gerrish 

and Dugger, at 141-42. This electro-motive ... 

... 15. Article 2.4 states that the First Revised Rate Schedule FERC No. 3 will become effective no later than 

January 7, 2016. ... 

... that PSEG ER&T will file, pursuant to section 205 of the FPA , a request to modify or re-approve its rates for 

reactive ... 

... the generating facilities identified in PSEG ER&T's First Revised Rate Schedule FERC No. 3, to become 

effective no later than January 7, 2022. ... 

... filed pursuant to section 205 of the Federal Power Act ( FPA) its revised Rate Schedule FERC No. 3, which 

set forth the cost-based revenue requirements for the ... 

... Northern States Power Co. , 64 FERC P 61,324  (1993) ;  Southern Company Services, Inc. ,  61 FERC P 

63,009  (1992)  ( Southern Co.... 

 

72. EUA OCEAN STATE CORPORATION, et al. n1 v. COMMISSIONER OF 
REVENUEn1 The other appellants are National Grid USA Service Company, Inc. 
(formerly known as New England Power Service Company), TCPL OSP Ltd. 

Massachusetts Appellate Tax Board Decisions | Apr 24, 2006 | 2006 Mass. Tax LEXIS 35 | Docket Nos. 

C258405-406, C258424-425, C258882-883, C259158-159, C259653 & C262566-568 

... to as "60 hertz" or "60 HZ." In 60 hertz current, electrons change direction 120 times per second. The rapid 

oscillation of electrons caused by the rotation of the rotor within the stator results in a flow of energy within the 

coils of the stator. The electrons themselves do not flow in any one direction; for example, individual electrons 

do not flow out of the generator, onto the transmission lines and into consumers' homes and businesses. 
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Rather, the oscillation of the electrons within the stator of the generator causes a flow of electrical energy 

which, as described below, is distributed to electricity ... 

... electricity consumers. B. TRANSMISSION AND DISTRIBUTION OF ELECTRICITY The electrical energy 

flows out of the stator on wires to a transmission substation where ... 

... the auditor reviewed certain filings made by the Purchasers to the Federal Energy Regulatory Commission 

("FERC "). He then made assumptions, based on the name of the ... 

... causes a changing magnetic field. The changing magnetic field induces a flow of current, or electricity, in the 

stator. No new electrons or other ... 

 

73. Initial Post-Hearing Brief the Intervenors under ER06-787 et al. 

FERC Briefings and Arguments of Law | Jul 27, 2007 

... "only 36 MW , which is based upon an analysis of electron flows during the test year." 277  The 

Commission 278  held that:... 

... Access Non-discriminatory Transmission Services by Public Utilities , Order No. 888-A, FERC Stats. & Regs. 

¶ 31,048, 62 Fed. Reg. 12,274 (1997), order on reh'g, Order No. 888-B, 81 FERC ¶ 61,248, 62 Fed. Reg. 

64,688 (1997),  order on reh'g , Order No. 888-C, 82 FERC ¶ 61,046 (1998), ... 

... Order No. 888, FERC Stats. & Regs. ¶ 31,036, 61 Fed. Reg. 21,540 (1996),  clarified,  76 FERC ¶ 61,009, 

1996 and 76 FERC ¶ 61,347 (1996),  on reh'g,  Order No. 888-A, FERC Stats. & Regs. ¶ 31,048, 62 Fed. Reg. 

12,274, ... 

... rebuttable presumption threshold of market power exists. 51 In that 2004 FERC proceeding, Mr. Schellberg 

stated that the SIL calculation included: 1410 megawatts ... 

... Undue Discrimination and Preference in Transmission Service , Order No. 890, FERC Stats. & Regs. ¶ 

31,241 at pp. 30,955-56 (2007), reh'g pending ... 

 

74. Brief on Exceptions of Xcel Energy Services Inc. under ER18-2358, et. al. 

FERC Briefings and Arguments of Law | Jul 06, 2021 

... angle from the source bus to the sink bus creates a flow resulting from the transfer of energy via the valence 

electrons from one atom in the metallic lattice of the conductor to ... 

... Rule 711 of the Rules of Practice and Procedure of the Federal Energy Regulatory Commission ("FERC" 

or "Commission"), 1   Xcel Energy   Services Inc.... 

... Order No. 888, FERC Stats. & Regs. ¶ 31,036 (1996) ("Order No. 888"),  order on reh'g , Order No. 888-A, 

FERC Stats. & Regs ¶ 31,048 (1997) ("Order No. 888-A") (cross-referenced at 75 FERC ¶ 61,080) (subsequent 

history omitted). Consumers Energy Co. v. Midcontinent Independent ... 

... Panhandle, where real power flows in at two points of interconnection between the GridLiance Facilities and 

... 

... Tri-County load within the Tri-County retail service territory. Real power never flows elsewhere; these 

facilities only serve Tri-County retail customers. 185 Even counting ... 
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... GridLiance Facilities are "local distribution" and comparing that analysis to prior FERC decisions indicates 

that the GridLiance Facilities are not transmission. XES has ... 

... concludes that they are local distribution under five of the factors. FERC 's decisions suggest that 

demonstrating transmission characteristics under one 186 or ... 

 

75.     California Independent System Operator Corporation 

Federal Energy Regulatory Commission Decisions | Nov 21, 2019 | 169 F.E.R.C. P61,126 | Docket Nos. ER19-

468-000, ER19-468-001 

... and "discharging" functions do not depend on the instantaneous movement of electrons, but on the 

mechanical pumping and flow of water. Accordingly, these resources need charge time and run time ... 

... Inc. Appendix B: Tariff Records Filed California Independent System Operator Corporation FERC FPA 

Electric Tariff CAISO Tariffs Docket No. ER19-468-000 4.6.3, Requirements for Certain ... 

... markets be at the wholesale LMP. 272 Order No. 841, 162 FERC P 61,127 at P 322 . Metering and 

accounting rules may ... 

... Commission recognized in Order No. 841. 275 Order No. 841-A, 167 FERC P 61,154 at P 142  (citing  Order 

No. 841,  162 FERC P 61,127 at P 324) . Order No. 841-A also states ... 

... No. 841. 238 Id. at 2-3 (citing Order No. 841, 162 FERC P 61,127 at P 292) . Therefore, Energy Storage 

Association requests ... 

... Ramp Rate, and Charge Ramp Rate. 134 Order No. 841, 162 FERC P 61,127 at P 191 . Each RTO/ISO 

must demonstrate how ... 

... Energy Storage Ass'n v. PJM Interconnection, L.L.C. , 162 FERC P 61,296 , at ... 

 

76. Administrative Determination Document 

CA Attorney General Opinions | Jan 02, 1998 | 1998 Cal. AG LEXIS 14 | Opinion No. 97-1216 

... The existence of "loop flows,"  111 See  Hieronymous Trans. at 2973-2974 ("[A] loop flow . . . refers to the 

fact that electrons flow in the path of least resistance according to Kirchoff's laws. And ... 

... that you have a contract path from A to B, the electrons may actually go from A to C to B, or may even never 

get to B as electrons at all, and that's a loop flow. It loops around the area covered by the contract path."). 

Thus, loop flows can be broadly defined to include all flows "parallel" to the "direct" path between two points. 

See Watkiss and ... 

... at "rates determined between predetermined price floors and ceilings." WSPP, 55 FERC par. 61,099 at 

61,300. In approving the WSPP, FERC set the ceiling rate for power sales at "sellers' forecasted incremental ... 

... transactions between SDG&E and other California utilities. 15 Following "guidance" proceedings, FERC 

conditionally approved the ISO and PX on October 30, 1997. Pacific ... 

... Diego Gas & Elec. Co., and Southern Cal. Edison Co., 81 FERC par. 61,122 (1997) (" FERC October 1997 

ISO/PX Order"). See Pacific Gas and Elec. Co., San ... 
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77. Initial Brief of Transmission Owner Proponents re PJM Interconnection LLC 
under EL05-121. 

FERC Briefings and Arguments of Law | May 17, 2006 

... See also, City of Seattle v. FERC , 923 F.2d 713, 717 (9 th  Cir. 1991) ("It hardly  matters whether a particular 

electron starts in one place or another; the flow along the system is  essentially one of fungible matter.");  

Northern Ind. Pub. Ser. Co. v. FERC , 954 F.2d 736, 737  (... 

... would turn over in their graves if they knew that the FERC was going to change the rate design to reflect 

reality, and ... 

... be filed. [ PJM Interconnection, 81 FERC ¶ 61,257, 62,249 (1997) (emphasis added).] Moreover, in Order 

No. 2000, ... 

... Order No. 888, FERC Stats. & Regs . ¶ 31,036 (1996)   ..................................................................  19, 20 

Regional Transmission Organizations , Order No. 2000,  FERC Stats. & Regs , ... 

... Gulf States Utilities Co. v. FERC , 872 F.2d 487 ( D.C.  Cir. 1989)    ................................... 74 KN Energy, 

Inc. v. FERC, 968 F.2d 1295 ( D.C.  Cir. 1992)   ............................................. 14 La. PSC v. FERC ... 

 

78. Initial Brief of ORMET PRIMARY ALUMINUM CORP under EL05-121. 

FERC Briefings and Arguments of Law | May 17, 2006 

... order cannot impermissibly 'trap' costs that have been allocated in a FERC tariff);  Mississippi Power & Light 

Co.,  487 U.S. 354 (1988) (holding that the reasonableness of rates and agreements regulated by FERC may 

not be collaterally attacked in state even where the prudence related inquiry was not reviewed by FERC; a state 

commission had to treat FERC -mandated payments as reasonably incurred operating expenses for the 

purpose of ... 

... the expansion of and changes in PJM membership. 89 Moreover, although electrons physically flow to the 

load from the closest generation sources, the contractual arrangements ... 

... Rule 706 of the Rules of Practice and Procedure of the Federal Energy Regulatory Commission 

("Commission" or "FERC "), 18 C.F.R. § 385.706 (2006), and the established procedural schedule ... 

... the filed rate doctrine requires "that interstate power rates filed with FERC or fixed by FERC must be given 

binding effect by state utility commissions determining intrastate ... 

... in setting retail rates, and discount retail rates, for example, for FERC refunds. See e.g., Ohio Rev. ... 

 

79. Electric Power Monthly - With Data for January 1997 

EIA Electric Power Monthly Reports | Apr 01, 1997 

... 4, No. 5, No. 6; topped crude; Kerosene; and jet fuel. Federal  Energy  Regulatory  Commission  (FERC)  

pursuant  to  the  PURPA,  and  has  filed  with  the  FERC for QF status or has self-certified. For additional 

informa- Petroleum Coke ... 

... A conductor or a system of conductors Current (Electric) : A flow  of  electrons  in  an  elec- through which 

electric current flows.                                          trical  conductor.  The  strength  or  rate  of  movement  of... 
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... in the sample. The Form EIA-759 is used to collect monthly FERC Form 423 data on net generation; 

consumption of coal, petroleum, and natural gas; and end-of-the-month stocks of coal and   The  Federal  

Energy  Regulatory  Commission  (FERC ) Form 423 is a monthly record of delivered-fuel purchases, 

petroleum ... 

... more megawatts. •Includes lignite, bituminous coal, subbituminous coal, and anthracite. Source: Federal 

Energy Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... megawatts. •Data for 1996 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission , ... 

 

80. Electric Power Monthly - With Data for November 1996 

EIA Electric Power Monthly Reports | Feb 01, 1997 

... 4, No. 5, No. 6; topped crude; Kerosene; and jet fuel. Federal  Energy  Regulatory  Commission  (FERC)  

pursuant  to  the  PURPA,  and  has  filed  with  the  FERC for QF status or has self-certified. For additional 

informa- Petroleum Coke ... 

... A conductor or a system of conductors Current (Electric) : A flow  of  electrons  in  an  elec- through which 

electric current flows.                                          trical  conductor.  The  strength  or  rate  of  movement  of... 

... megawatts. •Data for 1996 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... are used interchangeably in this report.•Data for 1996 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... few utilities that generate electricity using renewable fuel sources than The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- otherhydroelectric ... 

 

81. Electric Power Monthly - With Data for October 1996 

EIA Electric Power Monthly Reports | Jan 01, 1997 

... 4, No. 5, No. 6; topped crude; Kerosene; and jet fuel. Federal  Energy  Regulatory  Commission  (FERC)  

pursuant  to  the  PURPA,  and  has  filed  with  the  FERC for QF status or has self-certified. For additional 

informa- Petroleum Coke ... 

... A conductor or a system of conductors Current (Electric) : A flow  of  electrons  in  an  elec- through which 

electric current flows.                                          trical  conductor.  The  strength  or  rate  of  movement  of... 

... megawatts. •Data for 1996 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... are used interchangeably in this report.•Data for 1996 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... few utilities that generate electricity using renewable fuel sources than The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- otherhydroelectric ... 
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82. Electric Power Monthly - With Data for December 1996 

EIA Electric Power Monthly Reports | Mar 01, 1997 

... 4, No. 5, No. 6; topped crude; Kerosene; and jet fuel. Federal  Energy  Regulatory  Commission  (FERC)  

pursuant  to  the  PURPA,  and  has  filed  with  the  FERC for QF status or has self-certified. For additional 

informa- Petroleum Coke ... 

... A conductor or a system of conductors Current (Electric) : A flow  of  electrons  in  an  elec- through which 

electric current flows.                                          trical  conductor.  The  strength  or  rate  of  movement  of... 

... few utilities that generate electricity using renewable fuel sources than The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- otherhydroelectric ... 

... more megawatts. •Includes lignite, bituminous coal, subbituminous coal, and anthracite. Source: Federal 

Energy Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... megawatts. •Data for 1996 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

83. Electric Power Monthly - With Data for June 1996 

EIA Electric Power Monthly Reports | Sep 01, 1996 

... 4, No. 5, No. 6; topped crude; Kerosene; and jet fuel. Federal  Energy  Regulatory  Commission  (FERC)  

pursuant  to  the  PURPA,  and  has  filed  with  the  FERC for QF status or has self-certified. For additional 

informa- Petroleum Coke ... 

... A conductor or a system of conductors Current (Electric) : A flow  of  electrons  in  an  elec- through which 

electric current flows.                                          trical  conductor.  The  strength  or  rate  of  movement  of... 

... per thousand cubic feet. Note: Data for 1996 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... megawatts. •Data for 1996 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... of coke-oven, refinery, and blast-furnace gas. •Mcf =thousand cubic feet. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... are used interchangeably in this report.•Data for 1996 are preliminary. Source: Federal Energy Regulatory 

Commission , ... 

 

84. Electric Power Monthly - With Data for September 1996 

EIA Electric Power Monthly Reports | Dec 01, 1996 

... 4, No. 5, No. 6; topped crude; Kerosene; and jet fuel. Federal  Energy  Regulatory  Commission  (FERC)  

pursuant  to  the  PURPA,  and  has  filed  with  the  FERC for QF status or has self-certified. For additional 

informa- Petroleum Coke ... 

... A conductor or a system of conductors Current (Electric) : A flow  of  electrons  in  an  elec- through which 

electric current flows.                                          trical  conductor.  The  strength  or  rate  of  movement  of... 
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... megawatts. •Data for 1996 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... "generally, the highest cost states are most aggres- complaint with the FERC asking that they require El 

Paso to wheel power marketed by the company.  FERC , under sively pursuing restructuring and have been the 

among the ... 

... of coke-oven, refinery, and blast-furnace gas. •Mcf =thousand cubic feet. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

85. Kaplan B. 2010. Updated summary of knowledge for Pacific coast-Volumes I and 
II. 955 p. OCS Study 2010-014. Obligation No.: M08PD20170. - Final Report 

BOEM Environmental Studies | Jul 02, 2010 

... In response to these concerns, the Department of the Interior and FERC announced in March 2009 that the 

two agencies intend to work ... 

... energy in offshore waters (U.S. Dept. of the Interior and USDOE, Federal Energy Regulatory Commission 

2009). On April 9, 2009, the two agencies signed an agreement ... 

... of energy from nonhydrokinetic alternative energy projects, including wind and solar. FERC will have 

exclusive jurisdiction to issue licenses for the construction and ... 

... to first obtain a lease through BOEMRE. The resolution of the FERC –BOEMRE dispute, together with a 

recently established regulatory process for granting ... 

... offshore alternative energy projects. Guidance was jointly prepared by BOEMRE and FERC to clarify the 

implementation of agreement and the final regulations for projects requiring both an BOEMRE lease and a 

FERC license (USDOI, MMS 2009b). Conflicts have also emerged between Federal and ... 

... late intervention in the proceedings for the Mendocino Project permit (USDOE, Federal Energy Regulatory 

Commission 2008a). In an explanation of why it chose to intervene, the ... 

... primary stake holder and participant.” However, the motions were denied by FERC on the grounds that they 

failed to show good cause for late intervention, and PG&E received a preliminary permit (USDOE, Federal 

Energy Regulatory Commission 2008c). Mendocino County , Fort Bragg , and the FISH Committee ... 

 

86.     Consumers Energy Company 

Federal Energy Regulatory Commission Decisions | Oct 21, 2016 |  157 F.E.R.C. P63,012 | Docket Nos. ER16-

1058-000, EL16-56-000 

... pulses of amperage to lag behind pulses of voltage on the flow of electrons through the wires. 24 Gerrish 

and Dugger, at 141-42. This electro-motive ... 

... a Notice of Cancellation of its Mirant Zeeland, LLC First Revised FERC Electric Tariff, Original Volume No. 2 

(Notice of Cancellation) pursuant to Federal Power Act (FPA) section 205.  2 16 U.S.C. § 824d  (2012) .... 

... not unduly discriminatory or preferential standard of section 206 of the FPA , 16 U.S.C. § 824e (2012) . 3. In 

accordance with ... 
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... section 206 9 16 U.S.C. § 824e (2012) . of the FPA . 16. Paragraph 17 provides that if the Commission 

rejects, conditions, ... 

... and the Notice of Cancellation, instituting a Federal Power Act ( FPA ) section 206 proceeding in Docket No. 

EL16-56-000, and establishing hearing ... 

... hearing and settlement judge procedures. 2 Consumers Energy Company , 155 FERC P 61,104... 

... a Notice of Cancellation of its Mirant Zeeland, LLC First Revised FERC Electric Tariff, Original Volume No. 2 

(Notice of Cancellation). 1 The ... 

 

87. Brief of Public Service Company of New Hampshire opposing exceptions re New 
Hampshire Electric Coop Inc under EL96-53. 

FERC Briefings and Arguments of Law | Dec 01, 1998 

... State’s authority in the context of the State’s obligation to respect FERC -jurisdictional contracts. Were the 

State to have taken any action, legislative ... 

... Supremacy Clause of the U.S. Constitution. The law is clear that FERC has exclusive jurisdiction over 

wholesale contracts, that those contracts establish the ... 

... State action which fails to give full effect to rights under FERC -filed wholesale contracts is constitutionally 

invalid. 13 Therefore, to the extent ... 

... is never possible to determine whose generators originally produced the specific electrons that flow over 

these meters, and this fundamental fact does not change regardless ... 

... are exercising retail choice, (1) the amount of power that will flow over the APRA delivery points will be 

determined by the physical ... 

... is never possible to identify the source of the electricity that flows through the meters at the delivery points 

(the electrons are not "color-coded"); and (4) the financial rights and obligations of ... 

... Rule 711 of the Rules of Practice and Procedure of the Federal Energy Regulatory Commission 

("Commission" or "FERC"),  Public Service Co mpany of  New Hampshire... 

 

88. Electric Power Monthly - With Data for April 1996 

EIA Electric Power Monthly Reports | Jul 01, 1996 

... 4, No. 5, No. 6; topped crude; Kerosene; and jet fuel. Federal  Energy  Regulatory  Commission  (FERC)  

pursuant  to  the  PURPA,  and  has  filed  with  the  FERC for QF status or has self-certified. For additional 

informa- Petroleum Coke ... 

... A conductor or a system of conductors Current (Electric) : A flow  of  electrons  in  an  elec- through which 

electric current flows.                                          trical  conductor.  The  strength  or  rate  of  movement  of... 

... tric and combined-cycle nameplate capacity of 50 or more megawatts. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... revised with only selected income items remaining and became the FERC  Form  5.  The  Form EIA-826  

replaced  the  FERC Form 5 in January 1983. to obtain the data. Imputation, in ... 
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... information from six data sources: Form EIA-759, "Monthly Power Plant Report"; Federal Energy 

Regulatory Commission (FERC ) Form the State, Census division, and U.S. level tables. However, ... 

 

89. Electric Power Monthly - With Data for August 1996 

EIA Electric Power Monthly Reports | Nov 01, 1996 

... 4, No. 5, No. 6; topped crude; Kerosene; and jet fuel. Federal  Energy  Regulatory  Commission  (FERC)  

pursuant  to  the  PURPA,  and  has  filed  with  the  FERC for QF status or has self-certified. For additional 

informa- Petroleum Coke ... 

... A conductor or a system of conductors Current (Electric) : A flow  of  electrons  in  an  elec- through which 

electric current flows.                                          trical  conductor.  The  strength  or  rate  of  movement  of... 

... steam-electric and combined-cycle nameplate capacity of 50 or more megawatts. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... few utilities that generate electricity using renewable fuel sources than The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- otherhydroelectric ... 

... with State Distributions''; Form EIA-900, ''Nonutility Sales for Resale Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

90. Electric Power Monthly - With Data for July 1996 

EIA Electric Power Monthly Reports | Oct 01, 1996 

... 4, No. 5, No. 6; topped crude; Kerosene; and jet fuel. Federal  Energy  Regulatory  Commission  (FERC)  

pursuant  to  the  PURPA,  and  has  filed  with  the  FERC for QF status or has self-certified. For additional 

informa- Petroleum Coke ... 

... A conductor or a system of conductors Current (Electric) : A flow  of  electrons  in  an  elec- through which 

electric current flows.                                          trical  conductor.  The  strength  or  rate  of  movement  of... 

... more megawatts. •Includes lignite, bituminous coal, subbituminous coal, and anthracite. Source: Federal 

Energy Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... few utilities that generate electricity using renewable fuel sources than The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- otherhydroelectric ... 

... respondents, the final automated edit is submitted. Following and became the FERC  Form  5.  The   Form  

EIA-826 replaced   the   FERC Form 5 in January 1983. In January 1987, the Form EIA-826 ... 

 

91. Electric Power Monthly - With Data for May 1996 

EIA Electric Power Monthly Reports | Aug 01, 1996 

... 4, No. 5, No. 6; topped crude; Kerosene; and jet fuel. Federal  Energy  Regulatory  Commission  (FERC)  

pursuant  to  the  PURPA,  and  has  filed  with  the  FERC for QF status or has self-certified. For additional 

informa- Petroleum Coke ... 
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... A conductor or a system of conductors Current (Electric) : A flow  of  electrons  in  an  elec- through which 

electric current flows.                                          trical  conductor.  The  strength  or  rate  of  movement  of... 

... steam-electric and combined-cycle nameplate capacity of 50 or more megawatts. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... revised with only selected income items remaining and became the FERC  Form  5.  The  Form EIA-826  

replaced  the  FERC Form 5 in January 1983. to obtain the data. Imputation, in ... 

... information from six data sources: Form EIA-759, "Monthly Power Plant Report"; Federal Energy 

Regulatory Commission (FERC ) Form the State, Census division, and U.S. level tables. However, ... 

 

92. Derivatives and Risk Management in the Petroleum, Natural Gas, and Electricity 
Industries 

EIA Congressional and Other Requests Analysis Projections | Oct 01, 2002 

... of electricity are that it cannot be easily stored and it flows at the speed to create a new 100-megawatt load 

on the ... 

... same instant that it is consumed, and electric- 100 megawatts of electrons will not flow directly from A to B. 

Instead, the new 100-megawatt supply and ... 

... real-time mar- cause a system-wide imbalance in impedance, and the electricity flows readjust across all the 

interconnected... 

... Market power - Monitor FERC's Standard Market Design The FERC has recently taken two steps to 

encourage competitive wholesale electricity markets. On January 6,        All these requirements flow directly 

from FERC 's experience. Market monitoring, for example, came out of the 2000, ... 

... opportunity costs of tion, the U.S. Department of Energy (DOE), the Federal Energy Regulatory 

Commission (FERC ), and the State idle assets become apparent, because spot markets ... 

... market transparency will be critical to nificant excess capacity. Nevertheless, the FERC initiatives, if 

successful, will go a long way toward creating            traders and to the market monitors established by the 

FERC 's Standard Market Design. well-functioning commodity markets. Once that is a ... 

 

93.     New York State Electric and Gas Corporation 

Federal Energy Regulatory Commission Decisions | May 02, 1989 |  47 F.E.R.C. P61,185 | Docket No. ER88-

508-000 

... account the claims of a third party that some of the electrons will flow on its lines without compensation.  

This phenomenon, known as "unintended loop flow ," arises from the elementary law of physics that electricity 

traversing ... 

... out at the Commission meeting considering this case, litigating unintended loop flows presents a technically 

complicated undertaking.  It involves tracing invisible electrons on a system of wires.  In addition, when utilities 

belong to a pool, power, by dint of scientific law, flows constantly and continuously over the entire 

interconnected transmission grid, whenever one ... 
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... practical matter, from an electrical engineering perspective, there are unintended loop flows of some 

magnitude at all times on every interconnected system in ... 

... could be a colorable assertion of some form of unintended loop flow . If we follow today's rationale, pool 

members could require us ... 

... for investigation. Jersey Central Power & Light Company, et al., 38 FERC P61,275 (1987) . Subsequently, 

Niagara, GPU, and NYSEG negotiated a settlement ... 

... dated June 1, 1988 (2) Supplement No. 1 to Rate Schedule FERC No. 104 -- Supplemental Agreement dated 

August 30, 1988, specifying incremental ... 

 

94. Electric Power Monthly - With Data for June 1999 

EIA Electric Power Monthly Reports | Sep 01, 1999 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... in the sample. only selected income items remaining and became the FERC Form 5. The Form EIA-826 

replaced the  FERC The completed form is to be returned to the EIA by ... 

... accordance with an advance schedule. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC ) pursuant to the PURPA, Short Ton: A unit of weight ... 

... Nonutility Power Plant Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

 

95.     C.P. Crane LLC 

Federal Energy Regulatory Commission Decisions | Jun 02, 2016 |  155 F.E.R.C. P63,023 | Docket No. EL16-

21-000 

... pulses of amperage to lag behind pulses of voltage on the flow of electrons through the wires. 26 Gerrish 

and Dugger, at 141-42. This electro-motive ... 

... in this order. See Electronic Tariff Filings , Order No. 714, FERC Stats. & Regs. P 31,276 (2008). The 

Commission's approval of this ... 

... not unduly discriminatory or preferential standard of section 206 of the FPA , 16 U.S.C. § 824e (2012) . 5. 

This letter order ... 

... the Offer of Settlement has no effect on entities' rights under FPA section 205,  8 16 U.S.C. § 824d  (2012) .  

FPA section 206, ... 

... Crane's Reactive Service rate schedule, instituted a Federal Power Act ( FPA ) section 206 proceeding in 

Docket No. EL16-21-000, and establishing hearing ... 
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... hearing and settlement judge procedures. 3 C.P. Crane LLC , 153 FERC P 61,348... 

... 155 F.E.R.C. P61306 , 2016 FERC LEXIS 1448  (F. E.R.C ., 2016) C.P. Crane LLC,  153 F.E.R.C. P61348 ,  

2015 FERC LEXIS 2190  (F. E.R.C ., 2015)... 

 

96. Electric Power Monthly - With Data for January 1999 

EIA Electric Power Monthly Reports | Apr 01, 1999 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... net generation; consumption of coal, petroleum, and natural gas; and end-of-the-month FERC Form 423 

stocks of coal and petroleum for each plant by ... 

... by fuel-type combination. Summary data from the Form EIA-759 are The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- also ... 

... This will affect co mparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... per thousand cubic feet. Note: Data for 1998 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... for 1998 are preliminary. •Mcf of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... no longer required to file receipt and cost data on the Federal Energy Regulatory Commission ( ... 

 

97.     Tucson Electric Power Company 

Federal Energy Regulatory Commission Decisions | Dec 28, 2015 |  153 F.E.R.C. P61,342 | Docket No. EC15-

31-001 

... to flow power in either direction between Coronado and Springerville, and that, regardless ... 

... of whether Salt River Project 's intent is to keep its electrons on the Springerville-Coronado Line when 

electricity is being transmitted between those two points, "some of those electrons will spill onto other portions" 

of the Tucson Electric transmission system.  35 Id.  at 11.  Intervenors conclude that those electrons will 

therefore affect the amount of available transfer capability on other ... 

... 82 FERC P 61,046  (1998) ,  aff'd in relevant part sub nom.  Transmission Access Policy Study Group v. 

FERC ,  225 F.3d 667 ,  343 U.S. App. D.C. 151  (D.C. Cir. 2000) ,  aff'd sub nom.  New York v. FERC ... 

... Transactions Subject to FPA Section 203 , Order No. 669, FERC Stats. & Regs. P 31,200 (2005),  order on 

reh'g , Order No. 669-A, FERC Stats. & Regs. P 31,214, ... 

... articulated in the Complaint Rehearing Order. 42 Complaint Rehearing Order, 153 FERC P 61,125 at P 22 

("While it is true that the ... 

 

98. Re PECO Energy Company 
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PA Public Utility Commission Decisions | Aug 21, 1997 | 1997 Pa. PUC LEXIS 47 | P-00971170 

... modifications are discussed, supra. Section II, Paragraph J would start the electrons flowing pursuant to the 

pilots on December 1, 1997, instead of October ... 

... the start date. As a policy determination, we have established that electrons must commence flowing on 

November 1, 1997. This date offers the greatest assurance of ... 

... waiver of the Utilities' wholesale transmission tariffs on file with the FERC. The Commission will act with the 

Utilities and with the FERC to accomplish these filings.... 

... of those programs, and then make the requisite filings with the FERC. We would then consider the actions of 

the FERC with respect to the pilot  programs. If the FERC approved its jurisdictional piece of the transmission  

component unchanged, or if the FERC approved that piece with minor changes, then we would grant final ... 

... that our Commission accomplish joint filings before the FERC . Our staff will do this, preparing the necessary 

documents to ... 

... to support any accepted utility filing at this docket before the FERC. It should be noted, however, that 

substantial or material changes by the FERC to the pilot program may result in a withdrawal of our ... 

 

99. Brief on Exceptions of the Joint Consumer Advocates under EL05-121. 

FERC Briefings and Arguments of Law | Aug 14, 2006 

... the electric grid have not changed. The manner in which the electrons flow over the system is governed by 

the laws of physics. These ... 

... 200608145067 Received FERC OSEC 08/14/2006 03:59:00 PM Docket#  EL05-121-000  August 14, 2006  

Honorable Magalie Roman Salas  Office of the Secretary Federal Energy Regulatory Commission  Dockets 

Room - Room 1A 888 First Street, N.E.  Washington, ... 

... Facsimile: (717) 783-7152 13 200608145067 Received FERC OSEC 08/14/2006 03:59:00 PM Docket# 

EL05-121-000 CERTIFICATE OF SERVICE I hereby ... 

... rate design be made effective April 1, 2006. 3 200608145067 Received FERC OSEC 08/14/2006 03:59:00 

PM Docket#  EL05-121-000  II.         SPECIFICATION OF ERROR... 

... United States Department of Energy, Federal Energy Regulatory Commission EL05-121-000 FERC 

Briefings and Arguments of Law 200608145067 Received FERC OSEC 08/14/2006 03:59:00 PM Docket#  

EL05-121-000  UNITED STATES OF AMERICA  BEFORE THE FEDERAL ENERGY REGULATORY 

COMMISSION ... 

... dramatic shift in cost responsibility that would result. 6 200608145067 Received FERC OSEC 08/14/2006 

03:59:00 PM Docket# EL05-121-000 The proponents of a new ... 

 

100. Electric Power Monthly - With Data for January 2001 

EIA Electric Power Monthly Reports | Apr 01, 2001 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 
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... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... used for each of the 4 previous years. combustion turbines. The FERC Form 423 replaced the FPC  Form  

423  in  January  1983.  The  FERC Form 423 (See previous issues of this publication, and (Knaub, 12) ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source: Federal Energy Regulatory Commission, FERC Form 423, ''Monthly 

Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

101. In the Matter of the Petitions of ENTERGY NUCLEAR OPERATIONS, INC., 
ENTERGY NUCLEAR FITZPATRICK, LLC, ENTERGY NUCLEAR INDIAN 
POINT 3, LLC, AND ENTERGY NUCLEAR INDIAN POINT 2, LLC for Revision of 
Determinations 

NY - New York State Tax Materials | Jan 28, 2016 | 2016 N.Y. Tax LEXIS 290 | DTA NOS. 826017, 826018, 

826019, AND 826020 

... of that electricity is the electric generator, and the energy always flows in one direction, from the source to 

the load. The "load" ... 

... that uses the electrical energy, e.g., a table lamp. 55. The flow of electrons is "endowed with voltage" or the 

potential to do work in ... 

... another, and there is nothing about the concept that says the electron changes character, it just changes 

position. Dropping a rock changes its ... 

... under the influence of an external force, i.e., gravity. Likewise, an electron will move in response to an 

external force, i.e., voltage.... 

... of conductive wires on the armature within the magnetic field causes electrons in the wires to move (a flow 

of electricity). At each point where there is a conversion of ... 

... electricity transmissions system in independent entities. 44. In 1998, the Federal Energy Regulatory 

Commission (FERC ) authorized the creation of the NYISO as the independent entity ... 

 

102. BRIEF ON EXCEPTIONS TO THE INITIAL DECISION OF BONNEVILLE 
POWER ADMINISTRATION, PACIFIC NORTHWEST GENERATING 
COOPERATIVE, RAFT RIVER RURAL ELECTRIC COOPERATIVE, PUBLIC 
POWER COUNCIL, A&B IRRIGATION DISTRICT 

FERC Briefings and Arguments of Law | Oct 01, 2007 

... Transmission Services by Public Utilities and Transmitting Utilities, Order No. 888, FERC Stats. & Regs. ¶ 

31,036, 61 Fed. Reg. 21,540 (1996), clarified, 76 FERC ¶ 61,009, 1996 and 76 FERC ¶ 61,347 (1996), on 

reh'g, Order No. 888-A, FERC Stats. & Regs. ¶ 31,048, 62 Fed. Reg. 12,274, clarified, 79 FERC ¶ 61,182 

(1997), on reh'g, Order No. 888-B, 81 FERC ¶ 61,248, 62 Fed.Reg. 64,688 (1997), on reh'g, Order No. 888-C, 



P a g e  | 395 
 

82 FERC ¶ 61,046 (1998), aff'd in part and remanded in part sub nom. Transmission Access Policy Study 

Group v. FERC , 343 U.S. App. D.C. 151, 225 F.3d 667 ( D.C. ... 

... Services by Public Utilities and Transmitting Utilities , Order No. 888, FERC Stats. & Regs. 1f 31,036, 61 

Fed. Reg. 21,540 (1996), clarified, 76 FERC ¶ 61,009, 1996 and 76 FERC ¶ 61,347 (1996), on reh'g, Order No. 

888-A, FERC Stats. & Regs. ¶ 31,048, 62 Fed. Reg. 12,274, clarified, 79 FERC ¶ 61,182 (1997), on reh'g, 

Order ... 

 

103. Reply brief of Commission Trial Staff re California Independent System Operator 
Corp under ER98-997 et al. 

FERC Briefings and Arguments of Law | Jun 13, 2001 

... the QF has not provided sufficient reserves. In our view, the flow of electrons necessary to serve the QF 

load automatically will come off of ... 

... the necessary filing with the Commission. 2. If a requirement for FERC approval is just and reasonable, must 

the PGA require, in order ... 

... object to a QF’s request to terminate its PGA in a FERC proceeding related to the termination? Staff is not 

presenting an argument ... 

... it just and reasonable for a QF to have to seek FERC approval and/or ISO approval to terminate a PGA? In 

our Initial ... 

... to terminate a PGA. We relied upon Section 205 of the FPA , 16 U.S.C. § 824d, which provides in relevant 

part that ... 

... is required to file with the Commission to terminate one. The FPA does not excuse an ISO from terminating 

QF PGAs without filing ... 

... ISO are subject to Commission approval under Section 205 of the FPA and, therefore, subject to protest by 

any party, including CAC. This ... 

 

104. Reply Brief of the Federal Energy Regulatory Commission Staff under EL03-15 
ET AL. 

FERC Briefings and Arguments of Law | Jan 10, 2005 

... An additional 118 MW can now flow northward on the STS. 19 "Flows" could never be an appropriate 

benchmark since electrons cannot be  confined to any particular path.  200501105043 Received FERC OSEC 

01/10/2005 03:13:00 PM Docket#  EL03-15-000, ET AL.... 

... 107 FERC ¶ 61,150 at P 14. 25 Witness Gross testified that the ... 

... produced additional reliability benefits to the network. Tr. 1183-1185. 200501105043 Received FERC OSEC 

01/10/2005 03:13:00 PM Docket#  EL03-15-000, ET AL.... 

... reasonable. However, SWP seems to argue in its brief that the FPA section 205 standard applies to the 

Commission review of the Cities' ... 

... 107 FERC ¶ 61,150 at P 8, 9.  200501105043 Received FERC OSEC 01/10/2005 03:13:00 PM Docket# 

EL03-15-000, ET AL. City of Anaheim ... 



P a g e  | 396 
 

... Corp., 106 FERC ¶ 63,026                                     ……………………………………...         28  California   

Independent System Operator  107 FERC ¶ 61,150                                     ……………………………………...          

10, 20,27, 32  California   Independent System Operator  Corporation 109 FERC ¶ 61,301 (2004)                                                   

……………………………..          4, 28... 

... Co. v. FERC, 306 F.3d 1112 ( D.C.  Cir. 2002).   200501105043 Received FERC OSEC 01/10/2005 03:13:00 

PM Docket# EL03-15-000, ET AL. City of Anaheim ... 

 

105. Initial Brief of Commission Trial Staff under ER12-959. 

FERC Briefings and Arguments of Law | Jan 07, 2013 

... Although Mr. Swearingen performed no power flow studies, Ms. Hsiung included 8 Transmission Planning 

and Cost Allocation by ... 

... Owning and Operating Public Utilities, Order No. 1000, Docket No. RM10-23-000, FERC Stats. & Regs. 

¶31,323, at 31,381, n.394, 76 FR 49842 (Aug. ... 

... No. 1000), order on reh'g and clarif'n, Order No. 1000-A, 139 FERC ¶ 61,132, order on reh'g and clarif'n, 

Order No. 1000-B, 141 FERC ¶ 61,044 (2012) (quoting Indiana Michigan Power Co. and Ohio Power ... 

... outages of September 8, 2011, illustrates this misunderstanding: "Loop flow refers to power flow along any 

transmission paths that are in parallel with the most ... 

... a bilateral contract to assume that power provided under the contract flows along a specified path, even 

though physics dictates that the electrons actually disperse among various facilities that may be owned by one 

... 

... full quotation from the footnote explains the Commission's conception of loop flow:... 

... facilities. Finding of Fact: Although the Tri-County itself is not a FERC-jurisdictional entity, it must rely on the 

FERC jurisdictional SPP OATT to support its contention that Whiting Petroleum Corporation ... 

 

106. Certification of Uncontested Settlement to the Commission re C.P. Crane LLC 
under EL16-21. 

FERC ALJ Issuances | Jun 02, 2016 | EL16-21-000 

... pulses of amperage to lag behind pulses of voltage on the flow of electrons through the wires. [26]   This 

electro-motive force is reactive power.... 

... action in this order. See Electronic Tariff Filings, Order No. 714, FERC Stats. & Regs. ¶ 31,276 (2008). The 

Commission's approval of this ... 

... not unduly discriminatory or preferential standard of section 206 of the FPA , 16 U.S.C. § 824e (2012). 5. 

This letter order terminates ... 

... AEP Initial Decision, 80 FERC at 65,074-82. [32]  AEP Initial Decision, 80 FERC at 65,078-79; Opinion No. 

440, 88 FERC at 61,456-57. [33] The Explanatory Statement provides that the Settlement established ... 

... United States Department of Energy, Federal Energy Regulatory Commission C.P. Crane LLC C.P. Crane 

LLC EL16-21-000 FERC ALJ Issuances 155 FERC ¶ 63,023 155 FERC ¶ 63,023  UNITED STATES OF 

AMERICA FEDERAL ENERGY REGULATORY COMMISSION ... 
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... an order accepting CP Crane's Reactive Service rate schedule, initiating a FPA section 206 proceeding in 

Docket No. EL16-21-000, and establishing hearing and settlement judge procedures. [4]   The FPA section 206 

proceeding concerned the justness and reasonableness of CP Crane's ... 

 

107. Electric Power Monthly - With Data for May 1998 

EIA Electric Power Monthly Reports | Aug 01, 1998 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... megawatts. •Data for 1998 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... coke-oven, refinery, and blast-furnace gas. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... accordance with an advance schedule. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC ) pursuant to the PURPA, Short Ton: A unit of weight ... 

... are used interchangeably in this report.•Data for 1998 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... Sales for Resale Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

108. Order Instituting Rulemaking on the Commission's Proposed Policies Governing 
Restructuring California's Electronic Service Industry and Reforming Regulation; 
Order Instituting Investigation on the Commission's 

CA Public Utilities Commission Decisions | May 24, 1995 | 1995 Cal. PUC LEXIS 429 | Decision No. 95-05-045, 

Rulemaking No. 94-04-031 (Filed April 20, 1994), Investigation No. 94-04-032 (Filed April 20, 1994) 

... competitive market in wholesale generation. In the original stranded cost NOPR, FERC analyzed its authority 

under the FPA and found that it has exclusive jurisdiction over all transmission in ... 

... jurisdiction over facilities used for local distribution. In the Supplemental NOPR, FERC reaffirmed its 

conclusion that it has jurisdiction to set the rates, ... 

... This does not mean the Commission necessarily accepts FERC's view of its authority under the Federal 

Power Act. However, to the extent FERC's NOPR "sets the stage" for retail  wheeling,  it is pertinent to discuss 

FERC's assertion of jurisdiction.   State regulators have been reluctant to implement retail  wheeling,  which 

FERC believes requires unbundling  of the traditional bundled retail  sales rate into component parts, until it is 

clear where FERC will draw the line between transmission and distribution. This line is ... 

... in retail rate base and also to retail stranded cost recovery. FERC 's Supplemental NOPR is informative on 

both issues of the demarcation ... 

... recovery due to retail wheeling. In the original stranded cost NOPR, FERC stated that as a general matter it 

believes that both FERC and state commissions have the legal authority to address stranded costs ... 
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109. Electric Power Monthly - With Data for June 1998 

EIA Electric Power Monthly Reports | Sep 01, 1998 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... accordance with an advance schedule. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC ) pursuant to the PURPA, Short Ton: A unit of weight ... 

... This will affect comparisons of current and his torical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... in the sample. only selected income items remaining and became the FERC Form 5. The Form EIA-826 

replaced the FERC The completed form is to be returned to the EIA by ... 

... of current and historical data.coke-oven, refinery, and blast-furnace gas. •Mcf Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... Sales for Resale Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

110. Electric Power Monthly - With Data for August 1998 

EIA Electric Power Monthly Reports | Nov 01, 1998 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... included in the sample. The Form EIA-759 is used to collect FERC Form 423 monthly data on net generation; 

consumption of coal, petroleum,  and  natural  gas;  and  end-of-the-month     The  Federal  Energy  

Regulatory  Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- stocks ... 

... This will affect co mparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... per thousand cubic feet. Note: Data for 1998 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... for 1998 are preliminary. •Mcf of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... Sales for Resale Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission , ... 

 

111. Electric Power Monthly - With Data for December 1998 

EIA Electric Power Monthly Reports | Mar 01, 1999 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 
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... or more megawatts. •Mcf =thousand cubic feet and bbl =barrel. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... •Data for 1998 are preliminary. •Mcf t and historical data. Source: Federal Energy Regulatory Commission, 

FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... Sales for Resale Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

112. Electric Power Monthly - With Data for July 1998 

EIA Electric Power Monthly Reports | Oct 01, 1998 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... per thousand cubic feet. Note: Data for 1998 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... for 1998 are preliminary. •Mcf of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

 

113. Electric Power Monthly - With Data for February 1999 

EIA Electric Power Monthly Reports | May 01, 1999 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... in the sample. only selected income items remaining and became the FERC Form 5. The Form EIA-826 

replaced the  FERC The completed form is to be returned to the EIA by ... 

... accordance with an advance schedule. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC ) pursuant to the PURPA, Short Ton: A unit of weight ... 
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... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... •Data for 1999 are preliminary. •Mcf t and historical data. Source: Federal Energy Regulatory Commission, 

FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

114. Electric Power Monthly - With Data for February 2001 

EIA Electric Power Monthly Reports | May 01, 2001 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... of approximately 3,250 electric utilities selling retail and/or sales for resale. FERC Form 423.  In January 

1991, the collection of data on the FERC Form 423 was extended to include com- Note that for the ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... used for each of the 4 previous years. combustion turbines. The FERC Form 423 replaced the FPC  Form  

423  in  January  1983.  The  FERC Form 423 (See previous issues of this publication, and (Knaub, 12) ... 

... net generation; consumption of coal, petroleum, and natural gas; and end-of-the-month FERC Form 423 

stocks of coal and petroleum for each plant by ... 

... by fuel-type combination. Summary data from the Form EIA-759 are The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- also ... 

 

115. Electric Power Monthly - With Data for April 1998 

EIA Electric Power Monthly Reports | Jul 01, 1998 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... tric and combined-cycle nameplate capacity of 50 or more megawatts. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... in the sample. only selected income items remaining and became the FERC Form 5. The Form EIA-826 

replaced the FERC The completed form is to be returned to the EIA by ... 

... accordance with an advance schedule. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC ) pursuant to the PURPA, Short Ton: A unit of weight ... 

... of 50 or more megawatts. •Data for 1998 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... megawatts. •Data for 1998 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

116. Electric Power Monthly - With Data for April 1999 
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EIA Electric Power Monthly Reports | Jul 01, 1999 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... This will affect co mparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... net generation; consumption of coal, petroleum, and natural gas; and end-of-the-month FERC Form 423 

stocks of coal and petroleum for each plant by ... 

... by fuel-type combination. Summary data from the Form EIA-759 are The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- also ... 

... or more megawatts. •Mcf =thousand cubic feet and bbl =barrel. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 

 

117. Electric Power Monthly - With Data for November 1998 

EIA Electric Power Monthly Reports | Feb 01, 1999 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... in the sample. only selected income items remaining and became the FERC Form 5. The Form EIA-826 

replaced the FERC The completed form is to be returned to the EIA by ... 

... accordance with an advance schedule. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC ) pursuant to the PURPA, Short Ton: A unit of weight ... 

... Sales for Resale Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

 

118. Electric Power Monthly - With Data for April 2002 

EIA Electric Power Monthly Reports | Jul 01, 2002 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 
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... that meets certain ownership, operating and efficiency criteria established by the Federal  Energy 

Regulatory Commission (FERC) pursuant to the PURPA, Petroleum Coke:    SeeCoke(Petroleum).                              

and   has   filed   with   the   FERC for QF status or has self-certified. For additional information, see the ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source:• Federal Energy Regulatory Commission, FERC Form 423, "Monthly 

Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission , ... 

 

119. Electric Power Monthly With Data for August 2001 

EIA Electric Power Monthly Reports | Aug 01, 2001 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... of approximately 3,250 electric utilities selling retail and/or sales for resale. FERC Form 423.  In January 

1991, the collection of data on the FERC Form 423 was extended to include com- Note that for the ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... used for each of the 4 previous years. combustion turbines. The FERC Form 423 replaced the FPC  Form  

423  in  January  1983.  The  FERC Form 423 (See previous issues of this publication, and (Knaub, 12) ... 

... net generation; consumption of coal, petroleum, and natural gas; and end-of-the-month FERC Form 423 

stocks of coal and petroleum for each plant by ... 

... by fuel-type combination. Summary data from the Form EIA-759 are The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- also ... 

 

120. Electric Power Monthly - With Data for August 2001 

EIA Electric Power Monthly Reports | Nov 01, 2001 

... coal, which includes anthracite, bituminous coal, subbituminous coal, Current (Electric): A flow  of  electrons 

in an electrical conductor. The strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Energy Information Administration/Electric Power Monthly November 2001 183 turbines. The FERC  Form  

423  replaced  the  FPC  Form 423  in  January  1983.  The  FERC Form 423 eliminated details.) The current 

sample for the Form EIA-826, ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 
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... Kentucky , and Tennessee . Source:• Federal Energy Regulatory Commission, FERC Form 423, "Monthly 

Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

 

121. Electric Power Monthly - With Data for December 2001 

EIA Electric Power Monthly Reports | Mar 01, 2002 

... coal, which includes anthracite, bituminous coal, subbituminous coal, Current (Electric): A flow  of  electrons 

in an electrical conductor. The strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... 181 Energy Information Administration/Electric Power Monthly March 2002 turbines. The FERC  Form  423  

replaced  the  FPC  Form 423  in  January  1983.  The  FERC Form 423 eliminated details.) The current sample 

for the Form EIA-826, ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source:• Federal Energy Regulatory Commission, FERC Form 423, "Monthly 

Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

 

122. Electric Power Monthly - With Data for February 2002 

EIA Electric Power Monthly Reports | May 01, 2002 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... 181 Energy Information Administration/Electric Power Monthly May 2002 turbines. The FERC  Form  423  

replaced  the  FPC  Form 423  in  January  1983.  The  FERC Form 423 eliminated details.) The current sample 

for the Form EIA-826, ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source:• Federal Energy Regulatory Commission, FERC Form 423, "Monthly 

Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 
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123. Electric Power Monthly - With Data for January 2002 

EIA Electric Power Monthly Reports | Apr 01, 2002 

... coal, which includes anthracite, bituminous coal, subbituminous coal, Current (Electric): A flow  of  electrons 

in an electrical conductor. The strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Energy Information Administration/Electric Power Monthly April 2002 181 turbines. The FERC  Form  423  

replaced  the  FPC  Form 423  in  January  1983.  The  FERC Form 423 eliminated details.) The current sample 

for the Form EIA-826, ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source:• Federal Energy Regulatory Commission, FERC Form 423, "Monthly 

Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

 

124. Electric Power Monthly With Data for July 2001 

EIA Electric Power Monthly Reports | Jul 01, 2001 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... of approximately 3,250 electric utilities selling retail and/or sales for resale. FERC Form 423.  In January 

1991, the collection of data on the FERC Form 423 was extended to include com- Note that for the ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

125. Electric Power Monthly - With Data for July 2001 

EIA Electric Power Monthly Reports | Oct 01, 2001 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 
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... This will affect comparisons of current and historical data. Source: · Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Energy Information Administration/Electric Power Monthly October 2001 183 turbines. The FERC  Form  423  

replaced  the  FPC  Form  423  in  January  1983.  The  FERC Form 423 eliminated details.) The current 

sample for the Form EIA-826, ... 

... This will affect comparisons of current and historical data. Source: · Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... and Tennessee . Source: · Federal Energy Regulatory Commission, FERC Form 423, "Monthly Report on 

Cost and Quality of Fuels for ... 

... This will affect comparisons of current and historical data. Source: · Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

 

126. Electric Power Monthly - With Data for June 2002 

EIA Electric Power Monthly Reports | Sep 01, 2002 

... coal, which includes anthracite, bituminous coal, subbituminous coal, Current (Electric): A flow  of  electrons 

in an electrical conductor. The strength or rate of movement of ... 

... This will affect comparisons of current and historical data. Source: • Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... and publication responsibilities for the electric power industry and turbines. The FERC  Form  423  replaced  

the  FPC  Form  423  in  January  1983.  The  FERC Form 423 eliminated implemented the FPC Form 4. The 

Federal Power ... 

... This will affect comparisons of current and historical data. Source: • Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source: • Federal Energy Regulatory Commission, FERC Form 423, "Monthly 

Report on Cost and Quality of Fuels for ... 

... This will affect comparisons of current and historical data. Source: • Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

 

127. Electric Power Monthly - With Data for March 1999 

EIA Electric Power Monthly Reports | Jun 01, 1999 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... accordance with an advance schedule. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC ) pursuant to the PURPA, Short Ton: A unit of weight ... 
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... This will affect comparisons of current and his torical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source: Federal Energy Regulatory Commission, FERC Form 423, ''Monthly 

Report on Cost and Quality of Fuels for ... 

... of current and historical data.coke-oven, refinery, and blast-furnace gas. •Mcf Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 

 

128. Electric Power Monthly - With Data for March 2001 

EIA Electric Power Monthly Reports | Jun 01, 2001 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... of approximately 3,250 electric utilities selling retail and/or sales for resale. FERC Form 423.  In January 

1991, the collection of data on the FERC Form 423 was extended to include com- Note that for the ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

129. Electric Power Monthly - With Data for March 2002 

EIA Electric Power Monthly Reports | Jun 01, 2002 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... that meets certain ownership, operating and efficiency criteria established by the Federal  Energy 

Regulatory Commission (FERC) pursuant to the PURPA, Petroleum Coke:    SeeCoke(Petroleum).                              

and   has   filed   with   the   FERC for QF status or has self-certified. For additional information, see the ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source:• Federal Energy Regulatory Commission, FERC Form 423, "Monthly 

Report on Cost and Quality of Fuels for ... 
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... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission , ... 

 

130. Electric Power Monthly - With Data for May 2002 

EIA Electric Power Monthly Reports | Aug 01, 2002 

... coal, which includes anthracite, bituminous coal, subbituminous coal, Current (Electric): A flow  of  electrons 

in an electrical conductor. The strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... that meets certain ownership, operating and efficiency criteria established by the Federal  Energy 

Regulatory Commission (FERC) pursuant to the PURPA, Petroleum Coke:    SeeCoke(Petroleum).                              

and   has   filed   with   the   FERC for QF status or has self-certified. For additional information, see the ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source:• Federal Energy Regulatory Commission, FERC Form 423, "Monthly 

Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission , ... 

 

131. Electric Power Monthly - With Data for November 2001 

EIA Electric Power Monthly Reports | Feb 01, 2002 

... coal, which includes anthracite, bituminous coal, subbituminous coal, Current (Electric): A flow  of  electrons 

in an electrical conductor. The strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... that meets certain ownership, operating and efficiency criteria established by the Federal  Energy 

Regulatory Commission (FERC) pursuant to the PURPA, Petroleum Coke:    SeeCoke(Petroleum).                              

and   has   filed   with   the   FERC for QF status or has self-certified. For additional information, see the ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source:• Federal Energy Regulatory Commission, FERC Form 423, "Monthly 

Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission , ... 

 

132. Electric Power Monthly - With Data for October 2001 
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EIA Electric Power Monthly Reports | Jan 01, 2002 

... coal, which includes anthracite, bituminous coal, subbituminous coal, Current (Electric): A flow  of  electrons 

in an electrical conductor. The strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... that meets certain ownership, operating and efficiency criteria established by the Federal  Energy 

Regulatory Commission (FERC) pursuant to the PURPA, Petroleum Coke:    SeeCoke(Petroleum).                              

and   has   filed   with   the   FERC for QF status or has self-certified. For additional information, see the ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source:• Federal Energy Regulatory Commission, FERC Form 423, "Monthly 

Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission , ... 

 

133. Electric Power Monthly With Data for September 2001 

EIA Electric Power Monthly Reports | Sep 01, 2001 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... in the sample. only selected income items remaining and became the FERC  Form 5.  The Form EIA-826 

replaced  the FERC The completed form is to be returned to the EIA by ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... used for each of the 4 previous years. combustion turbines. The FERC Form 423 replaced the FPC  Form  

423  in  January  1983.  The  FERC Form 423 (See previous issues of this publication, and (Knaub, 12) ... 

... per thousand cubic feet. Note: Data for 2001 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 

 

134. Electric Power Monthly - With Data for September 2001 

EIA Electric Power Monthly Reports | Dec 01, 2001 

... coal, which includes anthracite, bituminous coal, subbituminous coal, Current (Electric): A flow  of  electrons 

in an electrical conductor. The strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 
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... selling retail and/or sales for resale. Note megawatts reported on the FERC  Form  423.    In  January 1991,  

the  collection  of  data  on  the  FERC Form 423 was that for the Form EIA-826, the EIA is ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source:• Federal Energy Regulatory Commission, FERC Form 423, "Monthly 

Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source:• Federal Energy Regulatory 

Commission, FERC Form 423, "Monthly Report of Cost and Quality of Fuels for ... 

 

135.     Kansas Gas and Electric Company 

Federal Energy Regulatory Commission Decisions | Apr 24, 1987 |  39 F.E.R.C. P63,013 | Docket Nos. ER85-

461-001, ER85-521-001, ER86-258-001, ER86-478-001 and ER86-567-001 

... load is served at 46 kV and below, then power will flow from the higher voltages downward when the higher 

voltage lines are ... 

... taken out of service. This does not mean that power cannot flow upward. What Sierra is attempting is 

electron tracing, but there is little or no way of tracing the actual electron path taken during various line 

outages. Sierra's load flow studies do not tell us that no power flowed upward. All they demonstrate is the net 

effect of the power flows. Id . at p. 61,486 . Similarly, the load flow studies presented by KG&E demonstrate 

only that power was flowing downward at specific times when the energy flow was measured. The studies do 

not demonstrate that no power ever flowed upward. KG&E's studies are not sufficient to show that the 69 ... 

... The judge held further that it was clear from decisions of FERC that official notice may be taken by FERC of 

state commission decisions for the purpose of determining whether a serious doubt has been raised in a case 

before  ... 

 

136. Electric Power Monthly - With Data for October 1998 

EIA Electric Power Monthly Reports | Jan 01, 1999 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... in the sample. only selected income items remaining and became the FERC Form 5. The Form EIA-826 

replaced the FERC The completed form is to be returned to the EIA by ... 

... accordance with an advance schedule. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC ) pursuant to the PURPA, Short Ton: A unit of weight ... 

... Sales for Resale Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 
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137.     PJM Interconnection, LLC, Potomac-Appalachian Transmission Highline, 
L.L.C. 

Federal Energy Regulatory Commission Decisions | Nov 30, 2012 | 141 F.E.R.C. P61,177 | Docket No. ER12-

2708-000 

... 21. Joint Consumer Advocates argue at the outset that not one electron has ever flowed to ratepayers from 

the PATH Project, nor has there been any ... 

... at 8-9 (citing Pub. Serv. Elec. and Gas Co . 140 FERC P 61,197 ). 48. In its answer, ODEC argues that, from 

... 

... Order No. 679, FERC Stats. & Regs. P 31,222,  order on reh'g , Order No. 679-A, FERC Stats. & Regs. P 

31,236 (2006),  order on reh'g ,  119 FERC P 61,062... 

... Serv. Corp. and Pub. Serv. Elec. and Gas Co . 123 FERC P 61,068 , at P 35 (2008)) . PATH points out ... 

... (Feb. 29, 2008) , FERC Stats. & Regs. P 31,264 (2008);  Minnesota Power & Light Co ., Opinion No. 87,  11 

FERC P 61,313 (1980) (Where the Commission disallowed abandonment costs associated with ... 

... would be unjust, unreasonable and inconsistent with Section 219 of the FPA since consumers have not 

received either reliability or economic benefits from ... 

 

138. IN THE MATTER OF NET METERING AND THE IMPLEMENTATION OF ACT 
827 OF 2015 

AR Public Service Commission Decisions | Jun 01, 2020 | 2020 Ark. PUC LEXIS 290 | DOCKET NO. 16-027-R; 

ORDER NO. 28 

... contention by noting that Arkansas 's electric utilities represent more than electrons flowing through 

distribution and transmission wires, or the energy that net-metering customers ... 

... distribution system and close to other loads, so any exports will flow directly to the closest load on that 

distribution feeder, whereupon the ... 

... with that customer account rests upon an inaccurate description of how electrons flow and is irrelevant to 

the analysis of avoided costs. Id. at ... 

... customer load, that arrangement likely constitutes retail wheeling in violation of FERC rules and applicable 

federal law governing transmission service. EAL states that ... 

... facilities actually be behind-the-meter, to help avoid any potential violation of FERC rules or federal law. Id. at 

8. EAL asserts that another ... 

... programs. * Those avoided costs were supplemented with data from EAL's Federal Energy Regulatory 

Commission (FERC ) Form 1 and market data from the gas and electric ... 

... projects. OG&E also requests the Commission take administrative notice of the FERC Notice of Proposed 

Rulemaking in Docket Nos. RM 19-15-000 and AD 16-16-000 in which, in part, FERC is proposing to increase 

its protections against gaming. OG&E proposes as ... 
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139. FTC Comment Before the Federal Energy Regulatory Commission Concerning 
Information Requirements for Available Transfer Capability 

FTC Advocacy Filings | Aug 01, 2005 

... rules do not eradicate the incentives to engage in transmission 14 FERC issued Order Nos. 888 and 889 on 

April 24, 1996. Subsequent ... 

... refinements to Order No . 888 can be found at http://www. ferc.gov/legal/ferc-regs/land-docs/order888.asp, 

and  subsequent revisions and  refinements to O rder No . 889  can be found at http://www.ferc.gov/legal/ferc -

regs/land- docs/order88 9.asp. 15 Comment of the Staff of the Bureau ... 

... observers regard 1 70 Fed. Reg. 34,417 (2005) [hereinafter Notice]. The Federal Energy Regulatory 

Commission's (FERC ) Notice of Inquiry (NOI) in this matter follows a related ... 

... No. RM05- 5-000 (70 F ed. Reg. 40696 (2005)), in which FERC proposed to amend its regulations to 

incorporate by reference standards promulgated ... 

... er No. 20 00 (Dec. 20, 199 9), available at http://www. ferc.gov/legal/ferc-regs/land-docs/RM99-

2A.pdf#search='FERC %20Order%202000'. 17 A potential concern about any form of vertical separation ... 

... cable, or transformer to carry power. The transmission line resists the flow of electrons through it, causing 

the production of heat. The actual temperatures occurring ... 

... equipment depend on the current ( i.e ., the rate of flow of the electrons ) as well as on ambient weather 

conditions such as temperature, ... 

 

140. Electric Power Monthly - With Data for May 1999 

EIA Electric Power Monthly Reports | Aug 01, 1999 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... in the sample. only selected income items remaining and became the FERC Form 5. The Form EIA-826 

replaced the  FERC The completed form is to be returned to the EIA by ... 

... accordance with an advance schedule. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC ) pursuant to the PURPA, Short Ton: A unit of weight ... 

... Nonutility Power Plant Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

 

141. Electric Power Monthly - With Data for September 1998 

EIA Electric Power Monthly Reports | Dec 01, 1998 
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... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... This will affect comparisons of curren t and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... per thousand cubic feet. Note: Data for 1998 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... Sales for Resale Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... of current and historical data.coke-oven, refinery, and blast-furnace gas. •Mcf Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

142. Electric Power Monthly - With Data for February 1998 

EIA Electric Power Monthly Reports | May 01, 1998 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... tric and combined-cycle nameplate capacity of 50 or more megawatts. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... in the sample. only selected income items remaining and became the FERC Form 5. The Form EIA-826 

replaced the FERC The completed form is to be returned to the EIA by ... 

... accordance with an advance schedule. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC ) pursuant to the PURPA, Short Ton: A unit of weight ... 

... of 50 or more megawatts. •Data for 1998 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... megawatts. •Data for 1998 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

143. Order Instituting Rulemaking on the Commission's Proposed Policies Governing 
Restructuring California's Electric Services Industry and Reforming Regulation; 
Order Instituting Investigation on the Commission's 

CA Public Utilities Commission Decisions | Jan 10, 1996 | 1996 Cal. PUC LEXIS 28 | Decision No. 95-12-063 

(December 20, 1995) as modified by Decision No. 96-01-009, Rulemaking No. 94-04-031 (Filed April 20, 1994), 

Investigation No. 94-04-032 (Filed April 20, 1994) 

... the cooperation of the California Legislature and our counterparts at the Federal Energy  Regulatory 

Commission (FERC). FERC will have considerable regulatory oversight over two key elements of our ... 

... need for an independent entity like the ISO to manage the flow of electrons in the new system. No pool was 

required by this proposal, ... 
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... even more crucial as we in California , in tandem with FERC, work out the details of restructuring.  In a very 

important sense this document is our recommendation  to FERC and the Legislature of how we believe 

competition in generation  services should be introduced in  California . We hope that FERC and the Legislature 

concur in large part with our recommendation, and ... 

... as purchasers will find benefit in purchasing from the Exchange. . Federal Energy  Regulatory 

Commission (FERC ) will have jurisdictional authority over the ISO and the Power ... 

... utilities, and customers. This California Consensus would then be placed before FERC and, with a spirit of 

Cooperative Federalism, both agencies would move ... 

 

144. Initial brief of the California Independent System Operator Corp re Pacific Gas & 
Electric Co under ER01-313 et al. 

FERC Briefings and Arguments of Law | Jan 25, 2002 

... charged the GMC in connection with transactions that (based on the flow of electrons) did not use the ISO 

Controlled Grid. 88 FERC at 65,072-73. It too argued that distribution-only Generating Units were often ... 

... Id. It contended that 100 percent of the Generating Unit output flowed directly to Load without even entering 

the ISO Controlled Grid. It ... 

... reh ’g denied , 54 FERC ¶ 61,055 (1990) .......... 11 Town of Norwood v. FERC , 962 F.2d 20 ( D.C.  Cir. 

1992) .......... 11 OXY USA, Inc. v. FERC , 64 F.3d 679 (... 

... file the results of future evaluations of the GMC with the FERC for review and approval? The ISO does not 

oppose requiring filings under Section 205 of the FPA for changes to the GMC revenue requirement above the 

trigger discussed ... 

... file the results of future evaluations of the GMC with the FERC for review and approval? The ISO does not 

oppose requiring filings under Section 205 of the FPA for changes to the ... 

 

145. UNITED STATES OF AMERICA, Plaintiff, v. AGERE SYSTEMS, INC., et al., 
Defendants 

EPA Consent Decrees | Jan 18, 2007 | 2007 EPA Consent LEXIS 133 | Civil Action No. AMD07CV0155 

... treatment shall continue. 6. The design shall provide for injection of electron donor material upgradient, (i.e., 

along the retaining wall) to take advantage of the cross-site flow of ground water toward Little Elk Creek. The 

application method for the electron donor material (such as direct push technology, permanent injection wells, 

continuous ... 

... The type of electron donor material and other amendments to be used would be determined ... 

... the remedial design with the help of bench-scale treatability studies. An electron donor material could be as 

simple as molasses or as complex ... 

... commercial product with patented time release capabilities. EPA anticipates that the electron donor material 

would be injected below the water table at the ... 

... this fashion would be advantageous since the natural ground water "cross flow " would distribute the 

treatment material across the Plant Area. The ... 
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... method of application would be determined during the remedial design. The electron donor injection would 

be implemented in a phased approach to further ... 

...    Substances to plant shall be monitored for biotoxicity unless    Surface Waters FPA determines at a future 

date that thus is not necessary to ... 

 

146. Brief opposing exceptions of the FERC Trial Staff re California Independent 
System Operator Corp et al under ER01-313 et al. 

FERC Briefings and Arguments of Law | Jul 01, 2002 

... facilities not dedicated to public use" (CAC/EPUC BOE at 22), the electrons, flowing to meet the 

instantaneous variations between load and generation, don’t change ... 

... D.C. this 1st day of July, 2002. /s/___________________________________ Edith A. Gilmore Federal 

Energy Regulatory Commission Room 51-07 888 First Street, N.E. Washington,  D.C.  20426 (202)208-2158                     

... 

... 97 FERC ¶ 61,293 (2001),.........................................21 San Diego Gas & Electric  Co., et al. , 97 FERC ¶ 

61,275 (2001).......................................21,22 San Diego Gas & Electric  Co., et al. , 99 FERC ¶ 61,159 

(2002)..........................................22... 

... basic services essential to ensure the safe, reliable, operation of 60 FERC Statutes and Regulations, 

Regulations Preambles 1977-1981, § 30,128 at 30,879. the ... 

... is the only practical or appropriate method to establish rates 58 FERC Statutes and Regulations, Regulations 

Preambles 1977-1981, § 30,128 at 30,887-89, 45 Federal Register 12214 (February 25, 1980.) 59  FERC 

Statutes and Regulations, Regulations Preambles 1977-1981, § 30,128 at 30,887-88.... 

... UNITED.STATES OF AMERICA BEFORE.THE FEDERAL ENERGY REGULATORY COMMISSION 

California Independent System Operator Corporation Pacific Gas and Electric Company Docket ... 

 

147. Electric Power Monthly - With Data for January 2000 

EIA Electric Power Monthly Reports | Apr 01, 2000 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... net generation; consumption of coal, petroleum, and natural gas; and end-of-the-month FERC Form 423 

stocks of coal and petroleum for each plant by ... 

... by fuel-type combination. Summary data from the Form EIA-759 are The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- also ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... per thousand cubic feet. Note: Data for 1998 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 
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... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 

 

148. Supplemental Initial Brief of Florida Municipal Power Agency under ER93-465 ET 
AL. 

FERC Briefings and Arguments of Law | Jul 31, 2003 

... 200307315043 Received FERC OSEC 07/31/2003 04:44:00 PM Docket#  EL93-28-000, ET AL.  integrated.  

These electrons flow like the laws of physics, and not by FERC rules. And I think pretty much everything that 

does transmission ought ... 

... where you can say you're not transmission, everything is integrated. These electrons flow like the laws of 

physics, and not by FERC rules. And I think pretty much everything that does transmission ought ... 

... éñíïñîððí 200307315043 Received FERC OSEC 07/31/2003 04:44:00 PM Docket# EL93-28-000, ET AL. 

Exhibit JNL-3 Page ... 

... éñíïñîððí 200307315043 Received FERC OSEC 07/31/2003 04:44:00 PM Docket# EL93-28-000, ET AL. 

Exhibit JNL-2 Page ... 

... 200307315043 Received FERC OSEC 07/31/2003 04:44:00 PM Docket#  EL93-28-000, ET AL.  Attachment 

B  200307315043 Received FERC OSEC 07/31/2003 04:44:00 PM Docket#  EL93-28-000, ET AL.  Statement 

by Commissioner Pat Wood, III at FERC Open Meeting, July 25, 2001... 

... affirmed, Florida Municipal Power Agency v. FERC , 315 F.3d 362 ( D.C.  Cir. 2003),  petition - 5 -  

200307315043 Received FERC OSEC 07/31/2003 04:44:00 PM Docket#  EL93-28-000, ET AL.... 

 

149. IN THE MATTER OF THE VERIFIED PETITION OF JERSEY CENTRAL 
POWER & LIGHT COMPANY FOR REVIEW AND APPROVAL OF INCREASES 
IN AND OTHER ADJUSTMENTS TO ITS RATES AND CHARGES FOR 
ELECTRIC SERVICE, AND FOR APPROVAL 

NJ Board of Public Utilities Decisions | Mar 26, 2015 | 2015 N.J. PUC LEXIS 65 | BPU DOCKET NO. 

ER12111052; OAL DOCKET NO. PUC16310-12 

... for the 429 primary voltage customers, but could not determine the flow of the electrical current and whether 

the 429 primary voltage  accounts identified were indeed receiving those electrons, or whether those customer  

were being served by some other flow of electrons . (7T 85-17 to 86-6), Electric distribution systems are 

complicated, interwoven ... 

... companies, the utility's electric taxable income is to be apportioned between FERC jurisdictional transmission 

and Board jurisdictional electric  distribution activities, and the portion of the savings attributable to the FERC 

jurisdictional transmission activities shall not be included in the CTA, and ... 

... majority of plant used to provide electric service to Gerdau is FERC jurisdictional transmission plant  -- for 

which Gerdau pays FERC approved transmission rates - rather than the lower voltage distribution facilities ... 

... adjustment is unreasonable and should not be approved. Account 935 Normalization FERC Account 935 is 

entitled "Maintenance of General Plant. " Rate Counsel ... 
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... [T]he Order . . . details at length the particular FERC accounts found to demonstrably vary directly and 

linearly with the number ... 

 

150. Electric Power Monthly - With Data for June 1997 

EIA Electric Power Monthly Reports | Sep 01, 1997 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 

... or more megawatts. •Monetary values are expressed in monetary terms. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... However, the few utilities that generate electricity using renewable fuel The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel purchases, sources ... 

... are used interchangeably in this report.•Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... of coke-oven, refinery, and blast-furnace gas. •Mcf =thousand cubic feet. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... more megawatts. •Includes lignite, bituminous coal, subbituminous coal, and anthracite. Source: Federal 

Energy Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

151.     Sierra Pacific Power Company 

Federal Energy Regulatory Commission Decisions | Feb 17, 2004 |  106 F.E.R.C. P61,155 | Docket Nos. ER99-

28-005, EL99-38-004, ER99-945-004 

... We also consider TANC's and SMUD 's loop flow analogy flawed. This case is not about the uncontrolled 

flow of electrons over a neighboring transmission system. It is about rights to use ... 

... who were responsible for "a failure to communicate." Initial Decision, 94 FERC at 65,147-48 n.346 , citing 

Finding No. 279. In particular, they ... 

... December 1, 1998, as requested. 2 Sierra Pacific Power Company, 85 FERC P61,314 (1998) (November 30 

Order). The Commission acknowledged that intervenors had ... 

... (collectively Agreements) should be approved. 7 Sierra Pacific Power Company, 94 FERC P63,019 ,  errata 

issued ,  94 FERC P63,021 (2001) (Initial Decision). 8. On August 25, 2003, in Opinion ... 

... and in other regions of the country. 34 Initial Decision, 94 FERC at 65,109 (citations omitted). 22. They also 

argue that good utility ... 

... 63 FERC P61,217  (1993) ;  Illinois Power Company,  62 FERC P61,147  at  62,062  n.17 (1993) .  and 

Brownlee East  39 Initial Decision, 94 FERC at 65,110... 

... of the Federal Power Act ( FPA ) 5 16 U.S.C. § 824e (2000) . (in Docket No. ... 
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152. Initial Brief of Commission Trial Staff re California Independent System Operator 
Corporation under ER98-997 et al. 

FERC Briefings and Arguments of Law | May 30, 2001 

... QF load automatically is served off of the ISO Grid, that flow of electrons will affect the Grid. The ISO should 

know what potential loads ... 

... on the Grid so as to be able to accommodate the flow of energy to the QF in case of a QF generator ... 

... et al., 81 FERC ¶ 6I,320 at 62,473-74 (1997); ISO- 5 at I4-15. 2. If a requirement for FERC approval is just 

and reasonable, must the PGA require, in order ... 

... object to a QF’s request to terminate its PGA in a FERC proceeding related to the termination? Staff is not 

presenting an argument ... 

... Feb. 25, 1980, Docket No. RM79-55, 18 C.F.R. 292,45 F.R. 12214, FERC STATUTES & REGULATIONS, 

REGULATIONS PREAMBLES 1977- 1981 ¶ 30,128...................................................10 UNITED STATES OF 

AMERICA BEFORE THE FEDERAL ENERGY REGULATORY COMMISSION ... 

... it just and reasonable for a QF to have to seek FERC approval and/or ISO approval to terminate a 

PGA?...................25 2. If a requirement for FERC approval is just and reasonable, must the ... 

... the ISO Tariff pursuant to its section 205 rights under the FPA 28 D. Is a PGA just and reasonable in the 

absence ... 

 

153. Electric Power Monthly - With Data for January 1998 

EIA Electric Power Monthly Reports | Apr 01, 1998 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... per thousand cubic feet. Note: Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... or more megawatts. •Mcf =thousand cubic feet and bbl =barrel. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... megawatts. •Data for 1997 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... are used interchangeably in this report.•Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... the increase in consumption (and receipts) of coal and gas. 1 Federal Energy Regulatory Commission 

(FERC ) Form 423, " Monthly Report of Cost and Quality of ... 

 

154. Electric Power Monthly - With Data for May 1997 

EIA Electric Power Monthly Reports | Aug 01, 1997 
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... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 

... per thousand cubic feet. Note: Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... of 50 or more megawatts. •Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... tons and the cost was 90.5 cents per million Btu. Source: Federal Energy Regulatory Commission, FERC 

Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... TU is Texas Utilities. Source: Federal Energy Regulatory Commission, FERC Form 423, ''Monthly Report 

of Cost and Quality of Fuels for ... 

... of 50 or more megawatts. •Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... steam-electric and combined-cycle nameplate capacity of 50 or more megawatts. Source: Federal Energy 

Regulatory Commission , ... 

 

155.     Consumers Energy Company 

Federal Energy Regulatory Commission Decisions | Jan 14, 1999 |  86 F.E.R.C. P63,004 | Docket Nos. OA96-

77-000, ER97-1502-000, ER98-1247-000 

... include only 36 MW, which is based upon an analysis of electron flows during the test year. MS has the 

better argument. The intervenor ... 

... reh'g denied, 11 FERC P61,203 (1980). CECo responds to the latter MS argument by noting ... 

... not go through the Materials and Supplies account. As to the FERC Form 1 argument, CECo's witness 

Gaarde testified that he applied the ... 

... erred in selecting only the amount labeled "Transmission Plant" on the FERC Form 1, whereas a portion of 

the "Construction" amounts are properly ... 

... periods. CECo R.B. at 101, citing Northern Natural Gas Co., 77 FERC P61,282  (1996) , mod. on reh'g.,  78 

FERC P61,355 (1997) . CECo witness Waits testified that the energy imbalance ... 

... most appropriate means of creating incentives to keep actual interconnection power flow equal to the flow 

scheduled. Ex. CE-68 at 5-6. CECo witness Rasmussen rationalized that, since ... 

... subject to refund, and established hearing procedures. Consumers Power Co., 79 FERC P61,001 (1997) . 

On August 20, 1997, Chief Administrative Law Judge, ... 

 

156. Electric Power Monthly - With Data for March 1997 

EIA Electric Power Monthly Reports | Jun 01, 1997 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 
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... per thousand cubic feet. Note: Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... megawatts. •Data for 1997 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... of coke-oven, refinery, and blast-furnace gas. •Mcf =thousand cubic feet. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... are used interchangeably in this report.•Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... also published at each level. Form EIA-759, "Monthly Power Plant Report"; Federal Energy   Regulatory   

Commission   (FERC ) Form 423, Data on quantity, quality, and cost of fossil ... 

 

157. Electric Power Monthly - With Data for April 1997 

EIA Electric Power Monthly Reports | Jul 01, 1997 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 

... However, the few utilities that generate electricity using renewable fuel The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel purchases, sources ... 

... more megawatts. •Includes lignite, bituminous coal, subbituminous coal, and anthracite. Source: Federal 

Energy Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... megawatts. •Data for 1997 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... with State Distributions''; Form EIA-900, ''Nonutility Sales for Resale Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... of 50 or more megawatts. •Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

158. Electric Power Monthly - With Data for August 1997 

EIA Electric Power Monthly Reports | Nov 01, 1997 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 

... steam-electric and combined-cycle nameplate capacity of 50 or more megawatts. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... following the reporting only selected income items remaining and became the FERC Form 5. The Form EIA-

826 replaced the FERC Form month. Nonrespondents are telephoned to obtain the data. Imputation, in ... 

... crude; Kerosene; and jet fuel. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC) pursuant to the PURPA, Petroleum Coke:  See Coke (Petroleum).                                 

and  has  filed  with  the  FERC for QF status or has self-certified. For additional information, see the ... 
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... PECO stated that its transition charge will still required by the Federal Energy Regulatory Commission 

(FERC ). If completed, the merged companies intend drop each year starting ... 

... of 50 or more megawatts. •Data for 1997 are preliminary. Source: Federal Energy Regulatory Commission 

, ... 

 

159. Electric Power Monthly - With Data for February 1997 

EIA Electric Power Monthly Reports | May 01, 1997 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 

... =thousand cubic feet. •Monetary values are expressed in nominal terms. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... per thousand cubic feet. Note: Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... the sample. with only selected income items remaining and became the FERC Form 5.  The Form EIA-826 

replaced the FERC The completed form is to be returned to the EIA by ... 

... of coke-oven, refinery, and blast-furnace gas. •Mcf =thousand cubic feet. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... also published at each level. Form EIA-759, "Monthly Power Plant Report"; Federal Energy   Regulatory   

Commission   (FERC ) Form 423, Data on quantity, quality, and cost of fossil ... 

 

160. Electric Power Monthly - With Data for September 1997 

EIA Electric Power Monthly Reports | Dec 01, 1997 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 

... crude; Kerosene; and jet fuel. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC) pursuant to the PURPA, Petroleum Coke:  See Coke (Petroleum).                                 

and  has  filed  with  the  FERC for QF status or has self-certified. For additional information, see the ... 

... =thousand cubic feet. •Monetary values are expressed in nominal terms. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... following the reporting only selected income items remaining and became the FERC Form 5. The Form EIA-

826 replaced the FERC Form month. Nonrespondents are telephoned to obtain the data. Imputation, in ... 

... of coke-oven, refinery, and blast-furnace gas. •Mcf =thousand cubic feet. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... with State Distributions''; Form EIA-900, ''Nonutility Sales for Resale Report.'' • Federal Energy Regulatory 

Commission , ... 

 

161. Reply Brief Of The Commission Trial Staff under EL05-121. 
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FERC Briefings and Arguments of Law | Jun 06, 2006 

... the electric grid have not changed. The manner in which the electrons flow over the system is governed by 

the laws of physics. These ... 

... /s/ Matthew Loftus Matthew Loftus Federal Energy Regulatory Commission Room 72-45 888 First Street, 

N.E. Washington, DC 20426 (202) 502-6647 ... 

... 5. 33 Allegheny Power System Operating Companies, et al. , 106 FERC ¶ 61,003 (2004), at P 41. for existing 

transmission facilities. 34 ... 

... Gas Transmission Co. Next, TOP cites Algonquin Gas Transmission Co. v. FERC , 948 F.2d 1305, 1313 ( 

D.C. Cir. 1991) to support ... 

... of the zone in which the 6 KN Energy, Inc. v. FERC , 968 F.2d 1295, 1300 ( D.C.  Cir. 1992). 7  106 FERC 

¶61,196 at P 17 (2004) 8 The subsidies are discussed in ... 

... Id. 14 99 FERC ¶ 61,105, at 61,144. 15  RPA IB at 13. 16 Pennsylvania-New Jersey-Maryland 

Interconnection , 81 FERC & 61,257 at 62,283 (1997) ( PJM Interconnection ) ("... 

... approved in Allegheny Power System Operating Companies, et al. , 108 FERC ¶61,167 (2004). (emphasis 

added) 54 Moreover, concurrent with its January 31, ... 

 

162. Electric Power Monthly - With Data for April 2000 

EIA Electric Power Monthly Reports | Jul 01, 2000 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... Nonutility Power Plant Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

 

163. Electric Power Monthly - With Data for August 1999 

EIA Electric Power Monthly Reports | Nov 01, 1999 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 
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... per thousand cubic feet. Note: Data for 1998 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... Nonutility Power Plant Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

164. Electric Power Monthly - With Data for August 2000 

EIA Electric Power Monthly Reports | Nov 01, 2000 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... Kentucky , and Tennessee . Source: Federal Energy Regulatory Commission, FERC Form 423, ''Monthly 

Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... or more megawatts. •Mcf= thousand cubic feet and bbl= barrel. Source: Federal  Energy  Regulatory  

Commission,  FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

165. Electric Power Monthly - With Data for December 1997 

EIA Electric Power Monthly Reports | Mar 01, 1998 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... or more megawatts. •Monetary values are expressed in monetary terms. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... per thousand cubic feet. Note: Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... are used interchangeably in this report.•Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... of coke-oven, refinery, and blast-furnace gas. •Mcf =thousand cubic feet. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 
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... more megawatts. •Includes lignite, bituminous coal, subbituminous coal, and anthracite. Source: Federal 

Energy Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

166. Electric Power Monthly - With Data for December 1999 

EIA Electric Power Monthly Reports | Mar 01, 2000 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... net generation; consumption of coal, petroleum, and natural gas; and end-of-the-month FERC Form 423 

stocks of coal and petroleum for each plant by ... 

... by fuel-type combination. Summary data from the Form EIA-759 are The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- also ... 

... Nonutility Power Plant Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 

 

167. Electric Power Monthly - With Data for December 2000 

EIA Electric Power Monthly Reports | Mar 01, 2001 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... net generation; consumption of coal, petroleum, and natural gas; and end-of-the-month FERC Form 423 

stocks of coal and petroleum for each plant by ... 

... by fuel-type combination. Summary data from the Form EIA-759 are The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- also ... 

... ''Monthly Nonutility Power Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 
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168. Electric Power Monthly - With Data for February 2000 

EIA Electric Power Monthly Reports | May 01, 2000 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... per thousand cubic feet. Note: Data for 1998 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... no longer collected on EIA Form-759, "Monthly Power Plant Report," and Federal Energy Regulatory 

Commission (FERC ) Form 423, "Monthly Report of Cost and Quality of Fuels ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

169. Electric Power Monthly - With Data for July 1997 

EIA Electric Power Monthly Reports | Oct 01, 1997 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 

... steam-electric and combined-cycle nameplate capacity of 50 or more megawatts. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... following the reporting only selected income items remaining and became the FERC Form 5. The Form EIA-

826 replaced the FERC Form month. Nonrespondents are telephoned to obtain the data. Imputation, in ... 

... crude; Kerosene; and jet fuel. and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC) pursuant to the PURPA, Petroleum Coke:  See Coke (Petroleum).                                 

and  has  filed  with  the  FERC for QF status or has self-certified. For additional information, see the ... 

... of 50 or more megawatts. •Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... megawatts. •Data for 1997 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission , ... 

 

170. Electric Power Monthly - With Data for July 2000 

EIA Electric Power Monthly Reports | Oct 01, 2000 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 



P a g e  | 425 
 

... Kentucky , and Tennessee . Source: Federal Energy Regulatory Commission, FERC Form 423, ''Monthly 

Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... or more megawatts. •Mcf= thousand cubic feet and bbl= barrel. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... per thousand cubic feet. Note: Data for 2000 are preliminary. Source: Federal Energy Regulatory 

Commission , ... 

 

171. Electric Power Monthly - With Data for June 2000 

EIA Electric Power Monthly Reports | Sep 01, 2000 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... in the sample. only selected income items remaining and became the FERC Form 5. The Form EIA-826 

replaced the  FERC The completed form is to be returned to the EIA by ... 

... Kentucky , and Tennessee . Source: Federal Energy Regulatory Commission, FERC Form 423, ''Monthly 

Report of Cost and Quality of Fuels for ... 

... per thousand cubic feet. Note: Data for 2000 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

172. Electric Power Monthly - With Data for March 1998 

EIA Electric Power Monthly Reports | Jun 01, 1998 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... tric and combined-cycle nameplate capacity of 50 or more megawatts. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... included in the sample. The Form EIA-759 is used to collect FERC Form 423 monthly data on net generation; 

consumption of coal, petroleum,  and  natural  gas;  and  end-of-the-month     The  Federal  Energy  

Regulatory  Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- stocks ... 
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... are used interchangeably in this report.•Data for 1998 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... megawatts. •Data for 1998 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... and anthracite. •Monetary val- ues are expressed in monetary terms. Source: Federal Energy Regulatory 

Commission , ... 

 

173. Electric Power Monthly - With Data for March 2000 

EIA Electric Power Monthly Reports | Jun 01, 2000 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... Nonutility Power Plant Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... or more megawatts. •Mcf= thousand cubic feet and bbl= barrel. Source: Federal  Energy  Regulatory  

Commission,  FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

174. Electric Power Monthly - With Data for May 2000 

EIA Electric Power Monthly Reports | Aug 01, 2000 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... ''Monthly Nonutility Power Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... or more megawatts. •Mcf= thousand cubic feet and bbl= barrel. Source: Federal  Energy  Regulatory  

Commission,  FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 
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175. Electric Power Monthly - With Data for November 1997 

EIA Electric Power Monthly Reports | Feb 01, 1998 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 

... steam-electric and combined-cycle nameplate capacity of 50 or more megawatts. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... However, the few utilities that generate electricity using renewable fuel The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel purchases, sources ... 

... are used interchangeably in this report.•Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... megawatts. •Data for 1997 are preliminary. •Mcf =thousand cubic feet. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... coal, and anthracite. •Monetary values are expressed in monetary terms. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

176. Electric Power Monthly - With Data for November 1999 

EIA Electric Power Monthly Reports | Feb 01, 2000 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... net generation; consumption of coal, petroleum, and natural gas; and end-of-the-month FERC Form 423 

stocks of coal and petroleum for each plant by ... 

... by fuel-type combination. Summary data from the Form EIA-759 are The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- also ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 

 

177. Electric Power Monthly - With Data for November 2000 

EIA Electric Power Monthly Reports | Feb 01, 2001 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 
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... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... other facility, for inspection or and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC) pursuant to the PURPA,   maintenance, in accordance with an advance schedule. and  

has  filed  with  the  FERC for QF status or has self-certified. For additional information, see the ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source: Federal Energy Regulatory Commission, FERC Form 423, ''Monthly 

Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 

 

178. Electric Power Monthly - With Data for October 1997 

EIA Electric Power Monthly Reports | Jan 01, 1998 

... stance formed by the partial decomposition of vegetable Current (Electric): A flow  of  electrons in an 

electrical conductor. The strength or rate of movement of ... 

... or more megawatts. •Monetary values are expressed in monetary terms. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... per thousand cubic feet. Note: Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... are used interchangeably in this report.•Data for 1997 are preliminary. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... of coke-oven, refinery, and blast-furnace gas. •Mcf =thousand cubic feet. Source: Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... more megawatts. •Includes lignite, bituminous coal, subbituminous coal, and anthracite. Source: Federal 

Energy Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

 

179. Electric Power Monthly - With Data for October 1999 

EIA Electric Power Monthly Reports | Jan 01, 2000 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... net generation; consumption of coal, petroleum, and natural gas; and end-of-the-month FERC Form 423 

stocks of coal and petroleum for each plant by ... 

... by fuel-type combination. Summary data from the Form EIA-759 are The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- also ... 
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... no longer collected on EIA Form-759, "Monthly Power Plant Report," and Federal Energy Regulatory 

Commission (FERC ) Form 423, "Monthly Report of Cost and Quality of Fuels ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 

 

180. Electric Power Monthly - With Data for October 2000 

EIA Electric Power Monthly Reports | Jan 01, 2001 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... other facility, for inspection or and efficiency criteria established by the Federal Energy Regulatory 

Commission (FERC) pursuant to the PURPA,   maintenance, in accordance with an advance schedule. and  

has  filed  with  the  FERC for QF status or has self-certified. For additional information, see the ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... Kentucky , and Tennessee . Source: Federal Energy Regulatory Commission, FERC Form 423, ''Monthly 

Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 

 

181. Electric Power Monthly - With Data for September 1999 

EIA Electric Power Monthly Reports | Dec 01, 1999 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... net generation; consumption of coal, petroleum, and natural gas; and end-of-the-month FERC Form 423 

stocks of coal and petroleum for each plant by ... 

... by fuel-type combination. Summary data from the Form EIA-759 are The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- also ... 

... no longer collected on EIA Form-759, "Monthly Power Plant Report," and Federal Energy Regulatory 

Commission (FERC ) Form 423, "Monthly Report of Cost and Quality of Fuels ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 
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... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 

 

182. Electric Power Monthly - With Data for September 2000 

EIA Electric Power Monthly Reports | Dec 01, 2000 

... to 17 million Btu per ton. The contents Current (Electric): A flow of electrons in an electrical conductor. The 

strength or rate of movement of ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... net generation; consumption of coal, petroleum, and natural gas; and end-of-the-month FERC Form 423 

stocks of coal and petroleum for each plant by ... 

... by fuel-type combination. Summary data from the Form EIA-759 are The Federal  Energy  Regulatory  

Commission  (FERC ) Form 423 is a monthly record of delivered-fuel pur- also ... 

... ''Monthly Nonutility Power Report''; Form EIA-861, ''Annual Electric Utility Report.'' • Federal Energy 

Regulatory Commission, FERC Form 423, ''Monthly Report of Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission, FERC Form 423, ''Monthly Report on Cost and Quality of Fuels for ... 

... sector. This will affect comparisons of current and historical data. Source: Federal Energy Regulatory 

Commission , ... 

 

183. In the matter of the application of CONSUMERS ENERGY COMPANY for 
authority to increase its rates for the generation and distribution of electricity and 
for other relief 

MI Public Services Commission Decisions | Nov 19, 2015 | 2015 Mich. PSC LEXIS 326 | Case No. U-17735 

... of one ohm. It is also proportional to the quantity of electrons flowing through a conductor past a given point 

in one second. Bona ... 

... of one ohm. It is also proportional to the quantity of electrons flowing through a conductor past a given point 

in one second. Bona ... 

... Self-Generated Energy to the Company : A customer who meets the Federal Energy  Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to sell energy ... 

... Self-Generated Energy to the Company : A customer who meets the Federal Energy  Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to sell energy ... 

... Self-Generated Energy to the Company : A customer who meets the Federal Energy Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to sell energy ... 

... Self-Generated Energy to the Company : A customer who meets the Federal Energy  Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to sell energy ... 
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184.     Ohio Edison Company 

Federal Energy Regulatory Commission Decisions | Mar 20, 1992 |  58 F.E.R.C. P61,315 | Docket No. ER92-

297-000 

... pp. 61,119-61,620 (1989) (Trabandt, Commissioner, concurring): [L]itigating . . . power flows represents a 

technically complicated undertaking. It involves tracing invisible electrons on a system of wires. In addition, 

when utilities belong to a pool, power flows constantly and continuously over the entire interconnected 

transmission grid, whenever one ... 

... These words apply equally to "system benefits" as to unintended power flows (from one system over the 

lines of another). The entire integrated ... 

... the calculation of rates for Cuyahoga Falls under existing First Revised FERC Electric Tariff, Original Volume 

No. 2 and FERC Rate Schedule No. 155." Edison requests waiver of the 60-day prior ... 

... of issuance of this order, in a hearing room of the Federal Energy Regulatory Commission , 810 First 

Street, NE., Washington DC 20426. Such conference will ... 

... the City of Cuyahoga Falls, Ohio v. Ohio Edison Company, 57 FERC P61,358 (1991) (December 20 Order). 

The Commission ordered Edison to file ... 

... Commission denied rehearing of the December 20 Order. 4 See 58 FERC P61,182 (1992) . The Instant 

Filing The instant case arises out ... 

 

185.     Northeast Utilities Service Company (Re Public Service Company of New 
Hampshire) 

Federal Energy Regulatory Commission Decisions | Mar 02, 1990 |  50 F.E.R.C. P61,266 | Docket Nos. EC90-

10-000, ER90-143-000, ER90-144-000, ER90-145-000, and EL90-9-000 

... the Federal Power Act and the Rules and Regulations of the FERC promulgated thereunder without the prior 

written consent of each of the ... 

... others, and each further agrees that in any proceeding by the FERC under Section 206 the FERC shall not 

change the rate charged under this Agreement unless such ... 

... 47 FERC P61,185 , at pp. 61,619-61,620 (1989),  this issue, which some call "unintended power flow," 

entails tracing the path of invisible and interchangeable electrons . Setting it for hearing, without compelling the 

complaining party to ... 

... action imposed by the federal authorities? From a legal perspective, does FERC have the statutory authority, 

in any event, to impose such more ... 

... 47 FERC P61,209  (1989) , or  Southern California Edison Company, ( SOCAL-San Diego),  47 FERC 

P61,196 , reh. granted in part,  49 FERC P61,091... 

... Utah Power & Light Co. et al., Opinion No. 318, 45 FERC P61,095 , at pp. 61,288-89 (1988) . It bears 

repeating that ... 

... individual contracts. Under the law, Florida Power & Light Co. v. FERC , 660 F.2d 668 (5th Cir. 1981) , 

companies may proceed ... 
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186.     Michigan Electric Transmission Company 

Federal Energy Regulatory Commission Decisions | Apr 30, 2007 |  119 F.E.R.C. P61,101 | Docket No. ER03-

1003-003 

... be possible as a matter of physics to conclude that their electrons were flowing on only their slice of the 

system. Michigan Agencies also note ... 

... its non-public utility customers is not unusual. For example, Schedule 10- FERC of Midwest ISO's Open 

Access Transmission and Energy Markets Tariff (TEMT) ... 

... (the TEMT has superseded the Midwest ISO OATT). See Midwest ISO FERC Electric Tariff, Third Revised 

Volume No. 1, Third Revised Sheet Nos. 967 through 970. Similarly, Schedule 9-FERC of PJM Interconnection, 

L.L.C. 's ( PJM ) OATT provides for ... 

... and the FERC Form No. 1 instructions for Account 456 require reporting of services ... 

... for the service. 32 See instructions on p. 330 of the FERC Form No. 1, at  http://www.ferc.gov/docs-

filing/eforms/form-1/form-1.pdf... 

... greater detail in the Remand Order, 7 N7 Remand Order, 115 FERC P61,105 at P5-7 . the court raised 

several concerns about the ... 

... Costs by Public Utilities and Transmitting Utilities , Order No. 888, FERC Stats. & Regs. P31,036 at 31,666-

67 & n.184, 31,668 (1996),  order on reh'g , Order No. 888-A, FERC Stats. & Regs. P 31,048 (1997), ... 

 

187. Brief of Joint Consumer Advocates under EL05-121, et al. 

FERC Briefings and Arguments of Law | May 17, 2006 

... the electric grid have not changed. The manner in which the electrons flow over the system is governed by 

the laws of physics. These ... 

... hearing brief in this proceeding. Introduction On May 31, 2005, the Federal Energy Regulatory 

Commission ("FERC " or "Commission") issued an Order establishing a hearing under section ... 

... Company and Wheeling Power Company (collectively " AEP "). 200605175030 Received FERC OSEC 

05/17/2006 03:25:00 PM Docket# EL05-121-000, ET AL. their alternative rate ... 

... On Behalf of the Joint Consumer Advocates 16 200605175030 Received FERC OSEC 05/17/2006 03:25:00 

PM Docket# EL05-121-000, ET AL. Submission Contents Joint ... 

... plate rate design should be retained. 14 200605175030 Received FERC OSEC 05/17/2006 03:25:00 PM 

Docket# EL05-121-000, ET AL. Respectfully submitted, /s/ ... 

... A. Noël People's Counsel May 17, 2006 Magalie R. Salas Secretary Federal Energy Regulatory 

Commission 888 First Street, N.E. Washington,  D.C.  20426 Re:       ... 

... Dated: May 17, 2006 200605175030 Received FERC OSEC 05/17/2006 03:25:00 PM Docket# EL05-121-

000, ET AL. TABLE OF CONTENTS ... 
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188. In the Matter of the Petitions of BT CAPITAL CORP. for Redetermination of 
Deficiencies or for Refund of Corporation Franchise Tax under Article 9-A of the 
Tax Law for the Years 1984 through 1987. 

NY - New York State Tax Materials | Oct 10, 1991 | 1991 N.Y. Tax LEXIS 551 | DTA NOS. 807195 AND 807686 

... Holbrow, involves directing water with a given mass to fall or flow from above over turbine blades and into 

the river below. The ... 

... extracted from the water via the turbine blades placed in the flowing water's path. The extracted mass or 

energy is transferred via the ... 

... rotor within the stator, the naturally occurring random oscillation of the electrons in the copper wires is 

reordered such that the same electrons oscillate in a coherent, regular manner.  As a result of imparting the 

mass energy equivalent in the flowing water, the state of the electrons in the generator is materially altered so 

as to give those electrons a new quality, a higher energy state. The copper molecules remain ... 

... and operation of the Facilities, the mechanical energy inherent in the flowing stream would not be 

transformed into electricity. As early as 1892, ... 

... from such alternative power producers (id., 483 NYS2d at 154 ; FERC v. Mississippi, 456 US 742 , 749-751 ) 

. PURPA required ... 

 

189. In the matter of the application of CONSUMERS ENERGY COMPANY for 
approval of the fourteenth Electric Rate Book and third Gas Rate Book 

MI Public Services Commission Decisions | Nov 14, 2019 | 2019 MICH. PSC LEXIS 292 | Case No. U-18249 

... of one ohm. It is also proportional to the quantity of electrons flowing through a conductor past a given point 

in one second. Bona ... 

... Self-Generated Energy to the Company : A customer who meets the Federal Energy Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to sell energy ... 

... pursuant to a blanket certificate issued to the Company by the Federal Energy Regulatory Commission 

(FERC).     B.    Capacity Deficiency... 

... Self-Generated Energy to the Company : A customer who meets the Federal Energy Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to sell energy ... 

... Self-Generated Energy to the Company : A customer who meets the Federal Energy Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to sell energy ... 

... Self-Generated Energy to the Company : A customer who meets the Federal Energy Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to sell energy ... 

 

190. In the matter of the application of CONSUMERS ENERGY COMPANY for 
authority to increase its rates for the generation and distribution of electricity and 
for other relief 

MI Public Services Commission Decisions | Nov 24, 2015 | 2015 Mich. PSC LEXIS 332 | Case No. U-17735 



P a g e  | 434 
 

... of one ohm. It is also proportional to the quantity of electrons flowing through a conductor past a given point 

in one second. Bona ... 

... of one ohm. It is also proportional to the quantity of electrons flowing through a conductor past a given point 

in one second. Bona ... 

... Self-Generated Energy to the Company : A customer who meets the Federal Energy  Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to sell energy ... 

... Self-Generated Energy to the Company : A customer who meets the Federal Energy  Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to sell energy ... 

... Self-Generated Energy to the Company : A customer who meets the Federal Energy  Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to sell energy ... 

... Self-Generated Energy to the Company : A customer who meets the Federal Energy  Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to sell energy ... 

 

191. Administrative Determination Document 

Environmental Law Institute Guidance and Policy Documents | Mar 01, 2002 | DOE/EIA-0095(2000) 

... crude oil are likewise excluded where identifiable. (See Petroleum.) Current: A flow of electrons in an 

electrical conductor. The strength or rate of movement of ... 

... and refinery gas. Manufactured gas is reported as natural gas on FERC Form 423. (See Natural Gas.) Gas-

Turbine Plant: A plant in which ... 

... a gas turbine. A gas turbine consists typically of an axial- flow air compressor, one or more combustion 

chambers where liquid or gaseous ... 

 

192. Energy Storage: Information on Challenges to Deployment for Electricity Grid 
Operations and Efforts to Address Them 

GAO REPTEST | May 24, 2018 

... other harmful emissions, or enhancing the resilience of the grid. 29 Flow batteries differ from conventional 

batteries in that energy is stored in ... 

... common chamber separated by a membrane that allows for transfer of electrons—flow of electricity—

between the electrolytes. Some flow batteries are commercially available while other types are under 

development. While ... 

  FERC has taken several steps to address market barriers to energy storage ... 

... these efforts will depend on implementation by RTOs. In March 2018, FERC published a final rule that aims 

to address barriers to integrating ... 

... facilitate their participation in the RTO markets. 44 In prior years, FERC issued several orders that also 

aimed to address barriers to storage participation in organized wholesale electric markets. For example, FERC 

Order 792—issued in 2013—revised the definition of a small generating facility ... 
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... larger than 20 MW—to specifically include energy storage devices. In addition, FERC Order 755—issued in 

2011—required RTOs to compensate frequency 43 Department of ... 

... Agency Comments We provided a draft of this report to DOE, FERC, and IRS for review and comment. In its 

comments, reproduced in appendix II, FERC generally agreed with our findings. DOE and FERC provided 

technical comments which we incorporated as appropriate. IRS did not ... 

 

193. GAO Report 

US Government Accountability Office Financial Reports | May 24, 2018 | GAO-18-402 

... energy storage can provide long duration storage, and other technologies, including flow and lithium ion 

batteries, have the potential to provide for long ... 

... to some studies we reviewed and stakeholders we spoke with. 29 Flow batteries differ from conventional 

batteries in that energy is stored in ... 

... common chamber separated by a membrane that allows for transfer of electrons--flow of electricity--

between the electrolytes. Some flow batteries are commercially available while other types are under 

development. Cost-Competitiveness ... 

... did not take final action on these reforms but determined that FERC will continue to explore these reforms 

and hold a technical conference ... 

... clarification or a rehearing on the final rule. In prior years, FERC issued several orders that also aimed to 

address barriers to storage participation in organized wholesale electric markets. For example, FERC Order 

792--issued in 2013--revised the definition of a small generating facility ... 

... larger than 20 MW--to specifically include energy storage devices. In addition, FERC Order 755--issued in 

2011--required RTOs to compensate frequency regulation resources in ... 

... Agency Comments We provided a draft of this report to DOE, FERC, and IRS for review and comment. In its 

comments, reproduced in appendix II, FERC generally agreed with our findings. DOE and FERC provided 

technical comments which we incorporated as appropriate. IRS did not ... 

 

194.     Public Service Company of New Hampshire v. New Hampshire Electric 
Cooperative, Inc. 

Federal Energy Regulatory Commission Decisions | Oct 26, 1998 |  85 F.E.R.C. P63,001 | Docket No. EL96-53-

002 

... ("NEPOOL")'s system to specifically determine which entity's generators originally producedthe specific 

electrons that flow over those meters for a specific transaction. However, although the commercial rules take 

into account the physical realities of power flow , NEPOOL's settlement system allows NHEC to be credited for 

the ... 

... of a Complaint by PSNH on May 17, 1996, before the Federal Energy Regulatory Commission ("FERC " 

or "Commission") under section 206 of the Federal Power Act. ... 

... none is rendered meaningless." Id., citing Tennessee Gas Pipeline Co. V. FERC , 17 F.3d 98 , p. 103 (5th 

Cir. 1994) ( ... 
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... and NHEC submitted prefiled direct testimony on August 27, 1998. The FERC Trial Staff ("Staff") filed 

answering testimony on September 3, 1998. The ... 

... need to consider extrinsic evidence. See Papago Tribal Utility Authority v. FERC , 723 F.2d 950 , p. 955 ( 

D.C. Cir. 1983), ... 

...  FERC Stats. & Regs., Regulations Preambles January 1991- June 1996 P 31,048 ... 

... 31,048 (1997) , order on reh'g, Order No. 888- B, 81 FERC P61,248  (1997) ,  order on reh'g , Order No. 888- 

C,  82 FERC P61,046... 

 

195.     Utah Power & Light Company 

Federal Energy Regulatory Commission Decisions | May 16, 1984 |  27 F.E.R.C. P61,258 | Docket No. ER82-

211-000 

... load is served at 46 kV and below, then power will flow from the higher voltages downward when the higher 

voltage lines are ... 

... taken out of service. This does not mean that power cannot flow upward. What  Sierra  is attempting is 

electron tracing, but there is little or no way of tracing the actual electron path taken during various line 

outages.  Sierra 's load flow studies do not tell us that no power flowed upward. All they demonstrate is the ... 

... is attempting is electron tracing, but there is little or no way of tracing the actual electron path taken during 

various line outages.  Sierra 's load flow studies do not tell us that no power flowed upward. All they 

demonstrate is the  net   effect  of the power flows.... 

... settlement agreement approved by the Commission on June 20, 1983, 23 FERC P61,455 (1983) . The 

settlement specifically reserved the cost allocation issued ... 

... of Certain Electric Facilities, issued September 23, 1983, appears at 24 FERC P63,108 .] Opinion No. 220; 

Opinion and Order Affirming Initial Decision ... 

 

196. In the matter of the application of CONSUMERS ENERGY COMPANY for 
authority to increase its rates for the generation and distribution of electricity and 
for other relief 

MI Public Services Commission Decisions | Jun 19, 2008 | 2008 Mich. PSC LEXIS 137 | Case No. U-15245 

... of one ohm. It is also proportional to the quantity of electrons flowing through a conductor past a given point 

in one second. Bona ... 

... of one ohm. It is also proportional to the quantity of electrons flowing through a conductor past a given point 

in one second. Bona ... 

... administered by the Transmission Service provider and on file with the Federal Energy  Regulatory 

Commission (FERC ), as it may be amended from time to time that ... 

... cogeneration or small power production technology. A customer who meets the Federal Energy Regulatory 

Commission's (FERC ) criteria for a Qualifying Facility may elect to take standby ... 

... charges for such service shall be as specified in the Applicable FERC Open Access Tariff. Real Power 

Losses: The Retailer is responsible for ... 
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... if the ROA Service tariff, any contract required under the Applicable FERC Open Access Tariff or any ROA 

Service Contract is terminated prior ... 

... which employs cogeneration or small power production technology which meets the Federal Energy  

Regulatory Commission 's criteria for a Qualifying Facility, Independent Power Producer or Exempt ... 

 

197. Reply Brief of the Sacramento Municipal Utility District under ER01-313, et al. 

FERC Briefings and Arguments of Law | Mar 25, 2005 

... or Western. Tr. at 196. This is self-evident, since electrons of electricity flow freely and are not color-keyed 

to their source. In any event, ... 

... actual practice, many of the Exh. ISO-55 listed 19 200503255075 Received FERC OSEC 03/25/2005 

03:53:00 PM Docket# ER01-313-004, ET AL. generators are actively ... 

... 109 FERC ¶ 61,162 (2004) … … … … … … … … ... 

... … … … … … … … .15 iii 200503255075 Received FERC OSEC 03/25/2005 03:53:00 PM Docket#  ER01-

313-004, ET AL.  UNITED STATES OF AMERICA BEFORE THE FEDERAL ENERGY REGULATORY 

COMMISSION ... 

... no witness testimony of its own at hearing. 18 200503255075 Received FERC OSEC 03/25/2005 03:53:00 

PM Docket# ER01-313-004, ET AL. The heart of ... 

... California Independent System Operator Corporation, 24 200503255075 Received FERC OSEC 03/25/2005 

03:53:00 PM Docket# ER01-313-004, ET AL. ISO has failed ... 

... to measurement by the SMUD meter at Lake. 23 200503255075 Received FERC OSEC 03/25/2005 

03:53:00 PM Docket#  ER01-313-004, ET AL.  G.         ... 

 

198. Commonwealth Edison Company; Proposed general increase in rates for delivery 
service. (Tariffs filed on August 31, 2005) 

IL Commerce Commission Decisions | Jun 08, 2006 | 2006 Ill. PUC LEXIS 41 | 05-0597 

... overall payroll costs have been decreasing since 2000 - according to FERC Form 1 data. The overall payroll 

costs in FERC Form 1 include direct distribution payroll, customer accounts and customer service ... 

... payroll. Direct distribution payroll declined from $ 189,664,419 in 2000 (2000 FERC Form 1, p. 354) to $ 

118,128,755 in 2004 (2004 FERC Form 1, p. 354). Customer Accounts and Customer Service payroll costs ... 

... same period, from $ 89,914,798 and $ 4,513,156 in 2000 (2000 FERC Form 1, p. 354) to $ 77,745,065 and $ 

1,888,017 in 2004 (2004 FERC Form 1, p. 354). Even A&G payroll costs declined by more than half between 

2001 and 2004. (2001 FERC Form 1, p. 354, 2004 FERC Form 1, p. 354). Thus, ComEd has realized savings 

in overall ... 

... small plant power production. For that intent, Staff relies upon a FERC Notice of Proposed Rulemaking, 

issued at the time FERC was initiating its rules governing QFs, in which the FERC stated "Section 210(a) [of 

PURPA] requires the [FERC ] to prescribe rules 'as it determines necessary to encourage cogeneration ... 
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199.     Commonwealth Edison Company; Proposed general increase in rates for 
delivery service. (Tariffs filed on August 31, 2005) 

IL Commerce Commission Decisions | Jul 26, 2006 | 2006 Ill. PUC LEXIS 43 | 05-0597 

... overall payroll costs have been decreasing since 2000 -- according to FERC Form 1 data. The overall payroll 

costs in FERC Form 1 include direct distribution payroll, customer accounts and customer service ... 

... payroll. Direct distribution payroll declined from $ 189,664,419 in 2000 (2000 FERC Form 1, p. 354) to $ 

118,128,755 in 2004 (2004 FERC Form 1, p. 354). Customer Accounts and Customer Service payroll costs ... 

... same period, from $ 89,914,798 and $ 4,513,156 in 2000 (2000 FERC Form 1, p. 354) to $ 77,745,065 and $ 

1,888,017 in 2004 (2004 FERC Form 1, p. 354). Even A&G payroll costs declined by more than half between 

2001 and 2004. (2001 FERC Form 1, p. 354, 2004 FERC Form 1, p. 354). Thus, ComEd has realized savings 

in overall ... 

... small plant power production. For that intent, Staff relies upon a FERC Notice of Proposed Rulemaking, 

issued at the time FERC was initiating its rules governing QFs, in which the FERC stated "Section 210(a) [of 

PURPA] requires the [FERC ] to prescribe rules 'as it determines necessary to encourage cogeneration ... 

 

200. Commonwealth Edison Company; Proposed general increase in rates for delivery 
service. (Tariffs filed on August 31, 2005) 

IL Commerce Commission Decisions | Jun 30, 2006 | 2006 Ill. PUC LEXIS 44 | 05-0597 

... overall payroll costs have been decreasing since 2000 -- according to FERC Form 1 data. The overall payroll 

costs in FERC Form 1 include direct distribution payroll, customer accounts and customer service ... 

... payroll. Direct distribution payroll declined from $ 189,664,419 in 2000 (2000 FERC Form 1, p. 354) to $ 

118,128,755 in 2004 (2004 FERC Form 1, p. 354). Customer Accounts and Customer Service payroll costs ... 

... same period, from $ 89,914,798 and $ 4,513,156 in 2000 (2000 FERC Form 1, p. 354) to $ 77,745,065 and $ 

1,888,017 in 2004 (2004 FERC Form 1, p. 354). Even A&G payroll costs declined by more than half between 

2001 and 2004. (2001 FERC Form 1, p. 354, 2004 FERC Form 1, p. 354). Thus, ComEd has realized savings 

in overall ... 

... small plant power production. For that intent, Staff relies upon a FERC Notice of Proposed Rulemaking, 

issued at the time FERC was initiating its rules governing QFs, in which the FERC stated "Section 210(a) [of 

PURPA] requires the [FERC ] to prescribe rules 'as it determines necessary to encourage cogeneration ... 

 

201. Initial Brief of Baltimore Gas and Electric Company under ER05-6 et al. 

FERC Briefings and Arguments of Law | Jun 09, 2006 

... See also, City of Seattle v. FERC , 923 F.2d 713, 717 (9 th  Cir. 1991) ("It hardly matters whether a particular 

electron starts in one place or another; the flow along the system is essentially one of fungible matter.");  

Northern Ind. Pub. Serv. Co. v. FERC , 954 F.2d 736, 737 (... 

... FPC 1173, 1182 (1977), aff'd, Pub. Serv. Co. of Ind. v. FERC , 575 F.2d 1204 (7 th Cir. 1978). proven to be 

... 
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... the PJM SECA also include a calculation of non-firm revenues. The FERC Staff witness Jonathan Siems also 

testified that for the sake of ... 

... Midwest Indep. Transmission Sys. Operator, Inc., et al., 104 FERC ¶ 61,105 (2003). 20 Midwest Indep. 

Transmission Sys. Operator, Inc., et al.,  109 FERC ¶ 61,168 (2004). 21 Midwest,  104 FERC at P. 54, n. 85. 

Following a series of SECA compliance ... 

... Recovery of Stranded Costs by Public Utilities and Transmission Utilities , FERC Stats. & Regs.  ¶ 31,036 

(1996). 8  Order No. 2000, Regional Transmission Organizations,   ... 

 

202. Brief Opposing Exceptions of Southern California Edison Company under EL03-
15. 

FERC Briefings and Arguments of Law | Mar 28, 2005 

... Commission in this proceeding. 23 There is no question, however that electrons flowed regularly along the 

Cities' STS/NTS Entitlements. 24 Therefore, unlike the case ... 

... operate their transmission lines and facilities.…," i.e. , hard physical assets. FERC apparently has never 

been informed that the definition can now encompass ... 

... encompass strictly legal concepts, with no reference to physical assets, and FERC has certainly never 

approved a change in the filed Tariff to ... 

... Exh. SWP-10A (response to DWR-ISO-20, showing data on actual flows on the STS    and NTS lines in 

2003).  - 26 -  200503285043 Received FERC OSEC 03/28/2005 03:26:00 PM Docket# EL03-15-000 not on 

point. In Tennessee ... 

... ER00-2019 (Dec. 17, 2003) (emphasis added). - 7 - 200503285043 Received FERC OSEC 03/28/2005 

03:26:00 PM Docket# EL03-15-000 Cities' TRRs. 7 In actuality, ... 

... Parties Due Process, Although the Initial Decision Errs In Finding that FERC Ruled On the Issue of 

Discriminatory Access ................................. 14 IV. THE ... 

... Rule 711 of the Rules of Practice and Procedure of the Federal  Energy Regulatory Commission 

(Commission or FERC ) (18 C.F.R. § 385.711 (2004)), Southern California Edison Company ( ... 

 

203. Post-Hearing Reply Brief of New York Power Authority under ER06-456, et. al.. 

FERC Briefings and Arguments of Law | Jul 07, 2008 

... at 15 (MT should be allocated RTEP costs based because "their electrons flow over the various constrained 

facilities"); Post-Trial Brief of Exelon Corporation at ... 

... the measure be for RTEP economic projects? 32 40 2457907 20080707-5189 FERC PDF (Unofficial) 

7/7/2008 4:27:59 PM Reply Brief of New York Power ... 

... Provided by Public Utilities Under the Federal Power Act, Policy Statement, FERC Stats. & Regs. 31,005 

(1994) ................................................................ 19 Midwest Indep. Transmission Sys. ... 

... Western Mass. Elec. Co. , 63 FERC ¶ 61,039 (1993) 

.................................................................................................. 15 Statutes Federal Power Act Section 206, ... 
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... Accordingly, judicial notice under Rule 508(d) is warranted. 6 2457907 20080707-5189 FERC PDF 

(Unofficial) 7/7/2008 4:27:59 PM Reply Brief of New York Power ... 

... customer could be charged verifiable incremental costs. 9 8 2457907 20080707-5189 FERC PDF (Unofficial) 

7/7/2008 4:27:59 PM Reply Brief of New York Power ... 

... an RTEP cost credit for MTF-funded interconnection upgrades? 34 2457907 20080707-5189 FERC PDF 

(Unofficial) 7/7/2008 4:27:59 PM Reply Brief of New York Power ... 

 

204. Reply brief of the Modesto Irrigation District re California Independent System 
Operator Corporation & Pacific Gas and Electric Company under ER01-313 et al. 

FERC Briefings and Arguments of Law | Feb 22, 2002 

... bulk of the costs, in many cases, are associated with the electrons actually flowing ."). At its core, SCE’s 

differentiation between retail and wholesale behind-the-meter ... 

... to the GMC methodologies, allocations, and structure be allowed without prior FERC review and approval? 

MID refers to its Initial Brief for discussion ... 

... 54 FERC ¶ 61,055 (1991) .................... 6 Pacific Gas and Elec. Co., et al. , 81 FERC ¶ 61,122 (1997). 

............. 30 Southern Calif. Edison Co. , 86 FERC ¶ 63,014 (1999) ................. 19... 

... Order No. 888-C, 82 FERC ¶ 61,046 (1998),  aff’d in part sub nom. Transmission Access Policy Study Group 

v. FERC , 225 F.3d 667 ( D.C.  Cir. 2000), ... 

... to the GMC methodologies, allocations, and structure be allowed without prior FERC review and approval? 

...................... 28 N. Should the ISO be required ... 

... 80 FERC ¶ 61,143 (1997),  order on reh’g , 85 FERC ¶ 61,235 (1998) ................................... 19 City of 

Bethany v. FERC , 727 F.2d 1131 ( D.C.  Cir. 1984) ............... 6 New England Power Co. , 52  ... 

 

205. WASHINGTON UTILITIES AND TRANSPORTATION COMMISSION, 
Complainant,; v.; PACIFICORP d/b/a PACIFIC POWER & LIGHT COMPANY, 
Respondent; In the Matter of the Petition of PACIFICORP d/b/a PACIFIC 
POWER & LIGHT 

WA Utilities and Transportation Commission Decisions | Apr 17, 2006 | 2006 Wash. UTC LEXIS 156 | DOCKET 

UE-050684; ORDER 04; DOCKET UE-050412; ORDER 03 

... demonstrate each resource in the system provides a direct benefit, i.e., electron flow , to be considered 

used and useful for service in this ... 

... 87 P 61 , 266 (1999) . The FERC does not embrace the concept of double  leverage.  For purposes of 

calculating rate of return  for wholly owned subsidiaries, FERC uses the stand-alone capital structure and return 

on equity of the ... 

... and should be recoverable in rates. The Company further claims that Federal Energy  Regulatory 

Commission (FERC ) rules require that the Company engage in these efforts. Even ... 

... Williams Natural Gas Co., FERC  80 P 61 , 158  (1997) ;  Transcontinental Gas Pipeline Corp.,  84 FERC P 

61,084  (1998) ;  Northwest Pipeline Corp., FERC ... 
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... at PP 61, 951-952 (Nov. 18, 1997) . In its decision, FERC rejected the Company's arguments that 

normalization was required and rejected the ... 

... or that an RTO would be in customers' best interests; . FERC is no longer requiring RTOs; . RTO 

development is not necessary ... 

 

206.     FirstEnergy Solutions Corp. 

Federal Energy Regulatory Commission Decisions | Mar 11, 2016 |  154 F.E.R.C. P63,021 | Docket Nos. ER15-

1510-000, ER15-1510-001 

... Southern Co. , 61 FERC at 65,025-26 . it is really more of a nuisance than ... 

... pulses of amperage to lag behind pulses of voltage on the flow of electrons through the wires. 18 Gerrish 

and Dugger, at 141-42. This electro-motive ... 

... to the Settlement provide a revised reactive service tariff (Rate Schedule FERC No. 1) reflecting the 

individual annual revenue requirements for each generation ... 

... revenue requirement of $ 18,200,000. Article 2.5 states that Rate Schedule FERC No. 1 will become effective 

no later than November 16, 2015. ... 

... 156 F.E.R.C. P61139 , 2016 FERC LEXIS 1481  (F. E.R.C ., 2016) FirstEnergy Solutions Corp.,  152 

F.E.R.C. P61164 ,  2015 FERC LEXIS 1483  (F. E.R.C ., 2015)... 

... to PJM with interest, to be calculated in accordance with the FERC interest rate. Article 2.6 sets forth that in 

the event the ... 

... 82 FERC P 61,046  (1998) ,  aff'd in relevant part sub nom.  Transmission Access Policy Study Group v. 

FERC ,  225 F.3d 667 ,  343 U.S. App. D.C. 151  (D.C. Cir. 2000) ,  aff'd sub nom.  New York v. FERC ... 

 

207. Reply brief of Public Service Co of NH re NH Elec Cooperative, Inc under EL96-
53. 

FERC Briefings and Arguments of Law | Oct 01, 1998 

... This central dispatch determines the flow of electric power on the grid, not specific transactions. As the ... 

... load, which is a requirement in all power systems, power will flow over transmission facilities in accordance 

with the laws of physics, and ... 

... never possible to determine which entity’s generators originally produced the specific electrons that flow 

over these meters, and this basic fact does not change regardless ... 

... These rules must take into consideration the physical realities of power flow, but otherwise operate in 

tandem with... 

... This Reply Brief responds to the Initial Briefs submitted by the Federal Energy Regulatory Commission 

("FERC " or "Commission") Staff ("Staff Initial Brief), the New Hampshire Electric ... 

... many times. For example, in Missouri Public Service Co mpany, 54 FERC P 61,357 (1991), when the utility 

included a provision in a ... 
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... contract prohibiting resale of requirements power outside the customer’s municipal boundaries, FERC found 

this provision per se unlawful. Similarly, in Ohio Edison Co., ... 

 

208.     Linden VFT, LLC 

Federal Energy Regulatory Commission Decisions | Apr 19, 2007 |  119 F.E.R.C. P61,066 | Docket No. ER07-

543-000 

... the Commission authorized negotiated rates. 47. Moreover, Linden recognizes that the flow of electrons 

cannot be traced, but it has, nonetheless, developed procedures to ensure ... 

... Order No. 2003-A, FERC Stats. & Regs. P31,160,  order on reh'g , Order No. 2003-B, FERC Stats. & Regs. 

P31,171 (2004)  , order on reh'g , Order No. 2003-C, FERC Stats. & Regs. P31,190 (2005). ... 

... Venture, L.P. and East Coast Power Linden Holding, L.L.P ., 119 FERC P62,015  (2007) .        6.  Linden... 

... New York Independent System Operator, Inc., et al ., 108 FERC P61,159  (2004) ,  order on reh'g ,  111 

FERC P 61,347 (2005) . ConEd requests that the approval of negotiated ... 

... the Commission's regulations as it relates to the filing requirements for FERC Form No. 1, "Annual Report of 

Major Electric Utilities , Licensees ... 

... Northeast Utilities Service Co ., 97 FERC P61,026  (2001) ;  Northeast Utilities Service Co.,   98 FERC 

P61,310 (2002) . These 10 criteria state that: (1) the merchant ... 

 

209. IN THE MATTER OF THE REVIEW OF A RESTRUCTURING PLAN FOR 
RETAIL COMPETITION BY DELAWARE ELECTRIC COOPERATIVE, INC., THE 
DETERMINATION OF RATES TO BE IN EFFECT DURING THE TRANSITION 
PERIOD, AND COSTS PURSUANT 

DE Public Service Commission Decisions | Apr 25, 2000 | 2000 Del. PSC LEXIS 108 | PSC DOCKET NO. 99-

457; ORDER NO. 5424 

... any stranded costs actually existed. 66. In response, DEC suggested that FERC relies on the ODEC Board 

to oversee the implementation of rates charged under the FERC formula and, thus, the SPI did not violate 

FERC rules/ratemaking procedures. Moreover, DEC asserted that this Commission was adequately informed ... 

... formula (under which the SPI was included) was previously accepted by FERC as the "lawful filed rate," it 

allows ODEC to set rates ... 

... the SPI component as part of the rates derived under the FERC formula is valid and... 

... 12 at 5-14; Ex. 11 at 12-13.) ODEC argues that the FERC Formula permits the recovery of SPI plan costs 

because these costs are a component of the rates derived under the FERC Formula as opposed to being an 

additional charge over and above the rates derived under the FERC Formula. This is the case so long as the 

expense    inputs and individual elements fit under the particular FERC accounts that are specified in the rate 

formula. (... 

... only party that approved the SPI was ODEC's board of directors. FERC never explicitly approved the SPI. 

There is no evidence in ... 

 



P a g e  | 443 
 

210. Re Delaware Electric Cooperative, Inc. 

DE Public Service Commission Decisions | Apr 25, 1999 | 1999 Del. PSC LEXIS 274 | PSC Docket No. 99-457 

Opinion and Order No. 5424 

... 12 at 5-14; Ex. 11 at 12-13.) ODEC argues that the FERC Formula permits the recovery of SPI plan costs 

because these costs are a  component of the rates derived under the FERC Formula as opposed to being an 

additional charge over and above the rates derived under the FERC Formula. This is the case so long as the 

expense inputs and individual elements fit under the particular FERC accounts that are specified in the rate 

formula. (Id.; ODEC at ... 

... (a) it violates § 4(b)(i) of the WPC; (b) it violates FERC requirements; and (c) the Commission was not 

informed of, nor did ... 

... any stranded costs actually existed. 66. In response, DEC suggested that FERC relies on the ODEC Board 

to oversee the implementation of rates charged under the FERC formula and, thus, the SPI did not violate 

FERC rules/ratemaking procedures. Moreover, DEC asserted that this Commission was adequately informed ... 

... formula (under which the SPI was included) was previously accepted by FERC as the "lawful filed rate," it 

allows ODEC to set rates ... 

... the SPI component as part of the rates derived under the FERC formula is valid and should not be viewed as 

an additional ... 

 

211. IN THE MATTER OF A GENERIC PROCEEDING TO CONSIDER THE 
IMPLEMENTATION OF A COMPETITIVE RETAIL ELECTRIC MARKET - 
GENERAL PRINCIPLES; IN THE MATTER OF A GENERIC PROCEEDING TO 
CONSIDER THE IMPLEMENTATION  

AR Public Service Commission Decisions | Aug 28, 1998 | 1998 Ark. PUC LEXIS 907 | DOCKET NO. 97-451-U; 

ORDER NO. 17; DOCKET NO. 97-452-U; ORDER NO. 18; DOCKET NO. 97-453-U; ORDER NO. 17 

... other state commissions as well as participation in proceedings at the FERC. EAI's ITC proposal would 

require approval by this Commission and the FERC. Additionally,  the Commission will need to participate in 

FERC proceedings to set open-access retail transmission tariffs for Arkansas utilities. Although ... 

... building the transmission capacity to accommodate changing patterns of traffic in electron flow . Distribution 

reliability involves circuit design, maintenance, and the time needed ... 

... also established the standards by which utilities may apply to the FERC for wholesale stranded  cost 

recovery. Generally, the FERC will allow recovery of "legitimate, prudent and verifiable" stranded costs. 

However, ... 

... without stranded cost recovery provisions dated before July 11, 1994, the FERC will determine whether there 

was a "reasonable expectation" that service would ... 

... term of that service. If there was a reasonable expectation, the FERC will allow stranded cost recovery, either 

as a one-time exit fee ... 

... been and expects to remain engaged in this debate at the FERC as well. Positions of the patties All parties 

but one want ... 
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... SPP ISO, with Commission involvement, and approval of plans by the FERC and the states involved. EAI, on 

the other hand, wants planning ... 

 

212. Brief opposing exceptions on behalf of Michigan Systems re Consumers Energy 
Co under OA96-77,et al. 

FERC Briefings and Arguments of Law | May 07, 1999 

... 19 MW to 193 MW. The 12 CP average of these flows is 36 MW. Ex.  CE -72 at 1. Notwithstanding CECo‘s 

misguided attempt to trace the flow of electrons out of the Ludington plant, the fact remains that DECo is ... 

... be noted that, presumably due to the stark contrast in circumstances, FERC Staff in IES Utilities opposed the 

inclusion of the output from ... 

... jointly-owned generating plants in the load divisors, whereas in this proceeding, FERC Staff supported the 

inclusion of amounts for the ouput from the ... 

... UNITED STATES OF AMERICA BEFORE THE FEDERAL ENERGY REGULATORY COMMISSION 

Consumers Energy Company Docket Nos. OA96-77-000 ER97-1502-000 and ER98-1247-000 BRIEF 

OPPOSING ... 

... be noted that, presumably due to the stark contrast in circumstances, FERC Staff in IES Utilities opposed the 

inclusion of the output from ... 

... jointly-owned generating plants in the load divisors, whereas in this proceeding, FERC Staff supported the 

inclusion of amounts for the ouput from the ... 

... strident terms: The ruling of the 1D at page 98 (86 FERC at 65,054), not only rejected CECo‘s position, but 

ruled even more ... 

 

213. Letter from James A. Kohm, Associate Director, Division of Enforcement, Bureau 
of Consumer Protection, to R. Jeffrey Behm, Esq., Sheehey, Furlong & Behm, 
P.C. Addressing Representations Made By Green  

FTC Public Statements Letters | Feb 05, 2015 

... set by ISO New England . It is a pool of electrons that flow in many directions at different times of the day, 

month, and year. There is no way to trace these electrons to a specific end user. The only legitimate way to 

claim ... 

... 53 The nature of electricity complicates this problem: once generated, the electrons flow into a common 

pool resource that cannot be traced to its ... 

... in 2012, becoming Vermont 's largest electric utility, and 1 FERC Form No. 1 - Quarter 3 123.1 (Nov. 29, 

2013), available ... 

 

214. Certification of Uncontested Settlement to the Commission re FirstEnergy 
Solutions Corp. under ER15-1510. 

FERC ALJ Issuances | Mar 11, 2016 | ER15-1510-000; ER15-1510-001 
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... pulses of amperage to lag behind pulses of voltage on the flow of electrons through the wires. 18   This 

electro-motive force is reactive  power.... 

  FERC ALJ Issuances 20160311-3019 FERC PDF (Unofficial) 03/11/2016               UNITED STATES OF 

AMERICA    154 FERC ¶ 63,021 FEDERAL ENERGY REGULATORY COMMISSION ... 

... Initial Decision, 80 FERC at 65,074-82. 24 AEP  Initial Decision, 80 FERC at 65,078-79; Opinion No. 440, 88 

FERC  at 61,456-57. 20160311-3019 FERC PDF (Unofficial) 03/11/2016 Docket Nos. ER15-1510-000 and 

ER15-1510-001 - 9 - ... 

... to the Settlement provide a revised reactive service tariff (Rate Schedule FERC No. 1) reflecting the 

individual annual revenue requirements for each generation ... 

... annual revenue requirement of $18,200,000. Article 2.5 states that Rate Schedule FERC No. 1 will become 

effective no later than November 16, 2015. ... 

... action in this order. See Electronic Tariff Filings, Order No. 714, FERC Stats. & Regs. ¶ 31,276 (2008). The 

Commission's approval of this ... 

... Northern States Power Co. , 64 FERC ¶ 61,324 (1993);  Southern  Company Services, Inc. , 61 FERC ¶ 

63,009 (1992) ( Southern Co. ). 10 Southern Co. , 61 FERC at 65,026. 11... 

 

215. Crystalline Silicon Photovoltaic Cells and Modules From China 

International Trade Commission Decisions | Nov 01, 2012 |  2012 ITC LEXIS 2830 | Investigation Nos. 701-TA-

481 and 731-TA-1190 (Final) 

... or multi-crystalline silicon; when sunlight hits the modules, it knocks loose electrons that flow into the cells' 

thin metal "fingers" and conduct electricity to the ... 

... (p/n junction). Electricity is generated when sunlight strikes the cell, knocking electrons loose that flow onto 

thin metal "fingers" that run across the cell and conduct ... 

... feed-in tariffs was challenged before the Federal Energy Regulatory Commission (FERC) in proceedings 

involving the California Public Utilities Commission and three  California  utilities. A FERC order issued in 

October resolved the... 

 

216. Application of Sierra Pacific Power Company d/b/a NV Energy for authority to 
increase its annual revenue requirement for general rates charged to all classes 
of electric customers and for relief properly 

NV Public Utilities Commission Decisions | Dec 23, 2010 | 2010 Nev. PUC LEXIS 213 | Docket No. 10-06001; 

Docket No. 10-06002; Docket No. 10-06003; Docket No. 10-06004 

... integrated to operate as a single system throughout Sierra's system. The flow of electrons into and out of 

Sierra's system must be balanced, and that ... 

... at 8-9). BCP's recommendation should be rejected as inconsistent with the Federal Energy  Regulatory 

Commission ("FERC ") Uniform System of Accounts ("USOA") (Exhibit 72 at 8). 166. ... 

... 166. Sierra asserts its retirement accounting policies are consistent with the FERC USOA and presented in 

the compliance filing made pursuant to ... 
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... the monthly charges, traced the account balance to the general ledger FERC Account No. 182.337, 

examined a sample of invoices for the DSM ... 

... I-CERT-16 for SPPC-G. Accept the SPPC-G DSM program cost balance in FERC Account No. 182.337 as 

certified through May 31, 2010 and the ... 

... Commission accept Sierra's electric and gas DSM costs contained in the FERC regulatory asset accounts 

(182.330, 182.333, and 182.334 for electric and 182.337 ... 

... cost of removal in Account No. 381, Meters, is reasonable. The FERC USOA allows a utility the option of 

accounting for meter costs ... 

 

217. In the Matter of the Petition of FREDERICK R. AND ANNE M. CLARK for 
Redetermination of a Deficiency or for Refund of Personal Income Tax under 
Article 22 of the Tax Law for the Years 1986 and 1987. 

NY - New York State Tax Materials | Aug 01, 1991 | 1991 N.Y. Tax LEXIS 441 | DTA NO. 807929 

... system. The transformer also alters the state of the electrons by changing the voltage and amplitude of 

oscillation. When asked whether ... 

... the mass during the generator's operation, Dr. Holbrow responded that the electrons "acquire additional 

energy and minutely increased mass" (Transcript, p. 98). He ... 

... that electricity can be measured by the rate at which charges flow back and forth in units of amperes. 20. In 

his testimony, ... 

... hydropotential inventory until 1981 when it filed an application with the Federal Energy Regulatory 

Commission ("FERC") to develop the site as a hydroelectric facility.  In 1982,  Niagara Mohawk  received a 

license from FERC that required the commencement of construction of the facility by November ... 

... treated as a commercial good for all practical purposes ( see, FERC v. Mississippi, 456 US 742 [upholding 

the Public Utilities Regulatory Policies ... 

... power from such alternative power producers ( id. at 154 ; FERC v. Mississippi, 456 US 742 , 749-751 ) . 

PURPA required ... 

... hydropotential inventory until 1981 when it filed an application with the Federal Energy Regulatory 

Commission ("FERC") to develop the site as a hydroelectric facility.  In 1982,  Niagara Mohawk  received a 

license from  ... 

 

218. Brief of Joint Consumer Advocates under EL05-121, et al. 

FERC Briefings and Arguments of Law | Jun 06, 2006 

... continue to benefit from those facilities due to the physical power flow on the system. No record evidence 

exists to support a finding that the actual flow of electrons has changed simply because the PJM grid is now 

referred to ... 

... III. Conclusion .......................................................................................................... 6 i 200606065031 

Received FERC OSEC 06/06/2006 01:15:00 PM Docket#  EL05-121-000, ET AL.  UNITED STATES OF 

AMERICA BEFORE THE FEDERAL ENERGY REGULATORY COMMISSION ... 
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... EL05-121-000; EL05-121-001 FERC Briefings and Arguments of Law 200606065031 Received FERC OSEC 

06/06/2006 01:15:00 PM Docket# EL05-121-000, ET AL. E d u ... 

... continue to benefit from those facilities due to the physical power flow on the system. No record evidence 

exists to support a finding that the actual flow of electrons has... 

... that the current system is unjust or unreasonable. 6 200606065031 Received FERC OSEC 06/06/2006 

01:15:00 PM Docket# EL05-121-000, ET AL. Respectfully submitted, /s/ ... 

... A. Noël People's Counsel June 6, 2006 Magalie R. Salas Secretary Federal Energy Regulatory 

Commission 888 First Street, N.E. Washington,  D.C.  20426 Re:       ... 

 

219. In the Matter of the Petition of FREDERICK R. AND ANNE M. CLARK for 
Redetermination of a Deficiency or for Refund of Personal Income Tax under 
Article 22 of the Tax Law for the Years 1986 and 1987. 

NY - New York State Tax Materials | Sep 14, 1992 | 1992 N.Y. Tax LEXIS 476 | DTA No. 807929 

... system. The transformer also alters the state of the electrons by changing the voltage and amplitude of 

oscillation. When asked whether ... 

... the mass during the generator's operation, Dr. Holbrow responded that the electrons "acquire additional 

energy and minutely increased mass" (Transcript, p. 98). He ... 

... that electricity can be measured by the rate at which charges flow back and forth in units of amperes. We 

modify the Administrative ... 

... hydropotential inventory until 1981 when it filed an application with the Federal Energy Regulatory 

Commission ("FERC ") to develop the site as a hydroelectric facility. In 1982, ... 

... from such alternative power producers ( id . at 154 ; FERC v. Mississippi, 456 US 742 , 749-751 ) . PURPA 

required ... 

... a hydroelectric facility. In 1982, Niagara Mohawk received a license from FERC that required the 

commencement of construction of the facility by November ... 

 

220. IN THE MATTER OF THE APPLICATION OF DELMARVA POWER & LIGHT 
COMPANY FOR AN ELECTRIC FUEL RATE ADJUSTMENT PURSUANT TO 
SECTION 54F OF ARTICLE 78 OF THE ANNOTATED CODE OF MARYLAND 

MD Public Service Commission Decisions | Dec 04, 1998 | 1998 Md. PSC LEXIS 61 | CASE NO. 8521J, 

ORDER NO. 74855 

... payments to Delmarva for transmission were flowed through Delmarva's fuel rate as "shared savings" 

revenue. 6 "Shared savings" ... 

... the benefit to a utility and the purchaser of electricity who flowed  electrons (produced at less cost than the 

utility could produce them) through ... 

... New Jersey - Maryland ("PJM") interconnection under tariffs of the Federal Energy  Regulatory 

Commission ("FERC "). Wholesale customers in the PJM region now purchase transmission service ... 
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... which own transmission facilities in the region on the basis of FERC-approved agreements. OPC In. Br. at 3. 

Dover and ... 

... Delmarva included a certain amount of its transmission plant in the FERC jurisdiction in the 1993 rate case. 

Because Dover and Easton were ... 

... of Delmarva, no plant relating to them was included in the FERC jurisdiction in 1993. Dover and Easton have 

since become transmission customers ... 

... which own transmission facilities in the region on the basis of FERC -approved agreements. OPC In. Br. at 3. 

Dover and Easton are ... 

 

221. Trial Staff's brief opposing exceptions re Pacific Gas & Electric Co et al under 
ER97-2358 et al. 

FERC Briefings and Arguments of Law | Oct 21, 1999 

... grid or ancillary services, nor affects in any significant way the flow of electrons over the ISO-Grid. The 

Presiding Judge based his ruling that the ... 

... 16 U.S.C. § 824d(c)... 18 UNITED STATES OF AMERICA BEFORE THE FEDERAL ENERGY 

REGULATORY COMMISSION Pacific Gas & Electric Co mpany Southern California Edison Company San ... 

... UNITED STATES OF AMERICA BEFORE THE FEDERAL ENERGY REGULATORY COMMISSION Pacific 

Gas & Electric Co mpany Southern California Edison Company San ... 

... agency discretion. Southern Co mpany Services. Inc. . Opinion No. 300,43 FERC ¶ 61,003 at 61,024 (1988). 

Administrative agencies have been required to ... 

... Counsel Washington, D.C. October 21,1999 UNITED STATES OF AMERICA BEFORE THE FEDERAL 

ENERGY REGULATORY COMMISSION Pacific Gas & Electric Co mpany Southern California Edison 

Company San ... 

... IES Utilities, Inc., 81 FERC f 61,187 (1997)... 12 Pennsylvania-New Jersey-Maryland Interconnection,  81 

FERC  %  61,257 (1997)... 13 Southern Co mpany Services, Inc.,  Opinion No. 300, 43 FERC  %... 

 

222. Olympic Pipeline Company and Shell Pipeline Company fka Equilon Pipeline 
Company Oil Spill Settlement (Shell Pipeline Company fka Equilon Pipeline 
Company Oil Spill Settlement Consent Decree) 

EPA Civil Cases and Settlements | Jan 17, 2003 | 2003 EPA Con Dec LEXIS 107 

... Anode: The electrode of an electrochemical cell at which oxidation occurs. Electrons flow away from the 

anode in the external circuit. Corrosion usually occurs ... 

... of an electrochemical cell at which reduction is the principal reaction. Electrons flow toward the cathode in 

the external circuit. Cathodic Disbondment: The destruction ... 

... Jr., Victaulic Company of America , Easton, Pennsylvania R. R. Hoffmann, Federal Energy Regulatory 

Commission , Washington, DC B. P. Holbrook, Riley Stoker Corp., Worchester, Massachusetts ... 

... R. Frikken, Solatia, Inc. P. H. Gardner, Consultant R. R. Hoffmann, Federal Energy Regulatory 

Commission G. A. Jolly, Edward Vogt Valve Co J. M. Kelly, Willbros ... 
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... R. Frikken, Solima, Inc. P. H. Gardner, Consultant R. R. HoCmann, Federal Energy Regulatory 

Commission G. A. Jolly, Edward Vogt Valve Co. E. Mkhalopoulos, General Engineering ... 

... Hayden. Jr., Victaulic Company of America. Easton, Pennsylvania R. R. Hoffmann, Federal Energy 

Regulatory Commission , Washington, District of Columbia H. A. Sosnin, Jenkintown , Pennsylvania ... 

 

223.     Tucson Electric Power Company 

Federal Energy Regulatory Commission Decisions | Dec 04, 2015 |  153 F.E.R.C. P61,275 | Docket No. ER15-

124-003 

... Line is an alternating current line, and Salt River Project can flow power in either direction between 

Coronado and Springerville. Alterna claims that, ... 

... electricity is being transmitted from Coronado to Springerville, some of the electrons will spill onto other 

portions of the Tucson transmission system, which ... 

... may calculate available transfer capability that includes Salt River Project 's electrons and determine that 

available transfer capability is insufficient for Alterna's output, ... 

... May 1 Order "ignores elementary principles of physics," because "energy will flow on the path of least 

resistance," and, therefore, " Salt River Project 's electrons [may result in Tucson determining] that available 

transfer capability is insufficient ... 

... effective September 17, 2014, as requested. 6 May 1 Order, 151 FERC P 61,088 at P 26 . The Commission 

noted that the ... 

... DENYING REHEARING Tucson Electric Power Company, 151 F.E.R.C. P61,088 ; 2015 FERC LEXIS 654 

Before Commissioners: Norman C. Bay, Chairman; Cheryl A. LaFleur, ... 

... of physics, 14 Id. at 8 (citing May 1 Order, 151 FERC P 61,088  at P 24) .  and that the well-established 

principle of Kirchhoff's Law recognizes that energy will flow on the path of least resistance. ... 

 

224. APPLICATION OF TEXAS UTILITIES ELECTRIC COMPANY FOR A RATE 
INCREASE; PETITIONS FOR REVIEW OF TEXAS UITLITIES ELECTRIC 
COMPANY FROM THE FINAL DECISION AND ACTION OF THE CITY OF 
LINDALE, ET AL. (PART 2  

TX Public Utilities Commission Decisions | Nov 19, 1984 | 1984 Tex. PUC LEXIS 50 | DOCKET NOS. 5640 and 

5661 

... a CWIP credit at the federal level. Tex -La referenced the Federal Energy  Regulatory Commission 

(FERC) discussion in FERC Docket No. 12M81-38, on CWIP credit and FERC Order No. 298.   Tex -La witness 

Solomon asserts that FERC examined the propriety of not charging CWIP to wholesale customers who ... 

... Transcript at 4784. There is no physical barrier prohibiting Comanche Peak electrons from flowing to Tex -

La. Transcript at 4750, 4779. In addition, General Counsel ... 

... General Counsel has misinterpreted the application in this case of the FERC order on rehearing on Opinion 

No. 298 concerning the CWIP credit. ... 
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... -La referenced the Federal Energy  Regulatory Commission (FERC) discussion in FERC Docket No. 

12M81-38, on CWIP credit and FERC Order No. 298.   Tex -La witness Solomon asserts that FERC examined 

the propriety of not charging CWIP to wholesale customers who ... 

... Exhibit 19 at 6, Transcript at 4842-4843. General Counsel describes the FERC criteria in determining 

whether CWIP will be in a wholesale customer's ... 

... -La witness Solomon asserts that FERC examined the propriety of not charging CWIP to wholesale 

customers who ... 

 

225. FL Light & Power Co & S outh FL Gogen Assocs have entered into settlement 
agreement under EL93-45 et al. 

FERC Agreements Understandings and Contracts | Jun 21, 1995 

... with South Florida Cogeneration Associates , No. 940546-EU; and (13) the Federal Energy Regulatory 

Commission in Docket Nos. EL93-45-000, QF83-248002 and ER94-783___, regarding the certification of ... 

... all documents necessary in support of the motion to vacate the FERC order (collectively, the “Civil and 

Administrative Proceedings“) (items (i), (ii), and ... 

... corporation, and RRD Corp. , a Delaware corporation, THERMO ELECTRON CORPORATION , a Delaware 

corporation (“ Thermo “), and ROLLS-ROYCE INC. ... 

... FPL and South Florida , including the matters pending before the FERC . By its terms, the Settlement 

Agreement is required to be ... 

...  Federal Energy Regulatory Commission             ... 

...  FERC Agreements Understandings and Contracts                     ... 

... (“Cypress Energy“), CYPRESS COGENERATION COMPANY, a California corporation (“Cypress Cogen“), 

SOUTH FLOWDA COGENERATION ASSOCIATES, a Florida general partnership (“SFCA“) whose partners 

are TEC ... 

 

226.     IN THE MATTER OF THE COMMISSION'S INVESTIGATION OF VALUE 
AND COST OF DISTRIBUTED GENERATION 

AZ Corporation Commission Utilities Division Decisions | Jan 03, 2017 | 2017 Ariz. PUC LEXIS 2 | DOCKET 

NO. E-00000J-14-0023; DECISION NO. 75859 

... difference," that ignores the fact that both sources of generation produce electrons that flow onto the grid.   

486 Id.  at 9 .  ... 

... allocation methodology is consistent with the allocation method required by the Federal Energy  Regulatory 

Commission ("FERC "), and has been accepted by the Commission for many years. ... 

... proxy. 458 Id. , citing to Southern California Edison Company, 133 FERC P 61,059 at para. 29 (Issued 

October 21, 2010). They contend ... 

... TEP/UNSE States that rooftop solar does not meet the requirements of FERC regulations for different than 

"as available" treatment because rooftop solar has ... 
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... characteristics, as defined by the REST Rules, 459 TEP/UNSE argue that FERC has clarified that setting a 

utility's avoided cost under PURPA based ... 

... to "as available" energy provided by QFs under PURPA and related FERC regulation, and the existence of 

rooftop solar DG results in no ... 

... characteristics, as defined by the REST Rules, 608 TEP/UNSE argue that FERC has clarified that setting a 

utility's avoided cost under PURPA based ... 

 

227. IN RE: Application of Dominion Energy South Carolina, Incorporated for 
Adjustment of Rates and Charges 

SC Public Service Commission Decisions | Aug 16, 2021 | 2021 S.C. PUC LEXIS 274 | DOCKET NO. 2020-

125-E; ORDER NO. 2021-570 

... and, at times, violent weather patterns, and safely deliver a continuous flow of electrons when they are 

needed most. DESC witness Kissam testified that these ... 

... and co-generators that are a Qualifying Facility as defined by the Federal Energy Regulatory Commission 

(FERC ) Order No. 70 under Docket No. RM 79-54. This schedule ... 

... transformers would be overloaded today under planning criteria approved by the Federal Energy 

Regulatory Commission (FERC ). (Kissam Direct pp. 66-67; Tr. p. V6-203.68). DESC witness Whiteley ... 

... allocate portions of the deferrals into O&M for the purposes of FERC reporting, but the portions allocated 

may not be included in the ... 

... Coffer, the Company's treatment is consistent with the guidelines of the FERC Uniform System of Accounts. 

Id. Regarding the elimination of estimates from ... 

... certain portions of the deferrals into O&M for the purposes of FERC reporting, provided they are not included 

in the working capital calculation. ... 

 

228. Brief on Exceptions of PJM Interconnection, LLC re Consolidated Edison Co of 
NY, Inc v Public Service Electric and Gas Co et al under EL02-23. 

FERC Briefings and Arguments of Law | Jun 04, 2002 

... not work in Operations and does not know whether other transactions flow on A, B, and C lines). 79 

Promoting Wholesale Competition Through ... 

... Costs by Public Utilities and Transmitting Utilities, Order No. 888 , FERC Statutes and Regulations, 

Regulations Preambles January 1991-June 1996 ¶ 31,036 , order on reh’g, Order No. 888-A , FERC Statutes 

and Regulations, Regulations Preambles July 1997-December 2000 ¶ 31,048 (1997), order on reh’g, Order No. 

888-B, 81 FERC ¶ 61,248 (1997), order on reh’g, Order No. 888-C , 82 FERC v 61,046 (1998), affd., 

Transmission Access Policy Group, et al. v. FERC , 225 F.3d 667 ( D.C. Cir. 2000), affd, New York ... 

... PJM Interconnection, L.L.C., 95 FERC ¶61,470 (2001) ..............................11 Promoting Wholesale 

Competition Through Open Access Non- Discriminatory ... 

... Stranded Costs by Public Utilities and Transmitting Utilities, Order No. 888, FERC Statutes and Regulations, 

Regulations Preambles January I991-June 1996 ¶31,036, order on reh’g, Order No. 888-A, FERC Statutes and 
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Regulations, Regulations Preambles July 1997-December 2000 ¶31,048 (1997), order on reh’g, Order No. 888-

B .81 FERC ¶61,248 (1997), order on reh’g, Order No. 888-C , 82 FERC ¶61,046 (1998), affd., Transmission 

Access ... 

 

229. Initial brief of Central Il Public Serv Co re Union Elec Co under EL98-1. 

FERC Briefings and Arguments of Law | Jul 10, 1998 

... 11-12; Tr. 167 (Borkowski). There is a difference between the way electrons actually flow and how they are 

assumed to flow for transactional purposes. Tr. 166-68; 108 (Borkowski). Energy flows based on the physics of 

the electric system. Tr. 108 (Borkowski). ... 

... ancillary services component of bundled sales. In Order No. 888-A, the FERC expressed "a particular 

concern with not abrogating [pre-July 9, 1996] non-economy energy coordination agreements." III FERC Stats. 

& Regs, Regulations Preambles, ¶ 31, 048 at p. 30, ... 

... July 9, 1996. See Central Hudson Gas & Elec. Corp.. 79 FERC ¶ 61, 390 (1997). Second, after December 

31, 1996, all sales ... 

... approved the merger, and refused to cancel the three transactions. 81 FERC at p. 61, 066. In that Opinion, 

the Commission also directed ... 

... UNITED STATES OF AMERICA FEDERAL ENERGY REGULATORY COMMISSION Union Electric Co 

mpany and Central Illinois Public Service Co mpany ... 

... multiple rates for a single transmission service.... Opinion No. 417-A, 82 FERC ¶ 61,093 at 61,357. On 

February 25, 1998, the Presiding Judge ... 

...  Federal Energy Regulatory Commission             ... 

 

230. In the Matter of the Application of Otter Tail Power Company and Others for 
Certification of Transmission Facilities in Western Minnesota and In the Matter of 
the Application to the Minnesota Public Utilities 

MN Office of Administrative Hearings Decisions | Aug 15, 2007 | 2007 MN OAH LEXIS 387 | OAH No. 12-2500-

17037-2, MPUC Dkt No. CN-05-619 and OAH No. 12-2500-17038-2, MPUC Dkt No. TR-05-1275 

... as wind energy, since there are no valves to redirect the flow of the electrons.    344   MISO Ex. 1 (Direct 

Testimony  of ... 

... transmission and wholesale sales are subject to the jurisdiction of the Federal Energy  Regulatory 

Commission (FERC ).   15    CON Application at 30 . F. Central ... 

... structure of the holding pond constitutes a high-risk dam and the Federal Energy  Regulatory Commission 

(FERC ) has categorized the holding pond structure as such. Clean Water ... 

... the PUC noted, "Transmission is an interstate activity regulated by the Federal Energy  Regulatory 

Commission . Under federal law, Xcel cannot reserve the proposed lines for ... 

 

231. Motion of Central ME Power Co to file pretrial brief out of time & pretrial brief re 
New England Power Pool under OA97-237 et al. 
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FERC Briefings and Arguments of Law | Feb 17, 1999 

... Mr. Penkrot does not come close to providing a “commensurate” return. FERC’s goal is to achieve a 

competitive generation market and the free flow of electrons to markets over the transmission network. FERC 

also wishes to encourage utilities to joint RTOs. Entities like NEPOOL ... 

... Rule 212 of the Rules of Practice and Procedure of the Federal Energy Regulatory Commission (“FERC ” 

or “Commission”), 18 C.F.R. § 385.212 (1998), Central Maine Power ... 

... 1998, and February 5, 1999. INTRODUCTION On April 20, 1998, the Federal Energy Regulatory 

Commission (“FERC ” or “Commission”) accepted, subject to certain modifications, the comprehensive 

restructuring ... 

... February 17, 1999 Hon. David P. Bcergers Secretary Federal Energy Regulatory Commission 888 First 

Street, N.E. w ashington, D.C. 20426 Re: New England ... 

... be able to comply with the Judge’s order, CMP’s representatives contacted FERC Staff and counsel for the 

New England Power Pool (“NEPOOL”), both ... 

...  Federal Energy Regulatory Commission             ... 

...  FERC Briefings and Arguments of Law                     ... 

 

232. Brief Amicus Curiae and Conditional Motion to Intervene Out of Time of the 
American Public Power Association under ER93-465 ET AL. 

FERC Briefings and Arguments of Law | Jul 31, 2003 

... These electrons flow like the laws    of  physics,  and  not  by  FERC rules. And I think pretty much 

everything that does transmission ought ... 

... new generators that interconnect to the transmission grid. 2 1 See FERC Strategic Plan 2002-2007 at: 

http://www.ferc .gov/About/mission/SP-09-18-02.pdf (last visited July 30, 2003). 2 Non-independent 

Transmission Providers must ... 

... 20037 Phone: 202-467-2944 Fax: 202-467-2992 E-mail: amosher@APPAnet.org 200307315041 Received 

FERC OSEC 07/31/2003 04:41:00 PM Docket# ER93-465-000, ET AL. Submission Contents Brief ... 

... ER93-465-000; ER96-417-000; ER96-1375-000; OA97-245-000; ER99-723-000 FERC Briefings and 

Arguments of Law 200307315041 Received FERC OSEC 07/31/2003 04:41:00 PM Docket# ER93-465-000, ET 

AL. UNITED STATES OF ... 

... Order 888-A, Appendix B §30.9, OATT Sheet No. 96. 200307315041 Received FERC OSEC 07/31/2003 

04:41:00 PM Docket# ER93-465-000, ET AL. - 7 - ... 

... fully integrate into the regional grid the bulk and 200307315041 Received FERC OSEC 07/31/2003 04:41:00 

PM Docket# ER93-465-000, ET AL. - 3 - ... 

 

233.     Entergy Services, Inc. 

Federal Energy Regulatory Commission Decisions | May 25, 2007 |  119 F.E.R.C. P61,187 | Docket Nos. ER05-

1065-005, ER05-1065-006 



P a g e  | 454 
 

... the Initial Term, either Party may terminate this [ICT] Agreement without FERC approval after providing thirty 

days notice in the event that upon rehearing or appeal, either FERC or a federal appellate court does not 

approve this Agreement or ... 

... provided that, "During the Initial Term, Entergy may seek FERC approval to terminate this [ICT] Agreement if 

FERC , either on its own motion or in response to a ... 

... 111 FERC P61,079 , at P60  & n.25 (2005) ( citing, inter alia,  Midwest Independent Transmission System 

Operator ,  99 FERC P61,302 , at  62,264  (2002) ,  Sierra Pacific Power Co. ,  80 FERC P61,376... 

... 115 FERC P61,095  (2006) ,  errata notice  May 4, 2006 (April 24 Order),  order on reh'g ,  116 FERC 

P61,275  (2006)... 

... the same form as filed by Entergy in compliance with the FERC 's Order Conditionally Approving 

Independent Coordinator of Transmission Filing, issued on ... 

... be using both Base Plan and Supplemental Upgrades through a particular flowgate , it is just and reasonable 

to break down this service ... 

 

234. In the matter of the application of CONSUMERS ENERGY COMPANY for a 
financing order approving the securitization of qualified costs 

MI Public Services Commission Decisions | Dec 17, 2020 | 2020 MICH. PSC LEXIS 386 | Case No. U-20889 

... continues: HSC also claims that it is impossible to show that electrons flow from Karn to HSC, and that Karn 

will not provide service ... 

... book balance at April 30, 2023 using the described information by Federal Energy Regulatory  

Commission ("FERC") plant account.   ... 

... U-20165, the Commission agrees that it is appropriate and consistent with FERC USOA to classify the capital 

costs associated with the units as ... 

... as regulatory assets, asserting such classification as appropriate and consistent with FERC Uniform System 

of Accounts, along with Case No. U-12505. Id. , ... 

 

235. Certain Uncoated Groundwood Paper Final Affirmative Countervailing Duty 
Determination 

International Trade Administration Unpublished Memoranda | Aug 01, 2018 | 2018 ITA Unpub LEXIS 317 

... Respondents' invocation of FERC standards is misplaced because Commerce and FERC are charged with 

different statutory mandates, and to use FERC 's definition of capacity assistance would require Commerce to 

overstep its ... 

... electricity is not a tangible object, as it contains only intangible flow of electrons which cannot be stored in 

the same form in which they ... 

... the practice of classifying electricity as a service, consistent with the FERC's treatment, ignores basic 

administrative law principles, Commerce's administrative expertise, and the distinct statutes administered by the 

FERC and Commerce.             ... 
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... critical resource for Ontario 's electricity grid; and 3) in the FERC Final Rule, FERC determined that demand 

response was a service. 1055                                              ... 

... at 44-45 (citing CVD Preamble , 63 FR at 65379 and FERC v. Electric Power Supply Association ).             ... 

... recently referred to the generation of energy as a service in FERC v. Electric Power Supply Association . 732                                              

... 

... “general infrastructure” services that cannot be countervailed under U.S. law ( FERC ) or WTO rules; 2) 

Ontario Demand Response is a critical ... 

 

236. Certain Crystalline Silicon Photovoltaic Products from China and Taiwan 

International Trade Commission Decisions | Aug 01, 2020 | 2020 ITC LEXIS 954 | Investigation Nos. 701-TA-

511 and 731-TA-1246-1247 (Review) 

... I-13. Electricity is generated when sunlight strikes the CSPV cell, knocking electrons loose that flow onto 

thin metal "fingers" that run across the CSPV cell and ... 

... junction). Electricity is generated when sunlight strikes the CSPV cell, knocking electrons loose that flow 

onto thin metal "fingers" that run across the CSPV cell and ... 

... Added Renewables," August 16, 2018, https://www.eia.gov/todayinenergy/detail.php?id=36912 , retrieved 

November 11, 2019; FERC Webpage,  https://www.ferc .gov/industries/electric/gen-info/qual-fac/what-is.asp , 

retrieved November 11, 2019. PURPA is a significant driver ... 

 

237.     Linden VFT, LLC 

Federal Energy Regulatory Commission Decisions | Sep 20, 2007 |  120 F.E.R.C. P61,242 | Docket No. ER07-

543-001 

... Id . The Commission concluded: Linden recognizes that the flow of electrons cannot be traced, but it has, 

nonetheless, developed procedures to ensure ... 

... 2007 in the captioned docket. 1 Linden VFT, LLC , 119 FERC P61,066 (April 19, 2007 Order). The April 19, 

2007 Order granted ... 

... the Commission's determinations in its April 19, 2007 Order. 9 119 FERC P61,066 , at P32, 47 . Accordingly, 

the Commission clarifies that ... 

  Federal Energy Regulatory Commission - Commission   120 F.E.R.C. P61,242     2007 FERC LEXIS 1689   

Linden VFT, LLC ... 

... transmission rights and will not impair pre-existing transmission rights." 5 119 FERC P61,066 at P32 . The 

Commission further found that "Linden Venture ... 

 

238. Crystalline Silicon Photovoltaic Cells and Modules from China 

International Trade Commission Decisions | Dec 01, 2011 |  2011 ITC LEXIS 2723 | Investigation Nos. 701-TA-

481 and 731-TA-1190 (Preliminary) 



P a g e  | 456 
 

... (p/n junction). Electricity is generated when sunlight strikes the cell, knocking electrons loose that flow onto 

thin metal "fingers"that run across the cell and conduct electricity ... 

... The legality of feed-in tariffs was challenged before tariffs the Federal Energy Regulatory Commission 

(FERC) in (gross/net) proceedings involving the California Public Utilities Commission and three California 

utilities. A FERC order issued in October resolved the uncertainty... 

 

239. Order Instituting Rulemaking on the Commission's Proposed Policies Governing 
Restructuring California's Electronic Service Industry and Reforming Regulation; 
Order Instituting Investigation on the Commission's 

CA Public Utilities Commission Decisions | May 24, 1995 | 1995 Cal. PUC LEXIS 429 | Decision No. 95-05-045, 

Rulemaking No. 94-04-031 (Filed April 20, 1994), Investigation No. 94-04-032 (Filed April 20, 1994) 

... sources and millions of consumers. Retail competition does not change the flow of electrons from producers 

to end-users. Nothing about direct access will compromise the ... 

... other obligations. Further, this proposal complies with the principle established by FERC in its open access 

Rulemaking that utilities are entitled to recovery ... 

... the alternative's key component and depends predominantly on issues tied to FERC's jurisdiction. It is 

unlikely that market participants will express considerable interest in purchasing transmission  assets absent 

assurances that the Federal Energy  Regulatory Commission would agree, and has the authority, to allow 

recovery of stranded ... 

... other obligations. Further, this proposal complies with the principle established by FERC in its open access 

Rulemaking that utilities are entitled to recovery ... 

... the alternative's key component and depends predominantly on issues tied to FERC's jurisdiction. It is 

unlikely that market participants will express considerable interest in purchasing transmission  assets absent 

assurances that the Federal Energy  Regulatory Commission would agree, and has the authority, to allow 

recovery of stranded ... 

... consumers as part of transmission or distribution bills and comment that FERC approval will be required to 

effect any change to transmission rates. ... 

 

240. LeBlanc J, Rezak R, Bright T, et al. 1981. Northern Gulf of Mexico topographic 
features study - Volume I. 143 p. Obligation No.: 29136. - Final Report 

BOEM Environmental Studies | Mar 31, 1981 

... Natural Gas Act [Emergency), PL 95-2, 91 stat. 4 (Agency: Federal Energy Regulatory Commission 

[FERC] ). "@ Natural Gas Act (Hinshaw) , 15 USC 717, 68 stat. 36 (Agency: FERC).... 

... In Orographic Effects in Planetary Flows, GARP Publications Series No. 23, circulation. WMO-ICSU Joint 

Scientific Committee, pp. 4-52. Kawaguti, S., 1969. Electron microscopy of the fluorescent green of reef corals 

with a note ... 

... Gas Act (Hinshaw) , 15 USC 717, 68 stat. 36 (Agency: FERC). Natural Gas Policy Act of 1978, 92 stat. 3350, 

PL 95-621 (Agency: FERC ). -- National Historic Preservation Act of 1966, 80 stat. 915 ... 
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... Natural Gas Act [Emergency), PL 95-2, 91 stat. 4 (Agency: Federal Energy Regulatory Commission 

[FERC] ). "@ Natural Gas Act (Hinshaw) , 15 USC 717, 68 stat. 36 (Agency: FERC). Natural Gas Policy Act of 

1978, 92 stat. 3350, PL 95-621 (Agency: FERC).... 

... of orography on the atmospheric general In Orographic Effects in Planetary Flows , ... 

 

241. Crystalline Silicon Photovoltaic Cells and Modules from China 

International Trade Commission Decisions | Mar 01, 2019 |  2019 ITC LEXIS 106 | Investigation Nos. 701-TA-

481 and 731-TA-1190 (Review) 

... junction). Electricity is generated when sunlight strikes the CSPV cell, knocking electrons loose that flow 

onto thin metal "fingers" that run across the CSPV cell and ... 

... from nonqualifying facilities." EIA Website, https://www.eia.gov/todayinenergy/detail.php?id=27632 , retrieved 

July 27, 2017; Federal Energy Regulatory Commission (FERC) Website,  https://www.ferc 

.gov/industries/electric/gen-info/qual-fac/what-is.asp , retrieved July 27, 2017. The declining cost of solar-

generated ... 

 

242. Crystalline Silicon Photovoltaic Cells (Whether or not Partially or Fully Assembled 
into Other Products) 

International Trade Commission Decisions | Nov 01, 2017 |  2017 ITC LEXIS 1479 | Investigation No. TA-201-

75 

... junction). Electricity is generated when sunlight strikes the CSPV cell, knocking electrons loose that flow 

onto thin metal "fingers" that run across the CSPV cell and ... 

... from nonqualifying facilities." EIA Website, https://www.eia.gov/todayinenergy/detail.php?id=27632 , retrieved 

July 27, 2017; Federal Energy Regulatory Commission (FERC) Website,  https://www.ferc 

.gov/industries/electric/gen-info/qualfac/what-is.asp , retrieved July 27, 2017. The declining cost of solar ... 

 

243. In the Matter of the Tariff Revision Designated as TA355-32 Filed by HOMER 
ELECTRIC ASSOCIATION, INC.; In the Matter of the Tariff Revision Designated 
as TA356-32 Filed by HOMER ELECTRIC ASSOCIATION,  

AK Regulatory Commission Decisions | Feb 19, 2014 | 2014 Alas. PUC LEXIS 38 | U-13-203; ORDER NO. 3; 

U-13-204; ORDER NO. 3 

... retail loads and Bradley Lake output levels, with the direction of flow not being controlled except through 

control of those two factors. n92 ... 

... Tr. 38-39. Chugach witness Brian Hickey confirmed that the actual direction electrons flow between Bradley 

Lake and Soldotna Substation is not controlled by the ... 

... evidence of the date that Bradley Lake was licensed by the Federal Energy  Regulatory Commission . 

However, based upon the representations of the parties and the ... 

... witness Mark Peery testified that Bradley Lake energy flows to Soldotna Substation at any time over either or 

both the ... 
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... retail loads and Bradley Lake output levels, with the direction of flow not being controlled except through 

control of those two factors. n92 ... 

... Tr. 38-39. Chugach witness Brian Hickey confirmed that the actual direction electrons flow between Bradley 

Lake and Soldotna Substation is not controlled by the ... 

... for the sale of power from a project licensed by the Federal Energy  Regulatory Commission on or before 

January 1, 1987, and related contracts for the ... 

 

244. In the Matter of the Application of Rocky Mountain Power for Authority to 
Increase its Retail Electric Utility Service Rates in Utah and for Approval of its 
Proposed Electric Service Schedules and Electric 

UT Public Service Commission Decisions | Aug 29, 2014 | 2014 Utah PUC LEXIS 70 | DOCKET NO. 13-035-

184 

... asserts it must frequently modify the distribution network to accommodate the flow of electrons from a new 

net metered customer to the grid. Similarly, PacifiCorp ... 

... Utah 2010 Protocol (Non Wgt) 12 Months Ended June 2015 General FERC Small Dist. Industrial Industrial 

ACCT DESCRIPTION Sch 23 Cust 1 Cust ... 

... Protocol (Non Wgt) 12 Months Ended June 2015 General Traffic Outdoor FERC Trans Irrigation Signals 

Lighting ACCT DESCRIPTION Sch 9 Sch 10 Sch ... 

... Utah 2010 Protocol (Non Wgt) 12 Months Ended June 2015 Utah FERC COS Jurisdiction Residential ACCT 

DESCRIPTION Factor Normalized Sch 1 447 Sales ... 

... Utah 2010 Protocol (Non Wgt) 12 Months Ended June 2015 General FERC Small Dist. Industrial Industrial 

ACCT DESCRIPTION Sch 23 Cust 1 Cust ... 

... Utah 2010 Protocol (Non Wgt) 12 Months Ended June 2015 Utah FERC COS Jurisdiction Residential ACCT 

DESCRIPTION Factor Normalized Sch 1 447 Sales ... 

... Protocol (Non Wgt) 12 Months Ended June 2015 General Traffic Outdoor FERC Trans Irrigation Signals 

Lighting ACCT DESCRIPTION Sch 9 Sch 10 Sch ... 

 

245. Crystalline Silicon Photovoltaic Cells, Whether or Not Partially or Fully Assembled 
Into Other Products: Monitoring Developments in the Domestic Industry 

International Trade Commission Decisions | Feb 01, 2020 | 2020 ITC LEXIS 87 | Investigation No. TA-201-075 

(Monitoring) 

... junction). Electricity is generated when sunlight strikes the CSPV cell, knocking electrons loose that flow 

onto thin metal "fingers" that run across the CSPV cell and ... 

... solar projects under PURPA less attractive. 120 St. John, Jeff, " FERC Proposal Brings New Threat to 

Already-Suffering PURPA Solar Markets,"  Greentech Media , September 23, 2019,  

https://www.greentechmedia.com/articles/read/ferc-proposal-could-gut-already-suffering-purpa-solar-markets... 
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... Added Renewables," August 16, 2018, https://www.eia.gov/todayinenergy/detail.php?id=36912 , retrieved 

November 11, 2019; FERC Webpage,  https://www.ferc .gov/industries/electric/gen-info/qual-fac/what-is.asp , 

retrieved November 11, 2019. PURPA has emerged as a ... 

 

246. APPLICATION OF VIRGINIA ELECTRIC AND POWER COMPANY d/b/a 
DOMINION VIRGINIA POWER; For approval and certification of electric facilities: 
Surry-Skiffes Creek 500 kV Transmission Line, Skiffes Creek-Whealton 

VA State Corporation Commission PUC Decisions | Nov 26, 2013 | 2013 Va. PUC LEXIS 874 | CASE NO. 

PUE-2012-00029 

... 36-37, Ex. 23 (Application), Attached Appendix at 262, 264-65; Ex. 26. Electrons will flow through these 

interconnected lines based on the laws of physics. 210 ... 

... As discussed above, the extensive load flow modeling results and analysis in this case demonstrate a 

significant system ... 

... many years and in many cases, as well as by the Federal Energy Regulatory Commission and NERC. 

Hearing Examiner's Report at 129-31. Upcoming reliability violations have ... 

 

247. Re PECO Energy Company 

PA Public Utility Commission Decisions | Oct 09, 1998 | 1998 Pa. PUC LEXIS 213 | P-00971170 

... an unbundled format. In light of the time constraint to have electrons flowing by November 1, 1997, and 

because there are a small number ... 

... the Market Generation Credit. It also reflects the requirements of the Federal Energy  Regulatory 

Commission (FERC ) regarding retail transmission access; and, (4) A supplier rights and ... 

... ordered modifications to PECO Energy's original proposals, the requirements of the FERC with respect to 

retail transmission service, and certain of the requests ... 

... ability to aggregate their loads. Resolution: While this may be a FERC jurisdictional matter, the Commission 

does recognize that there may be some ... 

... the Market Generation Credit. It also reflects the requirements of the Federal Energy  Regulatory 

Commission (FERC ) regarding retail transmission access; and, (4) A supplier rights and ... 

... ordered modifications to PECO Energy's original proposals, the requirements of the FERC with respect to 

retail transmission service, and certain of the requests ... 

... Commission recognizes that these matters are under the jurisdiction of the FERC and that the parties should 

direct their specific concerns to that ... 

 

248. RECORD OF DECISION FOR ARMY ENVIRONMENTAL DATABASE-
RESTORATION (AEDB-R) SITE EAOF04: O-FIELD STUDY AREA OPERABLE 
UNIT 4: NEW O-FIELD GROUNDWATER AND SOURCE AREA AND OTHER O-
FIELD AREAS (OOA) 

EPA Records of Decisions for Superfund Sites (RODS) | Jul 01, 2009 | MD2210020036 
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... extend groundwater treatment area over a wider region perpendicular to groundwater flow, prior to discharge 

into the pond. Proposed groundwater amendments include emulsified oil which will sent as an electron 

donor/nutrient. Amendment with oil, combined with the other remedial components at ... 

... that will influence transport and toxicity. These changes (i.e. pH, hardness, flow , water quality, physical 

conditions, and natural attenuation) must be incorporated ... 

... protective of aquatic life, with EPA WQC given greatest preference. If FPA WQC were not available, either 

Region III BTAG screening values or ... 

 

249. Application of PECO Energy Company for Approval of its Restructuring Plan 
Under Section 2806 of the Public Utility Code and Joint Petition for Partial 
Settlement; Petition of ENRON Energy Services Power 

PA Public Utility Commission Decisions | Feb 05, 1998 | 1998 Pa. PUC LEXIS 2 | R-00973953; P-00971265 

... communication which is necessary for the actual processing of services and electron flow in the competitive 

market. This resolution necessarily mandates that we require ... 

... a Direct Access transaction. As explained by MAPSA, transmission services are FERC jurisdictional and, as 

such, the terms and conditions under which unbundled ... 

... are to be provided to customers will be controlled by the FERC -approved PJM Open Access Tariff for the 

transmission services procured by ... 

... agreement, the supplier may complain to the Commission or to the FERC which may have jurisdiction over 

many of the policies and procedures ... 

... transmission services for each separate rate classification are those established by FERC . III. Proof of 

Revenue The December Order at pages 109 ... 

... data exchange. The tariff should be consistent with applicable PJM and FERC requirements and Commission 

orders. VI. Interim Code of Conduct In our ... 

 

250. In the Matter of: ELECTRONIC CONSIDERATION OF THE IMPLEMENTATION 
OF THE NET METERING ACT 

KY Public Service Commission Decisions | Dec 18, 2019 | 2019 KY. PUC LEXIS 1809 | CASE NO. 2019-00256 

...  flows and has to be carefully monitored and balanced. Thus, according to ... 

... hearing, KU/LG&E countered the argument from solar advocates that solar energy flows to the nearest 

neighbor, and thus uses few grid resources, by pointing out that electrons are part of an integrated system and 

flow where they flow , whether down the street or across the city. In response ... 

... Colorado . Connecticut , Delaware , the District of Columbia , FERC , Illinois, Indiana , Kansas , Maryland , 

Minnesota , Nevada ... 

... factor in the 1000 highest system load hours. 13 We used FERC Form 714 to find the 1.000 highest system 

load hours in ... 

251. PJM Interconnection, L.L.C. 
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CFTC Public Comments | Oct 10, 2009 

... 81 FERC ¶ 61,257 (1997), and  PJM Interconnection L.L.C.,  96 FERC ¶ 61,061 (2001), order on compliance 

filing, 98 FERC ¶ 61,072 (2002). See  also Regional Transmission Organizations,  Order No. 2000, FERC 

Stats. & Regs. ¶ 31,089 (1999), ... 

... MEMBERS PJM is a Regional Transmission Organization ("RTO") approved by the Federal Energy 

Regulatory Commission ("FERC ") to coordinate the transmission of wholesale electricity in all or ... 

... account for losses that are attendant to the physics of moving electrons over longer distances (marginal 

losses). If, however, a transmission constraint system ... 

... or other physical limitation of the PJM system prevents electricity from flowing freely to certain areas (... 

... forming of LMPs are subject to exhaustive regulatory oversight by the FERC and are filed by PJM with that 

agency in the form ... 

... are overseen by extensive and independent market monitoring and by the FERC 's oversight, investigation 

and enforcement resources. III. CONCLUSION PJM respectfully requests ... 

... Order No. 2000, FERC Stats. & Regs. ¶ 31,089 (1999),  order on reh'g.  Order No. 2000-A, FERC Stats. & 

Regs. ¶ 31,092 (2000), aff'd sub nom, Pub. ... 

 

252. Petition of Pike County Light & Power Company For Exception to Rate Cap 
Limitations Pursuant to 66 Pa. C.S. § 2804(4)(iii)(D), and for Expedited 
Proceedings Pursuant to 66 Pa. C.S. § 2804(4)(iv); Petition 

PA Public Utility Commission Decisions | Mar 28, 2002 | 2002 Pa. PUC LEXIS 11 | P-00011872 

... to, the following: 1. Could Pike County use a contract-path or electron-flow approach to meets its load 

demand from its corporate parent, or ... 

... are parties to a Power Supply Agreement (PSA) approved by the Federal Energy  Regulatory Commission 

(FERC ). The PSA provides that Pike and Orange and Rockland will ... 

 

253. In the Matter of APPLICATIONS OF ENRON CORP. 

SEC Decisions, Orders & Releases | Feb 06, 2003 | 2003 SEC LEXIS 3302 | ADMINISTRATIVE 

PROCEEDING FILE NO. 3-10909 

... the hub rather than at state borders irrespective of physical power flows. (Turina at 6.) Power trades do not 

indicate the physical delivery of electrons , but rather the allocation of "some or all of the ... 

... purpose of the filing is to provide Enron relief from the Federal Energy  Regulatory Commission's ("FERC 

") ownership restrictions for qualifying facilities ("QFs"), nonutility generating facilities, under ... 

... views Enron 's arguments that it is being adequately supervised by FERC and others, as contradictory with 

its admission that "the sole reason ... 

... reason for seeking the exemption is to avoid regulatory scrutiny by FERC until the QFs are sold." ( Edison 

Opening Brief 16 n.22; ... 
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... owners. (Ryan at 3.) BPA operates the Intertie in accordance with FERC 's open access requirements set out 

in Orders 888 and 889. ... 

... north-south transmission line that links the Pacific Northwest and Southwest that FERC considers highly 

important.  Power Pooling In The United States , FERC , Office of Electric Power Regulation, 137, 139 (Dec. 

1981). Portland ... 

... of permitting an applicant to avoid regulation by a sister agency, FERC , as requested here by Enron ." ( 

Edison Opening Brief ... 

 

254. Willow Creek Winds Project BPA Interconnection 

DOE BPA Records of Decision | Jun 04, 2008 

... during transport or installation. Electromagnetic fields (EMF) are produced when electricity flows through a 

conducting material or is used by an electrical device ... 

... device or appliance. In particular, magnetic fields are the result of electrons moving through a conductor or 

electrical device and electric fields are ... 

... facilities that exceed 20 MW, BPA chooses to act consistently with FERC 's Order No. 2003, Standardization 

of Large Generator Interconnection Agreement and ... 

... Interconnection for Wind Energy, as adopted by BPA and incorporated, with FERC approval, into BPA's 

Tariff. Order No. 2003 established the Large Generator ... 

... and Large Generator 1 Although BPA is generally not subject to FERC 's jurisdiction, BPA follows the open 

access tariff as a matter ... 

... access to the transmission systems of utilities that are subject to FERC 's jurisdiction. Interconnection 

Agreement (LGIA), which provide a uniform process for ... 

... Open Access Transmission Tariff (Tariff) for the FCRTS, consistent with the Federal Energy Regulatory 

Commission's (FERC ) pro forma open access tariff 1 Under BPA's Tariff, BPA ... 

 

255. Shepherd's Flat Wind Farm BPA Interconnection 

DOE BPA Records of Decision | Jul 18, 2008 

... during transport or installation. Electromagnetic fields (EMF) are produced when electricity flows through a 

conducting material or is used by an electrical device ... 

... device or appliance. In particular, magnetic fields are the result of electrons moving through a conductor or 

electrical device and electric fields are ... 

... facilities that exceed 20 MW, BPA chooses to act consistently with FERC 's Order 2003, Standardization of 

Large Generator Interconnection Agreement and Procedures, ... 

... Interconnection for Wind Energy, as adopted by BPA and incorporated, with FERC approval, into BPA's 

Tariff. Order 2003 established the 1  Although BPA is generally not subject to FERC 's jurisdiction, BPA follows 

the open access tariff as a matter ... 
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... access to the transmission systems of utilities that are subject to FERC 's jurisdiction. Large Generator 

Interconnection Procedures (LGIP) and Large Generator Interconnection ... 

... Open Access Transmission Tariff (Tariff) for the FCRTS, consistent with the Federal Energy Regulatory 

Commission's (FERC ) pro forma open access tariff 1 Under BPA's tariff, BPA ... 

... facilities that exceed 20 MW, BPA chooses to act consistently with FERC 's Order 2003, Standardization of 

Large Generator Interconnection Agreement and Procedures, ... 

 

256. Windy Point Interconnection Project 

DOE BPA Records of Decision | Nov 29, 2006 

... from the blades. 3 Electromagnetic fields (EMF) are produced when electricity flows through a conducting 

material or is used by an electrical device ... 

... device or appliance. In particular, magnetic fields are the result of electrons moving through a conductor or 

electrical device and electric fields are ... 

... Although BPA is generally not subject to FERC 's jurisdiction, BPA follows the open access tariff as a matter 

... 

... access to the transmission systems of utilities that are subject to FERC's jurisdiction. For all requests for 

interconnection of generating facilities that exceed 20 MW, BPA also acts consistently with FERC 's Order No. 

2003, Standardization of Large Generator Interconnection Agreement and ... 

... Interconnection for Wind Energy, as adopted by BPA and incorporated, with FERC approval, into BPA's tariff. 

Orders No. 2003 and 661 provide a ... 

... Open Access Transmission Tariff (tariff) for the FCRTS, consistent with the Federal Energy Regulatory 

Commission's (FERC ) pro forma open access tariff 2 Under BPA's tariff, BPA ... 

... regarding the request. 2 Although BPA is generally not subject to FERC 's jurisdiction, BPA follows the open 

access tariff as a matter ... 

 

257. VAAGEN BROS. LUMBER, INC., COMPLAINANT, vs. THE WASHINGTON 
WATER POWER COMPANY, RESPONDENT. 

ID Public Utilities Commission Decisions | Sep 01, 1994 | 1994 Ida. PUC LEXIS 111 | CASE NO. WWP-E-94-6; 

ORDER NO. 25716 

... Regulatory Policies Act of 1978 and the implementing regulations of the Federal Energy  Regulatory 

Commission (FERC ) to set avoided costs, to order electric utilities to enter ... 

... and capacity from qualified small power production facilities, and to implement FERC rules. ORDER In 

consideration of the foregoing and as more particularly ... 

... this should not be a distinguishing factor under the Commerce Clause. Electrons from power plants, it 

states,   flow freely across state lines. If the product is sold across state ... 

... this should not be a distinguishing factor under the Commerce Clause. Electrons from power plants, it 

states,   flow freely across state lines. If the product is sold across state ... 
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258. Duke Energy Corporation, Petitioner, ; vs. ; South Carolina Department of 
Revenue, Respondent. 

South Carolina Administrative Law Court | Dec 04, 2012 | 2012 SC ALJ LEXIS 171 | Docket No. 10-ALJ-17-

0270-CC 

... testified that Duke Energy generates the electromagnetic field that causes the electrons to oscillate and thus 

the charges to flow , providing energy. See e.g ., Tr. p. 285, lines 13 ... 

... that Duke Energy "services" are subject to the regulation of the Federal  Energy  Regulatory Commission . 

Nevertheless, as explained in the Court's Decision, this "service" is ... 

... services " by the South Carolina Public Services Commission and the Federal Energy  Regulatory 

Commission and its operations were characterized as a "franchise electric service business." ... 

... that Duke Energy "services" are subject to the regulation of the Federal  Energy  Regulatory Commission . 

Nevertheless, as explained in the Court's Decision, this "service" is ... 

2.1 – FERC FINANCIAL REPORTS 

 2.1.1 – SUMMARY 
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2.2.1 – FERC 2010 BUDGET  
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2.2.2 – FERC 2011 BUDGET 
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2.2.3 – FERC 2012 BUDGET 

 



P a g e  | 473 
 

 

 



P a g e  | 474 
 

 

 



P a g e  | 475 
 

  

 



P a g e  | 476 
 

2.2.4 - FERC 2015 BUDGET 
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2.2.5 – FERC 2016 BUDGET 
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2.2.6 – FERC 2017 BUDGET 
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2.2.7 – FERC 2018 BUDGET 
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2.2.8 – FERC 2019 BUDGET 
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2.2.9 – FERC 2020 BUDGET 
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2.3 FERC ACTUAL 

  2.3.1 – FERC 2010 ACTUAL 
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2.3.2 – FERC 2011 ACTUAL 
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  2.3.3 – FERC 2012 ACTUAL 
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2.3.4 – FERC 2015 ACTUAL 
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2.3.5 – FERC 2016 ACTUAL 
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  2.3.6 – FERC 2017 ACTUAL 
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  2.3.7 – FERC 2018 ACTUAL 
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  2.3.8 – FERC 2019 ACTUAL 
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  2.3.9 – FERC 2020 ACTUAL 
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3.1 – R-DER SIMULATION – 20 OHM DATA 

 

TIME (s) M1 (V) M2 (V) M3 (V) M4 (V) M5 (V) M6 (V) M7 (V) M8 (V)

0 0 0 0 0 0 0 0 0
5.2083E-06 27.0962192 0 0.2356193 0.2356193 0.2356193 0 0 0
1.0417E-05 54.192334 0 0.47123769 0.47123769 0.47123769 0 0 0
2.0833E-05 108.383832 0 0.94246811 0.94246811 0.94246811 0 0 0
4.1667E-05 216.760979 0 1.88487808 1.88487808 1.88487808 0 0 0
8.3333E-05 433.468475 0 3.76929109 3.76929109 3.76929109 0 0 0
0.00016667 866.50917 0 7.53486234 7.53486234 7.53486234 0 0 0
0.00033333 1729.59862 0 15.039988 15.039988 15.039988 0 0 0
0.00066667 3431.92044 0 29.8427865 29.8427865 29.8427865 0 0 0
0.0011875 5973.64162 0 51.9447098 51.9447098 51.9447098 0 0 0

0.00170833 8285.79911 0 72.050427 72.050427 72.050427 0 0 0
0.00222917 10279.538 0 89.3872868 89.3872868 89.3872868 0 0 0

0.00275 11878.24 0 103.289043 103.289043 103.289043 0 0 0
0.00327083 13020.4679 0 113.22146 113.22146 113.22146 0 0 0
0.00379167 13662.3265 0 118.802839 118.802839 118.802839 0 0 0
0.0043125 13779.1495 0 119.818692 119.818692 119.818692 0 0 0

0.00483333 13366.4476 0 116.229979 116.229979 116.229979 0 0 0
0.00535417 12440.0806 0 108.174614 108.174614 108.174614 0 0 0

0.005875 11035.6483 0 95.962159 95.962159 95.962159 0 0 0
0.00639583 9207.12218 0 80.061932 80.061932 80.061932 0 0 0
0.00691667 7024.77154 0 61.0849699 61.0849699 61.0849699 0 0 0
0.0074375 4572.46286 0 39.7605466 39.7605466 39.7605466 0 0 0

0.00795833 1944.437 0 16.9081478 16.9081478 16.9081478 0 0 0
0.00847917 -758.31248 0 -6.5940216 -6.5940216 -6.5940216 0 0 0

0.009 -3431.9204 0 -29.842786 -29.842786 -29.842786 0 0 0
0.00952083 -5973.6416 0 -51.94471 -51.94471 -51.94471 0 0 0
0.01004167 -8285.7991 0 -72.050427 -72.050427 -72.050427 0 0 0
0.0105625 -10279.538 0 -89.387287 -89.387287 -89.387287 0 0 0

0.01108333 -11878.24 0 -103.28904 -103.28904 -103.28904 0 0 0
0.01160417 -13020.468 0 -113.22146 -113.22146 -113.22146 0 0 0

0.012125 -13662.326 0 -118.80284 -118.80284 -118.80284 0 0 0
0.01264583 -13779.15 0 -119.81869 -119.81869 -119.81869 0 0 0
0.01316667 -13366.448 0 -116.22998 -116.22998 -116.22998 0 0 0
0.0136875 -12440.081 0 -108.17461 -108.17461 -108.17461 0 0 0

0.01420833 -11035.648 0 -95.962159 -95.962159 -95.962159 0 0 0
0.01472917 -9207.1222 0 -80.061932 -80.061932 -80.061932 0 0 0

0.01525 -7024.7715 0 -61.08497 -61.08497 -61.08497 0 0 0
0.01577083 -4572.4629 0 -39.760547 -39.760547 -39.760547 0 0 0
0.01629167 -1944.437 0 -16.908148 -16.908148 -16.908148 0 0 0
0.0168125 758.312483 0 6.59402159 6.59402159 6.59402159 0 0 0
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M1 (A) M2 (A) M3 (A) M4 (A) M5 (A) M6 (A) M7 (A) M8 (A)

5.32E-18 -5.32E-18 -6.12E-16 0 6.12E-16 6.12E-16 0 -6.12E-16
1.707E-05 -1.71E-05 -0.001963 0.011781 -0.009817 -0.009817 -0.011781 -0.001963
3.415E-05 -3.41E-05 -0.003927 0.0235619 -0.019635 -0.019635 -0.023562 -0.003927
6.829E-05 -6.83E-05 -0.007854 0.0471234 -0.03927 -0.03927 -0.047123 -0.007854
0.0001366 -0.000137 -0.015707 0.0942439 -0.078537 -0.078537 -0.094244 -0.015707
0.0002731 -0.000273 -0.031411 0.1884646 -0.157054 -0.157054 -0.188465 -0.031411
0.000546 -0.000546 -0.062791 0.3767431 -0.313953 -0.313953 -0.376743 -0.062791

0.0010899 -0.00109 -0.125333 0.7519994 -0.626666 -0.626666 -0.751999 -0.125333
0.0021625 -0.002163 -0.24869 1.4921393 -1.243449 -1.243449 -1.492139 -0.24869
0.0037641 -0.003764 -0.432873 2.5972355 -2.164363 -2.164363 -2.597235 -0.432873
0.0052211 -0.005221 -0.60042 3.6025214 -3.002101 -3.002101 -3.602521 -0.60042
0.0064773 -0.006477 -0.744894 4.4693643 -3.72447 -3.72447 -4.469364 -0.744894
0.0074847 -0.007485 -0.860742 5.1644522 -4.30371 -4.30371 -5.164452 -0.860742
0.0082045 -0.008204 -0.943512 5.661073 -4.717561 -4.717561 -5.661073 -0.943512
0.0086089 -0.008609 -0.990024 5.9401419 -4.950118 -4.950118 -5.940142 -0.990024
0.0086825 -0.008683 -0.998489 5.9909346 -4.992445 -4.992445 -5.990935 -0.998489
0.0084225 -0.008422 -0.968583 5.811499 -4.842916 -4.842916 -5.811499 -0.968583
0.0078388 -0.007839 -0.901455 5.4087307 -4.507276 -4.507276 -5.408731 -0.901455
0.0069538 -0.006954 -0.799685 4.798108 -3.998423 -3.998423 -4.798108 -0.799685
0.0058016 -0.005802 -0.667183 4.0030966 -3.335914 -3.335914 -4.003097 -0.667183
0.0044265 -0.004426 -0.509041 3.0542485 -2.545207 -2.545207 -3.054248 -0.509041
0.0028812 -0.002881 -0.331338 1.9880273 -1.656689 -1.656689 -1.988027 -0.331338
0.0012252 -0.001225 -0.140901 0.8454074 -0.704506 -0.704506 -0.845407 -0.140901
-0.000478 0.0004778 0.0549502 -0.329701 0.2747509 0.2747509 0.3297011 0.05495
-0.002163 0.0021625 0.2486899 -1.492139 1.2434494 1.2434494 1.4921393 0.24869
-0.003764 0.0037641 0.4328726 -2.597235 2.1643629 2.1643629 2.5972355 0.432873
-0.005221 0.005221 0.6004202 -3.602521 3.0021011 3.0021011 3.6025214 0.60042
-0.006477 0.0064773 0.7448941 -4.469364 3.7244703 3.7244703 4.4693643 0.744894
-0.007485 0.0074847 0.860742 -5.164452 4.3037101 4.3037101 5.1644522 0.860742
-0.008204 0.0082045 0.9435122 -5.661073 4.7175608 4.7175608 5.661073 0.943512
-0.008609 0.0086089 0.9900237 -5.940142 4.9501183 4.9501183 5.9401419 0.990024
-0.008683 0.0086825 0.9984891 -5.990935 4.9924455 4.9924455 5.9909346 0.998489
-0.008422 0.0084225 0.9685832 -5.811499 4.8429158 4.8429158 5.811499 0.968583
-0.007839 0.0078387 0.9014551 -5.408731 4.5072756 4.5072756 5.4087307 0.901455
-0.006954 0.0069538 0.7996847 -4.798108 3.9984233 3.9984233 4.798108 0.799685
-0.005802 0.0058016 0.6671828 -4.003097 3.3359138 3.3359138 4.0030966 0.667183
-0.004426 0.0044264 0.5090414 -3.054248 2.5452071 2.5452071 3.0542485 0.509041
-0.002881 0.0028812 0.3313379 -1.988027 1.6566894 1.6566894 1.9880273 0.331338
-0.001225 0.0012252 0.1409012 -0.845407 0.7045062 0.7045062 0.8454074 0.140901
0.0004778 -0.000478 -0.05495 0.3297011 -0.274751 -0.274751 -0.329701 -0.05495
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Dist_Load_HOT 
(kW)

Dist_Load_N 
(kW)

SEC_M3 
(kW)

SEC_M4 
(kW)

SEC_M5 
(kW)

SEC_M6 
(kW)

SEC_M7 
(kW)

SEC_M8 
(kW)

0 0 0 0 0 0 0 0
4.63E-07 0 -4.63E-07 2.7758E-06 -2.313E-06 0 0 0

1.85054E-06 0 -1.851E-06 1.1103E-05 -9.253E-06 0 0 0
7.40206E-06 0 -7.402E-06 4.4412E-05 -3.701E-05 0 0 0
2.96064E-05 0 -2.961E-05 0.00017764 -0.000148 0 0 0
0.000118396 0 -0.0001184 0.00071038 -0.000592 0 0 0
0.000473119 0 -0.0004731 0.00283871 -0.0023656 0 0 0
0.001885013 0 -0.001885 0.01131006 -0.0094251 0 0 0
0.007421611 0 -0.0074216 0.0445296 -0.037108 0 0 0
0.022485476 0 -0.0224854 0.13491264 -0.1124272 0 0 0
0.043260602 0 -0.0432605 0.2595632 -0.2163027 0 0 0
0.066584164 0 -0.0665841 0.39950435 -0.3329203 0 0 0
0.088905362 0 -0.0889052 0.53343132 -0.4445261 0 0 0
0.106825994 0 -0.1068258 0.64095495 -0.5341291 0 0 0
0.117617808 0 -0.1176176 0.70570573 -0.5880881 0 0 0
0.119637847 0 -0.1196377 0.71782594 -0.5981883 0 0 0
0.112578579 0 -0.1125784 0.6754704 -0.562892 0 0 0
0.097514714 0 -0.0975146 0.58508736 -0.4875728 0 0 0
0.076739588 0 -0.0767395 0.4604368 -0.3836973 0 0 0
0.053416026 0 -0.0534159 0.32049565 -0.2670797 0 0 0
0.031094829 0 -0.0310948 0.18656868 -0.1554739 0 0 0
0.013174196 0 -0.0131742 0.07904505 -0.0658709 0 0 0
0.002382383 0 -0.0023824 0.01429427 -0.0119119 0 0 0
0.000362343 0 -0.0003623 0.00217406 -0.0018117 0 0 0
0.007421611 0 -0.0074216 0.0445296 -0.037108 0 0 0
0.022485476 0 -0.0224854 0.13491264 -0.1124272 0 0 0
0.043260602 0 -0.0432605 0.2595632 -0.2163027 0 0 0
0.066584164 0 -0.0665841 0.39950435 -0.3329203 0 0 0
0.088905362 0 -0.0889052 0.53343132 -0.4445261 0 0 0
0.106825994 0 -0.1068258 0.64095495 -0.5341291 0 0 0
0.117617808 0 -0.1176176 0.70570573 -0.5880881 0 0 0
0.119637847 0 -0.1196377 0.71782594 -0.5981883 0 0 0
0.112578579 0 -0.1125784 0.6754704 -0.562892 0 0 0
0.097514714 0 -0.0975146 0.58508736 -0.4875728 0 0 0
0.076739588 0 -0.0767395 0.4604368 -0.3836973 0 0 0
0.053416026 0 -0.0534159 0.32049565 -0.2670797 0 0 0
0.031094829 0 -0.0310948 0.18656868 -0.1554739 0 0 0
0.013174196 0 -0.0131742 0.07904505 -0.0658709 0 0 0
0.002382383 0 -0.0023824 0.01429427 -0.0119119 0 0 0
0.000362343 0 -0.0003623 0.00217406 -0.0018117 0 0 0
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3.2 – R-DER SIMULATION – 24 OHM DATA 

 

TIME (s) M1 (V) M2 (V) M3 (V) M4 (V) M5 (V) M6 (V) M7 (V) M8 (V)

0 0 0 0 0 0 0 0 0
5.21E-06 27.09622 0 0.235619 0.235619 0.235619 0 0 0
1.04E-05 54.19233 0 0.471238 0.471238 0.471238 0 0 0
2.08E-05 108.3838 0 0.942468 0.942468 0.942468 0 0 0
4.17E-05 216.761 0 1.884878 1.884878 1.884878 0 0 0
8.33E-05 433.4685 0 3.769291 3.769291 3.769291 0 0 0
0.000167 866.5092 0 7.534862 7.534862 7.534862 0 0 0
0.000333 1729.599 0 15.03999 15.03999 15.03999 0 0 0
0.000667 3431.92 0 29.84279 29.84279 29.84279 0 0 0
0.001188 5973.642 0 51.94471 51.94471 51.94471 0 0 0
0.001708 8285.799 0 72.05043 72.05043 72.05043 0 0 0
0.002229 10279.54 0 89.38729 89.38729 89.38729 0 0 0
0.00275 11878.24 0 103.289 103.289 103.289 0 0 0

0.003271 13020.47 0 113.2215 113.2215 113.2215 0 0 0
0.003792 13662.33 0 118.8028 118.8028 118.8028 0 0 0
0.004313 13779.15 0 119.8187 119.8187 119.8187 0 0 0
0.004833 13366.45 0 116.23 116.23 116.23 0 0 0
0.005354 12440.08 0 108.1746 108.1746 108.1746 0 0 0
0.005875 11035.65 0 95.96216 95.96216 95.96216 0 0 0
0.006396 9207.122 0 80.06193 80.06193 80.06193 0 0 0
0.006917 7024.772 0 61.08497 61.08497 61.08497 0 0 0
0.007438 4572.463 0 39.76055 39.76055 39.76055 0 0 0
0.007958 1944.437 0 16.90815 16.90815 16.90815 0 0 0
0.008479 -758.312 0 -6.59402 -6.59402 -6.59402 0 0 0

0.009 -3431.92 0 -29.8428 -29.8428 -29.8428 0 0 0
0.009521 -5973.64 0 -51.9447 -51.9447 -51.9447 0 0 0
0.010042 -8285.8 0 -72.0504 -72.0504 -72.0504 0 0 0
0.010563 -10279.5 0 -89.3873 -89.3873 -89.3873 0 0 0
0.011083 -11878.2 0 -103.289 -103.289 -103.289 0 0 0
0.011604 -13020.5 0 -113.221 -113.221 -113.221 0 0 0
0.012125 -13662.3 0 -118.803 -118.803 -118.803 0 0 0
0.012646 -13779.1 0 -119.819 -119.819 -119.819 0 0 0
0.013167 -13366.4 0 -116.23 -116.23 -116.23 0 0 0
0.013688 -12440.1 0 -108.175 -108.175 -108.175 0 0 0
0.014208 -11035.6 0 -95.9622 -95.9622 -95.9622 0 0 0
0.014729 -9207.12 0 -80.0619 -80.0619 -80.0619 0 0 0
0.01525 -7024.77 0 -61.085 -61.085 -61.085 0 0 0

0.015771 -4572.46 0 -39.7605 -39.7605 -39.7605 0 0 0
0.016292 -1944.44 0 -16.9081 -16.9081 -16.9081 0 0 0
0.016813 758.3125 0 6.594022 6.594022 6.594022 0 0 0
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M1 (A) M2 (I) M3 (A) M4 (A) M5 (A) M6 (A) M7 (A) M8 (A)

5.32E-18 -5.32E-18 -6.12E-16 0 6.12E-16 6.12E-16 0 -6.12E-16
2.71E-11 -2.05E-15 -2.36E-13 0.00981747 -0.0098175 -0.0098175 -0.0098175 -1.14E-16
5.42E-11 -4.11E-15 -4.73E-13 0.0196349 -0.0196349 -0.0196349 -0.0196349 -1.84E-15
1.08E-10 -8.20E-15 -9.43E-13 0.0392695 -0.0392695 -0.0392695 -0.0392695 -8.40E-16
2.17E-10 -1.64E-14 -1.89E-12 0.07853659 -0.0785366 -0.0785366 -0.0785366 -3.28E-15
4.34E-10 -3.28E-14 -3.77E-12 0.1570538 -0.1570538 -0.1570538 -0.1570538 -1.50E-15
8.67E-10 -6.55E-14 -7.53E-12 0.3139526 -0.3139526 -0.3139526 -0.3139526 -1.11E-16
1.73E-09 -1.31E-13 -1.50E-11 0.62666617 -0.6266662 -0.6266662 -0.6266662 1.11E-16
3.43E-09 -2.59E-13 -2.98E-11 1.24344944 -1.2434494 -1.2434494 -1.2434494 1.11E-15
5.97E-09 -4.52E-13 -5.19E-11 2.16436291 -2.1643629 -2.1643629 -2.1643629 0
8.29E-09 -6.27E-13 -7.20E-11 3.00210113 -3.0021011 -3.0021011 -3.0021011 1.78E-15
1.03E-08 -7.77E-13 -8.94E-11 3.72447028 -3.7244703 -3.7244703 -3.7244703 4.44E-16
1.19E-08 -8.98E-13 -1.03E-10 4.30371014 -4.3037101 -4.3037101 -4.3037101 1.78E-15
1.30E-08 -9.85E-13 -1.13E-10 4.71756082 -4.7175608 -4.7175608 -4.7175608 8.88E-16
1.37E-08 -1.03E-12 -1.19E-10 4.95011829 -4.9501183 -4.9501183 -4.9501183 0
1.38E-08 -1.04E-12 -1.20E-10 4.99244549 -4.9924455 -4.9924455 -4.9924455 0
1.34E-08 -1.01E-12 -1.16E-10 4.84291581 -4.8429158 -4.8429158 -4.8429158 0
1.24E-08 -9.41E-13 -1.08E-10 4.50727559 -4.5072756 -4.5072756 -4.5072756 -8.88E-16
1.10E-08 -8.34E-13 -9.60E-11 3.99842329 -3.9984233 -3.9984233 -3.9984233 -8.88E-16
9.21E-09 -6.96E-13 -8.01E-11 3.33591383 -3.3359138 -3.3359138 -3.3359138 2.66E-15
7.03E-09 -5.31E-13 -6.11E-11 2.54520708 -2.5452071 -2.5452071 -2.5452071 4.44E-16
4.57E-09 -3.46E-13 -3.98E-11 1.65668944 -1.6566894 -1.6566894 -1.6566894 4.44E-16
1.94E-09 -1.47E-13 -1.69E-11 0.70450616 -0.7045062 -0.7045062 -0.7045062 6.66E-16
-7.58E-10 5.73E-14 6.59E-12 -0.2747509 0.2747509 0.2747509 0.2747509 -1.67E-15
-3.43E-09 2.59E-13 2.98E-11 -1.2434494 1.24344944 1.24344944 1.24344944 -3.77E-15
-5.97E-09 4.52E-13 5.19E-11 -2.1643629 2.16436291 2.16436291 2.16436291 -4.00E-15
-8.29E-09 6.27E-13 7.20E-11 -3.0021011 3.00210113 3.00210113 3.00210113 -2.22E-15
-1.03E-08 7.77E-13 8.94E-11 -3.7244703 3.72447028 3.72447028 3.72447028 -8.88E-16
-1.19E-08 8.98E-13 1.03E-10 -4.3037101 4.30371014 4.30371014 4.30371014 -2.66E-15
-1.30E-08 9.85E-13 1.13E-10 -4.7175608 4.71756082 4.71756082 4.71756082 -1.78E-15
-1.37E-08 1.03E-12 1.19E-10 -4.9501183 4.95011829 4.95011829 4.95011829 0
-1.38E-08 1.04E-12 1.20E-10 -4.9924455 4.99244549 4.99244549 4.99244549 0
-1.34E-08 1.01E-12 1.16E-10 -4.8429158 4.84291581 4.84291581 4.84291581 8.88E-16
-1.24E-08 9.41E-13 1.08E-10 -4.5072756 4.50727559 4.50727559 4.50727559 -8.88E-16
-1.10E-08 8.34E-13 9.60E-11 -3.9984233 3.99842329 3.99842329 3.99842329 2.22E-15
-9.21E-09 6.96E-13 8.01E-11 -3.3359138 3.33591383 3.33591383 3.33591383 3.11E-15
-7.03E-09 5.31E-13 6.11E-11 -2.5452071 2.54520708 2.54520708 2.54520708 -8.88E-16
-4.57E-09 3.46E-13 3.98E-11 -1.6566894 1.65668944 1.65668944 1.65668944 -6.66E-16
-1.94E-09 1.47E-13 1.69E-11 -0.7045062 0.70450616 0.70450616 0.70450616 -5.55E-16
7.58E-10 -5.73E-14 -6.59E-12 0.2747509 -0.2747509 -0.2747509 -0.2747509 3.83E-15



P a g e  | 520 
 

 

 

Dist_Load_H
OT (kW)

Dist_Load_N 
(kW)

SEC_M3 
(kW)

SEC_M4 
(kW)

SEC_M5 
(kW)

SEC_M6 
(kW)

SEC_M7 
(kW)

SEC_M8 
(kW)

0 0 0 0 0 0 0 0
7.34E-13 0 -5.55E-17 2.3132E-06 -2.313E-06 0 0 0
2.94E-12 0 -2.23E-16 9.2527E-06 -9.253E-06 0 0 0
1.17E-11 0 -8.89E-16 3.701E-05 -3.701E-05 0 0 0
4.70E-11 0 -3.56E-15 0.00014803 -0.000148 0 0 0
1.88E-10 0 -1.42E-14 0.00059198 -0.000592 0 0 0
7.51E-10 0 -5.68E-14 0.00236559 -0.0023656 0 0 0
2.99E-09 0 -2.26E-13 0.00942505 -0.0094251 0 0 0
1.18E-08 0 -8.91E-13 0.037108 -0.037108 0 0 0
3.57E-08 0 -2.70E-12 0.1124272 -0.1124272 0 0 0
6.87E-08 0 -5.19E-12 0.21630267 -0.2163027 0 0 0
1.06E-07 0 -7.99E-12 0.33292029 -0.3329203 0 0 0
1.41E-07 0 -1.07E-11 0.4445261 -0.4445261 0 0 0
1.70E-07 0 -1.28E-11 0.53412912 -0.5341291 0 0 0
1.87E-07 0 -1.41E-11 0.58808811 -0.5880881 0 0 0
1.90E-07 0 -1.44E-11 0.59818829 -0.5981883 0 0 0
1.79E-07 0 -1.35E-11 0.562892 -0.562892 0 0 0
1.55E-07 0 -1.17E-11 0.4875728 -0.4875728 0 0 0
1.22E-07 0 -9.21E-12 0.38369733 -0.3836973 0 0 0
8.48E-08 0 -6.41E-12 0.26707971 -0.2670797 0 0 0
4.94E-08 0 -3.73E-12 0.1554739 -0.1554739 0 0 0
2.09E-08 0 -1.58E-12 0.06587088 -0.0658709 0 0 0
3.78E-09 0 -2.86E-13 0.01191189 -0.0119119 0 0 0
5.75E-10 0 -4.35E-14 0.00181171 -0.0018117 0 0 0
1.18E-08 0 -8.90E-13 0.037108 -0.037108 0 0 0
3.57E-08 0 -2.70E-12 0.1124272 -0.1124272 0 0 0
6.87E-08 0 -5.19E-12 0.21630267 -0.2163027 0 0 0
1.06E-07 0 -7.99E-12 0.33292029 -0.3329203 0 0 0
1.41E-07 0 -1.07E-11 0.4445261 -0.4445261 0 0 0
1.70E-07 0 -1.28E-11 0.53412912 -0.5341291 0 0 0
1.87E-07 0 -1.41E-11 0.58808811 -0.5880881 0 0 0
1.90E-07 0 -1.44E-11 0.59818829 -0.5981883 0 0 0
1.79E-07 0 -1.35E-11 0.562892 -0.562892 0 0 0
1.55E-07 0 -1.17E-11 0.4875728 -0.4875728 0 0 0
1.22E-07 0 -9.21E-12 0.38369733 -0.3836973 0 0 0
8.48E-08 0 -6.41E-12 0.26707971 -0.2670797 0 0 0
4.94E-08 0 -3.73E-12 0.1554739 -0.1554739 0 0 0
2.09E-08 0 -1.58E-12 0.06587088 -0.0658709 0 0 0
3.78E-09 0 -2.86E-13 0.01191189 -0.0119119 0 0 0
5.75E-10 0 -4.35E-14 0.00181171 -0.0018117 0 0 0
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3.3 – R-DER SIMULATION – 28 OHM DATA 

 

TIME (s) M1 (V) M2 (V) M3 (V) M4 (V) M5 (V) M6 (V) M7 (V) M8 (V)

0 0 0 0 0 0 0 0 0
5.20833E-06 27.09621923 0 0.235619298 0.235619298 0.235619298 0 0 0
1.04167E-05 54.19233399 0 0.471237687 0.471237687 0.471237687 0 0 0
2.08333E-05 108.3838323 0 0.942468107 0.942468107 0.942468107 0 0 0
4.16667E-05 216.7609789 0 1.884878077 1.884878077 1.884878077 0 0 0
8.33333E-05 433.4684753 0 3.769291089 3.769291089 3.769291089 0 0 0
0.000166667 866.5091695 0 7.534862344 7.534862344 7.534862344 0 0 0
0.000333333 1729.598623 0 15.03998803 15.03998803 15.03998803 0 0 0
0.000666667 3431.920443 0 29.84278646 29.84278646 29.84278646 0 0 0

0.0011875 5973.641625 0 51.94470978 51.94470978 51.94470978 0 0 0
0.001708333 8285.799109 0 72.05042704 72.05042704 72.05042704 0 0 0
0.002229167 10279.53798 0 89.38728679 89.38728679 89.38728679 0 0 0

0.00275 11878.23997 0 103.2890432 103.2890432 103.2890432 0 0 0
0.003270833 13020.46786 0 113.2214597 113.2214597 113.2214597 0 0 0
0.003791667 13662.32648 0 118.8028389 118.8028389 118.8028389 0 0 0

0.0043125 13779.14954 0 119.8186917 119.8186917 119.8186917 0 0 0
0.004833333 13366.44762 0 116.2299793 116.2299793 116.2299793 0 0 0
0.005354167 12440.08062 0 108.1746141 108.1746141 108.1746141 0 0 0

0.005875 11035.64829 0 95.96215902 95.96215902 95.96215902 0 0 0
0.006395833 9207.122183 0 80.06193203 80.06193203 80.06193203 0 0 0
0.006916667 7024.771537 0 61.08496989 61.08496989 61.08496989 0 0 0

0.0074375 4572.462861 0 39.76054662 39.76054662 39.76054662 0 0 0
0.007958333 1944.437001 0 16.90814783 16.90814783 16.90814783 0 0 0
0.008479167 -758.3124828 0 -6.594021589 -6.594021589 -6.594021589 0 0 0

0.009 -3431.920443 0 -29.84278646 -29.84278646 -29.84278646 0 0 0
0.009520833 -5973.641625 0 -51.94470978 -51.94470978 -51.94470978 0 0 0
0.010041667 -8285.799109 0 -72.05042704 -72.05042704 -72.05042704 0 0 0

0.0105625 -10279.53798 0 -89.38728679 -89.38728679 -89.38728679 0 0 0
0.011083333 -11878.23997 0 -103.2890432 -103.2890432 -103.2890432 0 0 0
0.011604167 -13020.46786 0 -113.2214597 -113.2214597 -113.2214597 0 0 0

0.012125 -13662.32648 0 -118.8028389 -118.8028389 -118.8028389 0 0 0
0.012645833 -13779.14954 0 -119.8186917 -119.8186917 -119.8186917 0 0 0
0.013166667 -13366.44762 0 -116.2299793 -116.2299793 -116.2299793 0 0 0

0.0136875 -12440.08062 0 -108.1746141 -108.1746141 -108.1746141 0 0 0
0.014208333 -11035.64829 0 -95.96215902 -95.96215902 -95.96215902 0 0 0
0.014729167 -9207.122183 0 -80.06193203 -80.06193203 -80.06193203 0 0 0

0.01525 -7024.771537 0 -61.08496989 -61.08496989 -61.08496989 0 0 0
0.015770833 -4572.462861 0 -39.76054662 -39.76054662 -39.76054662 0 0 0
0.016291667 -1944.437001 0 -16.90814783 -16.90814783 -16.90814783 0 0 0

0.0168125 758.3124828 0 6.594021589 6.594021589 6.594021589 0 0 0
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M1 (A) M2 (A) M3 (A) M4 (A) M5 (A) M6 (A) M7 (A) M8 (A)

5.32E-18 -5.32E-18 -6.12E-16 0 6.12E-16 6.12E-16 0 -6.12E-16
-1.21956E-05 1.21956E-05 0.001402496 0.008414975 -0.009817471 -0.009817471 -0.008414975 0.001402496
-2.43911E-05 2.43912E-05 0.002804986 0.016829917 -0.019634904 -0.019634904 -0.016829917 0.002804986
-4.87819E-05 4.8782E-05 0.005609929 0.033659575 -0.039269504 -0.039269504 -0.033659575 0.005609929
-9.75608E-05 9.7561E-05 0.011219512 0.067317074 -0.078536587 -0.078536587 -0.067317074 0.011219512
-0.000195097 0.000195098 0.022436256 0.134617539 -0.157053795 -0.157053795 -0.134617539 0.022436256
-0.000390002 0.000390003 0.044850371 0.269102227 -0.313952598 -0.313952598 -0.269102227 0.044850371
-0.000778466 0.000778467 0.089523738 0.53714243 -0.626666168 -0.626666168 -0.53714243 0.089523738
-0.001544654 0.001544658 0.177635634 1.065813802 -1.243449436 -1.243449436 -1.065813802 0.177635634
-0.002688644 0.00268865 0.309194701 1.855168207 -2.164362908 -2.164362908 -1.855168207 0.309194701
-0.00372931 0.003729318 0.428871589 2.573229537 -3.002101127 -3.002101127 -2.573229537 0.42887159

-0.004626661 0.004626671 0.532067183 3.1924031 -3.724470283 -3.724470283 -3.1924031 0.532067183
-0.005346212 0.005346224 0.614815733 3.688894401 -4.303710135 -4.303710135 -3.688894401 0.614815734
-0.005860311 0.005860324 0.67393726 4.04362356 -4.71756082 -4.71756082 -4.04362356 0.67393726
-0.006149202 0.006149215 0.707159755 4.242958533 -4.950118289 -4.950118289 -4.242958533 0.707159756
-0.006201782 0.006201796 0.713206498 4.279238989 -4.992445487 -4.992445487 -4.279238989 0.713206498
-0.006016031 0.006016044 0.691845115 4.151070691 -4.842915806 -4.842915806 -4.151070691 0.691845115
-0.005599088 0.0055991 0.643896512 3.863379073 -4.507275586 -4.507275586 -3.863379073 0.643896512
-0.004966974 0.004966985 0.571203327 3.427219965 -3.998423292 -3.998423292 -3.427219965 0.571203327
-0.004143983 0.004143992 0.476559119 2.859354715 -3.335913835 -3.335913835 -2.859354715 0.476559119
-0.003161741 0.003161748 0.363601011 2.181606068 -2.545207079 -2.545207079 -2.181606068 0.363601011
-0.002057995 0.002057999 0.23666992 1.420019522 -1.656689442 -1.656689442 -1.420019522 0.23666992
-0.000875161 0.000875163 0.100643737 0.603862423 -0.70450616 -0.70450616 -0.603862423 0.100643737
0.000341305 -0.000341305 -0.039250129 -0.235500771 0.2747509 0.2747509 0.235500771 -0.039250129
0.001544654 -0.001544658 -0.177635634 -1.065813802 1.243449436 1.243449436 1.065813802 -0.177635634
0.002688644 -0.00268865 -0.309194701 -1.855168207 2.164362908 2.164362908 1.855168207 -0.309194701
0.00372931 -0.003729318 -0.428871589 -2.573229537 3.002101127 3.002101127 2.573229537 -0.42887159

0.004626661 -0.004626671 -0.532067183 -3.1924031 3.724470283 3.724470283 3.1924031 -0.532067183
0.005346212 -0.005346224 -0.614815733 -3.688894401 4.303710135 4.303710135 3.688894401 -0.614815734
0.005860311 -0.005860324 -0.67393726 -4.04362356 4.71756082 4.71756082 4.04362356 -0.67393726
0.006149202 -0.006149215 -0.707159755 -4.242958533 4.950118289 4.950118289 4.242958533 -0.707159756
0.006201782 -0.006201796 -0.713206498 -4.279238989 4.992445487 4.992445487 4.279238989 -0.713206498
0.006016031 -0.006016044 -0.691845115 -4.151070691 4.842915806 4.842915806 4.151070691 -0.691845115
0.005599088 -0.0055991 -0.643896512 -3.863379073 4.507275586 4.507275586 3.863379073 -0.643896512
0.004966974 -0.004966985 -0.571203327 -3.427219965 3.998423292 3.998423292 3.427219965 -0.571203327
0.004143983 -0.004143992 -0.476559119 -2.859354715 3.335913835 3.335913835 2.859354715 -0.476559119
0.003161741 -0.003161748 -0.363601011 -2.181606068 2.545207079 2.545207079 2.181606068 -0.363601011
0.002057995 -0.002057999 -0.23666992 -1.420019522 1.656689442 1.656689442 1.420019522 -0.23666992
0.000875161 -0.000875163 -0.100643737 -0.603862423 0.70450616 0.70450616 0.603862423 -0.100643737
-0.000341305 0.000341305 0.039250129 0.235500771 -0.2747509 -0.2747509 -0.235500771 0.039250129
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Dist_Load_HO
T (kW)

Dist_Load_N 
(kW)

SEC_M3 (kW) SEC_M4 (kW) SEC_M5 (kW) SEC_M6 (kW) SEC_M7 (kW) SEC_M8 (kW)

0 0 0 0 0 0 0 0
-3.30E-07 0 3.30E-07 1.98273E-06 -2.31319E-06 0 0 0

-1.32181E-06 0 1.32182E-06 7.93089E-06 -9.25271E-06 0 0 0
-5.28717E-06 0 5.28718E-06 3.17231E-05 -3.70103E-05 0 0 0
-2.11474E-05 0 2.11474E-05 0.000126884 -0.000148032 0 0 0
-8.45686E-05 0 8.45688E-05 0.000507413 -0.000591981 0 0 0
-0.000337941 0 0.000337941 0.002027648 -0.00236559 0 0 0
-0.001346433 0 0.001346436 0.008078616 -0.009425052 0 0 0
-0.005301131 0 0.005301142 0.031806854 -0.037107996 0 0 0
-0.016060993 0 0.016061029 0.096366174 -0.112427203 0 0 0
-0.030900313 0 0.030900381 0.185402287 -0.216302668 0 0 0
-0.047559936 0 0.047560042 0.285360251 -0.332920293 0 0 0
-0.063503588 0 0.063503729 0.381022373 -0.444526102 0 0 0
-0.076303991 0 0.07630416 0.457824962 -0.534129122 0 0 0

-0.0840124 0 0.084012587 0.504075519 -0.588088106 0 0 0
-0.08545528 0 0.08545547 0.512732817 -0.598188287 0 0 0

-0.080412965 0 0.080413143 0.482478861 -0.562892004 0 0 0
-0.069653102 0 0.069653257 0.41791954 -0.487572797 0 0 0
-0.054813783 0 0.054813905 0.328883427 -0.383697332 0 0 0
-0.038154159 0 0.038154244 0.228925463 -0.267079707 0 0 0
-0.022210507 0 0.022210557 0.133263341 -0.155473898 0 0 0
-0.009410104 0 0.009410125 0.056460752 -0.065870878 0 0 0
-0.001701695 0 0.001701699 0.010210195 -0.011911894 0 0 0
-0.000258816 0 0.000258816 0.001552897 -0.001811713 0 0 0
-0.005301131 0 0.005301142 0.031806854 -0.037107996 0 0 0
-0.016060993 0 0.016061029 0.096366174 -0.112427203 0 0 0
-0.030900313 0 0.030900381 0.185402287 -0.216302668 0 0 0
-0.047559936 0 0.047560042 0.285360251 -0.332920293 0 0 0
-0.063503588 0 0.063503729 0.381022373 -0.444526102 0 0 0
-0.076303991 0 0.07630416 0.457824962 -0.534129122 0 0 0

-0.0840124 0 0.084012587 0.504075519 -0.588088106 0 0 0
-0.08545528 0 0.08545547 0.512732817 -0.598188287 0 0 0

-0.080412965 0 0.080413143 0.482478861 -0.562892004 0 0 0
-0.069653102 0 0.069653257 0.41791954 -0.487572797 0 0 0
-0.054813783 0 0.054813905 0.328883427 -0.383697332 0 0 0
-0.038154159 0 0.038154244 0.228925463 -0.267079707 0 0 0
-0.022210507 0 0.022210557 0.133263341 -0.155473898 0 0 0
-0.009410104 0 0.009410125 0.056460752 -0.065870878 0 0 0
-0.001701695 0 0.001701699 0.010210195 -0.011911894 0 0 0
-0.000258816 0 0.000258816 0.001552897 -0.001811713 0 0 0
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4.1 – COMPOSITE MODEL SIMULATION – 0.36 OHM DATA 

 

TIME (s) M1_GRID (V) M2_GRID (V) M3_GRID (V) M4_UDER (V) M5_UDER (V) M6_UDER (V) M7_RDER (V)
0 0 11951.15058 -11951.1506 -11951.1506 11951.15058 0 0

5.208E-06 27.09621924 11937.57943 -11964.6757 -11964.6757 11937.57943 27.09621924 27.09621924
1.042E-05 54.19233402 11923.96226 -11978.1546 -11978.1546 11923.96226 54.19233402 54.19233402
2.083E-05 108.3838323 11896.59006 -12004.9739 -12004.9739 11896.59006 108.3838323 108.3838323
4.167E-05 216.760979 11841.2957 -12058.0567 -12058.0567 11841.2957 216.760979 216.760979
8.333E-05 433.4684755 11728.51917 -12161.9876 -12161.9876 11728.51917 433.4684755 433.4684755
0.0001667 866.5091699 11494.31313 -12360.8223 -12360.8223 11494.31313 866.5091699 866.5091699
0.0003333 1729.598624 10992.11287 -12721.7115 -12721.7115 10992.11287 1729.598624 1729.598624
0.0006667 3431.920445 9859.722984 -13291.6434 -13291.6434 9859.722984 3431.920445 3431.920445
0.0011875 5973.641628 7786.60503 -13760.2467 -13760.2467 7786.60503 5973.641628 5973.641628
0.0017083 8285.799114 5414.252212 -13700.0513 -13700.0513 5414.252212 8285.799114 8285.799114
0.0022292 10279.53799 2833.832717 -13113.3707 -13113.3707 2833.832717 10279.53799 10279.53799

0.00275 11878.23998 144.5106209 -12022.7506 -12022.7506 144.5106209 11878.23998 11878.23998
0.0032708 13020.46787 -2550.36494 -10470.1029 -10470.1029 -2550.36494 13020.46787 13020.46787
0.0037917 13662.32648 -5147.2314 -8515.09508 -8515.09508 -5147.2314 13662.32648 13662.32648
0.0043125 13779.14955 -7546.29265 -6232.8569 -6232.8569 -7546.29265 13779.14955 13779.14955
0.0048333 13366.44763 -9655.3541 -3711.09353 -3711.09353 -9655.3541 13366.44763 13366.44763
0.0053542 12440.08062 -11393.3657 -1046.71491 -1046.71491 -11393.3657 12440.08062 12440.08062
0.005875 11035.64829 -12693.5367 1657.888377 1657.888377 -12693.5367 11035.64829 11035.64829

0.0063958 9207.122188 -13505.9021 4298.779941 4298.779941 -13505.9021 9207.122188 9207.122188
0.0069167 7024.771541 -13799.2433 6774.471803 6774.471803 -13799.2433 7024.771541 7024.771541
0.0074375 4572.462863 -13562.2874 8989.824513 8989.824513 -13562.2874 4572.462863 4572.462863
0.0079583 1944.437002 -12804.1403 10859.70331 10859.70331 -12804.1403 1944.437002 1944.437002
0.0084792 -758.312483 -11553.9373 12312.2498 12312.2498 -11553.9373 -758.312483 -758.312483

0.009 -3431.92044 -9859.72298 13291.64343 13291.64343 -9859.72298 -3431.92044 -3431.92044
0.0095208 -5973.64163 -7786.60503 13760.24666 13760.24666 -7786.60503 -5973.64163 -5973.64163
0.0100417 -8285.79911 -5414.25221 13700.05133 13700.05133 -5414.25221 -8285.79911 -8285.79911
0.0105625 -10279.538 -2833.83272 13113.3707 13113.3707 -2833.83272 -10279.538 -10279.538
0.0110833 -11878.24 -144.510621 12022.7506 12022.7506 -144.510621 -11878.24 -11878.24
0.0116042 -13020.4679 2550.364938 10470.10293 10470.10293 2550.364938 -13020.4679 -13020.4679
0.012125 -13662.3265 5147.231402 8515.095081 8515.095081 5147.231402 -13662.3265 -13662.3265

0.0126458 -13779.1496 7546.29265 6232.856901 6232.856901 7546.29265 -13779.1496 -13779.1496
0.0131667 -13366.4476 9655.354104 3711.093526 3711.093526 9655.354104 -13366.4476 -13366.4476
0.0136875 -12440.0806 11393.36571 1046.714908 1046.714908 11393.36571 -12440.0806 -12440.0806
0.0142083 -11035.6483 12693.53667 -1657.88838 -1657.88838 12693.53667 -11035.6483 -11035.6483
0.0147292 -9207.12219 13505.90213 -4298.77994 -4298.77994 13505.90213 -9207.12219 -9207.12219

0.01525 -7024.77154 13799.24334 -6774.4718 -6774.4718 13799.24334 -7024.77154 -7024.77154
0.0157708 -4572.46286 13562.28738 -8989.82451 -8989.82451 13562.28738 -4572.46286 -4572.46286
0.0162917 -1944.437 12804.14031 -10859.7033 -10859.7033 12804.14031 -1944.437 -1944.437
0.0168125 758.3124832 11553.93731 -12312.2498 -12312.2498 11553.93731 758.3124832 758.3124832
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M8_RDER (V) M9_RDER (V) M10_LOAD (V) M11_LOAD (V) M12_LOAD (V) M13_RDER (V) M14_RDER (V) M15_RDER (V)
11951.15058 -11951.1506 0 11951.15058 -11951.1506 0 103.9230485 -103.923049
11937.57943 -11964.6757 27.09621924 11937.57943 -11964.6757 0.235619298 103.8050385 -104.040658
11923.96226 -11978.1546 54.19233402 11923.96226 -11978.1546 0.471237687 103.6866284 -104.157866
11896.59006 -12004.9739 108.3838323 11896.59006 -12004.9739 0.942468107 103.4486092 -104.391077
11841.2957 -12058.0567 216.760979 11841.2957 -12058.0567 1.884878078 102.9677887 -104.852667

11728.51917 -12161.9876 433.4684755 11728.51917 -12161.9876 3.769291091 101.9871232 -105.756414
11494.31313 -12360.8223 866.5091699 11494.31313 -12360.8223 7.534862347 99.95054893 -107.485411
10992.11287 -12721.7115 1729.598624 10992.11287 -12721.7115 15.03998804 95.58359021 -110.623578
9859.722984 -13291.6434 3431.920445 9859.722984 -13291.6434 29.84278647 85.7367216 -115.579508
7786.60503 -13760.2467 5973.641628 7786.60503 -13760.2467 51.94470981 67.70960896 -119.654319

5414.252212 -13700.0513 8285.799114 5414.252212 -13700.0513 72.05042707 47.08045402 -119.130881
2833.832717 -13113.3707 10279.53799 2833.832717 -13113.3707 89.38728684 24.64202363 -114.02931
144.5106209 -12022.7506 11878.23998 144.5106209 -12022.7506 103.2890433 1.256614095 -104.545657
-2550.36494 -10470.1029 13020.46787 -2550.36494 -10470.1029 113.2214597 -22.1770864 -91.0443733
-5147.2314 -8515.09508 13662.32648 -5147.2314 -8515.09508 118.802839 -44.7585339 -74.0443051
-7546.29265 -6232.8569 13779.14955 -7546.29265 -6232.8569 119.8186918 -65.6199361 -54.1987557
-9655.3541 -3711.09353 13366.44763 -9655.3541 -3711.09353 116.2299794 -83.9596009 -32.2703785
-11393.3657 -1046.71491 12440.08062 -11393.3657 -1046.71491 108.1746141 -99.0727453 -9.10186877
-12693.5367 1657.888377 11035.64829 -12693.5367 1657.888377 95.96215907 -110.37858 14.41642067
-13505.9021 4298.779941 9207.122188 -13505.9021 4298.779941 80.06193207 -117.442627 37.38069514
-13799.2433 6774.471803 7024.771541 -13799.2433 6774.471803 61.08496992 -119.99342 58.90845046
-13562.2874 8989.824513 4572.462863 -13562.2874 8989.824513 39.76054664 -117.932934 78.17238707
-12804.1403 10859.70331 1944.437002 -12804.1403 10859.70331 16.90814784 -111.340351 94.43220268
-11553.9373 12312.2498 -758.312483 -11553.9373 12312.2498 -6.59402159 -100.46902 107.0630417
-9859.72298 13291.64343 -3431.92044 -9859.72298 13291.64343 -29.8427865 -85.7367216 115.5795081
-7786.60503 13760.24666 -5973.64163 -7786.60503 13760.24666 -51.9447098 -67.709609 119.6543188
-5414.25221 13700.05133 -8285.79911 -5414.25221 13700.05133 -72.0504271 -47.080454 119.1308811
-2833.83272 13113.3707 -10279.538 -2833.83272 13113.3707 -89.3872868 -24.6420236 114.0293105
-144.510621 12022.7506 -11878.24 -144.510621 12022.7506 -103.289043 -1.25661409 104.5456574
2550.364938 10470.10293 -13020.4679 2550.364938 10470.10293 -113.22146 22.17708642 91.04437332
5147.231402 8515.095081 -13662.3265 5147.231402 8515.095081 -118.802839 44.75853393 74.04430505
7546.29265 6232.856901 -13779.1496 7546.29265 6232.856901 -119.818692 65.61993609 54.19875566

9655.354104 3711.093526 -13366.4476 9655.354104 3711.093526 -116.229979 83.9596009 32.27037849
11393.36571 1046.714908 -12440.0806 11393.36571 1046.714908 -108.174614 99.07274534 9.101868767
12693.53667 -1657.88838 -11035.6483 12693.53667 -1657.88838 -95.9621591 110.3785797 -14.4164207
13505.90213 -4298.77994 -9207.12219 13505.90213 -4298.77994 -80.0619321 117.4426272 -37.3806951
13799.24334 -6774.4718 -7024.77154 13799.24334 -6774.4718 -61.0849699 119.9934204 -58.9084505
13562.28738 -8989.82451 -4572.46286 13562.28738 -8989.82451 -39.7605466 117.9329337 -78.1723871
12804.14031 -10859.7033 -1944.437 12804.14031 -10859.7033 -16.9081478 111.3403505 -94.4322027
11553.93731 -12312.2498 758.3124832 11553.93731 -12312.2498 6.594021593 100.4690201 -107.063042
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M16_N (V) M17_TRAN (V) M18_TRAN (V) M19_TRAN (V) M1_GRID (A) M2_GRID (A) M3_GRID (A) M4_UDER (A)
0 0 108253.1755 -108253.175 4.26E-15 10.04087428 -10.0408743 30.12262274
0 245.4367684 108130.2484 -108375.685 0.02276515 10.02947235 -10.0522375 30.1567124
0 490.8725905 108006.9045 -108497.777 0.045530211 10.01803175 -10.063562 30.19068579
0 981.7376111 107758.9679 -108740.705 0.091059721 9.995034734 -10.0860945 30.25828327
0 1963.414664 107258.1132 -109221.528 0.182113824 9.948578649 -10.1306925 30.39207732
0 3926.344885 106236.5866 -110162.932 0.364182715 9.853828356 -10.2180111 30.65403312
0 7848.814941 104115.1551 -111963.97 0.728006026 9.657057894 -10.3850639 31.15519166
0 15666.6542 99566.23975 -115232.894 1.453138944 9.235129514 -10.6882685 32.06480527
0 31086.2359 89309.08495 -120395.321 2.88336102 8.283741239 -11.1671023 33.50130667
0 54109.07269 70530.84263 -124639.915 5.018812555 6.541991221 -11.5608038 34.68241122
0 75052.52817 49042.13958 -124094.668 6.961393939 4.548836149 -11.5102301 34.53069015
0 93111.75707 25668.7746 -118780.532 8.636452858 2.380871855 -11.0173247 33.05197403
0 107592.7534 1308.973015 -108901.726 9.979617736 0.12141199 -10.1010297 30.30308908
0 117939.0205 -23101.1317 -94837.8888 10.9392715 -2.14271367 -8.79655783 26.38967341
0 123752.9572 -46623.4728 -77129.4844 11.4785352 -4.32449604 -7.15403915 21.4621174
0 124811.1372 -68354.1001 -56457.0371 11.57668522 -6.34009046 -5.23659476 15.70978424
0 121072.8951 -87457.9176 -33614.9776 11.22994973 -8.11203876 -3.11791097 9.353732891
0 112681.8896 -103200.776 -9481.11329 10.45165356 -9.57224595 -0.87940761 2.63822283
0 99960.58231 -114977.687 15017.10485 9.271706215 -10.6645971 1.392890889 -4.17867266
0 83397.84586 -122336.07 38938.22409 7.735452395 -11.3471138 3.611661376 -10.8349841
0 63630.17697 -124993.146 61362.9692 5.901929477 -11.5935672 5.691637741 -17.0749132
0 41417.23606 -122846.806 81429.56982 3.841598719 -11.3944864 7.55288766 -22.6586629
0 17612.65399 -115979.532 98366.87775 1.633637477 -10.7575218 9.123884342 -27.3716529
0 -6868.77249 -104655.229 111524.0017 -0.63710354 -9.70715173 10.34425526 -31.0327657
0 -31086.2359 -89309.085 120395.3208 -2.88336102 -8.28374124 11.16710226 -33.5013067
0 -54109.0727 -70530.8426 124639.9153 -5.01881256 -6.54199122 11.56080378 -34.6824112
0 -75052.5282 -49042.1396 124094.6677 -6.96139394 -4.54883615 11.51023009 -34.5306902
0 -93111.7571 -25668.7746 118780.5317 -8.63645286 -2.38087185 11.01732471 -33.051974
0 -107592.753 -1308.97301 108901.7264 -9.97961774 -0.12141199 10.10102973 -30.3030891
0 -117939.021 23101.13167 94837.88883 -10.9392715 2.142713669 8.796557833 -26.3896734
0 -123752.957 46623.47282 77129.48439 -11.4785352 4.324496044 7.154039155 -21.4621174
0 -124811.137 68354.10006 56457.03712 -11.5766852 6.34009046 5.236594764 -15.7097842
0 -121072.895 87457.91756 33614.97758 -11.2299497 8.112038756 3.117910974 -9.35373289
0 -112681.89 103200.7763 9481.113295 -10.4516536 9.572245952 0.879407613 -2.63822283
0 -99960.5823 114977.6872 -15017.1049 -9.27170621 10.6645971 -1.39289089 4.178672655
0 -83397.8459 122336.0699 -38938.2241 -7.73545239 11.34711377 -3.61166138 10.83498409
0 -63630.177 124993.1462 -61362.9692 -5.90192948 11.59356722 -5.69163774 17.07491317
0 -41417.2361 122846.8059 -81429.5698 -3.84159872 11.39448638 -7.55288766 22.65866291
0 -17612.654 115979.5317 -98366.8777 -1.63363748 10.75752182 -9.12388434 27.37165294
0 6868.772489 104655.2292 -111524.002 0.637103537 9.707151728 -10.3442553 31.0327657
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M5_UDER (A) M6_UDER (A) M7_RDER (A) M8_RDER (A) M9_RDER (A) M10_LOAD (A) M11_LOAD (A) M12_LOAD (A)
-30.1226227 4.26E-15 -5.32E-18 -1.96E-11 1.96E-11 0 -40.163497 40.16349701
-30.0884169 -0.06829545 -4.44E-14 -1.96E-11 1.96E-11 -0.0910606 -40.1178893 40.20894988
-30.0540952 -0.13659063 -8.88E-14 -1.95E-11 1.96E-11 -0.18212085 -40.0721269 40.25424774
-29.9851041 -0.27317916 -1.78E-13 -1.95E-11 1.97E-11 -0.36423888 -39.9801388 40.34437771
-29.8457359 -0.54634147 -3.55E-13 -1.94E-11 1.98E-11 -0.7284553 -39.7943145 40.52276978
-29.561485 -1.09254814 -7.10E-13 -1.92E-11 1.99E-11 -1.45673086 -39.4153133 40.87204417
-28.9711736 -2.18401807 -1.42E-12 -1.88E-11 2.03E-11 -2.9120241 -38.6282315 41.54025557
-27.7053885 -4.35941682 -2.83E-12 -1.80E-11 2.08E-11 -5.81255576 -36.940518 42.75307372
-24.8512236 -8.65008303 -5.62E-12 -1.62E-11 2.18E-11 -11.533444 -33.1349649 44.66840892
-19.6259736 -15.0564376 -9.79E-12 -1.28E-11 2.25E-11 -20.0752502 -26.1679648 46.24321498
-13.6465084 -20.8841818 -1.36E-11 -8.87E-12 2.24E-11 -27.8455757 -18.1953445 46.04092023
-7.14261554 -25.9093585 -1.68E-11 -4.64E-12 2.15E-11 -34.5458113 -9.52348739 44.06929873
-0.36423597 -29.9388531 -1.95E-11 -2.37E-13 1.97E-11 -39.9184708 -0.48564796 40.4041188
6.428140987 -32.8178144 -2.13E-11 4.18E-12 1.72E-11 -43.7570859 8.570854653 35.18623124
12.97348809 -34.4356055 -2.24E-11 8.43E-12 1.40E-11 -45.9141407 17.29798413 28.61615654
19.02027132 -34.7300556 -2.26E-11 1.24E-11 1.02E-11 -46.3067408 25.36036177 20.946379
24.33611619 -33.6898491 -2.19E-11 1.58E-11 6.08E-12 -44.9197988 32.44815494 12.47164386
28.71673777 -31.3549606 -2.04E-11 1.87E-11 1.71E-12 -41.8066141 38.28898371 3.517630442
31.99379121 -27.8151186 -1.81E-11 2.08E-11 -2.72E-12 -37.0868248 42.6583883 -5.57156354
34.0413412 -23.2063571 -1.51E-11 2.21E-11 -7.04E-12 -30.9418095 45.38845496 -14.4466455

34.78070154 -17.7057884 -1.15E-11 2.26E-11 -1.11E-11 -23.6077178 46.37426875 -22.7665509
34.18345903 -11.5247961 -7.49E-12 2.22E-11 -1.47E-11 -15.3663948 45.57794539 -30.2115506
32.27256535 -4.90091242 -3.19E-12 2.10E-11 -1.78E-11 -6.53454989 43.03008716 -36.4955373
29.12145509 1.911310606 1.24E-12 1.89E-11 -2.02E-11 2.548414142 38.82860681 -41.3770209
24.85122364 8.650083032 5.62E-12 1.62E-11 -2.18E-11 11.53344405 33.13496487 -44.6684089
19.6259736 15.05643762 9.79E-12 1.28E-11 -2.25E-11 20.07525017 26.16796481 -46.243215
13.6465084 20.88418175 1.36E-11 8.87E-12 -2.24E-11 27.84557568 18.19534455 -46.0409202

7.142615541 25.90935849 1.68E-11 4.64E-12 -2.15E-11 34.54581134 9.523487393 -44.0692987
0.364235969 29.93885311 1.95E-11 2.37E-13 -1.97E-11 39.91847084 0.485647959 -40.4041188
-6.42814099 32.8178144 2.13E-11 -4.18E-12 -1.72E-11 43.75708589 -8.57085465 -35.1862312
-12.9734881 34.43560549 2.24E-11 -8.43E-12 -1.40E-11 45.91414067 -17.2979841 -28.6161565
-19.0202713 34.73005556 2.26E-11 -1.24E-11 -1.02E-11 46.30674077 -25.3603618 -20.946379
-24.3361162 33.68984908 2.19E-11 -1.58E-11 -6.08E-12 44.9197988 -32.4481549 -12.4716439
-28.7167378 31.3549606 2.04E-11 -1.87E-11 -1.71E-12 41.80661415 -38.2889837 -3.51763044
-31.9937912 27.81511856 1.81E-11 -2.08E-11 2.72E-12 37.08682476 -42.6583883 5.571563543
-34.0413412 23.20635711 1.51E-11 -2.21E-11 7.04E-12 30.94180949 -45.388455 14.44664546
-34.7807015 17.70578837 1.15E-11 -2.26E-11 1.11E-11 23.60771784 -46.3742687 22.7665509
-34.183459 11.52479612 7.49E-12 -2.22E-11 1.47E-11 15.36639483 -45.5779454 30.21155056
-32.2725654 4.900912415 3.19E-12 -2.10E-11 1.78E-11 6.53454989 -43.0300872 36.49553727
-29.1214551 -1.91131061 -1.24E-12 -1.89E-11 2.02E-11 -2.54841414 -38.8286068 41.37702095



P a g e  | 528 
 

 

 

M13_RDER (A) M14_RDER (A) M15_RDER (A) M16_N (A) M17_TRAN (A) M18_TRAN (A) M19_TRAN (A)
-6.12E-16 -2.25E-09 2.25E-09 -4.26E-15 4.71E-16 1.108512629 -1.10851263
-5.11E-12 -2.25E-09 2.25E-09 0.068295449 0.002513273 1.107253856 -1.10976713
-1.02E-11 -2.25E-09 2.26E-09 0.136590634 0.005026536 1.105990814 -1.11101735
-2.04E-11 -2.24E-09 2.26E-09 0.273179161 0.010052994 1.103451943 -1.11350494
-4.08E-11 -2.23E-09 2.27E-09 0.546341472 0.020105368 1.098323191 -1.11842856
-8.17E-11 -2.21E-09 2.29E-09 1.092548142 0.040205776 1.087862757 -1.12806853
-1.63E-10 -2.17E-09 2.33E-09 2.184018071 0.080371873 1.066139296 -1.14651117
-3.26E-10 -2.07E-09 2.40E-09 4.35941682 0.160426555 1.019558398 -1.17998495
-6.47E-10 -1.86E-09 2.50E-09 8.650083032 0.318323088 0.914525123 -1.23284821
-1.13E-09 -1.47E-09 2.59E-09 15.05643762 0.55407696 0.722235902 -1.27631286
-1.56E-09 -1.02E-09 2.58E-09 20.88418175 0.768537966 0.50219156 -1.27072953
-1.94E-09 -5.34E-10 2.47E-09 25.90935849 0.953464489 0.262848279 -1.21631277
-2.24E-09 -2.72E-11 2.27E-09 29.93885311 1.101749906 0.013403885 -1.11515379
-2.45E-09 4.81E-10 1.97E-09 32.8178144 1.207695692 -0.23655561 -0.97114008
-2.57E-09 9.70E-10 1.60E-09 34.43560549 1.26723041 -0.47742441 -0.789806
-2.60E-09 1.42E-09 1.17E-09 34.73005556 1.278066174 -0.69994606 -0.57812012
-2.52E-09 1.82E-09 6.99E-10 33.68984908 1.239786572 -0.89556917 -0.34421741
-2.34E-09 2.15E-09 1.97E-10 31.3549606 1.153862667 -1.05677606 -0.09708661
-2.08E-09 2.39E-09 -3.12E-10 27.81511856 1.023596467 -1.17737164 0.153775169
-1.73E-09 2.54E-09 -8.10E-10 23.20635711 0.853994028 -1.25272148 0.398727455
-1.32E-09 2.60E-09 -1.28E-09 17.70578837 0.651573078 -1.27992995 0.628356868
-8.61E-10 2.56E-09 -1.69E-09 11.52479612 0.42411254 -1.25795142 0.833838879
-3.66E-10 2.41E-09 -2.05E-09 4.900912415 0.180353595 -1.18763053 1.00727693
1.43E-10 2.18E-09 -2.32E-09 -1.91131061 -0.07033624 -1.07166966 1.142005893
6.47E-10 1.86E-09 -2.50E-09 -8.65008303 -0.31832309 -0.91452512 1.23284821
1.13E-09 1.47E-09 -2.59E-09 -15.0564376 -0.55407696 -0.7222359 1.276312862
1.56E-09 1.02E-09 -2.58E-09 -20.8841818 -0.76853797 -0.50219156 1.270729526
1.94E-09 5.34E-10 -2.47E-09 -25.9093585 -0.95346449 -0.26284828 1.216312768
2.24E-09 2.72E-11 -2.27E-09 -29.9388531 -1.10174991 -0.01340389 1.115153791
2.45E-09 -4.81E-10 -1.97E-09 -32.8178144 -1.20769569 0.236555612 0.97114008
2.57E-09 -9.70E-10 -1.60E-09 -34.4356055 -1.26723041 0.47742441 0.789806
2.60E-09 -1.42E-09 -1.17E-09 -34.7300556 -1.27806617 0.699946056 0.578120119
2.52E-09 -1.82E-09 -6.99E-10 -33.6898491 -1.23978657 0.895569167 0.344217405
2.34E-09 -2.15E-09 -1.97E-10 -31.3549606 -1.15386267 1.056776057 0.09708661
2.08E-09 -2.39E-09 3.12E-10 -27.8151186 -1.02359647 1.177371636 -0.15377517
1.73E-09 -2.54E-09 8.10E-10 -23.2063571 -0.85399403 1.252721483 -0.39872746
1.32E-09 -2.60E-09 1.28E-09 -17.7057884 -0.65157308 1.279929946 -0.62835687
8.61E-10 -2.56E-09 1.69E-09 -11.5247961 -0.42411254 1.25795142 -0.83383888
3.66E-10 -2.41E-09 2.05E-09 -4.90091242 -0.1803536 1.187630525 -1.00727693
-1.43E-10 -2.18E-09 2.32E-09 1.911310606 0.070336237 1.071669656 -1.14200589
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4.2 – COMPOSITE MODEL SIMULATION – 0.48 OHM DATA 

 

TIME (s) M1_GRID (V) M2_GRID (V) M3_GRID (V) M4_UDER (V) M5_UDER (V) M6_UDER (V) M7_RDER (V)
0 0 11951.15058 -11951.15058 -11951.15058 11951.15058 0 0

5.20833E-06 27.09621924 11937.57943 -11964.67565 -11964.67565 11937.57943 27.09621924 27.09621924
1.04167E-05 54.19233402 11923.96226 -11978.15459 -11978.15459 11923.96226 54.19233402 54.19233402
2.08333E-05 108.3838323 11896.59006 -12004.97389 -12004.97389 11896.59006 108.3838323 108.3838323
4.16667E-05 216.760979 11841.2957 -12058.05668 -12058.05668 11841.2957 216.760979 216.760979
8.33333E-05 433.4684755 11728.51917 -12161.98764 -12161.98764 11728.51917 433.4684755 433.4684755
0.000166667 866.5091699 11494.31313 -12360.8223 -12360.8223 11494.31313 866.5091699 866.5091699
0.000333333 1729.598624 10992.11287 -12721.7115 -12721.7115 10992.11287 1729.598624 1729.598624
0.000666667 3431.920445 9859.722984 -13291.64343 -13291.64343 9859.722984 3431.920445 3431.920445

0.0011875 5973.641628 7786.60503 -13760.24666 -13760.24666 7786.60503 5973.641628 5973.641628
0.001708333 8285.799114 5414.252212 -13700.05133 -13700.05133 5414.252212 8285.799114 8285.799114
0.002229167 10279.53799 2833.832717 -13113.3707 -13113.3707 2833.832717 10279.53799 10279.53799

0.00275 11878.23998 144.5106209 -12022.7506 -12022.7506 144.5106209 11878.23998 11878.23998
0.003270833 13020.46787 -2550.364938 -10470.10293 -10470.10293 -2550.364938 13020.46787 13020.46787
0.003791667 13662.32648 -5147.231402 -8515.095081 -8515.095081 -5147.231402 13662.32648 13662.32648

0.0043125 13779.14955 -7546.29265 -6232.856901 -6232.856901 -7546.29265 13779.14955 13779.14955
0.004833333 13366.44763 -9655.354104 -3711.093526 -3711.093526 -9655.354104 13366.44763 13366.44763
0.005354167 12440.08062 -11393.36571 -1046.714908 -1046.714908 -11393.36571 12440.08062 12440.08062

0.005875 11035.64829 -12693.53667 1657.888377 1657.888377 -12693.53667 11035.64829 11035.64829
0.006395833 9207.122188 -13505.90213 4298.779941 4298.779941 -13505.90213 9207.122188 9207.122188
0.006916667 7024.771541 -13799.24334 6774.471803 6774.471803 -13799.24334 7024.771541 7024.771541

0.0074375 4572.462863 -13562.28738 8989.824513 8989.824513 -13562.28738 4572.462863 4572.462863
0.007958333 1944.437002 -12804.14031 10859.70331 10859.70331 -12804.14031 1944.437002 1944.437002
0.008479167 -758.3124832 -11553.93731 12312.2498 12312.2498 -11553.93731 -758.3124832 -758.3124832

0.009 -3431.920445 -9859.722984 13291.64343 13291.64343 -9859.722984 -3431.920445 -3431.920445
0.009520833 -5973.641628 -7786.60503 13760.24666 13760.24666 -7786.60503 -5973.641628 -5973.641628
0.010041667 -8285.799114 -5414.252212 13700.05133 13700.05133 -5414.252212 -8285.799114 -8285.799114

0.0105625 -10279.53799 -2833.832717 13113.3707 13113.3707 -2833.832717 -10279.53799 -10279.53799
0.011083333 -11878.23998 -144.5106209 12022.7506 12022.7506 -144.5106209 -11878.23998 -11878.23998
0.011604167 -13020.46787 2550.364938 10470.10293 10470.10293 2550.364938 -13020.46787 -13020.46787

0.012125 -13662.32648 5147.231402 8515.095081 8515.095081 5147.231402 -13662.32648 -13662.32648
0.012645833 -13779.14955 7546.29265 6232.856901 6232.856901 7546.29265 -13779.14955 -13779.14955
0.013166667 -13366.44763 9655.354104 3711.093526 3711.093526 9655.354104 -13366.44763 -13366.44763

0.0136875 -12440.08062 11393.36571 1046.714908 1046.714908 11393.36571 -12440.08062 -12440.08062
0.014208333 -11035.64829 12693.53667 -1657.888377 -1657.888377 12693.53667 -11035.64829 -11035.64829
0.014729167 -9207.122188 13505.90213 -4298.779941 -4298.779941 13505.90213 -9207.122188 -9207.122188

0.01525 -7024.771541 13799.24334 -6774.471803 -6774.471803 13799.24334 -7024.771541 -7024.771541
0.015770833 -4572.462863 13562.28738 -8989.824513 -8989.824513 13562.28738 -4572.462863 -4572.462863
0.016291667 -1944.437002 12804.14031 -10859.70331 -10859.70331 12804.14031 -1944.437002 -1944.437002

0.0168125 758.3124832 11553.93731 -12312.2498 -12312.2498 11553.93731 758.3124832 758.3124832
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M8_RDER (V) M9_RDER (V) M10_LOAD (V) M11_LOAD (V) M12_LOAD (V) M13_RDER (V) M14_RDER (V) M15_RDER (V)
11951.15058 -11951.15058 0 11951.15058 -11951.15058 0 103.9230485 -103.9230485
11937.57943 -11964.67565 27.09621924 11937.57943 -11964.67565 0.235619298 103.8050385 -104.0406578
11923.96226 -11978.15459 54.19233402 11923.96226 -11978.15459 0.471237687 103.6866284 -104.157866
11896.59006 -12004.97389 108.3838323 11896.59006 -12004.97389 0.942468107 103.4486092 -104.3910773
11841.2957 -12058.05668 216.760979 11841.2957 -12058.05668 1.884878078 102.9677887 -104.8526668

11728.51917 -12161.98764 433.4684755 11728.51917 -12161.98764 3.769291091 101.9871232 -105.7564143
11494.31313 -12360.8223 866.5091699 11494.31313 -12360.8223 7.534862347 99.95054893 -107.4854113
10992.11287 -12721.7115 1729.598624 10992.11287 -12721.7115 15.03998804 95.58359021 -110.6235782
9859.722984 -13291.64343 3431.920445 9859.722984 -13291.64343 29.84278647 85.7367216 -115.5795081
7786.60503 -13760.24666 5973.641628 7786.60503 -13760.24666 51.94470981 67.70960896 -119.6543188

5414.252212 -13700.05133 8285.799114 5414.252212 -13700.05133 72.05042707 47.08045402 -119.1308811
2833.832717 -13113.3707 10279.53799 2833.832717 -13113.3707 89.38728684 24.64202363 -114.0293105
144.5106209 -12022.7506 11878.23998 144.5106209 -12022.7506 103.2890433 1.256614095 -104.5456574
-2550.364938 -10470.10293 13020.46787 -2550.364938 -10470.10293 113.2214597 -22.17708642 -91.04437332
-5147.231402 -8515.095081 13662.32648 -5147.231402 -8515.095081 118.802839 -44.75853393 -74.04430505
-7546.29265 -6232.856901 13779.14955 -7546.29265 -6232.856901 119.8186918 -65.61993609 -54.19875566

-9655.354104 -3711.093526 13366.44763 -9655.354104 -3711.093526 116.2299794 -83.9596009 -32.27037849
-11393.36571 -1046.714908 12440.08062 -11393.36571 -1046.714908 108.1746141 -99.07274534 -9.101868767
-12693.53667 1657.888377 11035.64829 -12693.53667 1657.888377 95.96215907 -110.3785797 14.41642067
-13505.90213 4298.779941 9207.122188 -13505.90213 4298.779941 80.06193207 -117.4426272 37.38069514
-13799.24334 6774.471803 7024.771541 -13799.24334 6774.471803 61.08496992 -119.9934204 58.90845046
-13562.28738 8989.824513 4572.462863 -13562.28738 8989.824513 39.76054664 -117.9329337 78.17238707
-12804.14031 10859.70331 1944.437002 -12804.14031 10859.70331 16.90814784 -111.3403505 94.43220268
-11553.93731 12312.2498 -758.3124832 -11553.93731 12312.2498 -6.594021593 -100.4690201 107.0630417
-9859.722984 13291.64343 -3431.920445 -9859.722984 13291.64343 -29.84278647 -85.7367216 115.5795081
-7786.60503 13760.24666 -5973.641628 -7786.60503 13760.24666 -51.94470981 -67.70960896 119.6543188

-5414.252212 13700.05133 -8285.799114 -5414.252212 13700.05133 -72.05042707 -47.08045402 119.1308811
-2833.832717 13113.3707 -10279.53799 -2833.832717 13113.3707 -89.38728684 -24.64202363 114.0293105
-144.5106209 12022.7506 -11878.23998 -144.5106209 12022.7506 -103.2890433 -1.256614095 104.5456574
2550.364938 10470.10293 -13020.46787 2550.364938 10470.10293 -113.2214597 22.17708642 91.04437332
5147.231402 8515.095081 -13662.32648 5147.231402 8515.095081 -118.802839 44.75853393 74.04430505
7546.29265 6232.856901 -13779.14955 7546.29265 6232.856901 -119.8186918 65.61993609 54.19875566

9655.354104 3711.093526 -13366.44763 9655.354104 3711.093526 -116.2299794 83.9596009 32.27037849
11393.36571 1046.714908 -12440.08062 11393.36571 1046.714908 -108.1746141 99.07274534 9.101868767
12693.53667 -1657.888377 -11035.64829 12693.53667 -1657.888377 -95.96215907 110.3785797 -14.41642067
13505.90213 -4298.779941 -9207.122188 13505.90213 -4298.779941 -80.06193207 117.4426272 -37.38069514
13799.24334 -6774.471803 -7024.771541 13799.24334 -6774.471803 -61.08496992 119.9934204 -58.90845046
13562.28738 -8989.824513 -4572.462863 13562.28738 -8989.824513 -39.76054664 117.9329337 -78.17238707
12804.14031 -10859.70331 -1944.437002 12804.14031 -10859.70331 -16.90814784 111.3403505 -94.43220268
11553.93731 -12312.2498 758.3124832 11553.93731 -12312.2498 6.594021593 100.4690201 -107.0630417
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M16_N (V) M17_TRAN (V) M18_TRAN (V) M19_TRAN (V) M1_GRID (A) M2_GRID (A) M3_GRID (A) M4_UDER (A)
0 0 108253.1755 -108253.1755 4.26E-15 2.69E-08 -2.69E-08 30.12262274
0 245.4367684 108130.2484 -108375.6852 6.11E-11 2.69E-08 -2.70E-08 30.1567124
0 490.8725905 108006.9045 -108497.7771 1.22E-10 2.69E-08 -2.70E-08 30.19068579
0 981.7376111 107758.9679 -108740.7055 2.44E-10 2.68E-08 -2.71E-08 30.25828327
0 1963.414664 107258.1132 -109221.5279 4.89E-10 2.67E-08 -2.72E-08 30.39207732
0 3926.344885 106236.5866 -110162.9315 9.77E-10 2.64E-08 -2.74E-08 30.65403312
0 7848.814941 104115.1551 -111963.97 1.95E-09 2.59E-08 -2.79E-08 31.15519166
0 15666.6542 99566.23975 -115232.8939 3.90E-09 2.48E-08 -2.87E-08 32.06480527
0 31086.2359 89309.08495 -120395.3208 7.74E-09 2.22E-08 -3.00E-08 33.50130667
0 54109.07269 70530.84263 -124639.9153 1.35E-08 1.76E-08 -3.10E-08 34.68241122
0 75052.52817 49042.13958 -124094.6677 1.87E-08 1.22E-08 -3.09E-08 34.53069015
0 93111.75707 25668.7746 -118780.5317 2.32E-08 6.39E-09 -2.96E-08 33.05197403
0 107592.7534 1308.973015 -108901.7264 2.68E-08 3.26E-10 -2.71E-08 30.30308908
0 117939.0205 -23101.13167 -94837.88883 2.94E-08 -5.75E-09 -2.36E-08 26.38967341
0 123752.9572 -46623.47282 -77129.48439 3.08E-08 -1.16E-08 -1.92E-08 21.4621174
0 124811.1372 -68354.10006 -56457.03712 3.11E-08 -1.70E-08 -1.41E-08 15.70978424
0 121072.8951 -87457.91756 -33614.97758 3.01E-08 -2.18E-08 -8.37E-09 9.353732891
0 112681.8896 -103200.7763 -9481.113295 2.80E-08 -2.57E-08 -2.36E-09 2.63822283
0 99960.58231 -114977.6872 15017.10485 2.49E-08 -2.86E-08 3.74E-09 -4.178672655
0 83397.84586 -122336.0699 38938.22409 2.08E-08 -3.04E-08 9.69E-09 -10.83498409
0 63630.17697 -124993.1462 61362.9692 1.58E-08 -3.11E-08 1.53E-08 -17.07491317
0 41417.23606 -122846.8059 81429.56982 1.03E-08 -3.06E-08 2.03E-08 -22.65866291
0 17612.65399 -115979.5317 98366.87775 4.38E-09 -2.89E-08 2.45E-08 -27.37165294
0 -6868.772489 -104655.2292 111524.0017 -1.71E-09 -2.60E-08 2.78E-08 -31.0327657
0 -31086.2359 -89309.08495 120395.3208 -7.74E-09 -2.22E-08 3.00E-08 -33.50130667
0 -54109.07269 -70530.84263 124639.9153 -1.35E-08 -1.76E-08 3.10E-08 -34.68241122
0 -75052.52817 -49042.13958 124094.6677 -1.87E-08 -1.22E-08 3.09E-08 -34.53069015
0 -93111.75707 -25668.7746 118780.5317 -2.32E-08 -6.39E-09 2.96E-08 -33.05197403
0 -107592.7534 -1308.973015 108901.7264 -2.68E-08 -3.26E-10 2.71E-08 -30.30308908
0 -117939.0205 23101.13167 94837.88883 -2.94E-08 5.75E-09 2.36E-08 -26.38967341
0 -123752.9572 46623.47282 77129.48439 -3.08E-08 1.16E-08 1.92E-08 -21.4621174
0 -124811.1372 68354.10006 56457.03712 -3.11E-08 1.70E-08 1.41E-08 -15.70978424
0 -121072.8951 87457.91756 33614.97758 -3.01E-08 2.18E-08 8.37E-09 -9.353732891
0 -112681.8896 103200.7763 9481.113295 -2.80E-08 2.57E-08 2.36E-09 -2.63822283
0 -99960.58231 114977.6872 -15017.10485 -2.49E-08 2.86E-08 -3.74E-09 4.178672655
0 -83397.84586 122336.0699 -38938.22409 -2.08E-08 3.04E-08 -9.69E-09 10.83498409
0 -63630.17697 124993.1462 -61362.9692 -1.58E-08 3.11E-08 -1.53E-08 17.07491317
0 -41417.23606 122846.8059 -81429.56982 -1.03E-08 3.06E-08 -2.03E-08 22.65866291
0 -17612.65399 115979.5317 -98366.87775 -4.38E-09 2.89E-08 -2.45E-08 27.37165294
0 6868.772489 104655.2292 -111524.0017 1.71E-09 2.60E-08 -2.78E-08 31.0327657
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M5_UDER (A) M6_UDER (A) M7_RDER (A) M8_RDER (A) M9_RDER (A) M10_LOAD (A) M11_LOAD (A) M12_LOAD (A)
-30.12262274 4.26E-15 -5.32E-18 -1.96E-11 1.96E-11 0 -30.12262276 30.12262276
-30.08841695 -0.068295449 -4.44E-14 -1.96E-11 1.96E-11 -0.068295449 -30.08841696 30.15671241
-30.05409516 -0.136590634 -8.88E-14 -1.95E-11 1.96E-11 -0.136590634 -30.05409517 30.19068581
-29.98510411 -0.273179161 -1.78E-13 -1.95E-11 1.97E-11 -0.273179161 -29.98510412 30.25828328
-29.84573585 -0.546341472 -3.55E-13 -1.94E-11 1.98E-11 -0.546341472 -29.84573587 30.39207734
-29.56148497 -1.092548142 -7.10E-13 -1.92E-11 1.99E-11 -1.092548142 -29.56148499 30.65403313
-28.97117359 -2.184018071 -1.42E-12 -1.88E-11 2.03E-11 -2.184018072 -28.9711736 31.15519168
-27.70538845 -4.35941682 -2.83E-12 -1.80E-11 2.08E-11 -4.359416822 -27.70538847 32.06480529
-24.85122364 -8.650083032 -5.62E-12 -1.62E-11 2.18E-11 -8.650083036 -24.85122365 33.50130669
-19.6259736 -15.05643762 -9.79E-12 -1.28E-11 2.25E-11 -15.05643763 -19.62597361 34.68241124
-13.6465084 -20.88418175 -1.36E-11 -8.87E-12 2.24E-11 -20.88418176 -13.64650841 34.53069017

-7.142615541 -25.90935849 -1.68E-11 -4.64E-12 2.15E-11 -25.9093585 -7.142615545 33.05197405
-0.364235969 -29.93885311 -1.95E-11 -2.37E-13 1.97E-11 -29.93885313 -0.364235969 30.3030891
6.428140987 -32.8178144 -2.13E-11 4.18E-12 1.72E-11 -32.81781442 6.42814099 26.38967343
12.97348809 -34.43560549 -2.24E-11 8.43E-12 1.40E-11 -34.4356055 12.9734881 21.46211741
19.02027132 -34.73005556 -2.26E-11 1.24E-11 1.02E-11 -34.73005558 19.02027133 15.70978425
24.33611619 -33.68984908 -2.19E-11 1.58E-11 6.08E-12 -33.6898491 24.3361162 9.353732896
28.71673777 -31.3549606 -2.04E-11 1.87E-11 1.71E-12 -31.35496061 28.71673778 2.638222831
31.99379121 -27.81511856 -1.81E-11 2.08E-11 -2.72E-12 -27.81511857 31.99379123 -4.178672657
34.0413412 -23.20635711 -1.51E-11 2.21E-11 -7.04E-12 -23.20635712 34.04134122 -10.8349841

34.78070154 -17.70578837 -1.15E-11 2.26E-11 -1.11E-11 -17.70578838 34.78070156 -17.07491318
34.18345903 -11.52479612 -7.49E-12 2.22E-11 -1.47E-11 -11.52479613 34.18345905 -22.65866292
32.27256535 -4.900912415 -3.19E-12 2.10E-11 -1.78E-11 -4.900912418 32.27256537 -27.37165295
29.12145509 1.911310606 1.24E-12 1.89E-11 -2.02E-11 1.911310607 29.1214551 -31.03276571
24.85122364 8.650083032 5.62E-12 1.62E-11 -2.18E-11 8.650083036 24.85122365 -33.50130669
19.6259736 15.05643762 9.79E-12 1.28E-11 -2.25E-11 15.05643763 19.62597361 -34.68241124
13.6465084 20.88418175 1.36E-11 8.87E-12 -2.24E-11 20.88418176 13.64650841 -34.53069017

7.142615541 25.90935849 1.68E-11 4.64E-12 -2.15E-11 25.9093585 7.142615545 -33.05197405
0.364235969 29.93885311 1.95E-11 2.37E-13 -1.97E-11 29.93885313 0.364235969 -30.3030891
-6.428140987 32.8178144 2.13E-11 -4.18E-12 -1.72E-11 32.81781442 -6.42814099 -26.38967343
-12.97348809 34.43560549 2.24E-11 -8.43E-12 -1.40E-11 34.4356055 -12.9734881 -21.46211741
-19.02027132 34.73005556 2.26E-11 -1.24E-11 -1.02E-11 34.73005558 -19.02027133 -15.70978425
-24.33611619 33.68984908 2.19E-11 -1.58E-11 -6.08E-12 33.6898491 -24.3361162 -9.353732896
-28.71673777 31.3549606 2.04E-11 -1.87E-11 -1.71E-12 31.35496061 -28.71673778 -2.638222831
-31.99379121 27.81511856 1.81E-11 -2.08E-11 2.72E-12 27.81511857 -31.99379123 4.178672657
-34.0413412 23.20635711 1.51E-11 -2.21E-11 7.04E-12 23.20635712 -34.04134122 10.8349841

-34.78070154 17.70578837 1.15E-11 -2.26E-11 1.11E-11 17.70578838 -34.78070156 17.07491318
-34.18345903 11.52479612 7.49E-12 -2.22E-11 1.47E-11 11.52479613 -34.18345905 22.65866292
-32.27256535 4.900912415 3.19E-12 -2.10E-11 1.78E-11 4.900912418 -32.27256537 27.37165295
-29.12145509 -1.911310606 -1.24E-12 -1.89E-11 2.02E-11 -1.911310607 -29.1214551 31.03276571
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M13_RDER (A) M14_RDER (A) M15_RDER (A) M16_N (A) M17_TRAN (A) M18_TRAN (A) M19_TRAN (A)
-6.12E-16 -2.25E-09 2.25E-09 -4.26E-15 4.71E-16 1.11E-07 -1.11E-07
-5.11E-12 -2.25E-09 2.25E-09 0.068295449 2.52E-10 1.11E-07 -1.11E-07
-1.02E-11 -2.25E-09 2.26E-09 0.136590634 5.04E-10 1.11E-07 -1.11E-07
-2.04E-11 -2.24E-09 2.26E-09 0.273179161 1.01E-09 1.11E-07 -1.12E-07
-4.08E-11 -2.23E-09 2.27E-09 0.546341472 2.02E-09 1.10E-07 -1.12E-07
-8.17E-11 -2.21E-09 2.29E-09 1.092548142 4.03E-09 1.09E-07 -1.13E-07
-1.63E-10 -2.17E-09 2.33E-09 2.184018071 8.06E-09 1.07E-07 -1.15E-07
-3.26E-10 -2.07E-09 2.40E-09 4.35941682 1.61E-08 1.02E-07 -1.18E-07
-6.47E-10 -1.86E-09 2.50E-09 8.650083032 3.19E-08 9.18E-08 -1.24E-07
-1.13E-09 -1.47E-09 2.59E-09 15.05643762 5.56E-08 7.25E-08 -1.28E-07
-1.56E-09 -1.02E-09 2.58E-09 20.88418175 7.71E-08 5.04E-08 -1.28E-07
-1.94E-09 -5.34E-10 2.47E-09 25.90935849 9.57E-08 2.64E-08 -1.22E-07
-2.24E-09 -2.72E-11 2.27E-09 29.93885311 1.11E-07 1.34E-09 -1.12E-07
-2.45E-09 4.81E-10 1.97E-09 32.8178144 1.21E-07 -2.37E-08 -9.74E-08
-2.57E-09 9.70E-10 1.60E-09 34.43560549 1.27E-07 -4.79E-08 -7.92E-08
-2.60E-09 1.42E-09 1.17E-09 34.73005556 1.28E-07 -7.02E-08 -5.80E-08
-2.52E-09 1.82E-09 6.99E-10 33.68984908 1.24E-07 -8.99E-08 -3.45E-08
-2.34E-09 2.15E-09 1.97E-10 31.3549606 1.16E-07 -1.06E-07 -9.74E-09
-2.08E-09 2.39E-09 -3.12E-10 27.81511856 1.03E-07 -1.18E-07 1.54E-08
-1.73E-09 2.54E-09 -8.10E-10 23.20635711 8.57E-08 -1.26E-07 4.00E-08
-1.32E-09 2.60E-09 -1.28E-09 17.70578837 6.54E-08 -1.28E-07 6.30E-08
-8.61E-10 2.56E-09 -1.69E-09 11.52479612 4.26E-08 -1.26E-07 8.37E-08
-3.66E-10 2.41E-09 -2.05E-09 4.900912415 1.81E-08 -1.19E-07 1.01E-07
1.43E-10 2.18E-09 -2.32E-09 -1.911310606 -7.06E-09 -1.08E-07 1.15E-07
6.47E-10 1.86E-09 -2.50E-09 -8.650083032 -3.19E-08 -9.18E-08 1.24E-07
1.13E-09 1.47E-09 -2.59E-09 -15.05643762 -5.56E-08 -7.25E-08 1.28E-07
1.56E-09 1.02E-09 -2.58E-09 -20.88418175 -7.71E-08 -5.04E-08 1.28E-07
1.94E-09 5.34E-10 -2.47E-09 -25.90935849 -9.57E-08 -2.64E-08 1.22E-07
2.24E-09 2.72E-11 -2.27E-09 -29.93885311 -1.11E-07 -1.34E-09 1.12E-07
2.45E-09 -4.81E-10 -1.97E-09 -32.8178144 -1.21E-07 2.37E-08 9.74E-08
2.57E-09 -9.70E-10 -1.60E-09 -34.43560549 -1.27E-07 4.79E-08 7.92E-08
2.60E-09 -1.42E-09 -1.17E-09 -34.73005556 -1.28E-07 7.02E-08 5.80E-08
2.52E-09 -1.82E-09 -6.99E-10 -33.68984908 -1.24E-07 8.99E-08 3.45E-08
2.34E-09 -2.15E-09 -1.97E-10 -31.3549606 -1.16E-07 1.06E-07 9.74E-09
2.08E-09 -2.39E-09 3.12E-10 -27.81511856 -1.03E-07 1.18E-07 -1.54E-08
1.73E-09 -2.54E-09 8.10E-10 -23.20635711 -8.57E-08 1.26E-07 -4.00E-08
1.32E-09 -2.60E-09 1.28E-09 -17.70578837 -6.54E-08 1.28E-07 -6.30E-08
8.61E-10 -2.56E-09 1.69E-09 -11.52479612 -4.26E-08 1.26E-07 -8.37E-08
3.66E-10 -2.41E-09 2.05E-09 -4.900912415 -1.81E-08 1.19E-07 -1.01E-07
-1.43E-10 -2.18E-09 2.32E-09 1.911310606 7.06E-09 1.08E-07 -1.15E-07
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4.3 – COMPOSITE MODEL SIMULATION – 0.60 OHM DATA 

 

TIME (s) M1_GRID (V) M2_GRID (V) M3_GRID (V) M4_UDER (V) M5_UDER (V) M6_UDER (V) M7_RDER (V)
0 0 11951.15058 -11951.15058 -11951.15058 11951.15058 0 0

5.20833E-06 27.09621924 11937.57943 -11964.67565 -11964.67565 11937.57943 27.09621924 27.09621924
1.04167E-05 54.19233402 11923.96226 -11978.15459 -11978.15459 11923.96226 54.19233402 54.19233402
2.08333E-05 108.3838323 11896.59006 -12004.97389 -12004.97389 11896.59006 108.3838323 108.3838323
4.16667E-05 216.760979 11841.2957 -12058.05668 -12058.05668 11841.2957 216.760979 216.760979
8.33333E-05 433.4684755 11728.51917 -12161.98764 -12161.98764 11728.51917 433.4684755 433.4684755
0.000166667 866.5091699 11494.31313 -12360.8223 -12360.8223 11494.31313 866.5091699 866.5091699
0.000333333 1729.598624 10992.11287 -12721.7115 -12721.7115 10992.11287 1729.598624 1729.598624
0.000666667 3431.920445 9859.722984 -13291.64343 -13291.64343 9859.722984 3431.920445 3431.920445

0.0011875 5973.641628 7786.60503 -13760.24666 -13760.24666 7786.60503 5973.641628 5973.641628
0.001708333 8285.799114 5414.252212 -13700.05133 -13700.05133 5414.252212 8285.799114 8285.799114
0.002229167 10279.53799 2833.832717 -13113.3707 -13113.3707 2833.832717 10279.53799 10279.53799

0.00275 11878.23998 144.5106209 -12022.7506 -12022.7506 144.5106209 11878.23998 11878.23998
0.003270833 13020.46787 -2550.364938 -10470.10293 -10470.10293 -2550.364938 13020.46787 13020.46787
0.003791667 13662.32648 -5147.231402 -8515.095081 -8515.095081 -5147.231402 13662.32648 13662.32648

0.0043125 13779.14955 -7546.29265 -6232.856901 -6232.856901 -7546.29265 13779.14955 13779.14955
0.004833333 13366.44763 -9655.354104 -3711.093526 -3711.093526 -9655.354104 13366.44763 13366.44763
0.005354167 12440.08062 -11393.36571 -1046.714908 -1046.714908 -11393.36571 12440.08062 12440.08062

0.005875 11035.64829 -12693.53667 1657.888377 1657.888377 -12693.53667 11035.64829 11035.64829
0.006395833 9207.122188 -13505.90213 4298.779941 4298.779941 -13505.90213 9207.122188 9207.122188
0.006916667 7024.771541 -13799.24334 6774.471803 6774.471803 -13799.24334 7024.771541 7024.771541

0.0074375 4572.462863 -13562.28738 8989.824513 8989.824513 -13562.28738 4572.462863 4572.462863
0.007958333 1944.437002 -12804.14031 10859.70331 10859.70331 -12804.14031 1944.437002 1944.437002
0.008479167 -758.3124832 -11553.93731 12312.2498 12312.2498 -11553.93731 -758.3124832 -758.3124832

0.009 -3431.920445 -9859.722984 13291.64343 13291.64343 -9859.722984 -3431.920445 -3431.920445
0.009520833 -5973.641628 -7786.60503 13760.24666 13760.24666 -7786.60503 -5973.641628 -5973.641628
0.010041667 -8285.799114 -5414.252212 13700.05133 13700.05133 -5414.252212 -8285.799114 -8285.799114

0.0105625 -10279.53799 -2833.832717 13113.3707 13113.3707 -2833.832717 -10279.53799 -10279.53799
0.011083333 -11878.23998 -144.5106209 12022.7506 12022.7506 -144.5106209 -11878.23998 -11878.23998
0.011604167 -13020.46787 2550.364938 10470.10293 10470.10293 2550.364938 -13020.46787 -13020.46787

0.012125 -13662.32648 5147.231402 8515.095081 8515.095081 5147.231402 -13662.32648 -13662.32648
0.012645833 -13779.14955 7546.29265 6232.856901 6232.856901 7546.29265 -13779.14955 -13779.14955
0.013166667 -13366.44763 9655.354104 3711.093526 3711.093526 9655.354104 -13366.44763 -13366.44763

0.0136875 -12440.08062 11393.36571 1046.714908 1046.714908 11393.36571 -12440.08062 -12440.08062
0.014208333 -11035.64829 12693.53667 -1657.888377 -1657.888377 12693.53667 -11035.64829 -11035.64829
0.014729167 -9207.122188 13505.90213 -4298.779941 -4298.779941 13505.90213 -9207.122188 -9207.122188

0.01525 -7024.771541 13799.24334 -6774.471803 -6774.471803 13799.24334 -7024.771541 -7024.771541
0.015770833 -4572.462863 13562.28738 -8989.824513 -8989.824513 13562.28738 -4572.462863 -4572.462863
0.016291667 -1944.437002 12804.14031 -10859.70331 -10859.70331 12804.14031 -1944.437002 -1944.437002

0.0168125 758.3124832 11553.93731 -12312.2498 -12312.2498 11553.93731 758.3124832 758.3124832
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M8_RDER (V) M9_RDER (V) M10_LOAD (V) M11_LOAD (V) M12_LOAD (V) M13_RDER (V) M14_RDER (V) M15_RDER (V)
11951.15058 -11951.15058 0 11951.15058 -11951.15058 0 103.9230485 -103.9230485
11937.57943 -11964.67565 27.09621924 11937.57943 -11964.67565 0.235619298 103.8050385 -104.0406578
11923.96226 -11978.15459 54.19233402 11923.96226 -11978.15459 0.471237687 103.6866284 -104.157866
11896.59006 -12004.97389 108.3838323 11896.59006 -12004.97389 0.942468107 103.4486092 -104.3910773
11841.2957 -12058.05668 216.760979 11841.2957 -12058.05668 1.884878078 102.9677887 -104.8526668

11728.51917 -12161.98764 433.4684755 11728.51917 -12161.98764 3.769291091 101.9871232 -105.7564143
11494.31313 -12360.8223 866.5091699 11494.31313 -12360.8223 7.534862347 99.95054893 -107.4854113
10992.11287 -12721.7115 1729.598624 10992.11287 -12721.7115 15.03998804 95.58359021 -110.6235782
9859.722984 -13291.64343 3431.920445 9859.722984 -13291.64343 29.84278647 85.7367216 -115.5795081
7786.60503 -13760.24666 5973.641628 7786.60503 -13760.24666 51.94470981 67.70960896 -119.6543188

5414.252212 -13700.05133 8285.799114 5414.252212 -13700.05133 72.05042707 47.08045402 -119.1308811
2833.832717 -13113.3707 10279.53799 2833.832717 -13113.3707 89.38728684 24.64202363 -114.0293105
144.5106209 -12022.7506 11878.23998 144.5106209 -12022.7506 103.2890433 1.256614095 -104.5456574
-2550.364938 -10470.10293 13020.46787 -2550.364938 -10470.10293 113.2214597 -22.17708642 -91.04437332
-5147.231402 -8515.095081 13662.32648 -5147.231402 -8515.095081 118.802839 -44.75853393 -74.04430505
-7546.29265 -6232.856901 13779.14955 -7546.29265 -6232.856901 119.8186918 -65.61993609 -54.19875566

-9655.354104 -3711.093526 13366.44763 -9655.354104 -3711.093526 116.2299794 -83.9596009 -32.27037849
-11393.36571 -1046.714908 12440.08062 -11393.36571 -1046.714908 108.1746141 -99.07274534 -9.101868767
-12693.53667 1657.888377 11035.64829 -12693.53667 1657.888377 95.96215907 -110.3785797 14.41642067
-13505.90213 4298.779941 9207.122188 -13505.90213 4298.779941 80.06193207 -117.4426272 37.38069514
-13799.24334 6774.471803 7024.771541 -13799.24334 6774.471803 61.08496992 -119.9934204 58.90845046
-13562.28738 8989.824513 4572.462863 -13562.28738 8989.824513 39.76054664 -117.9329337 78.17238707
-12804.14031 10859.70331 1944.437002 -12804.14031 10859.70331 16.90814784 -111.3403505 94.43220268
-11553.93731 12312.2498 -758.3124832 -11553.93731 12312.2498 -6.594021593 -100.4690201 107.0630417
-9859.722984 13291.64343 -3431.920445 -9859.722984 13291.64343 -29.84278647 -85.7367216 115.5795081
-7786.60503 13760.24666 -5973.641628 -7786.60503 13760.24666 -51.94470981 -67.70960896 119.6543188

-5414.252212 13700.05133 -8285.799114 -5414.252212 13700.05133 -72.05042707 -47.08045402 119.1308811
-2833.832717 13113.3707 -10279.53799 -2833.832717 13113.3707 -89.38728684 -24.64202363 114.0293105
-144.5106209 12022.7506 -11878.23998 -144.5106209 12022.7506 -103.2890433 -1.256614095 104.5456574
2550.364938 10470.10293 -13020.46787 2550.364938 10470.10293 -113.2214597 22.17708642 91.04437332
5147.231402 8515.095081 -13662.32648 5147.231402 8515.095081 -118.802839 44.75853393 74.04430505
7546.29265 6232.856901 -13779.14955 7546.29265 6232.856901 -119.8186918 65.61993609 54.19875566

9655.354104 3711.093526 -13366.44763 9655.354104 3711.093526 -116.2299794 83.9596009 32.27037849
11393.36571 1046.714908 -12440.08062 11393.36571 1046.714908 -108.1746141 99.07274534 9.101868767
12693.53667 -1657.888377 -11035.64829 12693.53667 -1657.888377 -95.96215907 110.3785797 -14.41642067
13505.90213 -4298.779941 -9207.122188 13505.90213 -4298.779941 -80.06193207 117.4426272 -37.38069514
13799.24334 -6774.471803 -7024.771541 13799.24334 -6774.471803 -61.08496992 119.9934204 -58.90845046
13562.28738 -8989.824513 -4572.462863 13562.28738 -8989.824513 -39.76054664 117.9329337 -78.17238707
12804.14031 -10859.70331 -1944.437002 12804.14031 -10859.70331 -16.90814784 111.3403505 -94.43220268
11553.93731 -12312.2498 758.3124832 11553.93731 -12312.2498 6.594021593 100.4690201 -107.0630417
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M16_N (V) M17_TRAN (V) M18_TRAN (V) M19_TRAN (V) M1_GRID (A) M2_GRID (A) M3_GRID (A) M4_UDER (A)
0 0 108253.1755 -108253.1755 4.26E-15 -6.024524524 6.024524524 30.12262274
0 245.4367684 108130.2484 -108375.6852 -0.01365909 -6.017683366 6.031342456 30.1567124
0 490.8725905 108006.9045 -108497.7771 -0.027318127 -6.010819008 6.038137135 30.19068579
0 981.7376111 107758.9679 -108740.7055 -0.054635832 -5.997020798 6.05165663 30.25828327
0 1963.414664 107258.1132 -109221.5279 -0.109268294 -5.969147147 6.07841544 30.39207732
0 3926.344885 106236.5866 -110162.9315 -0.218509628 -5.912296971 6.130806599 30.65403312
0 7848.814941 104115.1551 -111963.97 -0.436803612 -5.794234695 6.231038307 31.15519166
0 15666.6542 99566.23975 -115232.8939 -0.87188336 -5.541077669 6.412961029 32.06480527
0 31086.2359 89309.08495 -120395.3208 -1.730016599 -4.970244708 6.700261308 33.50130667
0 54109.07269 70530.84263 -124639.9153 -3.011287512 -3.925194705 6.936482216 34.68241122
0 75052.52817 49042.13958 -124094.6677 -4.176836333 -2.72930167 6.906138003 34.53069015
0 93111.75707 25668.7746 -118780.5317 -5.181871677 -1.428523103 6.61039478 33.05197403
0 107592.7534 1308.973015 -108901.7264 -5.987770599 -0.072847194 6.060617792 30.30308908
0 117939.0205 -23101.13167 -94837.88883 -6.563562854 1.285628192 5.277934662 26.38967341
0 123752.9572 -46623.47282 -77129.48439 -6.88712107 2.594697608 4.292423462 21.4621174
0 124811.1372 -68354.10006 -56457.03712 -6.946011085 3.804054249 3.141956836 15.70978424
0 121072.8951 -87457.91756 -33614.97758 -6.73796979 4.867223219 1.870746571 9.353732891
0 112681.8896 -103200.7763 -9481.113295 -6.270992094 5.74334753 0.527644564 2.63822283
0 99960.58231 -114977.6872 15017.10485 -5.563023689 6.398758217 -0.835734528 -4.178672655
0 83397.84586 -122336.0699 38938.22409 -4.641271403 6.808268214 -2.16699681 -10.83498409
0 63630.17697 -124993.1462 61362.9692 -3.541157661 6.956140281 -3.41498262 -17.07491317
0 41417.23606 -122846.8059 81429.56982 -2.304959215 6.836691778 -4.531732564 -22.65866291
0 17612.65399 -115979.5317 98366.87775 -0.980182479 6.454513045 -5.474330566 -27.37165294
0 -6868.772489 -104655.2292 111524.0017 0.38226212 5.824290995 -6.206553114 -31.0327657
0 -31086.2359 -89309.08495 120395.3208 1.730016599 4.970244708 -6.700261308 -33.50130667
0 -54109.07269 -70530.84263 124639.9153 3.011287512 3.925194705 -6.936482216 -34.68241122
0 -75052.52817 -49042.13958 124094.6677 4.176836333 2.72930167 -6.906138003 -34.53069015
0 -93111.75707 -25668.7746 118780.5317 5.181871677 1.428523103 -6.61039478 -33.05197403
0 -107592.7534 -1308.973015 108901.7264 5.987770599 0.072847194 -6.060617792 -30.30308908
0 -117939.0205 23101.13167 94837.88883 6.563562854 -1.285628192 -5.277934662 -26.38967341
0 -123752.9572 46623.47282 77129.48439 6.88712107 -2.594697608 -4.292423462 -21.4621174
0 -124811.1372 68354.10006 56457.03712 6.946011085 -3.804054249 -3.141956836 -15.70978424
0 -121072.8951 87457.91756 33614.97758 6.73796979 -4.867223219 -1.870746571 -9.353732891
0 -112681.8896 103200.7763 9481.113295 6.270992094 -5.74334753 -0.527644564 -2.63822283
0 -99960.58231 114977.6872 -15017.10485 5.563023689 -6.398758217 0.835734528 4.178672655
0 -83397.84586 122336.0699 -38938.22409 4.641271403 -6.808268214 2.16699681 10.83498409
0 -63630.17697 124993.1462 -61362.9692 3.541157661 -6.956140281 3.41498262 17.07491317
0 -41417.23606 122846.8059 -81429.56982 2.304959215 -6.836691778 4.531732564 22.65866291
0 -17612.65399 115979.5317 -98366.87775 0.980182479 -6.454513045 5.474330566 27.37165294
0 6868.772489 104655.2292 -111524.0017 -0.38226212 -5.824290995 6.206553114 31.0327657
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M5_UDER (A) M6_UDER (A) M7_RDER (A) M8_RDER (A) M9_RDER (A) M10_LOAD (A) M11_LOAD (A) M12_LOAD (A)
-30.12262274 4.26E-15 -5.32E-18 -1.96E-11 1.96E-11 0 -24.0980982 24.0980982
-30.08841695 -0.068295449 -4.44E-14 -1.96E-11 1.96E-11 -0.054636359 -24.07073357 24.12536993
-30.05409516 -0.136590634 -8.88E-14 -1.95E-11 1.96E-11 -0.109272507 -24.04327614 24.15254865
-29.98510411 -0.273179161 -1.78E-13 -1.95E-11 1.97E-11 -0.218543329 -23.9880833 24.20662663
-29.84573585 -0.546341472 -3.55E-13 -1.94E-11 1.98E-11 -0.437073178 -23.87658869 24.31366187
-29.56148497 -1.092548142 -7.10E-13 -1.92E-11 1.99E-11 -0.874038514 -23.64918799 24.5232265
-28.97117359 -2.184018071 -1.42E-12 -1.88E-11 2.03E-11 -1.747214457 -23.17693888 24.92415334
-27.70538845 -4.35941682 -2.83E-12 -1.80E-11 2.08E-11 -3.487533457 -22.16431077 25.65184423
-24.85122364 -8.650083032 -5.62E-12 -1.62E-11 2.18E-11 -6.920066429 -19.88097892 26.80104535
-19.6259736 -15.05643762 -9.79E-12 -1.28E-11 2.25E-11 -12.0451501 -15.70077889 27.74592899
-13.6465084 -20.88418175 -1.36E-11 -8.87E-12 2.24E-11 -16.70734541 -10.91720673 27.62455214

-7.142615541 -25.90935849 -1.68E-11 -4.64E-12 2.15E-11 -20.7274868 -5.714092436 26.44157924
-0.364235969 -29.93885311 -1.95E-11 -2.37E-13 1.97E-11 -23.9510825 -0.291388776 24.24247128
6.428140987 -32.8178144 -2.13E-11 4.18E-12 1.72E-11 -26.25425153 5.142512792 21.11173874
12.97348809 -34.43560549 -2.24E-11 8.43E-12 1.40E-11 -27.5484844 10.37879048 17.16969393
19.02027132 -34.73005556 -2.26E-11 1.24E-11 1.02E-11 -27.78404446 15.21621706 12.5678274
24.33611619 -33.68984908 -2.19E-11 1.58E-11 6.08E-12 -26.95187928 19.46889296 7.482986316
28.71673777 -31.3549606 -2.04E-11 1.87E-11 1.71E-12 -25.08396849 22.97339022 2.110578265
31.99379121 -27.81511856 -1.81E-11 2.08E-11 -2.72E-12 -22.25209486 25.59503298 -3.342938126
34.0413412 -23.20635711 -1.51E-11 2.21E-11 -7.04E-12 -18.5650857 27.23307298 -8.667987279

34.78070154 -17.70578837 -1.15E-11 2.26E-11 -1.11E-11 -14.16463071 27.82456125 -13.65993054
34.18345903 -11.52479612 -7.49E-12 2.22E-11 -1.47E-11 -9.219836901 27.34676724 -18.12693034
32.27256535 -4.900912415 -3.19E-12 2.10E-11 -1.78E-11 -3.920729934 25.8180523 -21.89732236
29.12145509 1.911310606 1.24E-12 1.89E-11 -2.02E-11 1.529048485 23.29716408 -24.82621257
24.85122364 8.650083032 5.62E-12 1.62E-11 -2.18E-11 6.920066429 19.88097892 -26.80104535
19.6259736 15.05643762 9.79E-12 1.28E-11 -2.25E-11 12.0451501 15.70077889 -27.74592899
13.6465084 20.88418175 1.36E-11 8.87E-12 -2.24E-11 16.70734541 10.91720673 -27.62455214

7.142615541 25.90935849 1.68E-11 4.64E-12 -2.15E-11 20.7274868 5.714092436 -26.44157924
0.364235969 29.93885311 1.95E-11 2.37E-13 -1.97E-11 23.9510825 0.291388776 -24.24247128
-6.428140987 32.8178144 2.13E-11 -4.18E-12 -1.72E-11 26.25425153 -5.142512792 -21.11173874
-12.97348809 34.43560549 2.24E-11 -8.43E-12 -1.40E-11 27.5484844 -10.37879048 -17.16969393
-19.02027132 34.73005556 2.26E-11 -1.24E-11 -1.02E-11 27.78404446 -15.21621706 -12.5678274
-24.33611619 33.68984908 2.19E-11 -1.58E-11 -6.08E-12 26.95187928 -19.46889296 -7.482986316
-28.71673777 31.3549606 2.04E-11 -1.87E-11 -1.71E-12 25.08396849 -22.97339022 -2.110578265
-31.99379121 27.81511856 1.81E-11 -2.08E-11 2.72E-12 22.25209486 -25.59503298 3.342938126
-34.0413412 23.20635711 1.51E-11 -2.21E-11 7.04E-12 18.5650857 -27.23307298 8.667987279

-34.78070154 17.70578837 1.15E-11 -2.26E-11 1.11E-11 14.16463071 -27.82456125 13.65993054
-34.18345903 11.52479612 7.49E-12 -2.22E-11 1.47E-11 9.219836901 -27.34676724 18.12693034
-32.27256535 4.900912415 3.19E-12 -2.10E-11 1.78E-11 3.920729934 -25.8180523 21.89732236
-29.12145509 -1.911310606 -1.24E-12 -1.89E-11 2.02E-11 -1.529048485 -23.29716408 24.82621257
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M13_RDER (A) M14_RDER (A) M15_RDER (A) M16_N (A) M17_TRAN (A) M18_TRAN (A) M19_TRAN (A)
-6.12E-16 -2.25E-09 2.25E-09 -4.26E-15 4.71E-16 -0.6651074 0.6651074
-5.11E-12 -2.25E-09 2.25E-09 0.068295449 -0.001507963 -0.664352136 0.665860099
-1.02E-11 -2.25E-09 2.26E-09 0.136590634 -0.003015921 -0.663594311 0.666610231
-2.04E-11 -2.24E-09 2.26E-09 0.273179161 -0.006031795 -0.662070989 0.668102784
-4.08E-11 -2.23E-09 2.27E-09 0.546341472 -0.012063218 -0.658993738 0.671056956
-8.17E-11 -2.21E-09 2.29E-09 1.092548142 -0.024123459 -0.65271748 0.676840939
-1.63E-10 -2.17E-09 2.33E-09 2.184018071 -0.048223111 -0.639683407 0.687906518
-3.26E-10 -2.07E-09 2.40E-09 4.35941682 -0.096255907 -0.611734875 0.707990783
-6.47E-10 -1.86E-09 2.50E-09 8.650083032 -0.190993802 -0.548714927 0.739708728
-1.13E-09 -1.47E-09 2.59E-09 15.05643762 -0.332446087 -0.433341425 0.765787512
-1.56E-09 -1.02E-09 2.58E-09 20.88418175 -0.461122656 -0.301314855 0.762437512
-1.94E-09 -5.34E-10 2.47E-09 25.90935849 -0.57207854 -0.157708925 0.729787465
-2.24E-09 -2.72E-11 2.27E-09 29.93885311 -0.661049767 -0.008042329 0.669092096
-2.45E-09 4.81E-10 1.97E-09 32.8178144 -0.724617222 0.141933329 0.582683892
-2.57E-09 9.70E-10 1.60E-09 34.43560549 -0.760338043 0.286454569 0.473883473
-2.60E-09 1.42E-09 1.17E-09 34.73005556 -0.766839499 0.419967521 0.346871978
-2.52E-09 1.82E-09 6.99E-10 33.68984908 -0.743871744 0.537341356 0.206530388
-2.34E-09 2.15E-09 1.97E-10 31.3549606 -0.692317415 0.634065464 0.05825195
-2.08E-09 2.39E-09 -3.12E-10 27.81511856 -0.614157716 0.706422793 -0.092265077
-1.73E-09 2.54E-09 -8.10E-10 23.20635711 -0.51239628 0.751632689 -0.239236409
-1.32E-09 2.60E-09 -1.28E-09 17.70578837 -0.390943742 0.767957762 -0.37701402
-8.61E-10 2.56E-09 -1.69E-09 11.52479612 -0.254467456 0.75477065 -0.500303194
-3.66E-10 2.41E-09 -2.05E-09 4.900912415 -0.108212128 0.712578125 -0.604365996
1.43E-10 2.18E-09 -2.32E-09 -1.911310606 0.042201731 0.643001621 -0.685203353
6.47E-10 1.86E-09 -2.50E-09 -8.650083032 0.190993802 0.548714927 -0.739708728
1.13E-09 1.47E-09 -2.59E-09 -15.05643762 0.332446087 0.433341425 -0.765787512
1.56E-09 1.02E-09 -2.58E-09 -20.88418175 0.461122656 0.301314855 -0.762437512
1.94E-09 5.34E-10 -2.47E-09 -25.90935849 0.57207854 0.157708925 -0.729787465
2.24E-09 2.72E-11 -2.27E-09 -29.93885311 0.661049767 0.008042329 -0.669092096
2.45E-09 -4.81E-10 -1.97E-09 -32.8178144 0.724617222 -0.141933329 -0.582683892
2.57E-09 -9.70E-10 -1.60E-09 -34.43560549 0.760338043 -0.286454569 -0.473883473
2.60E-09 -1.42E-09 -1.17E-09 -34.73005556 0.766839499 -0.419967521 -0.346871978
2.52E-09 -1.82E-09 -6.99E-10 -33.68984908 0.743871744 -0.537341356 -0.206530388
2.34E-09 -2.15E-09 -1.97E-10 -31.3549606 0.692317415 -0.634065464 -0.05825195
2.08E-09 -2.39E-09 3.12E-10 -27.81511856 0.614157716 -0.706422793 0.092265077
1.73E-09 -2.54E-09 8.10E-10 -23.20635711 0.51239628 -0.751632689 0.239236409
1.32E-09 -2.60E-09 1.28E-09 -17.70578837 0.390943742 -0.767957762 0.37701402
8.61E-10 -2.56E-09 1.69E-09 -11.52479612 0.254467456 -0.75477065 0.500303194
3.66E-10 -2.41E-09 2.05E-09 -4.900912415 0.108212128 -0.712578125 0.604365996
-1.43E-10 -2.18E-09 2.32E-09 1.911310606 -0.042201731 -0.643001621 0.685203353
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5.1 – EXPERIMENTAL RESEARCH – UND SINGLE LINE DIAGRAM 

 Below is the broad system scope detailing the medium voltage utility service that 

the University of North Dakota provides to its facilities and other nearby consumers.  It is 

also indicated in four quadrants in the following subsections: 
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  5.1.1 – UND ELECTRIC UTILITY – NW SERVICE AREA 

 

 

5.1.2 UND ELECTRIC UTILITY – NE SERVICE AREA 
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  5.1.3 UND ELECTRIC UTILITY – SW SERVICE AREA 

 

  5.1.4 UND ELECTRIC UTILITY – SE SERVICE AREA 
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 5.2 UND – CIRCUIT #1 DATA 

 

Meter Interval Start Time Consumption Value Consumption Unit Demand Value Demand Unit
UND - Circuit 1 - Meter# 1823326 44918 253.8199204 kWh 1015.279681 kW
UND - Circuit 1 - Meter# 1823326 44918.01042 256.2362694 kWh 1024.945077 kW
UND - Circuit 1 - Meter# 1823326 44918.02083 242.333693 kWh 969.3347723 kW
UND - Circuit 1 - Meter# 1823326 44918.03125 242.2962342 kWh 969.1849371 kW
UND - Circuit 1 - Meter# 1823326 44918.04167 246.6558889 kWh 986.6235556 kW
UND - Circuit 1 - Meter# 1823326 44918.05208 251.7621567 kWh 1007.048626 kW
UND - Circuit 1 - Meter# 1823326 44918.0625 257.0840113 kWh 1028.336045 kW
UND - Circuit 1 - Meter# 1823326 44918.07292 250.3690611 kWh 1001.476244 kW
UND - Circuit 1 - Meter# 1823326 44918.08333 255.8100691 kWh 1023.240276 kW
UND - Circuit 1 - Meter# 1823326 44918.09375 258.6345752 kWh 1034.538301 kW
UND - Circuit 1 - Meter# 1823326 44918.10417 254.5765219 kWh 1018.306087 kW
UND - Circuit 1 - Meter# 1823326 44918.11458 237.045232 kWh 948.1809282 kW
UND - Circuit 1 - Meter# 1823326 44918.125 247.0782734 kWh 988.3130937 kW
UND - Circuit 1 - Meter# 1823326 44918.13542 248.6344938 kWh 994.5379753 kW
UND - Circuit 1 - Meter# 1823326 44918.14583 245.3415916 kWh 981.3663665 kW
UND - Circuit 1 - Meter# 1823326 44918.15625 230.004973 kWh 920.019892 kW
UND - Circuit 1 - Meter# 1823326 44918.16667 243.4458094 kWh 973.7832379 kW
UND - Circuit 1 - Meter# 1823326 44918.17708 246.6746203 kWh 986.6984812 kW
UND - Circuit 1 - Meter# 1823326 44918.1875 237.5717617 kWh 950.2870469 kW
UND - Circuit 1 - Meter# 1823326 44918.19792 246.9400332 kWh 987.760133 kW
UND - Circuit 1 - Meter# 1823326 44918.20833 263.3949703 kWh 1053.579881 kW
UND - Circuit 1 - Meter# 1823326 44918.21875 248.4730834 kWh 993.8923339 kW
UND - Circuit 1 - Meter# 1823326 44918.22917 239.3147484 kWh 957.2589937 kW
UND - Circuit 1 - Meter# 1823326 44918.23958 237.1175962 kWh 948.4703849 kW
UND - Circuit 1 - Meter# 1823326 44918.25 242.0488706 kWh 968.1954825 kW
UND - Circuit 1 - Meter# 1823326 44918.26042 247.7719268 kWh 991.0877075 kW
UND - Circuit 1 - Meter# 1823326 44918.27083 248.0622784 kWh 992.2491136 kW
UND - Circuit 1 - Meter# 1823326 44918.28125 249.0860694 kWh 996.3442776 kW
UND - Circuit 1 - Meter# 1823326 44918.29167 255.9373997 kWh 1023.749599 kW
UND - Circuit 1 - Meter# 1823326 44918.30208 270.5132448 kWh 1082.052979 kW
UND - Circuit 1 - Meter# 1823326 44918.3125 264.8661211 kWh 1059.464484 kW
UND - Circuit 1 - Meter# 1823326 44918.32292 270.7938484 kWh 1083.175393 kW
UND - Circuit 1 - Meter# 1823326 44918.33333 273.4971058 kWh 1093.988423 kW
UND - Circuit 1 - Meter# 1823326 44918.34375 282.0982439 kWh 1128.392975 kW
UND - Circuit 1 - Meter# 1823326 44918.35417 282.7365675 kWh 1130.94627 kW
UND - Circuit 1 - Meter# 1823326 44918.36458 282.5205297 kWh 1130.082119 kW
UND - Circuit 1 - Meter# 1823326 44918.375 278.5929476 kWh 1114.37179 kW
UND - Circuit 1 - Meter# 1823326 44918.38542 278.0883837 kWh 1112.353535 kW
UND - Circuit 1 - Meter# 1823326 44918.39583 263.1616824 kWh 1052.646729 kW
UND - Circuit 1 - Meter# 1823326 44918.40625 235.6874359 kWh 942.7497436 kW
UND - Circuit 1 - Meter# 1823326 44918.41667 226.5602954 kWh 906.2411818 kW
UND - Circuit 1 - Meter# 1823326 44918.42708 237.8157821 kWh 951.2631284 kW
UND - Circuit 1 - Meter# 1823326 44918.4375 231.8081916 kWh 927.2327665 kW
UND - Circuit 1 - Meter# 1823326 44918.44792 229.7718429 kWh 919.0873717 kW
UND - Circuit 1 - Meter# 1823326 44918.45833 237.6885452 kWh 950.7541808 kW
UND - Circuit 1 - Meter# 1823326 44918.46875 235.4265054 kWh 941.7060219 kW
UND - Circuit 1 - Meter# 1823326 44918.47917 235.6598137 kWh 942.6392548 kW
UND - Circuit 1 - Meter# 1823326 44918.48958 244.1204677 kWh 976.4818711 kW
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Meter Interval Start Time Consumption Value Consumption Unit Demand Value Demand Unit
UND - Circuit 1 - Meter# 1823326 44918.5 232.5048198 kWh 930.0192792 kW
UND - Circuit 1 - Meter# 1823326 44918.51042 237.6784591 kWh 950.7138367 kW
UND - Circuit 1 - Meter# 1823326 44918.52083 240.8480032 kWh 963.3920131 kW
UND - Circuit 1 - Meter# 1823326 44918.53125 241.8349901 kWh 967.3399607 kW
UND - Circuit 1 - Meter# 1823326 44918.54167 229.1917273 kWh 916.7669092 kW
UND - Circuit 1 - Meter# 1823326 44918.55208 241.0187799 kWh 964.0751196 kW
UND - Circuit 1 - Meter# 1823326 44918.5625 238.9493837 kWh 955.797535 kW
UND - Circuit 1 - Meter# 1823326 44918.57292 229.7580064 kWh 919.0320257 kW
UND - Circuit 1 - Meter# 1823326 44918.58333 241.8843104 kWh 967.5372416 kW
UND - Circuit 1 - Meter# 1823326 44918.59375 242.2605185 kWh 969.0420741 kW
UND - Circuit 1 - Meter# 1823326 44918.60417 241.4096074 kWh 965.6384296 kW
UND - Circuit 1 - Meter# 1823326 44918.61458 247.8731328 kWh 991.4925315 kW
UND - Circuit 1 - Meter# 1823326 44918.625 231.0238396 kWh 924.0953584 kW
UND - Circuit 1 - Meter# 1823326 44918.63542 234.2557911 kWh 937.0231647 kW
UND - Circuit 1 - Meter# 1823326 44918.64583 241.0250695 kWh 964.100278 kW
UND - Circuit 1 - Meter# 1823326 44918.65625 236.756089 kWh 947.024356 kW
UND - Circuit 1 - Meter# 1823326 44918.66667 239.161336 kWh 956.6453441 kW
UND - Circuit 1 - Meter# 1823326 44918.67708 239.4861765 kWh 957.9447063 kW
UND - Circuit 1 - Meter# 1823326 44918.6875 249.9930535 kWh 999.9722141 kW
UND - Circuit 1 - Meter# 1823326 44918.69792 239.4700809 kWh 957.8803238 kW
UND - Circuit 1 - Meter# 1823326 44918.70833 247.5538265 kWh 990.215306 kW
UND - Circuit 1 - Meter# 1823326 44918.71875 252.6022579 kWh 1010.409031 kW
UND - Circuit 1 - Meter# 1823326 44918.72917 251.5033133 kWh 1006.013253 kW
UND - Circuit 1 - Meter# 1823326 44918.73958 258.0947802 kWh 1032.37912 kW
UND - Circuit 1 - Meter# 1823326 44918.75 256.1718013 kWh 1024.687205 kW
UND - Circuit 1 - Meter# 1823326 44918.76042 257.3924945 kWh 1029.569978 kW
UND - Circuit 1 - Meter# 1823326 44918.77083 265.0648089 kWh 1060.259235 kW
UND - Circuit 1 - Meter# 1823326 44918.78125 284.7815554 kWh 1139.126221 kW
UND - Circuit 1 - Meter# 1823326 44918.79167 279.9248778 kWh 1119.699511 kW
UND - Circuit 1 - Meter# 1823326 44918.80208 278.9318456 kWh 1115.727382 kW
UND - Circuit 1 - Meter# 1823326 44918.8125 277.5800673 kWh 1110.320269 kW
UND - Circuit 1 - Meter# 1823326 44918.82292 266.7363264 kWh 1066.945305 kW
UND - Circuit 1 - Meter# 1823326 44918.83333 268.5746122 kWh 1074.298449 kW
UND - Circuit 1 - Meter# 1823326 44918.84375 267.8691003 kWh 1071.476401 kW
UND - Circuit 1 - Meter# 1823326 44918.85417 261.9509042 kWh 1047.803616 kW
UND - Circuit 1 - Meter# 1823326 44918.86458 254.3850826 kWh 1017.54033 kW
UND - Circuit 1 - Meter# 1823326 44918.875 259.2302001 kWh 1036.9208 kW
UND - Circuit 1 - Meter# 1823326 44918.88542 258.4215825 kWh 1033.68633 kW
UND - Circuit 1 - Meter# 1823326 44918.89583 252.2844308 kWh 1009.137723 kW
UND - Circuit 1 - Meter# 1823326 44918.90625 257.0583977 kWh 1028.233591 kW
UND - Circuit 1 - Meter# 1823326 44918.91667 240.0728353 kWh 960.2913413 kW
UND - Circuit 1 - Meter# 1823326 44918.92708 246.2775469 kWh 985.1101876 kW
UND - Circuit 1 - Meter# 1823326 44918.9375 254.8093547 kWh 1019.237418 kW
UND - Circuit 1 - Meter# 1823326 44918.94792 258.3563896 kWh 1033.425558 kW
UND - Circuit 1 - Meter# 1823326 44918.95833 251.6451412 kWh 1006.580564 kW
UND - Circuit 1 - Meter# 1823326 44918.96875 248.4208638 kWh 993.6834553 kW
UND - Circuit 1 - Meter# 1823326 44918.97917 268.5794623 kWh 1074.317849 kW
UND - Circuit 1 - Meter# 1823326 44918.98958 276.5474435 kWh 1106.189774 kW
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5.3 MISO – NORDIC #35 LMP DATA 

 

 

Date Time Node Type Measure $/MWh $/kWh
12/23/2022 0:00 OTP.MPC Loadzone LMP 62.99$        0.0630$  
12/23/2022 1:00 OTP.MPC Loadzone LMP 56.00$        0.0560$  
12/23/2022 2:00 OTP.MPC Loadzone LMP 43.47$        0.0435$  
12/23/2022 3:00 OTP.MPC Loadzone LMP 50.40$        0.0504$  
12/23/2022 4:00 OTP.MPC Loadzone LMP 49.68$        0.0497$  
12/23/2022 5:00 OTP.MPC Loadzone LMP 32.37$        0.0324$  
12/23/2022 6:00 OTP.MPC Loadzone LMP 57.55$        0.0576$  
12/23/2022 7:00 OTP.MPC Loadzone LMP 102.95$      0.1030$  
12/23/2022 8:00 OTP.MPC Loadzone LMP 885.32$      0.8853$  
12/23/2022 9:00 OTP.MPC Loadzone LMP 267.28$      0.2673$  
12/23/2022 10:00 OTP.MPC Loadzone LMP 183.61$      0.1836$  
12/23/2022 11:00 OTP.MPC Loadzone LMP 177.23$      0.1772$  
12/23/2022 12:00 OTP.MPC Loadzone LMP 316.31$      0.3163$  
12/23/2022 13:00 OTP.MPC Loadzone LMP 99.49$        0.0995$  
12/23/2022 14:00 OTP.MPC Loadzone LMP 51.41$        0.0514$  
12/23/2022 15:00 OTP.MPC Loadzone LMP 114.68$      0.1147$  
12/23/2022 16:00 OTP.MPC Loadzone LMP 1,686.04$  1.6860$  
12/23/2022 17:00 OTP.MPC Loadzone LMP 1,826.08$  1.8261$  
12/23/2022 18:00 OTP.MPC Loadzone LMP 1,191.98$  1.1920$  
12/23/2022 19:00 OTP.MPC Loadzone LMP 489.86$      0.4899$  
12/23/2022 20:00 OTP.MPC Loadzone LMP 589.12$      0.5891$  
12/23/2022 21:00 OTP.MPC Loadzone LMP 189.95$      0.1900$  
12/23/2022 22:00 OTP.MPC Loadzone LMP 102.96$      0.1030$  
12/23/2022 23:00 OTP.MPC Loadzone LMP 36.47$        0.0365$  
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 5.4 SYSTEM ADVISORY MODEL DATA 

 

 

Time Load (kW) DER (kW) Net Load (kW)
0:00 3,978.7     -             3,978.74            
1:00 4,023.5     -             4,023.48            
2:00 4,024.3     -             4,024.27            
3:00 3,884.2     -             3,884.24            
4:00 3,898.5     -             3,898.53            
5:00 3,953.2     -             3,953.20            
6:00 3,947.9     -             3,947.88            
7:00 4,248.4     -             4,248.44            
8:00 4,483.4     -             4,483.41            
9:00 4,222.1     -             4,222.12            

10:00 3,703.8     -             3,703.82            
11:00 3,811.6     -             3,811.58            
12:00 3,811.5     -             3,811.47            
13:00 3,755.7     -             3,755.67            
14:00 3,893.7     -             3,893.71            
15:00 3,772.2     -             3,772.24            
16:00 3,872.4     -             3,872.44            
17:00 4,039.0     1,576.8     2,462.22            
18:00 4,253.6     1,576.8     2,676.84            
19:00 4,412.7     1,576.8     2,835.89            
20:00 4,211.1     1,576.8     2,634.32            
21:00 4,108.0     1,576.8     2,531.18            
22:00 3,998.1     1,576.8     2,421.26            
23:00 4,180.8     1,576.8     2,603.97            
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DISCLAIMER 

The author and the University of North Dakota are not subject to any liability that may 

stem from reliance on this dissertation, including, but not limited, to any compensatory or 

punitive damages or equitable remedies at law. 
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