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 Abstract 

Optimization in investment strategy is a fundamental way to achieve profitability of 

networks while improving reliability although the economical consequences are always 

dependent on the regulatory model. The changing in the operating environment is bringing 

new challenges and raise new questions to DNO’s. Areas such as energy efficiency, micro-

generation, demand side management, energy losses, renewable energy production and 

smart-meters are direct responsibility of DNO’s and they all take part in the achievement of 

sustainable distribution networks. Regarding these matters, the study and development of 

tools that aid DNO’s in strategic planning for the level and type of investment that should be 

made is essential, in order to justify the future demands near the regulatory system. 

 

In this project, the impact of micro generation technologies in new developments was 

modelled and a calculation tool was developed using MS Excel and the Visual Basic. The tool 

evaluates the capability of existing primary substations to cope with expected demand from 

new developments, where sustainable technologies and measures are expected to be 

adopted. 

 

A study case was carried out to examine the impact of two new developments in 

distribution network. The results showed that micro generation technologies for heating 

purposes have a higher impact in reducing demand from the perspective of a distribution 

network than technologies such as Photovoltaic and Micro Wind generators which showed only 

to have a marginal impact in the expected demand reduction seen by primaries substations. 

 

The risk assessment for the technical solutions, demonstrated that investment should be 

made in order to stimulate the uptake of micro generation in new developments. A higher 

uptake in micro generation would lead to maximization of existing primary substations, rather 

by increasing available margins or by delaying the need of reinforcement. 
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Chapter 1 

 

Introduction 

1.1 - Introduction 

Distribution network operators (DNO’s) are facing new problems, the raising pressure 

caused by factors such as climatic changes, aging infrastructure and changes in the regulatory 

environment [1] are making network planning a difficult goal to achieve. Several regulatory 

elements such as power quality, operational costs, allowed income and efficiency 

benchmarking have to be taken into account when considering if a investment is a reasonable 

and profitable one [1].  

 

The regulation of UK’s DNO’s has increased the incentives for cost effective, maintenance 

and efficient use of available assets [2]. However, reliability of power supply is the main 

concern of costumer and regulators, making the planning constrained by their requirements.  

 

All investments in networks increase their value, either by replacing older equipments or 

by building new ones, but they may also have an impact in power quality and operational 

costs therefore affecting DNO’s income [1]. Optimization of investment strategy is a 

fundamental way to achieve profitability of networks while improving reliability although the 

economical consequences are always dependent on the regulatory model [2]. Utilities need to 

implement new strategies for more effective planning techniques and asset management 

methods. Herein, the term asset management implies making the right decisions on: 

- What assets to perform reinforcement on; 

- What level of reinforcement to perform; 

- What specific reinforcement steps to perform; 

- When to perform the selected reinforcement 

However, to make the right decisions the manager needs strategic tools, planning tools, 

data and different support systems. 
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Due to the increasingly dependency on imported energy by UK’s energy system, combined 

with the rising fossil fuels price and the expected need of new generation (around 30GW in 

the next two decades) [3], the growing evidence of the impact of global warming and public 

concern about environmental issues made DNO’s a vital part for the achievement of 

sustainable electricity systems and security of supply.  

 

Areas such as energy efficiency, micro-generation, demand side management, energy 

losses, renewable energy production and smart-meters are direct responsibility of DNO’s and 

they all take part in the achievement of sustainable distribution networks. Such measures and 

initiatives will soon be part of UK’s national policy [2, 3] and then will become into 

regulatory measures which will bring implications and change the operating environment for 

DNO’s. Regarding these questions, the study and development of tools that aid DNO’s on 

strategic planning for the level and type of investment that should be made is essential in 

order to justify the future demands near the regulatory system. 

 

The change in the operating environment will bring new challenges and raise new 

questions to DNO’s. The new demand growth in specific parts of the network, how much 

impact will they have on the current capability of primary stations? The several futures 

scenarios, such as environmental awakening, where people start to realize the importance of 

green energy and change their energy consuming habits such as the acceptance of measures 

like energy efficiency, micro generation and the adoption of the concept of zero carbon-

houses or even a scenario of economic concern where all the environmental issues don’t play 

a primary role in peoples life, how will this scenarios affect load curves and primary stations 

capacity? How to optimize and pinpoint the investments in the network in order to balance 

the supply and demand? How to quantify and measure the implications of new technologies 

such microCHP, mediumCHP, biomass, photovoltaic, micro wind generators, biomass, ground 

source heating pumps (GSHP), solar water heating (SWH), zero carbon homes? How to 

integrate, if possible, geographical information system (GIS) based solutions in improving 

network investment efficiency? These are all technical issues which concern the modelling for 

optimization planning. 

 

The current process that address the issue of connecting new loads to the feeders relay 

on the actual capacity of the primary substation where is intended to connect the new loads, 

if any new developments require more power than the primary is capable of supply then a 

new primary must be built. The connection and using costs of the electricity distribution 

networks depends on several factors such as the customers’ location and the capacity a 

customer requires [5].  

 

Ensuring customers are charged (or rewarded) for the impact they have on network costs 

is essential to encouraging the efficient development of these networks. Cost reflective 

charging methodologies could reduce the need for investment in the networks, benefiting 

business and domestic customers by lowering the distribution charges that make up around 

17% [6] of a typical domestic consumer’s bill.  

 

With the model developed in this work, it is intended to do a long term forecast on 

primary substation capacity using the estimated load growth  on the areas that DNO’s have 
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the information that new developments will be built, adding also the perspectives of future 

penetration of low carbon technologies and measures. This kind of methodology will help 

DNO’s to plan their networks in terms of future needs of reinforcement or new investments, 

giving them the tools to aid the development of their charging methodologies in order to 

justify their  investments in the network before the regulator. 

1.2 - Project Aims 

The main objectives for the proposed project are:  

- analyse the capability of primary substations to cope with future load growth;  

- study and describe the impact of different technologies and measures in the expected 

electricity demand; 

- risk assessment of technical solutions. 

 

It is expected that the model and framework developed can be useful for strategic 

planning and future network development, giving DNO’s a robust tool to analyse several 

different network investments and their risks in order to optimize their efficiency in 

operation and maintenance costs in medium and long term scale. 

 

1.3 – Dissertation’s Outline 

 

Chapter 2 provides a literature review on the related research, especially in areas such as 

asset management, micro generation technologies, UK transmission and distribution system 

and the current energy situation in UK. Chapter 3 provides a description in model 

development, methodology and considered assumptions. In Chapter 4, a case study, with two 

developments, was conducted in order to evaluate the impact of micro generation 

technologies and energy efficiency measures in the distribution network, specifically in the 

primary substations. It will also include a discussion and interpretation of the results 

obtained.  The last chapter concludes the whole dissertation, reviewing the objectives and 

what this project has achieved. Further recommendation in this field as well as possible 

further work that can and should be carried out is also listed. 
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Chapter 2 

 

Literature Review 

In the first part of this chapter the political environment and the regulation system of 

DNO’s will be briefly introduced. It is vital to understand how the current political 

environment and the regulatory regime will impact on a medium and long term the 

distribution companies and how they must face the upcoming challenges. On the subsequent 

sections, impact of technologies that will help DNO’s face those new challenges will be 

discuss, mainly focusing on technologies that are more suitable for a rural environment. This 

chapter will provide the reader with the appropriate theoretical background to understand 

the approach in evaluating how the possible future drawn scenarios, political will, regulation 

systems, available technologies and network asset management affect future investment 

decisions. 

 

Works on asset management and distribution network investment strategies are 

investigated with the intention of drawing conclusions on the advantages and disadvantages 

of the methods used and also to Figure out in which way they can be useful or not in the 

current modelling work. 

 

2.1 - Political Environment  

In this subchapter, it is discussed the main issues arisen from the review of current 

literature on several sources referring to UK’s current energy situation and measures to tackle 

the current challenges brought by growing awareness on climate change. 

 

 

2.1.1 - UK Energy Status 

In the Energy White Paper from 2007 [3], it is described the serious challenge in which 

United Kingdom is actually facing; the continuous increase on energy demand is causing UK’s 
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economy to become more and more dependent on fossil fuels, as a result fuels reserves are 

rapidly decreasing making UK more dependent in imported fuels. It is expected that by 2020 

around 80% of UK’s energy needs will be supplied by overseas fuels [3]. As a result, UK’s 

exposure to foreign volatility would drive his economy to become vulnerable and unstable. As 

referred in [3] strategy drawn by the British government to ensure the security of energy 

supply is to accelerate the transition to an energy efficient low carbon economy by boosting 

investment in infrastructure and the development and deployment of low carbon 

technologies. 

 

 

Figure 2-1 - UK Primary Energy Demand by Fuels [3] 

 

UK is currently ‘energy obese’: far more is used than is actually required to deliver well-

being. Years of cheap, abundant petrochemicals have led to highly wasteful practices and 

attitudes. The current UK’s electricity generation capacity is around 76GW to meet an annual 

consumption of about 350TWh [3]. The composition of the generation system is a mixed of 

different sources, which enables the power system with a great flexibility to accommodate 

variations in demand. 
 

 

Figure 2-2 - UK Electricity Generation Mix [3] 

 



 

 

7 

 

7 

The Large Combustion Plant Directive (2001) (LCPD) [7] imposes two separate constraints 

on coal and oil stations. One requires that about 11GW of “opted-out” coal and oil stations 

close by end 2015 and the second restricts the operation post-2016, of around 20GW of coal 

stations that “opted-in” to meet the requirements of the LCPD. To achieve this requirements; 

a report by Red Point Energy in [8] states that the de-carbonization of national grid will imply 

the close of power stations by a total of around 22.5GW by the end of 2020 [8]. This means 

that to maintain the quality of supply, new investments will need to be made in order to 

replace the closed power stations and to supply the future demand. The build of new power 

stations is dependent on how profitable are those investments but due to market and 

regulatory uncertainties, those investments are involved in great risks and adding the 

importance of timely investment to guarantee enough levels on generation the security of 

supply may get compromised. 
 

 

 

 

   

 

 

 

 

 

 

 

Figure 2-3 - UK Current Capacity of CHP and Renewable Generation [3] 

 

With declining oil and gas, the electricity supply will be increased to compensate, 

requiring reinforcement of the National Grid. Compared to large-scale fossil fuelled 

generation, a grid with a high penetration of intermittent and variable renewables requires 

more sophisticated systems for integration and balancing of supply. Figure 2.3 shows the 

current capacity of CHP and renewable generation in UK [3]. 

 

 

2.1.2 - UK Government Measures  

  

In Energy White Paper 2003 [9] a goal of 26-32% Carbon Dioxide (CO2)reductions by the 

year 2020 in comparison with 1990 values is proposed [9], to deal with the current situation 

and to achieve the proposed goals, several measures have been carried away by UK 

Government in [3], such as, improvement on billing and the use of smart meters, real time 

display on the households of the current demand, changes on the building regulation such 

that by the year 2016 all new homes built in England will  have to be zero carbon [10], 

practical implementation of building performance of buildings directive [11], more energy 

efficient products, power balancing is minimised by intelligent load management, wide 
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geographical distribution of renewable generators, plus ‘firm’ renewables such as tidal and 

biomass fuelled CHP.  

 

There will be also a package of incentives to encourage the spread of distributed 

generation and low carbon technologies; the confirmed intention by the government to 

strength the Renewables Obligation Certificate (ROC) by increasing them to up to 20% as and 

when renewables are deployed, the introduction of banding ROC to differentiated levels of 

support to different renewable technologies [3], more information and guidance on options in 

distributed generation, more flexible market and licensing arrangements, more clarity on the 

terms offered by energy suppliers to reward micro-generation [3], action to ensure a faster 

and efficient connections to distributed generators. According to Energy White Paper 2007, in 

result of this measures electricity consumption could be up to 15% lower in 2020 and gas 

consumption up to 13% lower than it would otherwise have been, thereby reducing gas 

imports. Overall, it is estimated that this measures will improve the energy efficiency of the 

UK economy by around 10% by 2020 [3]. 
 

2.2 - UK Transmission and Distribution System  

 

The transmission network, on the whole, receives electricity from large power stations 

which in turn enters, via transformers, the distribution network. Most consumers receive their 

electricity from the distribution network. National Grid (NG) owns the England and Wales 

transmission system, with Scottish Power and Scottish and Southern Energy each owning a 

part of the transmission system in Scotland. As transmission owners, these companies are 

responsible for building and maintaining safe and efficient networks and are regulated by 

OFGEM (The Office of Gas and Electricity Markets) [3]. National Grid also has the 

responsibility of overseeing and managing the flow of electricity across the whole UK 

transmission network. In this role, National Grid is known as the transmission system 

operator. 

 

Under the Utilities Act 2000 [12] distribution it is now a licensed activity and remains a 

monopoly business. Whilst this applies throughout the UK, the structure in England and Wales 

is different than it is in Scotland. In Scotland distribution is operated by two vertically 

integrated energy companies who in addition to operating their respective distribution 

businesses they are also responsible for generation and transmission throughout the Scotland.  

 

Each distribution company holds a separate licence for each area they cover and they are 

strictly governed by the terms of that licence. They have a statutory duty to connect any 

customer requiring electricity within their area and to thereafter maintain the supply to 

them. Distribution companies are now known as DNO’s and as part of the legislation within 

the [12] they have an obligation to be non-discriminatory in all aspects of their business. 

Additionally, they must maintain an efficient cost effective and coordinated system to 

distribute electricity. In addition to DNO’s we now have the concept of Independent 

Distribution Network Operators (IDNO). IDNOs own and operate electricity distribution 

networks which will predominately be network extensions connected to the existing 
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distribution network, e.g. to serve new housing developments. Licences are granted by 

OFGEM and as these are effectively monopolies they are regulated through a price control 

mechanism which is reset every four or five years. Whilst the number of Distribution Licences 

remains unchanged the whole UK Energy Market is going through a period of consolidation and 

the ultimate owner's of the individual DNO’s continues to change. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-4 - UK Distribution Networks Operators [13] 

 

2.3 - Regulatory System  

 

The energy regulator, known as OFGEM holds key responsibilities which both directly and 

indirectly contribute to security of energy supply. These include: regulating the natural 

monopoly networks in gas distribution and electricity transmission by the issuing and 

modifying of licences; investigating and penalising licensees who breach their licence 

conditions; and setting price controls. OFGEM’s duties in relation to ensuring competition 

include protecting consumers’ interests, ensuring that markets are as free of distortions as 

possible and that price signals are accurate and reliable, hence helping new investment. 

 

 The regulator also has a key responsibility for ensuring that adequate, timely investment 

in the transmission network infrastructure occurs. Such investment is important not just to 

replace old network equipment but also to enable connections to the grid of new electricity 
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generation such as that from renewable. Additionally, OFGEM regulates the operator of the 

national transmission system, National Grid, via a set of licence conditions that require 

National Grid to maintain a balanced system. Vincent de Rivaz (EDF Energy CEO) stated in 

Distribution Price Review 2005 conference [14] that the regulatory framework contribute to 

delivering electricity supplies via a network that OFGEM analysis showed to be 99.99% reliable 

in 2005.  

 

According to [3] OFGEM also has a statutory duty to contribute to the achievement of 

sustainable development, consistent with its role as an independent economic regulator. The 

UK Government considers this duty an essential element of OFGEM’s remit and attaches great 

importance to OFGEM making an effective contribution towards this objective [3]. 

 

2.4 - Supergen Scenarios Overview   

 

To understand the wide range of factors which influence investment decisions it was 

analysed a number of scenarios of the dynamics of investment in electricity distribution 

 

In the paper Generic Scenarios [15] it is said that scenarios are different visions of the 

future. They are used by organisations for many different purposes, such as to: 

• Test current policies and plans against future challenges; 

• Harness creativity and stimulate debate; 

• Bring together disparate groups to work towards a common goal. 

 

The most common use is probably to better understand an uncertain future such that 

action can be taken today to counter future challenges and/or exploit downstream 

opportunities.  

 

Previous work by the authors Elders et al. (2006) has resulted in a set of six scenarios 

illustrating possible developments in the electricity industry in the period up to 2050. While 

such scenarios are valuable in gauging the long-term direction of the electricity industry and 

its economic and environmental consequences, shorter-range scenarios are useful in assessing 

the steps necessary to achieve these long-range destinations, and to determine their 

relationship to current trends, policies and targets [17]. 

 

The scenarios, in which this model is based, have been developed by Supergen Future 

Network Technologies [17], which brings together a consortium of researchers from a number 

academic institutions in order to study and develop the application and effects of new and 

emerging technologies for use in power systems in the forthcoming future. These scenarios 

are intended to allow the analysis of network performance under a variety of economic, 

technical and environmental variations and to illustrate the varied sets of background 

circumstances which may influence the industry over the coming years including political and 

regulatory factors, the strength of the economy and the level to which environmentally 

driven restrictions and opportunities influence policy and investment decisions. 
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2.4.1 - Scenarios Development and Key Parameters 

 

In the Supergen Scenarios for 2020 [17] it is referred that one of the most important 

aims, was to achieve consistency both with the current situation and the Supergen Scenarios 

for 2050 [16].  In order to achieve this objective, consideration was given both to the likely 

trend in demand for electricity under each of the 2050 scenarios, and the technology mix 

which is anticipated. The effect of the underlying driving factors in each 2050 scenario is also 

taken into account in identifying a set of intermediate points (2020) in the development of 

each long-term scenario [17]. 

 

The process by which the four 2020 scenarios were developed is described, and the 

characteristics which are used to build possible “future worlds” are listed. 
 

 

 

 

Figure 2-5 - Scenario Identification Process [16] 

 

The process for scenario identifications starts by defining the key activities of electricity 

networks: energy use, energy transportation, energy generation, markets and regulation as 

showed in Figure 2.5. Then reports, forecast and analyses are studied by experts from each 

area in order to gather information of what are the key factors that are most likely to 

influence the development of electricity networks. As a result of the analysis the key 

parameters proposed were [17]: 

 

Economic Growth: This parameter influences factors which include increases in energy 

demand and levels of investment finance. In these scenarios, the following range of values is 

considered: 

  - Low growth, whereby economic growth is significantly less than recent 

levels; 
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   - High growth, in which economic growth is somewhat higher than current 

levels. 

 

Technological Growth: The technological growth parameter governs the appearance and 

application of new technology to electric power networks. The following range of possibilities 

is considered: 

  - Revolutionary development, in which radical new technologies are 

developed and applied widely; 

  -  Evolutionary development, in which technological advance is restricted to 

the application and gradual improvement of current and currently foreseen technologies. 

 

Environmental attitudes: Strength or weakness of prevailing environmental attitude 

determines factors including emissions constraints and incentives and the acceptability of the 

power network. In these scenarios, the following range of possibilities is considered: 

  - Weak environmental attitudes whereby concern reduces in comparison to 

the current UK atmosphere to a situation similar to that current in the United States; 

  - Strong environmental attitudes whereby popular and governmental concern 

for the environment strengthen significantly with respect to the current situation. 

 

Political and regulatory attitudes: This parameter concerns the attitudes of government 

and society in general to the management and development of energy industries in general, 

including energy use, transportation and electricity generation. Two possibilities are 

considered: 

  - Liberal attitudes, in which the current preference for relatively light 

regulation, together with a market-driven approach continues; 

  - An interventionist approach, in which a centrally directed model of 

management and development is adopted, with greater and more prescriptive government 

involvement. 

 

Some other scenario-based work, such as that of the UK Government’s Foresight Energy 

Futures Task Force [18] has presented scenarios graphically as quadrants within a “scenario 

space”, despite the initial approach for such representation, further reflection and wider 

discussion among members of the Supergen research consortium suggested that in this case 

the approach tended to encourage the consideration of technically uninteresting and mutually 

similar scenarios, while failing to adequately represent the diversity of issues of interest [16]. 

Instead, a process of formal presentation, review and criticism of draft scenarios by the 

consortium has been adopted, in order to assure the relevance and diversity of the final 

scenarios presented. 
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2.4.2 - Scenarios Identification and Background 

 

 

 

 

Figure 2-6 - Electricity Scenarios for 2020 [17] 

 

As a result of the previous analysis, four scenarios were drawn (Figure 2.6): 

environmental awakening, continuing prosperity, supportive regulation and economic 

concern. 

 

 

a) Continuous Prosperity Scenario Review 

 

The Continuing Prosperity scenario developed by [17] envisions a future in which buoyant 

economic growth is supported by strong research and development investment in electricity 

network and generation technology. These factors result in an electricity industry of 

increasing technical sophistication, in which long-term growth in demand for energy services 

is addressed through a combination of continuing investment in network infrastructure and 

strong promotion of load management measures such as energy efficiency and demand-side 

participation. In this scenario several assumptions are made: 

 

• Electricity demand continue to grow every year; 

• Demand side management is applied in order to avoid network reinforcement; 

• Smart metering wide adoption; 

• Continuous investment in renewable energy with 18% of electricity generated at UK 

by 2020 with 10GW of installed capacity in onshore wind farm and 2GW in offshore, 

7GW in biomass generation, 2GW in wave and tidal stream generation and 2GW in 

hydro-generation; 

• Power electronic compensation and flow control devices are extensively deployed at 

transmission level; 

• Interconnector circuits between Scotland and England have been upgraded to operate 

at higher voltages and a second interconnection with Europe is built; 

• Small-scale generation connected to local distribution networks, including small-scale 

wind and biomass plants, together with gas-fuelled micro turbine-based CHP systems 

of which 3GW of capacity have been installed. 
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b)  Economic Concern  

 

The Economic Concern scenario [17] describes a future in which the economy enters a 

period of moderate decline, perhaps as a result of significant fuel price increases or because 

of unfavourable conditions in the wider global economy. As a result, the availability of 

finance for investment in the electricity network and for research into generation and 

network technologies is restricted. In this scenario some of the assumptions are: 

 

• interest in reducing expenditure on energy through the deployment of low-cost 

energy efficiency measures; 

• There is some industrial and commercial interest in demand side management 

schemes as a cost-saving measure to reduce the purchase of expensive peak energy; 

• Renewable generation continues to develop in this scenario, but due to wind and 

marine intermittent production they become increasingly restricted by network 

contraints; 

• No wave or tidal generation will be installed in this scenario although biomass 

develops quite strongly in this scenario with around 7 GW of capacity installed by 

2020 representing 10% of UK’s electricity consumption; 

• Life-extension on large generation (coal and nuclear power plants) in order to avoid 

investment, representing 85% of UK’s generation; 

• At distribution level, networks remain passive, focusing on postponing or avoiding 

major investments; 

• Small scale wind generation is discouraged due to his interment nature, which  would 

lead to networks investments in order to keep quality of supply (QoS); 

• MicroCHP does not develop to the point of being economically attractive to 

households. 

 

 

c)  Environmental Awakening Scenario Review 

 

The Environmental Awakening [17] scenario considers a future in which the impact on the 

environment of the electricity industry, including generation, networks and end use, is a 

matter of increasingly important and popular concern, thus, for this scenario the 

considerations are: 

 

• In this scenario the impact of electrical industry (generation, transmission and 

distribution) becomes increasingly important; 

• By 2020, a peak of electrical demand is reached, starting then a slow but steady 

decrease in consumption due to energy efficiency measures and public consciousness; 

•  Strong investment in renewable generation capacity accounting with almost over 25% 

of electricity production in UK; 

• By 2020 onshore wind with almost 12GW installed, 3GW of offshore wind capacity 

offshore, taken together, they both account around 8% UK’s electrical production; 
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• Wave and tidal generation achieve commercial success, with about 2.5GW installed 

by 2020; 

• Biomass has a strong development in this scenario with almost 10GW installed; 

• The rise of carbon prices and the pressures from international prices, production from 

coal becomes unviable in economical terms leading to a decrease in coal generation; 

• Due to renewable generation growth in remote areas, network reinforcement is 

undertaken, in order to permit the connection  of that generation, but  pressure to 

reduce environmental impact from electricity network  has reduce the amount of 

reinforcement in general; 

• Local distribution networks have seen a large increase in the volume of generation 

connected to them, smaller scale wind and biomass plants are an element of this 

growth, but another important influence is the rapid development of domestic 

microCHP plants using gas-fuelled micro turbine technology. 

 

 

d) Supportive Regulation Scenario Review 

 

The Supportive Regulation [17] scenario describes a future in which the government and 

regulatory authorities exert a gradually increasing influence over the development of the 

electricity industry. This development is brought about by increasing public concern over 

issues such as energy security, and strategic planning issues associated with power generation 

and network infrastructure. It is considered in this scenario that: 

 

• Consumption demand continues to grow, although government measures such as 

energy efficiency and demand side participation restricts the growth to a demand 

peak of 63GW by 2020; 

• The support of the government and regulation authorities increases in low and zero 

carbon technologies, with 10GW of wind generation (9GW onshore and 1GW offshore); 

• Wave and tidal generation also benefits from institutional incentives, by 2020 2GW 

will be installed and small scale biomass generation grows till 8GW; 

• Renewables have a share of over a little 20% on UK’s electrical generation; 

• Network development is focused in maintaining supply reliability and connecting 

renewable developments; 

• Strong regulatory pressure on distribution networks in order to improve quality of 

supply  and reliability of electric supply; 

• DSP and microCHP have no official incentive, thus having small impact. 

• Reliability of the local electricity supply is improved by increased under grounding of 

lower-voltage distribution networks. 

 

These scenarios give a small picture, for what may happen if the assumed assumptions 

take place, giving a clear message that UK’s electricity production decarbonisation is an 

achievable objective, nevertheless it will require an significant effort from a large variety of 

UK society. 
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2.5 - Distributed Generation and Technological Overview 

 

Distributed Generation (DG) will play a key role in this paradigm change of the power 

industry. Many definitions have been proposed to describe power that comes elsewhere than 

from traditional large generating units feeding electricity into the networks. 

 

To the International Energy Agency (IEA) [19] distributed generation is generating plant 

serving a customer on-site, or providing support to a distribution network, and connected to 

the grid at distribution level voltages.  The technologies generally include engines, small 

(including micro) turbines, fuel cells and photovoltaic.  It does not generally include wind 

power, since most wind power is produced in wind farms built specifically for that purpose 

rather than for meeting an on-site power requirement [19].  

 

The US Department of Energy [20] refers to distribution generation as small, modular 

electricity generators sited close to the customer load - can enable utilities to defer or 

eliminate costly investments in transmission and distribution system upgrades, and provides 

customers with better quality, more reliable energy supplies and a cleaner environment [20]. 

 

Directive 96/92/EC [21] states that Distributed generation shall mean generation plants 

connected to the low-voltage distribution system and for ENIRDGnet [22] distributed 

generation is simply a source of electric power connected to the distribution network or to 

the customer site. 

 

DG covers a wide range of technologies, including high efficiency combined heat and 

power plants, small gas turbine, reciprocating engines, fuel cells and many renewable 

technologies supplying small scale power like small-medium size biomass, hydro and 

geothermal plants, photovoltaic solar roofs, small wind machines. These technologies have 

improved during these last few years their performance and the cost of energy produced has 

dramatically decreased: “economy of large product volume” has replaced “economy of 

facility size”, and they offer new market opportunities and enhanced industrial 

competitiveness.  

 

Renewable energy can be defined as the energy flows derived from natural sources that 

are continuously at work in our environment and are not depleted by being used [23] and 

according to the Energy Saving Trust [24] micro generation is defined as any technology, 

connected to the distribution network (if electric) and with a capacity below 50kW. 

 

 Solar radiation is responsible for the majority of renewable energy; however, there are 

other sources where the energy generated comes from. Many others micro generation and 

renewable energy technologies for domestic use are available on the market. The various 

renewable energy technology options are outlined in terms of their underlying basic principles 

and suitability for use in different size rural developments. The following technologies are 

capable of generating heat or electricity for use in dwellings: 
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• Solar thermal (SWH); 

• Photovoltaic or ‘PV’; 

• Biomass heating; 

• Micro wind; 

• Micro-Hydro. 

 

Despite Micro-Hydro is able of generating electricity for domestic use, it is important to 

mention that due to specific terrain topology of the network where this model is going to be 

applied and the subsequent null implementation, Micro-Hydro is no taken into account. 

 

In addition to the above sources of renewable energy, some of the other low carbon 

technological solutions are available and should be considered; 

 

• Ground Source Heating Pumps (GSHP). 

• Micro combined heat and power (microCHP). 

 

 

Table 2-1– Number of units installed by 2020 [24] 

 

 

According to the report Potential for Microgeneration by the Energy Saving Trust [24], 

table 2-1 shows the expected number of units installed till 2020 for each technology, the 

difference between each is mostly explained by the different economic breaking points 

expected for each.  

 

As shown in Figure 2.7, some technologies have different break even points, this happens 

because in the report [24] two scenarios are considered. In the earliest break even scenario it 

is assumed that domestic energy cost is high and the cost of energy produced by each 

technology is low, and in the median break even point it is considered that both domestic 

energy cost and technology energy cost is median. In these scenarios is also taken into 

account the Energy Export Equivalence (EEE), which is a support scheme where the excess 

electricity is sold to the grid at a value which is equivalent to electricity imported from the 

grid. With these scenarios, is easy to see that very few technologies will have early break 

even points if incentives to local production isn’t adopted and production costs don’t 

decrease in a near future. 
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Figure 2-7 - Expected Break Even Points [24] 

 

Before applying renewable energy technologies to new dwellings it is important to 

consider reducing the total energy requirement (for electricity, space heating and hot water). 

This can be achieved by using appropriate energy efficiency measures, passive solar and low 

energy design techniques. New dwellings also need to comply with the thermal performance 

standards set out in the relevant building regulations [25]; however this should be seen as 

only the minimum specification. Constructing dwellings to higher levels can make compliance 

easier. In addition, reducing the total energy requirements of an individual dwelling or a 

development as a whole means a smaller and therefore cheaper renewable system can be 

used. Building regulations across the UK are increasingly adopting a holistic approach to 

improve energy efficiency for new dwellings as part of ensuring compliance [25]. This is 

seeking to tackle all areas where dwellings consume energy. This approach will allow design 

flexibility within certain limits, however it is possible that the target could be met by using 

building integrated renewable (technologies that are built into the building fabric and that 

utilise renewable energy sources). 

 

2.5.1 - Energy Efficiency 

 

In new and existing housing, the total energy requirement (for space heating, hot water 

and electricity) should always be reduced as much as possible by using appropriate energy 

efficiency measures, low energy design and passive solar design techniques. By achieving 

reduced electrical and heating demand of a dwelling, the energy requirement can be met by 

a smaller and cheaper renewable energy system. 
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Figure 2-8- Household Electricity Consumption in UK [26] 

 

New dwellings should, wherever possible, be positioned to take maximum advantage of 

solar gains, daylight and any existing protection from the wind. To maximise passive solar 

gain the dwellings should be planned internally so that main living areas are facing south [27]. 

In addition:  

• Space dwellings at least twice their height apart (north to south); 

• Orientate houses so that their main glazed elevation faces within 30° of south.; 

• Arrange dwellings so that main living areas and bedrooms are within 45° of south; 

• Avoid over-shading within 30° of south; 

• Use garages to shelter north elevations; 

• Increase the proportion of the total glazed area that is south facing; 

• Avoid large ventilated entrances and stairs in block of flats – they introduce a cold 

area into the idle of the block; 

• Specify heating systems and controls which respond to solar gain. Rooms subject to 

high solar gain should have their own zone temperature control. 

 
2.5.2 - Photovoltaics 

 

Photovoltaic cells convert energy from the sun into electricity through semi-conductor 

cells. The electricity is generated in the form of Direct Current (DC) which can either be used 

directly depending on the application, or converted into Alternating Current (AC) for 

household use or for exporting to the local electricity network/national grid. The brighter the 

sunlight, the more power is produced – although PV cells still produce a reduced level of 

power when the sun is hidden by clouds. Shading from other objects (such as nearby buildings 

and trees) is a key issue, as PV cells are more likely to show a drop in system output than 

solar thermal panels. Ideally panels should face as close to due south as possible, and be 

unshaded for most of the day. Because individual PV cells only provide a small amount of 

electricity, they are generally grouped together into a module for convenience. A full 

domestic system may well have several modules, together with other system components 

such as an AC/DC inverter, batteries (for storing the energy until it is needed), a central 

HouseHold Electric Comsumption
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control unit, mounting structure or materials for fixing the array, wiring, fuses and isolator 

[28]. 

 

Different semiconductor materials are used to produce photovoltaic cells. A 

semiconducting material is one which only conducts electricity under certain conditions, e.g. 

when sunlight falls on it. The most widely used material is silicon. Silicon is one of the most 

abundant non-metallic elements on earth. It is used extensively in the manufacture of 

components for televisions, radios and computers, and is consequently much cheaper than 

other potential PV cell materials. 
 

Table 2-2– Conversion Efficiencies of Silicon based PV Modules 

Efficiency 

(per cent) 
Module type Durability (yrs) 

12-15 
Monocrystalline 25-30 

10-13 
Polycrystalline 20-25 

3-6 
Amorphous 15-20 

 

Depending on UK location, between 900 and 1100 kWh of solar energy falls on each m2 of 

unshaded surface annually. In most parts of the UK, PV installations will generate around 800 

kWh annually per kWp of installed capacity. A 3 kWp installation should generate the 

equivalent of a small household’s annual electrical consumption (2400 kWh) [29], but this 

does not allow such an installation to supply the house directly, because of the mismatch in 

supply and demand: 

 

• Peak power demand in many houses exceeds PV generation; 

• Maximum PV output is in summer, while maximum domestic electricity demand is in 

mid-winter. 

 
In Figure 2.9 the profile of the output of a typical 2kWp system is shown, as reported in 

the System Integration of Additional Microgeneration [30]. It shows the 2 kW rated output is 

only attained on an ideal summer’s day. Over the whole period of the summer season, the 

mean maximum output is around 1.2 kW. Outputs at other times of the year reflect reduced 

intensity and duration of sunlight. It is not expected that mains-connected installations will 

incorporate batteries to smooth the output, because of the significant extra cost which would 

be entailed. In general there will be no diversity between micro-PV installations in a single 

locality, e.g. as defined by the area served by a single Low Voltage feeder. For much of the 

time this will apply over much larger areas also. 
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Figure 2-9 - Daily generation profile for 2kW PV installation [30] 

 

The current status of PV technology in the UK is focused in [24] and it showed that in 

general PV is not generally cost effective at present and significant incentives are required to 

maintain the market for small grid connected systems, only in small markets such as remote 

power, PV is already cost effective. The cost effectiveness, as shown in Figure 2.7, is not 

predicted to occur until 2030. However, a technology breakthrough could reduce capital costs 

and bring this forward towards 2020. PV is the technology with the largest market potential 

due to lack of planning issues and if cost issues were overcome this technology could supply 

almost 4% of UK electricity demands, and reduce domestic sector CO2  emissions by up to 3%.  

 

Photovoltaic are ideal for use in rural environments because electricity is generated at 

the point of use, energy loss and costs associated with transmission and distribution are 

avoided. The capital cost of installing these systems however, can be prohibitive. In areas 

where the power supply is usually available but is not always reliable, the PV system can be 

connected to the local electricity network and a back-up battery. The battery is charged 

during normal operation, with excess electricity sold to the network. If the electricity supply 

becomes unavailable, power can be drawn from the battery. PV modules are commercially 

available in a range of different types for integration into rural dwellings and locations. They 

vary from traditional aluminium framed modules and roof mounted systems, to products like 

roof tiles and semitransparent conservatory/atrium roof systems. The flexibility of the 

technology enables products to be used which have the same structural and weather 

properties as traditional construction materials. Furthermore, their modular construction 

allows any size of system to be installed. PV systems can be considered for small scale, low 

voltage applications e.g. the operation of outside lights, pumps on solar water heating 

systems, and boats/caravans which may already have batteries. Although the cost of the 

equipment is still high, capital costs are reduced significantly when a main connection is not 

required. 
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2.5.2 - Solar Water Heating 

  

Energy from the sun can also be harnessed to provide domestic hot water. These systems 

do not generally provide space heating, and are described as ‘solar thermal’ systems. They 

are among the most cost-effective renewable energy systems that can be installed on 

dwellings in rural or urban environments. In a typical system, a heat transfer medium 

(generally a water/antifreeze mixture) travels through a series of heat conducting tubes 

known as a heat collector. During its circulation through the tubes, the fluid picks up heat 

which is then transferred to the domestic hot water supply as it passes through a coil in an 

appropriate storage cylinder. 

 

Solar hot water (SHW) systems can be either active or passive in terms of the circulation 

method. Active systems use an electric pump to circulate the heat transfer fluid (some 

installations use a small PV module to generate electricity for driving the pump). In a typical 

system a controller will compare the temperature of the solar collectors with the 

temperature of the water in the storage cylinder(s). If the collector temperature is hotter 

than in the storage cylinder, the controller will switch on the pump. The circulating fluid will 

then start to flow through the collectors and heat exchanger, thus heating the water in the 

cylinder. These systems are generally more efficient than passive systems but more expensive 

to buy and install. Unlike active systems, passive systems do not use an electric pump to 

circulate the heat transfer fluid. Instead these systems rely on natural convection or water 

pressure to circulate the fluid through the collector to the point of use [31]. 

 

There are two standard types of collector: flat plate and evacuated tube. Flat plate 

collectors are simple but effective devices, comprising a dark plate within an insulated box 

with a glass or durable plastic cover. The plate is usually coated with a ‘selective’ coating to 

ensure that it has high absorption but low emissivity (heat loss by re-radiation). Evacuated 

tube collectors are more sophisticated, with a series of metal strip collectors inside glass 

vacuum tubes. Their efficiencies are usually higher and they are more effective in cold 

weather because of their low heat losses, but they do tend to be more expensive than flat 

plate collectors, and succumb more easily to vandalism. Both collector types can capture 

heat whether the sky is overcast or clear. Depending on UK location, 900–1100 kWh of solar 

energy falls on each m2 of unshaded UK roof surface annually. The annual energy captured by 

typical designs is:  

 

• flat plates: 380–450 kWh per m2 of collector; 

• evacuated tubes: 500–550 kWh per m2 of collector. 

 

A typical solar domestic system features 4 m2 of flat plate or 3 m2 of evacuated tube, 

providing 50% to 65% of the energy required annually for water heating [29]. 

 

Like PV systems, solar collectors provide optimum performance when positioned in direct 

sunlight and located on sloped roofs with a southerly orientation. Unlike PV cells however, 

the degree of offset from due south is not so critical, enabling correctly sized systems within 

approximately 45° of due south to provide a significant contribution to hot water demand. 

During the summer months a typical SHW system can achieve between 80-100 per cent of hot 
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water demand, although this will be considerably less in winter. High-efficiency boilers should 

be used where applicable to provide auxiliary ‘top up’ heating of the domestic hot water 

supply. This is particularly important since there is a risk of Legionella forming unless the 

household water supply is heated to 60°C at least once a day. This applies to ground source 

heat pumps as well as solar thermal systems.  

 

Currently SWH, as shown in Table 2-1 is the most common micro generation technology 

in UK homes. Despite that number, it is referred in [24] that currently SWH is not cost 

effective and substantial grant support is needed in order to take SWH to a cost effectiveness 

level. In the other hand, the paper Boardman et al (2005) [32] firmly state that SWH is the 

micro generation technology closest to being commercially viable. This apparent 

contradiction may be explained by the actual cost effectiveness of SWH but only if replacing 

heating systems. In the current model, the approach by [24] will be taken into account, but 

due to the large numbers of actual installed SWH devices, the impact of this technology will 

also be studied.  

 

2.5.3 - Wind Power 

 

Harnessing wind as a renewable energy source involves converting the power within a 

moving air mass (wind) into rotating shaft power. Wind turbines extract energy from the wind 

using a rotor which usually comprises of two or three blades similar in profile to the wing of 

an aeroplane. If the diameter of the rotor is doubled, the power output from the turbine is 

quadrupled at a given wind speed. Small variations in wind speed can result in large changes 

in potential energy output. By doubling the wind speed available to a prospective wind 

turbine, the power available increases by a factor of eight. Serious consideration must 

therefore be given to the sitting of a turbine, regardless of size and application. Most modern 

turbines have a horizontal axis (as opposed to vertical axes), and range in size from less than 

100W (suitable for battery charging) to several megawatts. The largest currently in 

development has a capacity of 5MW [33]. 

 

Generally, investment in a wind turbine should be recouped where there is a minimum 

average wind speed of 5 m/s; however, while a viable 2.5 kW wind turbine installation should 

generate at least 4000 kWh pa [33], which is equivalent to an average household’s electricity 

consumption, it does not follow that a 2.5 kW installation can supply a house with all its 

electricity because:  

 

• peak power demand in many houses exceeds wind generation; 

• while maximum output is in winter and therefore coincides with maximum demand, 

there can be prolonged winter calms, especially when atmospheric pressure is high 

[29]. 

 

Watson et al (2006) [34] states that 1.5kW is expected to be the maximum size for 

domestic roof-mounted turbine and for a good micro wind site, a 1.5kW turbine with a load 

factor of 0.13 would have an annual output of 1680kWh [34], this value is based on measures 

from various sites along one year. 
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Micro wind break even point is supposed to happen earliest around to 2010 and for sites 

with average speeds of (>6m/s) the cost effectiveness is supposed to happen before 2010; 

nevertheless micro wind is unlikely to achieve cost effectiveness before 2050 [24]. 

 

Information related with the daily or annual electrical output of a wind generator turbine 

is referred in [30] as having no significance due the stochastic nature of wind energy 

resource; it is suggested that in order to evaluate the impact on the electricity distribution 

network, to assume that the maximum output coincides with the time of minimum load, but 

at the time of maximum demand the weather is calm with nil contribution from the wind 

turbine generator. 

 

Ideal locations are those where the turbine can be positioned on top of a smooth hill, 

with an absence of obstructions in the prevailing wind direction. Wind increases in speed as it 

reaches the top of the hill. Excessive turbulence should be minimised by sitting away from 

obstructions. Commercially available small scale wind turbines are generally suited to rural 

applications. Not only are higher wind speeds more readily available, but there is also less 

potential for opposition to their installation[27] [32] [34]. For grid-connected systems in 

particular, assistance will be needed from the appropriate DNO in order to meet relevant 

electrical connection requirements. Other planning issues include the method of fixing 

turbines to buildings to eliminate vibration, the visual impact of the turbine and any 

associated noise whilst in operation. Rural locations where mains electricity may not be 

available, or is prohibitively expensive, are particularly suitable for small scale wind turbines. 

Small turbines, typically less than 100W, can be used to provide electricity in remote 

applications e.g. electric fencing, caravans, boats and telephone boxes. Wind speeds as low 

as 2-2.5m/s can produce enough power for mechanical applications such as pumping water. 

These turbines will usually be of a multi-bladed design to generate the high torque needed to 

operate a piston pump in a borehole or well. 

 

2.5.4 - Ground Source Heat Pumps 

 

A heat pump extracts solar heat from the ground by ‘moving’ heat from one place to 

another and from a lower temperature to a higher temperature, to heat dwellings. It is 

essentially the same technology (in reverse) as a conventional domestic refrigerator. Ground 

source heat pumps (GSHP) therefore utilise stored solar heat, and do not generally use deep 

geothermal heat generated by the earth’s core. There are three key elements to any GSHP 

system: 

 

• Ground heat exchanger. 

• Heat pump. 

• Heat distribution system. 

 

The ground heat exchanger is a loop or coil of pipe that is buried in the ground. A fluid 

consisting mainly of water mixed with antifreeze circulates through the loop and increases in 

temperature by absorbing heat from the surrounding soil. A heat pump works by driving a 

working fluid or refrigerant around a circuit which comprises of an evaporator, compressor, 
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condenser and an expansion valve. As heat is absorbed by the heat source, the refrigerant 

changes its state by evaporation from a liquid to a gas. The refrigerant is now at a low 

temperature and pressure; it enters the compressor where both the temperature and pressure 

are increased as a result of work done on the refrigerant. The gas now enters the condenser 

where the heat absorbed by the collector coil is released, to be used in the dwelling via the 

heat distribution system. The refrigerant, still in the form of a gas, but reduced in pressure 

and temperature, is throttled back further in the expansion valve before recommencing the 

cycle by absorbing more heat from the collector. The compressor runs on electricity and 

consumes approximately one unit of electricity for every three units of heat energy produced.  

However, the total amount of heat energy delivered to the dwelling is equal to the energy 

required to run the heat pump plus the energy extracted from the soil. Therefore GSHP 

systems typically achieve overall efficiencies of between 200-400 per cent depending on the 

operating conditions. A distribution system is needed to transfer the heat extracted from the 

ground by the heat pump. The heat is often in the form of hot water, and is distributed 

around the dwelling by radiators or a low temperature under floor heating system [29] [35] 

[36]. 

 

For indirect GSHP systems supplying low temperature distribution systems, typical 

seasonal efficiencies (annual energy delivered by heat pump: total annual energy supplied 

[for the pumps] to the system) of between 300 and 400% are common, reducing the demand 

for purchased electricity [29]. Break even point for GSHP with electrical heating will be 

around 2005-2010, even then, support schemes still will be needed. It is not expected that 

GSHP will be cost effective with gas heating [24]. 

  

In rural environments GSHP systems are at their most cost-effective where high levels of 

insulation have been achieved and mains gas is unavailable. Where there is a low heating 

demand, underfloor heating and other low temperature heating distribution systems become 

possible options. The choice of vertical or horizontal system depends on the land area 

available, local ground conditions and excavation costs. Horizontal collectors require a 

relatively large area of land for the trench. It can be placed vertically in a narrow trench, or 

horizontally in a wider trench. Horizontal collectors are therefore more suitable to rural 

applications where properties are generally larger. In contrast, vertical collectors are 

inserted into boreholes and are ideally suited in locations where ground space is limited. 

However, they are more expensive to install and consequently less cost-effective than 

horizontal collectors in rural areas. Furthermore in rural environments it might be possible to 

use an alternative heat source such as a lake, flowing water or even an existing deep well to 

permit a smaller and therefore cheaper collector to be used. 

 
2.5.5 - Biomass 

 

Biomass or wood burning systems differ from other renewable energy sources because 

they emit CO2 when they are burnt. The amount released is equal to the carbon absorbed 

when the tree was growing, so the process is essentially carbon neutral. In order for biomass 

to be a truly renewable energy source, the fuel must come from a sustainable source (i.e. it 

is replenished) and should be used in close proximity to where it has been grown. Even 

allowing for emissions of CO2 in planting, harvesting, processing and transporting the fuel, 
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replacing fossil fuel energy with wood will typically reduce net CO2 emissions by over 90% [29] 

[37]. For domestic small scale applications, three different types of wood fuel are generally 

used: logs, pellets and woodchip. 

 

Larger rural applications such as social housing and multi-dwelling developments can 

present the opportunity for automatic wood chip boilers with capacities ranging from 20kW to 

over 1,000kW. When burning fuel with high moisture content, the boiler plant can become 

more technically complex and expensive. These boilers are generally designed for use with 

woodchips with a moisture content of between 25-35 per cent. Large scale boilers will 

perform at their maximum efficiency when operated at, or close to, total capacity. They are 

therefore best suited to providing base-load heat demand, with fossil-fuelled boilers 

operating as an auxiliary back-up to fulfil peak load demand. As technology advances, models 

are becoming available with sophisticated controls allowing the boiler to ‘modulate’ and 

follow the heat load as it varies, without compromising efficiency and performance. [29] [37] 

 

Biomass heating can currently be economic compared with electrical heating, but large 

cost reductions are necessary for break-even with gas heating. [24] 

 

Although the UK’s natural gas distribution network is extensive, there are some areas 

which are not supplied with mains gas. These areas are often close to supplies of 

biomass/wood fuel. New developments can strengthen local rural economies by  providing 

employment in activities like wood fuel harvesting, transport and processing, and the 

construction, operation and servicing of plant machinery. Transforming derelict woodland 

into wood production also helps to conserve and promote biodiversity, as well as improving 

wildlife habitats. Short rotation coppice especially brings substantial biodiversity and habitat 

improvement benefits. Where appropriate, community heating fuelled by biomass can be a 

viable alternative to individual heating systems currently relying on fossil fuels that are 

imported into the area. Availability of specific forms of wood fuel is also a major concern 

when considering the suitability of biomass heating. 

 

 

2.5.6 - Micro Combined Heat and Power 

 

Micro combined heat and power (CHP) is an emerging energy technology, for use in 

dwellings, the system will generate electricity as well as heat for space heating and hot 

water. MicroCHP installations run on natural gas, but bio-gas systems are a future possibility. 

These systems are typically around 1kWe in size. They are claimed to have a low electrical 

efficiency at around 15% but a high overall efficiency around 90% when operating in 

condensing mode [29]. Aside from the fuel and electricity connections, the main elements of 

a CHP installation consist of a prime mover, an alternator, a heat recovery system and a 

control system. There are several types of prime mover used in microCHP systems but the two 

most common types serving the domestic sector in the UK are the Stirling engine and the 

internal combustion engine. Stirling engines are currently the most prominent microCHP 

technology for individual dwellings. These systems are typically around 1kWe in size giving 

approximately 5kW; they are claimed to have a low electrical efficiency at around 15% but a 

high overall efficiency around 90% when operating in condensing mode. Some Stirling engine 
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system suppliers are also planning to provide the option of configuring the system to work in 

the event of a power cut, maintaining heating and providing some power. A small number of 

pioneering applications are currently taking place in the UK. Internal combustion engine 

systems tend to be too large and noisy for individual properties and are therefore usually used 

to supply small groups of dwellings through a network of heating pipes. They are typically 

around 5 kWe in capacity and tend to have higher electrical efficiencies at around 25%. They 

also tend to have higher maintenance requirements than Stirling engine systems. 

 

In [24], two microCHP technologies were considered, Stirling Engine and Fuel Cells, and 

for both is expected early break even scenarios. In the case of Stirling Engine, EEE metering 

enables the break-even of Stirling CHP systems circa 2015 and the absence of EEE delays this 

by approximately 5 years. In the long term, fuel cell CHP is potentially the most cost-

effective technology with break even circa 2015. The small 1kW electricity-led fuel cell CHP 

achieves cost-effectiveness with EEE circa 2010-2015 and 5 years later without EEE depending 

on technology cost assumptions. 

  

Figure 2-10 shows the profiles of the output of a typical 1.1kW system, as analysed by the 

report System Integration of Additional Micro generation [30]. 
 

 

Figure 2-10 - Daily generation profile for microCHP [30] 

 

The electrical output depends on the heating and hot-water load in the premises and 

various manufacturers may adopt different control strategies for maximising efficiency and 

minimising costs. MicroCHP units with modulating controls may exhibit smoother curves with 

a lower rate-of-rise in the early morning, but the area under the curves would be the same, 

as these are determined by seasonal heat demands. [30] 

 

The carbon savings from microCHP are, as yet, unproven. BRE is developing a 

methodology that will make use of the laboratory test results to evaluate the energy benefits 

of microCHP heating systems in houses. MicroCHP suppliers have, however, made estimates of 

the savings achievable from their systems. For example, CO2 savings of 1.5 tonnes per 

household per annum, equivalent to a 20% reduction in CO2 emissions, are suggested. [29] 
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2.6 - DNO’s Asset Management Framework  

 

According to EDF Energy Networks [38] the defined objective of the Network Asset 

Management Plan (NAMP) is to provide a systematic, risk-based, approach to the management 

of the networks and to ensure the optimum scale and timing of network investment to satisfy 

stakeholder requirements [38]. The NAMP’s demonstrate and support the Networks Branch 

commitment to network performance improvement by preserving and, where appropriate, 

enhancing the functionality of network assets in order to ensure that the long-term operating 

capability of the system meets the needs of its stakeholders and customers. 

 

NAMP is often perceived as a set of engineering programmes but it is important to 

recognise that it is more than this; it is a long-term, business-driven strategy. A sound 

understanding of the sometimes complex linkages between business drivers and asset 

performance is essential, as this allows the performance of the network assets, or the risk of 

their functional failure, to be related to DNO’s business performance. By understanding the 

performance improvement potential and, conversely, the risk of failure, it is possible to 

optimise investment and expenditure. [38] 

 

A minimum requirement of each NAMP is to ensure that the individual assets, and the 

network as a whole, continue to perform so as to ensure that DNO’s meet all licence 

conditions and statutory obligations, including health, safety, and environmental 

requirements, and that DNO’s are able to discharge fully its corporate responsibilities. At the 

same time, the networks must continue to provide, as a minimum, a satisfactory level of 

service to connected customers and an acceptable financial performance through efficient 

and effective investment decisions and delivery. [38] 

 

The NAMP’s are, therefore, a crucial element in ensuring that DNO’s achieve its corporate 

objective of obtaining the right balance between the interests of customers, staff and 

shareholder. Projects and programmes of work, and the associated investment and 

expenditure levels within each category, are set to ensure that their purpose is achieved 

within an agreed level of business risk. Project and programme scoping and prioritisation are, 

therefore, an essential part of decision-making when formulating the work and expenditure 

volumes. [38] 

 

2.6.1 - Basis of costs 

 

The values of the projects and programmes described in the NAMP’s are a mixture of 

specific cost estimates, normally associated with specified projects, and values determined 

from the application of unit costs to generic programme volumes. Both approaches use prime 

costs and exclude attributable overheads, these being added retrospectively for Regulatory 

and Management Accounting purposes. For 2007 onwards, project costs include project 

management costs. For major projects costs are based on mid-range estimates and, wherever 

possible, the most recent tender prices for similar projects. [38] 
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2.6.2 - NAMP outputs 

 

The NAMP’s provide a set of justified, approved and risk-assessed investment programmes 

for each DNO’s. They have been developed to address the performance of the physical assets 

that make up the network. Performance issues can be asset-specific, but can also relate to 

the performance of the network as a whole, managing the performance of the distribution 

system as a whole is a primary function of any DNO [38]. A set of very important secondary 

outputs derived from the NAMP process are the two year Production Plans, which are used by 

the delivery units for budgeting and to forecast and organise the resources required to deliver 

the work programmes included in the plan. 

 

Included in the NAMP is Infrastructure Development Plan (IDP) for each network. These 

are stand-alone documents that describe in detail the major network infrastructure projects 

to be undertaken in each area. The cost and volume data contained in these plans are 

harmonised with the NAMP by interfacing the Development Plan databases with the NAMP 

database. However, this alignment represents a ‘point in time’ view and it should be noted 

that the IDP databases are continually being modified to reflect the continuing development 

in investment plans. The ‘NAMP’ view is budget aligned and represents the agreed 

programme. A formal change control mechanism can be applied during the life of the NAMP to 

modify the content, although all such changes need to be evaluated in terms of their impact 

on business performance.  

 

In addition to the financial outputs, the NAMP’s also include high-level resource estimates 

(in terms of field-based core skill requirements) to enable resource planning and provide 

indicative volumes to facilitate procurement planning. The initial two-year period is covered 

in sufficient detail to provide strategic guidance to those parts of the Networks Branch 

responsible for delivery, and through the Production Plans enables them to plan their short to 

medium-term resource requirements. The remainder of the period of the Plan is designed to 

support long-term financial and resource planning within all parts of the business. 

 
2.6.3 - Asset Condition 

 

Asset condition knowledge underpins an effective asset replacement strategy. The 

management of such knowledge is, therefore, a critical element in the development of the 

NAMP. It generates technical and economic information that is used to develop the asset 

strategies and ensure the optimisation of the whole life cost of ownership of each asset. [38] 

 

These strategies integrate information gathered from a wide range of sources, both 

within and external to the business. Examples of inputs include feedback from asset condition 

reports, failure mode feedback reports and external research and development. Modelling 

and risk assessment techniques support the development of replacement strategies for each 

asset group. These techniques facilitate comparisons between the relative criticality (in 

terms of safety, reliability and cost impact) and the condition of the asset population. This 

model assesses the current residual life of that asset group and forecasts future trends, 
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establishing the replacement requirements for each asset, which are then detailed in the 

asset strategic plans. Applying these knowledge acquisition techniques also informs the 

maintenance requirements for each asset group. Combining these requirements allows DNO’s  

to develop a complete picture of asset related investment requirements, which then feeds 

into the strategic planning process. 

 

  

Figure 2-11 – Asset Knowledge Process [38] 

 

 

2.6.4 - Decision Criteria 

 

DNO’s must consider the following important criteria when making asset replacement 

decisions: 

 

• Cost of Operation; 

• Asset performance; 

• Risk of Failure; 

• Environment and Safety; 

 

Every asset replacement scheme is an opportunity to achieve the following benefits for 

the future network: 

 

• Improvement in reliability where an understanding of the condition degradation 

process is such that imminent failure can be anticipated or performance has deteriorated to 

the extent that the number of recurring failures is unacceptable. Also, there may not have 

been any failures to date but its condition, when considered with the consequence of failure, 

is such that replacement is considered a justifiable policy; 
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• Reduction of inspection, maintenance and operating costs, especially where the 

cost of operation has increased (i.e. maintenance and spare parts); 

• Improvement in performance where a replacement decision may be taken simply 

because the current asset is obsolete and the functionality available from new equipment is 

desirable; 

• Improvement to environmental and safety issues where the modern replacement 

option removes or reduces the existing impacts. 

 

 
2.6.5 - Asset knowledge and Asset Life Prediction 

 

Effective asset management must achieve the fine balance between cost, performance 

and risk. This balance can be optimised only when the asset manager has an intimate 

understanding of the assets. In some cases, where knowledge of the asset is limited, this may 

lead to risk-averse decisions (i.e. early replacement) or, in the extreme, catastrophic failure.  

 

Catastrophic plant failure is, of course, precisely what an effective condition-based asset 

management regime seeks to avoid. By replacing plant ‘just in time’, based on good asset 

knowledge, the plant provides its maximum useful life without incurring higher than average 

costs. Unfortunately, on occasions, either because of less than full asset condition data, a 

rapid deterioration in condition or perhaps a design fault on newer equipment, plant can still 

fail catastrophically. Such events are rare, but when they do occur there is potential for 

significant damage. Supply disruption is likely to occur, there can be safety issues for staff 

and the public, media attention will invariably follow and repairs can be disproportionately 

expensive. Strategic spare management is the main way of mitigating the effects of these 

events. 

 

Some methodologies have being introduced into DNO’s [38] which will allow them, a better 

understanding of the network assets and thus support replacement decisions based on 

objective criteria rather than subjective judgement. These methodologies addresses 

electrical and civil assets, including substations, overhead lines, and gas and fluid-filled 

cables, but will not encompass LV, HV and EHV solid cable systems. These methodologies 

have redesigned and rationalised across the DNO’s the business processes of work initiation, 

planning and delivery with (i) the installation, removal and replacement of assets; (ii) the 

inspection and maintenance of assets; and (iii) the defect and follow up work. 

 

They are also a vital part of meeting or exceeding OFGEM efficiency frontiers and mitigating 

legislative and regulatory non-compliance. 
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Chapter 3 

 

Model Development 

3.1 - Introduction 

 

Due to the extreme importance of load forecast in network management, it is essential to 

develop robust methodologies/tools that can be capable to assist network managers in aiding 

and supporting them to make the right decisions on where and when investments need to be 

made in order to maximize their assets and maintain the high standards which DNO’s are 

obliged to fulfil. 

 

The following chapter will provide the reader with the necessary understanding in how 

the current model was built, what are the assumptions made, and what sort of outputs are 

expected. It will describe in detail the structure of the model and how it uses employment 

growth, housing growth, distributed generation penetration, energy efficiency, demand side 

management and how it converts them into load demand seen by primary stations 

perspective. 

 

3.2 - Approach 

  
In this model the load demand forecast was based on publicly available data in respect of 

projected housing and employment growth in the new developments which are supposed to 

happen till the year 2020 in the three operating areas of EDF Energy Networks: East Power 

Network (EPN), London Power Network (LPN) and South East Power Network (SPN). To convert 

the number of houses and the number of jobs, available data from EDF Energy Networks 
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regarding average house consumption and average commercial consumption for each location 

within each network was used.  

 

The approach in the model also includes the selection of three different scenarios based 

on those proposed by the Supergen Future Networks Technologies Consortium [referred to 

from now as the Supergen scenarios]. Three scenarios are modelled, these being Continuing 

Prosperity, Environmental Awakening and Economic Concern. A fourth scenario was also 

proposed by Supergen Consortium (Supportive Regulation), but due to is similarity with 

Continuing Prosperity, the scenario was discharged. 

 

To keep the model complexity in a reasonable level, some assumptions must be taken 

into account: 

 

• Connections are made just to one primary station unless that primary station 

gets full loaded and a new primary is needed; 

• Exceptional loads aren't taken into account in this model; 

• The number of houses considered for each year it is an average of the number 

of houses expected for the number of years that is supposed to last the 

development; 

• Due to his “high level” nature, this model does not take into consideration 

the specific machinery schemes, lines and cables adopted and their 

limitations; 

• Network reinforcement is not considered in case of negative load; 

• Duration of developments are considered to take place since the beginning of 

the first year till the end of the last year; 

• It is assumed a unitary power factor (PF=1). The assumption of a unitary 

power factor is due to consider only active power (reactive power is not 

considered) in the model maths operations, therefore demand will be in MW 

and not in MVA; 

• It is not considered the impact of micro generation in underlying load growth 

in the developments not evaluated.  

 

 

The model represented with the previous flowchart at Figure 3-1 was a combined effort 

from Ricardo Azevedo (University of Porto student) and João Couto (University of Porto 

student) at EDF Energy. The author of this dissertation was responsible for researching the 

expected contribution and output profiles of each technology and to model its contribution at 

peak times regarding the demand load profiles. He was also responsible for developing the 

excel background calculations for the expected demand output and for the methodology for 

evaluating the capability of the selected primary substations to cope with the expected 

underlying load growth and the development demand regarding the connection costs and the 

available margins throughout the period of time considered was developed by him.    
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3.3 - Model Overview 

 
This model is built in MS Excel workbook with Visual Basic Macros. 

A generic approach has been taken whereby the user can select the network area, 

districts within the network and the correspondents developments; it gives the user the 

possibility to define the maximum distance from the development to the primaries; it can 

also give the opportunity to select the modelled scenarios and the percentage of 

implementation of each technology considered for domestic and commercial load, it also 

make it possible for users to chose the percentage of expected energy efficiency reduction in 

electrical demand as for reducing factor for PV, micro wind and DSM. 

 

The selections in Inputs worksheet will result in the appropriate factors and associated 

values to be loaded into the model. This facilitates the upgrading and further model 

development. 

 

To evaluate the impact of micro generation technologies in the distribution network, 

some considerations had to be made in order to process the inputs information into results in 

the outputs worksheet. 

 

 
Table 3-1 – Resume of Energy contributions researched for use in the model 

 

 

 

As shown in table 3-1, each technology contributes in different ways to reduce domestic 

electrical demand. While technologies such as PV and Micro Wind contribute directly by 

producing electricity, other technologies such as SWH, GSHP and Biomass contribute 

indirectly, this happens because their energy contribution is related only to heat production. 

As shown in Figure 2-8, household heat demand includes space and water heating with a total 

amount of 31% with 15% for water heating and 16% for space heating. 

 

For SHW technology, the energetic contribution considered is only in terms of hot water 

heating, so the electricity reduction obtained by the adoption of SHW systems has the 

maximum value of 15% of the average house consumption. 
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For GSHP and Biomass technologies, the energetic contribution considered is only in terms 

of heat (Water and Space), so the electricity reduction obtained by the adoption of GSHP 

systems has the maximum value of 31% of the average house consumption. 

 

For microCHP systems, the energetic contribution is considered in terms of heat and 

electric production, in general heat output has a 4:1 ratio with electrical output, for typical 

systems of 1kWe (3300kWh), with heat outputs of 4kWth (13200kWh). Due to large variety of 

houses, with different heat demands, as shown in table 3-2, an average of 6400kWh of heat 

requirement per household was considered 

 
Table 3-2 – Heat requirements for various types of Dwellings [39] 

 

 
Because microCHP technology can provide most of the heat requirement of a house, and 

the electrical output is driven by the heat output with a ratio of 4:1, a value of 6440kWh for 

heat contribution and 1600 kWh of electrical contribution per household were considerate. 

 

In Outputs worksheet, information, demands and margins will be shown in order to easily 

guide the user to find the best solution that suits the previous choices made in the inputs 

sheet. 

 

The information regarding locations of developments and primaries substations is 

retrieved from the software ARCGIS and stored in Excel database. 
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Figure 3-1 – Model Flowchart 
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3.3.1 - Inputs  

 

This worksheet is separated in two coloured distinct sections; the Control and the 

Info. The Control with a yellow colour is composed by several drop down lists and text boxes, 

and gives the user the chance to change the inputs in the model. The info section, with a 

green colour, displays information referring the values and choices introduced in the control 

section. A Figure of inputs worksheet I shown in appendix A 

 

 

In the Control section are the drop down lists allow the selection of: 

 

• The licence area (SPN, LPN or EPN); 

• The location; 

• The development; 

• The ‘Supergen’ scenario (Continuing Prosperity, Environmental awakening or 

Economic Concern). 

 

1. Choose Network 

Displays a list of the DNO Network (due to usage of EDF Energy data, the Networks 

considered are EPN, SPN, LPN); 

2. Choose District 

Displays a list of the available locations within the chosen DNO Network; 

3. Choose Development 

Displays a list of the available developments located in the chosen location; 

4. Maximum Distance of Primary Substation to New Development (km) 

Blank field where users insert the maximum distance from the development, to existing 

primary substation 

5. Choose Supergen Scenario 

It provides three options: 

 

• Continuing prosperity; 

• Environmental awakening; 

• Economic concern; 

 

The choice of Supergen scenario determines preset factors and information displayed on 

the Info section in respect of: 
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• House and Job Scaling Factor; 

• Trends referring to the deployment of several Micro generation technologies and 

energy efficiency in dwellings; 

• Demand Side Management (DSM), 

The default values used are summarised in the following tables. 

 

House and Job scaling factor: 

  

The house and job scaling factor gives the percentage of houses and jobs that are 

expected for each scenario. Although the information about the number of houses and jobs 

expected for each new development area is imported from another database, the values to 

consider in the model will be affected by these factors according to the chosen scenario.  The 

percentage of houses and jobs considered for each scenario is presented in the table 3-3: 

 

 

 
Table 3-3 - Job and Housing Scaling Factor 

Scenario House and Job scaling (%) 

Continuing Prosperity 100% 

Economic Concern 70% 

Environmental 

Awakening 
100% 

 

 

Trends referring to the deployment of several Micro generation technologies and energy 

efficiency in dwellings 

According to the scenario choice in control section, it will be displayed on the info section 

some information regarding the trend/usage of several micro generation technologies and 

energy measures such as energy efficiency, this information does not give any quantitative 

info, the only purpose is to help the user to have a general view on how those technologies 

are most likely to be adopted according to the scenario previously chosen. 
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Table 3-4 - Trends referring to the deployment of several Micro generation technologies and energy 
efficiency in dwellings 

 Technologies/Measures 

Scenario Biomass MicroCHP GSHP 
Photovoltaic 

Panels 
SHW Micro-Wind 

Energy 
Efficiency 

Continuing 
Prosperity 

Strong 
development 

Small but 
growing 

proportion 

Strong 
development 

Reasonably 
strong 

development 

Strong 
development 

Reasonably 
strong 

development 

Strongly 
promoted 

Economic 
Concern 

Reasonably 
strong 

development 

Does not 
develop to 
the point of 

being 
economically 
attractive 

Minimal 
application 

Discouraged 
by economy 

Minimal 
application 

Discouraged 
by economy 

Interest in 
adoption to 
reduce 

expenditure 
on energy 

Environmental 
Awakening 

Strong 
development 

due to 
concerned 
public 

Strong 
development 

due to 
concerned 
public 

Strong 
development 

due to 
concerned 
public 

Strong 
development 

due to 
concerned 
public 

Strong 
development 

due to 
concerned 
public 

Strong 
development 

due to 
concerned 
public 

High take-
up by 

concerned 
public 

 

 

Demand Side Management (DSM) 

Demand side management is applied to the domestic demand and three profiles are 

shown based on the Supergen scenarios. Each assume an achieved level of DSM by around 

2011/12 after which the uptake levels off, only economic concern scenario shows a small 

increase along the forthcoming years, despite being quite small. 
 

 

 

Table 3-5- Expected demand side management evolution till 2020 according each scenario 

Demand Side 

Management 
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Continuing 

Prosperity 
1.0% 4.0% 8.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 10.0% 

Economic 

Concern 
0.5% 0.5% 0.8% 1.0% 1.0% 1.5% 2.0% 2.0% 2.5% 2.5% 3.0% 3.0% 3.0% 

Environmental 

Awakening 
2.0% 6.0% 8.0% 10.0% 12.0% 12.0% 12.0% 12.0% 12.0% 12.0% 12.0% 12.0% 12.0% 
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6. Set % of electrical demand reduction due to Energy Efficiency measures 

Blank field, where user inserts value for expected reduction on electrical demand caused 

by the implementation of energy efficiency measures, the chosen value must be within a 

range of [0% -17%]. 

 

7. Set % of Each Technology 

Domestic Load: 

Blank fields, where user inserts percentage value of number of houses that adopt each 

technology. The technologies considered for domestic load are: 

- Micro-Wind;  

- Solar Electric Photovoltaic; 

- Micro-Combined Heat and Power Systems (microCHP); 

- Solar Thermal Hot Water (SHW); 

- Biomass; 

- Ground Source Heating Pumps (GSHP). 

 

Commercial Load: 

Blank field, where user inserts value for expected reduction in electrical consumption. 

Due to the uncertainty nature of previous considered technologies and the need of more 

reliable electrical sources for the specific demands of commercial load, only microCHP is 

considered in the model. 

 

8. Set % of DMS reduction factor: 

Allow the user the possibility to select a reduction percentage of the expected 

implementation of DSM measures shown in Table 3-5. The percentages described on Table 3-5 

are considered to be extremely optimistic [40], so the user has in this cell the possibility to 

choose a reduction factor (percentage) to reduce the impact that DSM programmes have in 

domestic electrical demand savings. 

 

9. Set % of Micro-Wind reduction factor: 

Allow the user the possibility to select a reduction factor within a range of [0% to 

50%] for the expected annual contribution of micro-wind technology. 

 

10. Set % of PV reduction factor: 

Allow the user the possibility to select a reduction factor within a range of [0% to 

50%] for the expected annual contribution of micro-wind technology. 
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In the info section of the Inputs worksheet, exist several boxes displaying information 

regarding the choices made in the control section, they are: 

 

- Investment time: shows the years in which the new development is supposed to 

begin and to finish. The first year displayed is the year in which the development is expected 

to star (stars at the beginning of that year) and the second year displayed is year which the 

development is expected to finish (finishes at the end of that year).  

 

 - Total Number of Houses: represents the number of houses that are expected to be 

built in the selected new development for the investment time period. 

 

- Total Number of Jobs: represent the number of new jobs that are expected to be 

created by the selected new development for the investment time period. 

 This value is affected by a scaling factor that is dependent on the chosen scenario.  

  

- Average House Consumption: displays the average house electrical consumption in a 

year for the selected local authority district. 

  

- Average Commercial Consumption/Job: displays the average commercial electrical 

consumption in a year per job for the selected local authority district. 

 

- Demand Side Management on the first year: displays the percentage of DSM to be 

considered in the first year of the new development according to the selected scenario.  

 

- Some information concerning Energy Efficiency Measures and Micro-Generation 

Technologies for domestic loads are made in this section. This information changes according 

to the scenario. 

 

- In this section, is also displayed the information of the energy savings that can be 

made in commercial loads by the implementation of microCHP systems. This information is 

“static” and does not vary like the precedent information according to the chosen scenarios.  

 

- The information relating to the % of DSM reduction factor reveals the user a possible 

estimate for this same value. The default values displayed in this informative consideration 

were obtained from [40]. In this report the impact of DSM on the electrical reduction, in a 

domestic level, was also considered to be optimistic and the default values of 30% for 

Continuing Prosperity scenario, 15% for Economic Concern scenario and  50% for 

Environmental Awakening scenario were assumed for DSM reduction factor. DSM is not 

modelled for commercial loads, this happen in accordance to the  [40] that states that it is 

felt that the best opportunity for reducing system peak as far as a distribution company is 

concerned [as distinct from a generator] is to control domestic demand at system peak. 

- The information relating to the % of Micro-wind factor shows the user information 

regarding the range of values [0% to 50%]. The lowest value is considered to be a year with 

very weak wind. The highest value considered to be a year with stronger wind.  
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- The information relating to the % of PV factor shows the user information regarding 

the range of values [0% to 50%]. The lowest value is considered to be a year with very weak 

solar radiation. The highest value considered to be a year with stronger solar radiation.  

 

 

3.3.2 - Outputs 

 

This worksheet is separated in five coloured distinct sections; the Primary Substations 

Info, the Demand Output, Primary Substation Margin Evolution, Primary Substation Ratio 

Evolution and Results. It will display information from available primaries substations where 

new developments can be connected and it will also aids users to select the best one in terms 

of cost/margin. 

 

I) Primary Substation Info 

 

The primary substation info section, displays general info of primaries substations existing 

in a range defined in point 4 in subchapter 3.3.1. This section is divided in six parts: 

 

1. Primary Substation Reference 

Display the names of available primaries. 

 

2. Distance to Development 

Display the distance of each primary to the selected development. 

 

3. Primary Capacity 

Display information of firm capacity of each primary in MW. 

 

 

4. Margin 

Display information of available margin of each primary in MW. 

 

5. Underlying load growth 

Display information on load growth for each primary in MW. Underlying load growth is a 

constant value of expected demand increase for each primary. 

 

6. Connection Cost 

Displays the current connection cost per mile to connect any new development to each 

primary. The connections costs are connected to the specific network chosen in the inputs 

worksheet, according to [40] the costs for each shown in table 3-6 
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Table 3-6 - Connection costs per network [40] 

 

 

II) Demand Output 

 

In the Demand Output section, it is shown the load demand forecast for the chosen 

development. The development demand is a result of housing and commercial demand and 

housing, commercial and DSM offset. 

 

1. Housing Demand 

 

At this column it will be displayed the expected housing demand for the expected number 

of houses for each year. 

The expected housing demand for each year is achieve by the following formula; 

 

Housing Demandn   = Housing Demand n-1 + 
Years ofNumber  Total 

nConsumptio House Average  Houses ofNumber  Total ×
  , (3.1) 

 

- n  � Start of new development  

- Housing Demand n-\ � Expected housing demand in year n-1 (MWh) 

- Number of Houses � Total number of Houses expected to be built in the development 

- Average House Consumption � Average Consumption per household in the selected district 

(kWh) 

- Total Number of Years � Total number of years the development is expected to last 

 

 

2. Housing Offset 

 

At this column will be displayed the housing offset for the expected number of houses 

for each year. This value represents the electricity produced by each micro-generation 

technologies and energy efficiency measures for each year.  

The expected housing offset for each year is achieved by the following formula: 

 

Housing Offset n = Housing Offset n-1 + Micro generation Offset n + Energy Efficiency Offset n ,(3.2) 

 

 

- n  � Start of  new development  

- Housing Offset n-\ � Expected housing offset in year n-1 (MWh) 

- Micro generation Offset n � Sum of all electricity generated by all micro generation 

technologies adopted in the development in year n (MWh) 
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- Energy Efficiency Offset � Electricity saved by the adoption of energy efficiency in the new 

development (MWh) 

 

The expected Micro generation Offset in year n is calculated by: 

 

Micro generation Offset n = Micro generation Offset n-1 +
Years ofNumber  Total 

onContributiEnergy    Houses ofNumber ∑×
 , (3.3) 

 

- n  � Start of  new development  

- Micro generation Offset n-1 � Expected offset due to micro generation in year n-1 (MWh) 

- Number of Houses � Number of houses expected to adopt selected technology 

- Energy Contribution� Energy generated by all technologies in the new development (MWh) 

- Total Number of Years � Total number of years the development is expected to last 

 

The expected Energy Efficiency Offset (EE Offset) for housing demand in year n is calculated 

by: 

 

EE Offset n = (Housing Demand n – DSM Offset n) ×  % EfficiencyEnergy  ,    (3.4) 

 

 

- n  � Start of  new development  

- EE Offset n  � Expected reduction in housing demand due to Energy Efficiency in year n 

(MWh) 

- DSM Offset n � Expected reduction in housing demand due to DSM in year n (MWh) 

- % Energy Efficiency� Percentage of expected reduction in demand due to energy efficiency  

 

 

3. Commercial Demand 

 

At this column it will be displayed the expected commercial demand in the new 

development due to new jobs. 

The expected commercial demand for each year is achieve by the following formula: 

 

Commercial Demand n = Commercial Demand n-1 +
Years ofNumber  Total 

nConsumptio Job Average   Jobs ofNumber ×  , (3.5) 

 

- n  � Start of  new development 

- Commercial Demand n-1 � Expected commercial demand in year n-1 (MWh) 

- Number of Jobs � Number of Jobs expected to be created in the new development 

- Average Job Consumption � Average Consumption per Job in the selected district (kWh) 

- Total Number of Years � Total number of years the development is expected to last 

 

 

4. Commercial Offset 

 

At this column it will be displayed the commercial offset for the jobs created in the new 

development area. This value represents the reduction in demand due to adoption of CHP 
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technologies and energy efficiency measures for each year. The user at Inputs worksheet is 

able to choose the percentage up to 25%, for the commercial electrical consume reduction. 

The expected commercial offset for each year is achieved by the following formula: 

 

Commercial Offset n = Commercial Offset n-1 + CHP Offset n + Energy Efficiency Offset n  , (3.6) 

 

 

- n  � Start of  new development 

- Commercial Offset n-1 � Expected commercial offset in year n-1 (MWh) 

- CHP Offset n � Average commercial consumption affected by reduction factor due the use 

of CHP technologies in year n (MWh) 

- Energy Efficiency Offset n� Electricity saved by the adoption of energy efficiency in the 

new development in year n (MWh) 

 

The expected Energy Efficiency Offset (EE Offset) for commercial demand in year n is 

calculated by: 

 

EE Offset n = (Commercial Demand n – DSM Offset n) ×  % EfficiencyEnergy  , (3.7) 

 

 

- n  � Start of  new development  

- EE Offset n t� Expected reduction in commercial demand due to Energy Efficiency in year n-

1 (MWh) 

- DSM Offset n � Expected reduction in commercial demand due to DSM in year n (MWh) 

- Commercial Demand n � Expected commercial demand in year n (MWh) 

- %Energy Efficiency� Percentage of expected reduction in demand due to energy efficiency  

 

 

5. Demand Side Management Offset 

 

At this column will be displayed the offset of Demand Side Management measures. This 

value represents the domestic electrical savings that are expected to be achieved due to the 

adoption of DSM measures.  

The expected impact of DSM measures will differ according the chosen Supergen scenario. 

The DMS percentage considered in the model is expected to vary according to years and also 

according to the Supergen scenario chosen. 

So, for the years that the development is expected to last, the formula to determinate 

the DSM offset is: 

 

 

DSM offset n = 

Years ofNumber  Total

nConsumptio  Average  Houses ofNumber × x %DSM n,    (3.8) 

 

- n  � Start of  new development  

- DSM Offset n � Expected reduction in commercial demand due to DSM in year n (MWh) 

- Number of Houses � Number of Houses expected to be created in the new development 
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- Average Consumption � Average Consumption per Household in the selected district (kWh) 

- Total Number of Years � Total number of years the development is expected to last 

- % DSM n � Expected reduction in percentage due to DSM in year n 

 

 

6. Development Demand 

 

At this column it will be displayed the expected electrical demand from the new 

development. To determinate the development demand the formula is:   

 

Development Demand n = Development Demand n-1 + Housing Demand n + Commercial Demand n - Housing Offset n -

Commercial Offset n – DSM Offset n                                                                                                                                                                               (3.9) 

 

- n  � Start of  new development  

- Development Demand n-1  � Expected development demand in year n-1 (MW) 

- Housing Demand n � Expected housing demand in year n (MWh) 

- Commercial Demand n � Expected commercial demand in year n (MWh) 

- Housing Offset n � Expected housing offset in year n (MWh) 

- Commercial Offset n � Expected commercial offset in year n (MWh) 

- DSM Offset n � Expected reduction in commercial demand due to DSM in year n (MWh) 

 

In order to convert the unit MWh to MW, the conversion used was; 

 

1 MW � 3300 MWh  

 

III) Primary Substation Margin Evolution 

 

The primary substation margin evolution section, displays the margin and the demand 

affected by the specific underlying load growth of each primary substations within the range 

defined in point 5 in subchapter 3.3.1, from the first year of development time to the year 

2020. 

 

The demand for each primary is calculated using the following formula: 

 

Primary Demand n = Primary Demand n-1 + Load Growth + Development Demand n   (3.10) 

 

- n  � Start of  new development  

- Primary Demand n-1 � Expected demand at the primary in year n-1 (MW) 

- Load Growth  � Underlying Load Growth in the Primary Substation (MW) 

- Development Demand n  � Expected development demand in year n (MW) 

 

The margin for each year and for each primary is calculated using the following formula: 

 

Margin n = Primary Capacity – Primary Demand n                   (3.11) 

 

- n  � Start of  new development  
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- Primary Capacity � Primary firm capacity (MW) 

- Primary Demand n � Expected demand at the primary in year n (MW) 

 

III) Primary Substation Ratio Evolution 

  

The primary substation ratio evolution section, displays the ratio between the connection 

cost to link the new development to the selected primary, and the margin of each primary 

substations within the range defined in point 4 in subchapter 3.3.1, from the first year of 

development time to the year 2020. 

 
The ratio for each primary is calculated using the following formula: 

Ratio n = 

nMargin
Distance Cost  Connection ×    (£/MW)                    (3.12) 

 

- n  � Start of  new development  

- Connection cost � Cost of connecting new development to the selected primary    

(£/mile) 

- Distance  � Distance from the primary to the new development (km) 

- Margin n � Margin in the year n (MW) 

3.4 - Summary 

 
The data gathered from the model can be used to form a high-level view of future asset 

requirements and allows DNO’s to develop strategic plans in order to deal with the expected 

load growth. 

 

The model is linked to the software ARCGIS where it obtains information relative to the 

selected networks regarding DNO’s assets and expected developments; this is an important 

contribution to the model because allows it, to gather accurate information, thus making it 

more reliable. The model consists in two parts, the inputs and outputs. In the inputs, 

information regarding the selected developments and their specific characteristics is loaded; 

the information is then exported to the output section, where available primaries and 

expected demands are shown. The following step is to evaluate for the selected primaries, 

the evolution of demand and margin in the period of time considered, this information then 

leads to the final step where the ratio between connections cost and margin available is 

calculated. 
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Chapter 4 

 

Cambridge District – Rural Developments 

4.1 - Introduction 

 

This chapter will briefly introduce the available technologies suitable for rural 

developments. It explains the developed scenarios in order to test all the different inputs 

within the model and how they impact the demand from a primary substation point of view. 

 

4.2 - Data and Assumptions 

 

In this case study no major technical issues were found in adopting PV, Micro Wind, Solar 

Water Heating, Ground Source Heating Pumps, Biomass, and microCHP in rural developments, 

so in order to restring the numerous scenarios that would appear from the combination of all 

technologies, two types of rural developments were considered: On Gas Grid and Off Gas 

Grid. 

 

In the On Gas Grid, it is assumed that developments are connected to National Gas Grid, 

so due to lower cost of gas heating, technologies such as Biomass, GSHP and Solar Water 

Heating won’t be cost effective making their expected penetration unlikely to happen in the 

near future. The same line of thought happens with Off Gas Grid, in these developments, 

connection to the National Gas Grid is not available, thus, gas fired microCHP technologies 

are not considered to be implemented. Another consideration was to choose technologies 

that could supply electricity and heat, so that in each zone, every house could have the 

possibility to produce their energy requirements. 
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Table 4-1 - Types of Technologies for each type of rural development 

TYPE OF RURAL DEVELOPMENT TECHNOLOGIES 

Micro Wind 
Photovoltaic On Gas Grid 
MicroCHP 

Micro Wind 
Photovoltaic 
Biomass 
GSHP 

Off Gas Grid 

SWH 

 

It is also assumed that, for each development, every house will be equipped with the 

same type of technology. This happens because it is not expected that for the same 

development different technologies would be adopted, neither for economic reasons nor for 

traditional house visual homogeneity reasons. 

 

It is assumed that each new house will have only one PV system with a peak capacity of 

2kW with an output for this system assumed to be 1600kWh per annum. As shown in Figure 2-

9 the daily profile output of a PV system does not match the peak demand of a typical UK 

household shown in Figure 4-1. 

 

 
Figure 4-1 - Seasonal Demand Profiles [30] 

Consumption in peak demand occurs between 17 pm and 18 pm and to evaluate the 

impact of PV array in the distribution network, comparison between peak demand and 

production has been made. From this comparison, it can be concluded that when peak 

demand occurs, PV electrical output can reduce it by 0% in winter up to 50% in the summer. 

 

It is assumed as for PV, that each house would install no more than one micro-wind 

generator of 1.5 kW. The expected annual output for micro-wind being considered is a value 

of 1680 kWh. As for the impact of micro wind output in the distribution network, it is 

considered that in the period of maximum demand the generator would have minimum 

production, so in this case it will just be assumed that the minimum value for electrical 
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production by micro wind generator will be similar as the value of minimal demand. A value 

of around 15% of annual contribution should then be expected, but due to random nature of 

wind and considering that in rural areas wind is a plentiful resource this value may be 

considered too pessimistic, thus a wider range of contributions of micro wind during peak 

demands may be considered. 

 

Since heat demand is the driver for the power output of microCHP and because house 

heat demand has the same profile as house electrical demand, the impact of microCHP 

technology in the peak demand will be considered as 100% of his annual electrical output. It 

is assumed that every house will have only one microCHP device of electrical rating of around 

1kWe.  

 

Other heat power technologies such as Biomass and GSHP use the same output pattern of 

microCHP, for that reason their contribution will be assumed as 100% of their annual 

electrical output. In the case of SWH, despite having a profile similar to PV, their contribution 

will be also consider to be 100%, this happens because, heated water can be stored, and used 

in the peak demand period of time, thus saving the demand for electrical heat. 

 

It will also be assumed that in every development all buildings will adopt the same energy 

efficiency measures, being these measures responsible for a maximum reduction of 17% of 

electrical demand. 

 

For commercial load, the only technology considered is gas fired CHP, although in some 

developments connection with the gas grid may not be available for domestic loads, it is 

assumed that for commercial and industrial loads, gas supply exists, either by connection with 

gas network either by local gas reservoirs. The value for electric demand reduction by 

adopting CHP technologies can be up to 25%, despite that, a more modest value of 10% will be 

assumed as a base case. 

 

4.3 - Base Scenarios 

 
In this chapter, proposed developments will be simulated according to the zone where 

they are supposed to appear. Primaries substations around developments will be evaluated in 

order to assess their capability to cope with expected demand from new developments. Two 

distinct scenarios named as Optimistic and Pessimist will be simulated. These two scenarios 

are intended to evaluate the behaviour of existing primaries to two different approaches, the 

Optimistic scenario is driven by information related to the Supergen scenario Environmental 

Awakening, in this scenario, micro generation technologies, and energy efficiency measures 

are considered to be fully adopted in the development. The Pessimist scenario is related to 

the Supergen scenario, Economic concern; this scenario will show a cautious approach in the 

adoption of micro generation technologies and energy efficiency. It is also intended to 

evaluate how these variations may imply and justify future investments vs. incentives in 

DNO’s network 
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Scenarios will be run in specific developments; the general information will be displayed 

in Table 4-2; 

 
Table 4-2 - Developments Info 

Network EPN EPN 

District Cambridge Cambridge 

Development Code Name SA/00053/06 SOA/00013/05 

Location Cambourne Northstowe 

Gas Connection No Yes 

Start 2013 2015 

End 2014 2017 

Number Total of Houses 1400 2826 

Number Total of Jobs 200 100 

Average Domestic Consumption (kWh/year) 4360 4360 

Average Commercial Consumption (kWh/year) 5600 5600 

 

 

4.3.1 - Off Gas Grid  

 

In this sub chapter, a development without connection to the gas grid will be simulated, 

it is intented to evaluate and measure how the non gas fired technologies may impact the 

expected demand. 

 

4.3.1.1 - Development Demand 

Development in this zone, as shown in table 4-1, will adopt PV panels and Micro Wind 

generators for electricity purposes and Biomass, SWH panels and GSHP for heating. Thus for 

this development three cases will be considered regarding the usage of different technologies 

and factors. The percentages for each input represent the Optimistic scenario; as shown 

below, technologies are considered to have a high penetration into the new developments, 

and likewise, factors such as electrical reduction due to energy efficiency and commercial 

CHP are expected to reach a considerable value. 
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Case 1: 

Domestic 

-  17% Energy 

Efficiency 

Technologies 

- 100% Micro Wind 

- 100% PV 

- 100% Biomass 

Commercial 

- 10% CHP 

Factors 

- Environmental 

Awakening 

- 50%DSM 

- 15% PV Factor 

- 15% Micro wind 

Factor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case 2: 

Domestic 

-      17% Energy 

Efficiency 

Technologies 

- 100% Micro Wind 

- 100% PV 

- 100% SWH 

Commercial 

- 10% CHP 

Factors 

- Environmental 

Awakening 

- 50%DSM 

- 15% PV Factor 

- 15% Micro wind 

Factor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case 3 

Domestic 

-  17% Energy 

Efficiency 

Technologies 

- 100% Micro Wind 

- 100% PV 

- 100% GSHP 

Commercial 

- 10% CHP 

Factors 

- Environmental 

Awakening 

- 50%DSM 

- 15% PV Factor 

- 15% Micro wind 

Factor 
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Table 4-3 - Demands and offsets for each case 

 

Year  

Housing 

Demand 

(MWh) 

Housing 

Offset 

(MWh) 

Commercial 

Demand 

(MWh) 

Commercial 

Offset 

(MWh) 

DSM 

Offset 

(MWh) 

Development 

Demand 

(MW) 

2013 3052.0 1778.2 560.0 151.2 183.1 0.45 
Case 1 

2014 6104.0 3556.5 1120.0 302.4 366.2 0.91 

2013 3052.0 1289.9 560.0 151.2 183.1 0.60 
Case 2 

2014 6104.0 2579.8 1120.0 302.4 366.2 1.20 

2013 3052.0 1778.2 560.0 151.2 183.1 0.45 
Case 3 

2014 6104.0 3556.5 1120.0 302.4 366.2 0.91 
 

In case 1 and 3 the contribution of offset supplied by Biomass and GSHP is equal, this is 

due to the restriction of a maximum of 31% demand reduction in electrical consumption 

regarding heating space and water.  
 

Demand 
Supplied by 

Primary 
42%Demand 

Supplied by 
Offset 
58%

 
Figure 4--2 - Development Demand Supplied by Primary and Offset for case 1 and 3 

 

Demand 
Supplied by 

Primary 
45%

Demand 
Supplied by 

Offset 
55%

 
Figure 4-3 - Development Demand Supplied by Primary and Offset for case 2 

 

In Figure 4-2, is shown the percentage of expected demand that will be supplied by the 

primary substation and by onsite generation. For case 1 and 3, 42% (0,9MW) from a total 
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Ho us ing 
Offs et
84%

Co mmercia l 
Offs et

7%

DSM Offs et
9%

demand of 2,2MW is provided by the primary substation, the same goes for Figure 4-3 where 

the use o SWH in case 2 represents an increase on supply by primary substation of 13% in 

comparison with Biomass and GSHP technologies.  

 
Figure 4-4 – Impact of each offset in overall offset for case 1 and 3 
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Figure 4-5 – Impact of each offset in overall offset for case 2 

 Figures 4-4 and 4-5 show the impact of each specific offset in the overall offset for this 

development, the low percentage of commercial offset in comparison with the housing offset 

is caused by the big difference between the number of houses and number of jobs expected 

to be created in the new development. 

 

Biomass
54%

PV 
9%

Energy 
Efficiency

27%

uWind
10%

 
Figure 4-6 – Impact of each technology and energy efficiency in housing demand offset for case 1 
and 3 
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Energy 
Efficiency
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Figure 4-7 – Impact of each technology and energy efficiency in housing demand offset for 
case 2 

Figures 4-6 and 4-7 show the contribution in percentage of each technology and energy 

efficiency in housing offset. For case 3 the impact of GSHP is the same as Figure 4-6 for 

biomass. 

 

 

4.3.1.2 - Primaries Substations Demand  

 

The new developments need to be connected to the distribution network; this is done by 

connecting them to a primary substation. In this subchapter, primaries in the surrounding 

areas of the new development will be evaluated in order to determine their capability to 

cope with the new demand, and the expected underlying load growth for a period of time till 

the year 2020. 

 

The primaries substations considered has being able to have the demand from the new 

development connected to them are first pre-selected according to the distance to the new 

development. In rural areas, primary substations density is lower than in urban areas so, to 

find suitable primaries longer distances to the new developments are to be considered. The 

next step is to choose from the primaries within the range, the ones which are not 

overloaded. 
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                       Primaries Substations             Selected Primaries                  New developments 

 

Figure 4-8 – Location of selected primaries and development 

To this new development primaries within a range of 18km was considered, and 22 

primaries were found, however only 2 primaries were found to be able to be connected to it. 

In table 4-4 general information regarding the primaries to be evaluated is shown.  

 
Table 4-4 - Information regarding considered primary substations 

P.S. Reference 
Distance to 

development 
(km) 

P.S. 
Capacity 

(MW) 

Margin       
(MW) 

Demand 
(MW) 

Underlying 
Load Growth 

(MW) 

Connection 
cost 

(M£/km) 

E04 
LONGSTANTON 

PRIMARY 
8,6 23,1 8,9 14,2 0,42 0,069 

B49 OFFORD 
PRIMARY 

13,6 23,1 11,0 12,1 0,44 0,069 

 

 

After the selection of suitable primaries, their margin evolution is to be evaluated, each 

primary has different underlying load growths, so, primaries with larger margins at the 

present time, are not automatically considered to be the most suitable solutions to cope with 
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the demand from the new development for the 2020 time period.  In Table 4-5 and Table 4-6 

it is displayed the demand and the margin evolution for previous considered primaries, taking 

already into account the development demand for case 1 and 3 and 2 respectively. 
 

Table 4-5 – Demand and Margin evolution for primaries substations for case 1 and 3 

Primaries 2013 2014 2015 2016 2017 2018 2019 2020 

 Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin 

E04 
LONGSTANTON 

PRIMARY 
16.7 6.4 17.6 5.5 18.0 5.1 18.4 4.6 18.8 4.2 19.3 3.8 19.7 3.4 20.1 3.0 

B49 OFFORD 
PRIMARY 14.7 8.3 15.6 7.4 16.1 7.0 16.5 6.5 17.0 6.1 17.4 5.6 17.9 5.2 18.3 4.7 

 

 

 

Table 4-6 – Demand and Margin evolution for primaries substations for case 2 

Primaries 2013 2014 2015 2016 2017 2018 2019 2020 

 Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin 

E04 
LONGSTANTON 

PRIMARY 
16.9 6.2 17.9 5.2 18.3 4.8 18.7 4.3 19.1 3.9 19.6 3.5 20.0 3.1 20.4 2.7 

B49 OFFORD 
PRIMARY 14.9 8.2 15.9 7.1 16.4 6.7 16.8 6.2 17.3 5.8 17.7 5.3 18.2 4.9 18.6 4.5 

 

 

Just by assessing the evolution from the considered primaries, the expected choice would 

be the primary with a higher margin by 2020 for the three cases, although, that’s not the 

case. In order to maximize the existing assets, the decision criteria for the chosen primary 

will be a ratio between the connection cost and the margin left. In Figures 7 and 8 it is 

displayed the evolution of the specified ratio in the two primaries till 2020. 
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Figure 4-9 - Ratio Evolution for case 1 and 3 
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Figure 4-10 - Ratio Evolution for case 2 

 

In Figure 4-9, for case 1 and 3, by evaluating the ratio evolution of E04 LONGSTANTON 

PRIMARY it is possible to see that it tends to get closer to the B49 OFFORD PRIMARY, but 

despite that, it never gets higher. By 2020 E04 LONGSTANTON PRIMARY ratio has the value of 

0.199£/MW and B49 OFFORD PRIMARY the value of 0.206£/MW, so for case 1 and 3, the best 

solution would be to connect the new development to the E04 LONGSTANTON PRIMARY. 

 

In Figure 4-10, for case 2, the ratios for both primaries show a different result from the 

previous cases; by 2020 the ratio for E04 LONGSTANTON PRIMARY is no longer lower than the 

one from B49 OFFORD PRIMARY, so in this case two solutions may be adopted: a short term 

and a long term solution. The short term solution would be to connect the development to 

E04 LONGSTANTON PRIMARY because, for the period of time from 2013-2019 this primary has 

a better ratio. The long term solution for this case is to connect the new development to the 

B49 OFFORD PRIMARY, due to the lower ratio after 2019. In this case the E04 LONGSTANTON 

PRIMARY has a ratio of 0.221£/MW and B49 OFFORD PRIMARY a ratio of 0.211£/MW both by 

the year 2020. 

 

4.3.2 - On Gas Grid  

 

In this sub chapter, a development with connection to the gas grid will be simulated, it is 

intended to evaluate and measure how the gas fired technologies may impact the expected 

demand. 

 

4.3.2.1 - Development Demand 

 
Development in this zone, as shown in Table 4-1, will adopt PV panels and Micro Wind 

generators for electricity purposes and microCHP technologies for heating. Thus for this 

development one case will be considered regarding the usage of different technologies and 
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factors. The percentages for each input represent the Optimistic scenario; as shown below, 

technologies are considered to have a high penetration into the new developments, and 

likewise, factors such as electrical reduction due to energy efficiency and commercial CHP 

are expected to reach a considerable value. 

 

Case 1: 

Domestic 

-  17% Energy Efficiency 

Technologies 

- 100% Micro Wind 

- 100% PV 

- 100% MicroCHP 

Commercial 

- 10% CHP 

Factors 

- Environmental Awakening 

- 50%DSM 

- 15% PV Factor 

- 15% Micro wind Factor 

 

 

 

 

 

 
Table 4-7 – Demands and offsets for On Gas Grid Case 

 

Year  

Housing 

Demand 

(MWh) 

Housing 

Offset 

(MWh) 

Commercial 

Demand 

(MWh) 

Commercial 

Offset 

(MWh) 

DSM 

Offset 

(MWh) 

Development 

Demand 

(MW) 

2010 4107,1 3914,2 186,7 50,4 164,3 0,05 

2011 8214,2 7814,3 373,3 100,8 410,7 0,08 Case 1 

2012 12321,4 11700,6 560,0 151,2 739,3 0,09 
 

In Figure 4-11, is shown the percentage of expected demand that will be supplied by the 

primary substation and by onsite generation. For this case, 2% (0,09MW) from of total demand 

of 4,5MW is provided by the primary substation. 
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Primary(MWh)
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Demand 
Supplied by 

Offset (MWh)
98%

 

Figure 4-11 - Development Demand Supplied by Primary and Offset in on gas grid 

 

Figures 4-12 show the impact of each specific offset in the overall offset for the this 

development, the low percentage of commercial offset in comparison with the housing offset 

is caused by the big difference between the number of houses and number of jobs expected 

to be created in the new development. 

 
 

Housing Offset 
(MWh)
84%

Commercial 
Offset (MWh)

7%

DSM Offset 
(MWh)

9%

 

Figure 4-12 - Impact of each offset in development offset for on gas grid 

 

 

4.3.2.2 - Primaries Substations Demand 

 

As in sub-chapter 4.3.1.2, primaries in the surrounding areas of the new development will 

be evaluated in order to determine their capability to cope with the new demand, and the 

expected underlying load growth for a period of time till the year 2020. 

 

The process, illustrated in Figure 4-8, in which primaries were chosen for evaluation, was 

the same for the off gas grid development. For this development a distance of 15 km to the 

development was considered and 17 primaries were found, however only 3 primaries were 

found to have the enough margin to be able to be connected to it. In table 4-8 general 

information regarding the primaries to be evaluated is shown.  
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Table 4-8 – Information regarding considered primary substations for on gas grid 

P.S. Reference 

Distance to 

development 

(km) 

P.S. 

Capacity 

(MW) 

Margin       

(MW) 

Demand 

(MW) 

Underlying 

Load Growth 

(MW) 

Connection 

cost 

(M£/km) 

E12 ST ANTHONY 
ST PRIMARY 

12,7 22,1 5,7 16,4 0,35 0,069 

E08 MILTON RD 
PRIMARY 

14,3 22,1 2,6 19,5 0,10 0,069 

E05 HISTON 
PRIMARY 

11,9 22,1 3,6 18,5 0,30 0,069 

 

After the selection of suitable primaries, their margin evolution is to be evaluated, each 

primary has different underlying load growths, so, primaries with larger margins at the 

present time, are not automatically considered to be the most suitable solutions to cope with 

the demand from the new development for the 2020 time period.  In Table 4-9 it is displayed 

the demand and the margin evolution for previous considered primaries, taking already into 

account the development demand for case considered 
 

Table 4-9 – Demand and Margin evolution for primaries substations 

Primaries 2015 2016 2017 2018 2019 2020 

             
 Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin 

E12 ST 
ANTHONY 

ST 
PRIMARY 

18,9 3,2 19,3 2,8 19,7 2,4 20,0 2,1 20,4 1,7 20,7 1,4 

E08 MILTON 
RD 

PRIMARY 
20,2 1,9 20,4 1,8 20,5 1,6 20,6 1,5 20,7 1,4 20,8 1,3 

E05 HISTON 
PRIMARY 20,7 1,4 21,0 1,1 21,3 0,8 21,6 0,5 21,9 0,2 22,2 -0,1 

 

 

Just by assessing Figure 4-13, only two primaries substations appeared to be valid 

solutions, depending on the criteria of choice. E05 HISTON PRIMARY for the period of time 

considered, never showed to be a better solution than the other two, despite the 

“competitive” ratio in the first years, by 2019 the ratio evolves to a higher value and 

becomes negative by 2020 due to lack of available margin.  As a short term and long term 

solution E12 ANTHONY ST PRIMARY and E08 MILTON RD PRIMARY stay very close in the period 

of time considered. Even then, ANTHONY ST PRIMARY shows a slightly better ratio till 2018, 

and then is overtaken by MILTON RD PRIMARY for the remaining years.  
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Cost/Margin Evolution
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Figure 4-13 - Ratio Evolution for primaries on gas grid case 

 

In this case the E12 ANTHONY ST PRIMARY has a ratio of 0.47£/MW and E08 MILTON RD 

PRIMARY a ratio of 0.39£/MW both by the year 2020. 

4.4 - Risk Analysis 

In every decision making, there is always a risk involved. The process of choosing a 

primary substation to connect a specific development is influenced by a wide range of 

assumptions that may not represent real life situation due to several reasons; the expected 

penetration of micro generation technologies may be influenced by it is economical feasibility 

due to lack of sponsoring and funding to turn these technologies more appealing to the 

general public, a general concern about possible economic crisis may lead the expected 

developments to be postponed, or to decrease the expected number of houses and jobs, thus 

reducing the expected demand. Therefore it is important to assess these decisions to a wider 

variation in the inputs in order to see the impact in the decision taken. 

 

As specified in sub chapter 4.3 the developments will be submitted to two scenarios, the 

optimistic and the pessimistic scenario, in the chapters above, the simulation was a result 

from a set of inputs considered to be an optimistic scenario. In this sub chapter, another set 

of inputs considered to be a more constrained and pessimistic approach will be simulated and 

results will be compared. 

 

 

4.4.1 - Off Gas Grid  

For this scenario, other 3 case will be simulated: 
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Case 1: 

Domestic 

-  5% Energy 

Efficiency 

Technologies 

- 25% Micro Wind 

- 25% PV 

- 50% Biomass 

Commercial 

- 5% CHP 

Factors 

- Economic 

Concern 

- 15%DSM 

- 15% PV Factor 

- 15% Micro wind 

Factor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case 2: 

Domestic 

-      5% Energy 

Efficiency 

Technologies 

- 25% Micro Wind 

- 25% PV 

- 25% SWH 

Commercial 

- 5% CHP 

Factors 

- Economic 

Concern 

- 15%DSM 

- 15% PV Factor 

- 15% Micro wind 

Factor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case 3 

Domestic 

-  5% Energy 

Efficiency 

Technologies 

- 25% Micro Wind 

- 25% PV 

- 25% GSHP 

Commercial 

- 5% CHP 

Factors 

- Economic 

Concern 

- 15%DSM 

- 15% PV Factor 

- 15% Micro wind 

Factor
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In this 3 cases, lower values for demand reduction trough energy efficiency were 

considered in order to take into account the possibility of a slower uptake in adopting energy 

efficiency measures; supergen scenario of economic concern is considered, thus, according to 

the information specified in the model, penetration of micro generation technologies is 

considered to be reduced with exception made to biomass, which is considered to have a 

reasonably strong development. In commercial demand, a low value of reduction trough CHP 

is assumed, due to adoption is considered to only occur in establishments were heat is usually 

used for processes that have a stable demand for heat.  

 
In tables 4-10, 4-11 and 4-12 the demand and margins for cases 1 2 and 3 respectively, 

will be displayed for the pessimistic scenario  

 
Table 4-10 – Demand and Margin evolution for primaries substations for case 1 

Primaries 2013 2014 2015 2016 2017 2018 2019 2020 

                 

 Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin 

E04 
LONGSTANTON 
PRIMARY 

16,9 6,2 17,9 5,2 18,3 4,8 18,7 4,3 19,1 3,9 19,6 3,5 20,0 3,1 20,4 2,7 

B49 OFFORD 
PRIMARY 14,9 8,2 15,9 7,1 16,4 6,7 16,8 6,2 17,3 5,8 17,7 5,3 18,2 4,9 18,6 4,5 

 

 

Table 4-11 – Demand and Margin evolution for primaries substations for case 2 

Primaries 2013 2014 2015 2016 2017 2018 2019 2020 

                 

 Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin 

E04 
LONGSTANTO
N PRIMARY 

16,9 6,1 18,0 5,0 18,4 4,6 18,9 4,2 19,3 3,8 19,7 3,4 20,1 2,9 20,5 2,5 

B49 OFFORD 
PRIMARY 15,0 8,1 16,1 7,0 16,5 6,5 17,0 6,1 17,4 5,6 17,9 5,2 18,3 4,7 18,8 4,3 

 

 

Table 4-12 – Demand and Margin evolution for primaries substations for case 3 

Primaries 2013 2014 2015 2016 2017 2018 2019 2020 

                 

 Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin 

E04 
LONGSTANTON 
PRIMARY 

16,9 6,2 18,0 5,1 18,4 4,7 18,8 4,2 19,2 3,8 19,7 3,4 20,1 3,0 20,5 2,6 

B49 OFFORD 
PRIMARY 14,9 8,1 16,0 7,0 16,5 6,6 16,9 6,1 17,4 5,7 17,8 5,2 18,3 4,8 18,7 4,4 

 

From the data showed in previous tables, and comparing with the data for the optimistic 

scenario, it is possible to see that from SWH to GSHP and from GSHP to Biomass, the margin 

shows an increment of 0.1 MW by the year 2020. For both primaries, it is shown in Figure 4-14 
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the available margin by 2020 for each case in both scenarios. Case 1 showed to have the 

highest margin both in optimistic and pessimistic scenarios.  
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Figure 4-14 – Available margins for each case and scenario in selected primaries 

 

For the selected primaries, the three cases from the pessimistic scenario were simulated 

in order to study how the ratios develop. By comparing these results with the ones from the 

optimistic scenario, it will be possible to evaluate how these changes in scenarios will impact 

the selected investment solutions in short and long term. 

In Figures 4-16, 4-17 and 4-18 it is shown the ratio evolution for each case for the 

selected primaries.  
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Cost/Margin Evolution
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Figure 4-15 – Ratio evolution for pessimist scenario in case 1 for off gas grid 
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Figure 4-16 - Ratio evolution for pessimist scenario in case 2 for off gas grid 
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Cost/Margin Evolution
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Figure 4-17 - Ratio evolution for pessimist scenario in case 3 for off gas grid 

 

By comparing the graphics for pessimist scenario with the ones from the optimistic 

scenario, it can be noticed that for case 1, the change in scenario, caused a change from a 

one term solution to a two term solution. For the short term solution, E04 LONGSTANTON 

PRIMARY, showed to be the best one, with lower ratios from year 2009 to 2019 and B49 

OFFORD PRIMARY appeared to be the best solution for the period 2019-2020. For case 2, the 

main change in the solution, in comparison with the optimistic scenario, was the decrease by 

one year of the short term solution, which means that instead of having a lower ratio till 

2019; E04 LONGSTANTON’s short term solution will be from 2009 till 2018. In case 3, a similar 

situation with case 1 occurs, the difference between them is that, for the year 2019, the 

ratios of both primaries are the same, resulting in E04 LONGSTANTON PRIMARY being the best 

solution till 2018. In 2019 both primaries are equally best solutions, and after 2019, B49 

OFFORD PRIMARY, starts to be the best solution. 

 

Another assessment was to quantify how much the difference of margin by the year 2020, 

between the two different scenarios, represent in terms of capital, this conversion is done by 

multiplying this difference with the ratio in 2020 in the pessimistic scenario; the usefulness of 

this consist in providing DNO’s with information in how much capital could be drifted in order 

to sponsor and fund the uptake of technologies in new developments. This would represent a 

direct intervention from DNO’s in trying to change what could be a pessimistic scenario into 

an optimistic scenario. 

 

It is shown in table 4-13, for each primary, the conversion of margin to capital. 
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Table 4-13– Conversion of margin into capital 

 Case  1 Case  2 Case  3 

 Margin in 
Pounds (k£) 

Margin in 
Pounds (k£) 

Margin in 
Pounds (k£) 

E04 LONGSTANTON 
PRIMARY 6,5 3,5 8,4 

B49 OFFORD 
PRIMARY 6,2 3,2 8,5 

 

 

4.4.2 - On Gas Grid  

 

Case 1: 

Domestic 

-  5% Energy Efficiency 

Technologies 

- 25% Micro Wind 

- 25% PV 

- 25% MicroCHP 

Commercial 

- 5% CHP 

Factors 

- Economic Concern 

- 15%DSM 

- 15% PV Factor 

- 15% Micro wind Factor 

 

As in sub chapter 4.5.1, in this case the same considerations to all the inputs are used. 

Likewise in table 4-14 the demand and margins for cases 1 will be displayed for the 

pessimistic scenario.  
 

Table 4-14 - Demand and Margin evolution for primaries substations for pessimist scenario 
in on gas grid zone 

Primaries 2015 2016 2017 2018 2019 2020 

                          
  Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin Demand Margin 

E12 ST 
ANTHONY ST 

PRIMARY 
19,5 2,6 20,6 1,5 21,6 0,5 22,0 0,1 22,3 -0,2 22,7 -0,6 

E08 MILTON 
RD PRIMARY 20,9 1,2 21,7 0,4 22,5 -0,4 22,6 -0,4 22,7 -0,5 22,8 -0,6 

E05 HISTON 
PRIMARY 21,3 0,8 22,3 -0,2 23,3 -1,2 23,6 -1,5 23,9 -1,8 24,2 -2,1 

 

From the data showed in previous table, and comparing with the results for the optimistic 

scenario, it is possible to see that the changes in both scenarios represent substantial 
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increases in demand. For all primaries, it is shown in Figure 4-18 the available margin by 2020 

for each case in both scenarios.  
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Figure 4-18 - Available margins for each case and scenario in selected primaries 

 

 

In Figures 4-20 it is shown the ratio evolution for each case for the selected primaries 

By comparing both graphics for ratio evolution it is clear to see a drastic change in 

available solutions. In the pessimist scenario only ST ANTHONY PRIMARY is capable of being 

connected to the development in the first years since the beginning of the development, 

however, in a long term view, none of the evaluated primaries show enough margin. In this 

situation two available options emerge, or a new primary substation is built in order to cope 

with the new demand or a wider distance range is considerate in order to search for further 

available primaries; both solutions require higher cost.  
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Cost/Margin Evolution
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Figure 4-19 - Ratio evolution for pessimist scenario in case 1 for on gas grid 

In this cases where studied primaries can’t cope with the expected demand for the period 

of time considered, the conversion of margin into capital takes a different approach, this 

happens because the available capital for supporting the change of a pessimistic scenario into 

a optimistic scenario does not come from the difference of margin for each scenario but 

comes from the cost of investment for connecting the development to longer primaries, or by 

the cost of investment of building a new primary. 

 

4.5 - Summary 

 

The case study simulated has shown the differences between expected impacts for the 

selected micro generation technologies. Due to the high level view of the model developed, 

the two scenarios (pessimistic and optimistic) were created in order to reach as wide as 

possible the consequences of two distinguish and opposite views of  what could be happening 

in new developments in the near future. In the study case it has been shown that indeed, the 

uptake of micro generation technologies and more efficient attitudes can make a difference 

in asset maximization in a distribution level not just by postponing the expected year of 

maximum capacity by primaries substations but also by giving the information of which one 

gives DNO’s the best ratio between margin and connection cost.  
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Chapter 5 

 

Conclusions and Future Work 

This final chapter provides a summary and conclusion of the work done in modelling and 

analysis for strategic investment on sustainable electricity networks on a rural environment 

and provides a list of suggested further work that can be carried out, building on the 

foundation that this work has laid down. 

 

5.1 - Introduction 

 

The aim of this research was to analyse and evaluate the impact of micro generation 

technologies on rural areas and how they will affect the network on a distribution level and 

risk assessment of the technical solutions. 

 

In this project, the impact of micro generation technologies in new developments was 

modelled and a calculation tool was developed using MS Excel and the Visual Basic Editor. The 

tool was used to evaluate the capability of existing primary substations to be connected to 

new developments, taking also into account the possibility of a high penetration of 

sustainable technologies and measures to be adopted in these new developments. The model 

is explained in detail in Chapter 3. 

 

5.2 - Technical Conclusions 

 

After modelling the impact of micro generation technologies, the developed tool was used in 

a real study case. Due to the specificities of several considered technologies, two 

developments were chosen according to the availability of gas connection. In a Rural Zone 

with gas connection it was concluded that the most likely technologies to have a strong 

development were the micro wind generators, photovoltaic panel for electricity purposes and 
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microCHP technologies for heating purposes, having this technology the plus of also 

contribute to the electricity output. For rural zones without gas connection, al major 

technologies for electricity (PV and micro wind) and heating purposes, (biomass, solar water 

heating and ground source heating pumps) were considered to be suitable, this happens 

because the lack of gas supply wouldn’t enable microCHP to be a economically interesting 

technology.  

 

The results for this zones, showed that heating technologies would have a higher impact 

in reducing demand from the perspective of a distribution network, this happens because this 

technologies show a less intermittent profile in comparison with technologies such as 

Photovoltaic and Micro Wind generators which showed only to have a marginal impact in the 

expected reduction of demand seen by primaries substations. 

 

The risk assessment for the technical solutions, demonstrated that investment should be 

made in order to stimulate the uptake of micro generation in new developments. A higher 

uptake in micro generation would lead to maximization of the existing assets, in particularly 

primary substations, or by delaying the need of reinforcement or just by increasing available 

margins. In cases where new primaries are inevitable, the use of a micro generation can imply 

the delay of major investments for several years which in a regulated business such as 

distribution is of great importance. 

 

  5.3 - Limitations and Suggestions for Further Work 

 

The current model requires running ARCGIS as a standing alone program first in order to 

gather information, this information then needs to be processed so it can be loaded into the 

Excel model. It may be more efficient to combine both programs into one in order to program 

can run smoothly in a larger scale area. 

 

Due to its complexity, developments are considered to connect to only one primary. The 

simulation also assumes that in case of negative load, and by negative load we mean loads 

flowing in the opposite direction, no reinforcement in the network is considered. Due to 

constraints of time, the evaluation of loss reduction by onsite generation was not realised. 

Due to his “high level” nature, this model does not take into consideration the specific 

machinery schemes, lines and cables adopted and their limitations 

 

The following further work is suggested: 

 

- The use of targeted investments to balance the supply and demand for network 

services. For example network reinforcement investments versus energy efficiency, 

loss reduction; 

- Understanding the sources and nature of demand growth to help identify practicable 

and cost-effective demand-related measures that could defer larger capital 

investments. For example, examination of load duration curves for the areas where 
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network capacity is approaching its limits in relation to the likely demand offsets that 

would be realised by the introduction of demand side measures; 

- The implications and opportunities associated with specific policy measures such as  

building of large number of zero-emission homes; 

- Use of GIS based solutions to display information on wind speeds and sun radiation 

and therefore optimize the selection of technologies in selected areas;  

- Improving information related to the expected contribution of intermittent micro 

generation technologies in demand peaks; 

- Model development for network management, taking into account decentralization 

polices and bidirectional production in distribution network. 
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