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Abstract

Demand Side Response (DSR) is currently recognised for its potential to offer a wide variety of
services to the electricity sector, which can be economically attractive for large actors such as energy
retailers, Transmission System Operators (TSOs), Distribution Network Operators (DNOs), and so forth.
However, little research has been as yet directed to the quantification of the benefits from these services
from the perspective of small (below 100 kW) commercial and residential end-users, which may not be
incentivised to provide DSR under current (and emerging) market and regulatory contexts. Amongst others,
gaps exist in suitable models and studies to quantify potential business cases for small customers willing to
make their demand “active” considering at the same time the technical and physical characteristics of both
the power system and of demand itself, as well as the economic conditions of the power market. In
addition, while most existing analyses have been devoted to assess potential benefits from DSR in the retail
energy market, little research has addressed network capacity support to network operators. On these
premises, this paper presents comprehensive techno-economic methodologies for the quantification of three
different DSR services based on the provision of network capacity to both transmission and distribution
levels from small end-users’ active demand. Case study results applied to a UK commercial context
indicate that, if the appropriate regulatory framework is put in place, capacity support services can result
into potentially attractive business cases for DSR from both the power system and small end-user

perspectives.



Highlights:
e We present three business cases for DSR from domestic and commercial end-users
e A comprehensive techno-economic methodology is proposed for the quantification of each DSR
business cases

e The regulatory implications associated with each business case are discussed
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ADDRESS Active Distribution network with full integration of Demand and distributed energy
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DCC Demand Chargeable Capacity

DNO Distribution Network Operator

DSR Demand Side Response

EHV Extra High Voltage

HH Half Hourly

MIC Maximum Import Capacity

TSO Transmission System Operator

TNUo0S Transmission Network Use of System



1. INTRODUCTION

Demand Side Response (DSR) is deemed a potentially economical and efficient means to tackle
emerging challenges in the power sector brought about by environmental concerns and the ever growing
global dependence on electricity, among other factors. As a result, a large body of research has focused on
analysing and quantifying the different benefits associated with DSR (e.g., energy consumption and peak
demand reductions, reserve capacity, improved network operation and investments, and so forth (Bradley et
al., 2013; Strbac, 2008; Strbac et al., 2010)). The outcomes of this research are encouraging, as DSR is
expected to provide significant economic benefits to the power sector at the system level, and are driving
investments in DSR enabling technologies (e.g., the smart meters rollout in the UK (Ofgem, 2014a)).
Furthermore, new policies and regulatory arrangements are emerging with the aim of facilitating an
efficient use of DSR, protecting the interests of all end-users, and guaranteeing that the active end-users
providing DSR receive adequate incentives (e.g., the smarter markets programme in the UK (Ofgem,
2014b)). However, in order to fully achieve the benefits from DSR, it will be critical to secure the
participation of small commercial and residential end-users (with contracted power below 100 kW) in DSR
programmes, as small end-users can comprise a significant portion of demand (e.g., 36% in average and
more than 45% during peak times in the UK (DECC, 2013; SINTEF, 2003). This is a fundamental
challenge, as it is still unclear if there is a business case for DSR for small end-users, as the aggregated
benefits that are highlighted at a system level might be too low to justify investments in DSR enabling

infrastructure (e.g., smart meters and devices, automation, and so forth).

Under current (and emerging) market and regulatory conditions, DSR is typically considered for
provision of energy services (e.g., balancing, peak reductions and so forth) , which may not offer sufficient
economic incentives to small end-users to provide DSR, even if called on a regular basis (e.g., once per

day) (Bradley et al., 2013; Gottwalt et al., 2011; Prlggler, 2013; Torriti, 2012). In this respect, little



research has focused on actual quantification of potential benefits under existing (or emerging) market
structures with the objective of developing specific business cases, particularly from the perspective of
small end-users. In addition, research in this area tends to disregard the techno-economic effects associated
with DSR such as impacts on the power system associated with, for instance, energy payback (determined
by the need for resuming the service interrupted due to DSR action), energy imbalances (created in the
retail market due to the DSR actuation), and so forth. Finally, while many DSR studies involving exposure
of small end-users to price signals have dealt with energy markets (for instance, day ahead markets)
(Gottwalt et al., 2011; Priggler, 2013; Torriti, 2012), there is a lack of understanding and quantitative
assessment of the potential to provide capacity support services to transmission and distribution networks

and developing suitable business cases for customers and intermediate market agents such as aggregators.

In the light of this, further research on the quantification of the potential benefits and costs
associated with DSR based services from small end-users is needed to understand whether or not there are
business cases for DSR under current (and emerging) market frameworks, as well as to identify the factors
that drive or discourage the business cases and which should be addressed in emerging policies and
regulatory frameworks. Based on this, this paper presents some of the research findings of the
“ADDRESS” (“Active Distribution network with full integration of Demand and distributed energy
RESourceS™) project, co-funded by the European Commission under the 7" Framework Programme. The
aim of the project was to enable active participation of small and commercial consumers to power system
operation (the concept of active demand developed in the ADDRESS project is intended here to be
interchangeable with DSR). In this context, this work presents the techno-economic methodologies used to
quantify benefits from three potential DSR services based on the provision of transmission and distribution
network capacity (capacity services) from small commercial and residential end-users, namely:

1. Avoidance of transmission level capacity charges for electricity retailers;



2. Avoidance of charges between interconnected distribution network operators (DNOSs);

3. Avoidance or deferment of system reinforcement costs for DNOs.

The methodologies were developed for the assessment of capacity based DSR services and to model
the effects of this active demand on the physical electricity system and the electricity market. The capacity-
based services (normally neglected in the literature, at least from the point of view of actual quantitative
assessment) were chosen for the potential high value and low call frequency associated with the provision
of network capacity, which are desirable characteristics from the perspective of small end-users who might
provide the DSR services. This is a fundamental contribution with respect to previous studies that have
focused on energy services that might have to be called upon even several times a day, for instance to
respond to real time pricing mechanisms (see for instance (Gottwalt et al., 2011; Pruggler, 2013; Torriti,
2012)). As mentioned above, particular emphasis was placed on modelling relevant techno-economic
effects related to DSR, namely, the (i) imbalances that DSR can introduce into the electricity market (i.e.,
electricity consumed by end-users that provide DSR may differ from the energy that retailers have to buy in
advance in the electricity market); (ii) payback of the electricity that is curtailed due to DSR (e.g.,
electricity that is curtailed by postponing some activities such as laundry would be “paid back” at a later
period to resume the service); and (iii) potential impacts of DSR on the operational limits of the electricity
grid (e.g., thermal and voltage constraints). By addressing capacity services and explicitly modelling the
technical and economic aspects of DSR, the methodologies are meant to facilitate a better understanding of
potential and realistic business cases for DSR, which can be used to inform policy makers and regulators.

This paper is organized as follows. In Section 2, a general overview of DSR is provided, with
particular focus being placed on existing DSR programme types and the payback and imbalance effects
associated with DSR. In Section 3, the capacity based DSR business cases explored in this paper are

described in detail, while Section 4 and Section 5 present the techno-economic methodologies used to



assess these business cases and relevant numerical results, respectively. In Section 6, the main conclusions

and associated policy implications of this research are presented.

2. DEMAND SIDE RESPONSE

DSR can be defined as an intentional change relative to the normal demand profile of end-users
made in response to specific signals, price fluctuations, and so forth (Albadi and El-Saadany, 2008). The
signals and associated DSR actions (e.g., reduce or increase energy consumption) are normally specified in
DSR programmes which use available policies, market mechanisms, and incentives to deliver benefits to
the power sector by providing services to the network or particular actors (e.g., DNOs, TSOs, energy
suppliers, market operators, renewable generators, and so on). Nevertheless, calling DSR may also result in
other effects related to payback effects and electricity market balancing, which might not be beneficial. It is
thus critical to understand both the rationale of specific DSR programmes and all associated effects of DSR

in order to properly model and quantify potential business cases.

2.1. Demand response programmes

A DSR programme is an agreement formulated under existing regulatory frameworks that stipulates
the characteristics of a DSR service. That is, the specific signals that will be sent to end-users, expected
DSR actions, incentives and penalties associated respectively to the provision or failure to provide proper
DSR actions, type and amount of end-users that can provide the service, and so forth. Generally speaking,
the DSR programmes can be classified based on the manner by which signals are sent to end-users, namely,

as incentive-based programmes and price-based programmes (Tan and Kirschen, 2007; Torriti et al., 2010).



In an incentive-based programme, DSR is triggered via signals sent directly to end-users. The
signals might be sent directly to the devices that provide the service (i.e., direct load control); or may be
sent to end-users which have the option to disregard the signal (foregoing economic benefits or being
penalised). In a price-based program, DSR is incentivised by exposing end-users to varying electricity
prices such as time of use tariffs, critical peak pricing, critical peak rebates and real time prices among
others (see for instance (Mancarella and Chicco, 2013)).

It can be deduced that incentive-based DSR programmes may enable reliable and fast reacting
active demand services. This could allow end-users to provide ancillary services to the power system and
underlying actors (e.g., reserve, balancing, voltage control, and so forth), but may result in high costs for
enabling infrastructure, particularly whenever bespoke communications and automation infrastructure are
needed. Price-based DSR programmes, on the other hand, may be more attractive for incentivising energy
efficiency and managing peak demand, as end-users can be made aware of their electricity consumption
behaviour and incentivised to minimise energy consumption during peak periods. However, the reliability
and consistency of underlying DSR services is arguable due to the uncertain nature of end-users (for further
discussion see (Gyamfi et al., 2013; Darby and McKenna, 2012)) and the costs of enabling infrastructure
can be high too, especially when real time pricing is implemented (this would require investments in smart
meters and automation, among other devices, if these are not already available).

The DSR programme is typically implemented by a DSR provider, which in this work (and in the
ADDRESS project) is assumed to be an actor that takes both the role of energy retailer and aggregator
(Belhomme et al., 2009). This would allow the DSR provider to use various types of DSR programmes, as
it would be in the position to offer end-users different types of incentives. In addition, the aggregator-
retailer could also take into account the effect of the provision of active demand services on its position in
the energy market (DSR provision would affect the energy to be bought in the market by the supplier or

other balancing responsible party at different times, as better discussed below).



2.2. Payback and imbalance effects

Whenever active demand is called to respond, it is likely to result in effects other than those
stipulated in the DSR programme. More specifically, by providing DSR, an end-user might be shifting its
entire demand (or parts of it) to or from different periods (payback effect) and introducing imbalances to

the electricity market. An example of the payback effect can be seen in Figure 1.
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Figure 1. Example of the payback effect introduced by DSR

As shown in the figure, when DSR is called for the reduction of peak demand, some of the energy
that is curtailed may be paid back at a later period. This may occur if end-users respond by depleting some
energy storage (e.g., available in the building fabric by adjusting heating settings) or by deferring tasks that
may have to be paid back afterwards (e.g., shifting the washing of clothes or dishes). The magnitude of the
payback may be lower than the changed demand (e.g., if end-users mostly deplete thermal energy storage

in building fabric, whereby in the meantime there is also partial loss of comfort), as high as the demand that



was curtailed (e.g., if end-users mainly shift activities), or higher than that (e.g., if additional energy is
consumed to compensate for lost of utility or in the presence of storage devices with losses). The time when
payback occurs may be soon after DSR is provided, which could potentially create a new (and even higher)
demand peak, or far from when DSR was deployed, which would allow the payback energy to be moved to
off-peak periods. In this respect, it also needs to be highlighted that when looking at aggregated effects
from the point of view of the aggregator and of the equivalent DSR service provided to the system, in
principle it could be possible to schedule the response of specific devices so as to minimise the aggregated
payback effect, also depending on the flexibility of each specific devise and user.

Demand variations caused by both DSR and the payback effect can imbalance the position of the
end-user in the energy market, thus exposing the end-user (or the balancing responsible actor that
represents it in the market (e.g., the retailer)) to the imbalance settlement process (Elexon, 2013a). As a
side effect of the DSR action, the balancing responsible actor may incur economic losses (e.g., if a high
volume of power is paid back during peak time) or accrue benefits (e.g., if payback is negligible and/or

occurs during off-peak time when prices are low) from DSR.

3. BUSINESS CASES FOR CAPACITY BASED DEMAND RESPONSE SERVICES

The characteristics of potential DSR services and related side effects (e.g., payback and imbalances)
should be properly quantified in the context of the physical electricity grid, existing (or proposed) market
frameworks, and from the perspective of different actors (e.g., end-users, DNOs, TSOs, and so forth). The
results would be prospective business cases for DSR, which would emphasize how the different actors
involved directly or indirectly with the DSR services may accrue benefits and incur costs and, ultimately,

demonstrate whether or not there is a business case for DSR at the small commercial and residential level.



In fact, the lack of proper business models can be considered as one of the main challenges for the
deployment of DSR (Giordano and Fulli, 2012; Oren, 2013).

This section presents three DSR business cases for the provision of system capacity to the
transmission and distribution networks during critical times (e.g., when demand approaches the yearly
peak) that have been quantified as part of the ADDRESS project. As mentioned in section 1, these capacity
services were chosen over more typical energy services (for instance to respond to hourly pricing) after
analysing the characteristics of both types of services. It is worth noting that the business case for DSR
from energy services can be attractive under certain conditions such as the existence of time-based
electricity pricing schemes with price differentials sufficient to provide economic incentives for end-users,
DSR providers, and other actors, among others (De Ridder et al., 2011; Doostizadeh and Ghasemi, 2012).
However, even under the aforementioned conditions, frequent DSR calls would be needed (even several
times a day, as also confirmed by the results in the ADDRESS project (Linares, 2013)), which might put
off the end-user. To illustrate this, consider for instance a typical time-of-use tariff in the UK with a cost of
£0.15/kWh during the day time. If small end-users are capable and willing to curtail 1 kWh every day, they
would save £54.75 per year (365 days x 1 kwWh x £0.15/kWh). This value would likely be lower once the
payback effect, market imbalances, DSR provider fees, and other factors are considered. Conversely,
capacity based services could likely have a lower call frequency (only when the demand approaches
network capacity relevant to the specific service to be provided). Whether or not and under what conditions
economic incentives for small end-users to provide such services may be attractive will be explored in the

sequel with reference to three specific services available or potentially available in the UK.
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3.1. Business Case 1: Avoidance of transmission capacity charges

In the UK, Transmission Network Use of System (TNUo0S) charges are levied on retailers (and
generators) by the TSO to pay for the maintenance, operation, and development of the transmission
network. The retailer pays two TNUOoS charges; one for its Half Hourly (HH) metered end-users and one
for its non-HH metered end-users. The TNUoS charges for non-HH end-users are determined based on the
estimated consumption of the end-users between 16:00h and 19:00h. The TNUoS charges for HH end-users
are determined via a tariff levied on the end-users’ average consumption over three specified settlement
periods in the year called “TRIADs”. More specifically, TRIADs are the three (half hourly) settlement
periods of maximum demand during the year separated by at least 10 clear days (Flextricity, 2013; GDF
SUEZ, 2013; Npower, 2013).

Minimisation of consumption over the TRIADs (so-called “TRIAD management”) can lead to
lower TNUOS charges for the retailer. This charging methodology also has the deliberate side result of
minimising the system peak, and hence transmission network (and indirectly generation) investments,
through its incentivisation of demand minimisation at peak times. In practice, TRIADs are unknown until
the TRIAD season for the year (defined as November-February) is completed, as they are defined ex-post.
However, TRIADs can be predicted with relatively good accuracy. Predictions (known as “TRIAD
warnings”) are either made in-house by electricity retailers or are provided on a commercial basis by
specialists (Flextricity, 2013; GDF SUEZ, 2013; Npower, 2013). The lead time of TRIAD warnings vary
(from day-ahead to around 8 hours ahead), as do the number of warnings (usually around 15 to 20 per
year). Thus, given HH metering for small commercial and residential end-users (it is assumed that all
residential customers with active demand would also be half-hourly metered as enabled for instance by
smart meters’ rollout), there could be a business case under the present regulatory framework for an active

demand aggregator to offer a service to the TSO by providing capacity services in response to TRIAD
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warnings. As the capacity delivered upon the service call is not specified and the service is rather aimed at
minimising exposure to TNUOS charges, this DSR service could for instance be implemented via an

incentive-based or critical peak pricing/rebate DSR programme.

3.2.  Business Case 2: Avoidance of charges between neighbouring DNOs

In the UK, neighbouring DNOs can exchange power via interconnections (normally at the Extra
High Voltage (EHV) levels, i.e., more than 22 kV and up to 132 kV), in which case they treat each other as
EHV end-users and are charged for their contracted capacity. In this context, DNOs could reduce their
contracted capacity or avoid capacity charges by using DSR services for the reduction of their peak

demand.

In accordance with the EHV distribution charging methodology in place in the UK (ENA, 2011)
(taken here as a specific example, while similar approaches are likely to be adoptable in other countries,
based on the same principles), interconnected DNOs are charged based on (i) their “super red period”

energy consumption; (ii) a fixed charge; and (iii) their Demand Chargeable Capacity (DCC).

The “super red” fee is applied to all energy (kWh) consumed between 16:00h and 19:00h on every
weekday from November to February (assumed to be peak times according to the current regulation and
based on typical system profiles). When the capacity service is called, demand might be shifted away from

the super red rate, thus resulting in super red charge savings.

The fixed charge remains the same regardless of demand, thus it could be argued that the capacity
service should not affect this charge. Nevertheless, in practice, the DNO would use the interconnection as a
means to cope with peak demand, which can also be affected by DSR. In fact, if sufficient active demand

were available, DSR could replace the interconnection and therefore avoid the fixed cost too.
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The capacity charge is based on the DCC represented in (1) (ENA, 2011).

DCC=Max(2><\/AI2+RI2,MIC) 1)

where Al and RI are the active and reactive components of electricity imports during a settlement
period (i.e., half hour period), and MIC is the Maximum Import Capacity of the interconnection, which is

agreed before interconnecting the distribution networks (this capacity can be adjusted on a yearly basis).

Normally, the DNO would pay a fixed fee for the use of an interconnection based on the MIC. However,
the DNO would have to pay an “exceeded import capacity charge” and may be obliged to negotiate a
higher MIC in the case that demand in its network is such that the DCC exceeds the MIC originally agreed
for the interconnection. Increasing the MIC would only result in additional connection charges for the DNO
whenever the neighbouring distribution network has to be reinforced to handle the new capacity of the
interconnection. In this light, the interconnection can be seen as an alternative for DNOs to avoid or
minimise own reinforcement costs by using existing capacity in (or reinforcing) neighbouring networks.
Considering that network reinforcement cost avoidance is preferred, it is reasonable to assume that DNOs
would be keen to limit the capacity of the interconnection so that only available capacity in adjacent
networks is used. Accordingly, there may be a business case for active demand aggregators to offer a
service to the DNO by providing capacity services to limit the MIC of the interconnection under the
abovementioned regulation. Also, considering that the service calls can be forecasted with a reasonable
level of accuracy because local system peaks are relatively easy to foresee (this is somehow similar to
TRIAD warnings, thus it is reasonable to assume that the activation of the service could be predicted

roughly a day ahead), the use of critical peak pricing/rebate as an economic incentive would be feasible.
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3.3. Business Case 3: Avoidance or deferral of network reinforcement

Apart from interconnecting their distribution networks, DNOs have the option to reinforce the
network to cope with thermal and voltage constraints (among other constraints) as peak demand increases.
Therefore, as hinted in the previous business model, DSR could be used to avoid or defer the need of

network reinforcement.

Currently there is no market or regulatory propositions in the UK to price and trade such a service.
Furthermore, that this business case may not be incentivised under current distribution charging
regulations, which are not fully cost-reflective yet and thus do not fully internalise the benefits associated
with the DSR service considered in this business case (Ofgem, 2014c, 2012). However, some DNOs are
implementing pilot projects to increase network capacity and defer network reinforcements in which DSR
services are contracted directly from end-users (e.g., the “Capacity to Customers” project (ENWL, 2013) in
which the authors are involved) to test the technical feasibility of this option, following which suitable
regulatory development is likely to happen. In accordance, it is assumed here that this service will be traded
between the DSR provider and DNOs based on an agreed methodology to estimate underlying
reinforcement costs avoided/deferred via DSR. As in the previous business case, particularly if the need for
the service were to be foreseen in advance, DSR provision could be signalled via a critical peak pricing or

rebate DSR programme, for instance.

4. METHODOLOGY AND ASSUMPTIONS

This section presents key assumptions for the assessment of the presented business cases. The main

considerations common to all cases are discussed, followed by specific considerations for each of them.
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4.1. DSR technical modelling

Two models for DSR technical characteristics are considered for the evaluation of all business cases
introduced above. The models characterise DSR in terms of the end-user’s electricity consumption half-
hourly demand profile (i.e., residential and commercial), flexibility (i.e., percentage of the total demand
that can be used for DSR per call at a given time), and energy payback characteristics (how much of and
when the energy curtailed during the DSR call is recovered to resume the underlying service), as

summarised in Table 1 and as expanded on below.

Table 1: DSR technical models considered in this study

User Peak load Flexibility Payback
Typical Full
Residential 0.89kW 42% (0.37kW) 100% (0.89kW) 100%
Commercial 22.15 kW 31% (6.86kW) 100% (22.15kW) 50%

4.1.1. User type and electricity consumption profiles

The electricity consumption profiles represent the baseline demand of an end-user before DSR is
deployed. Two consumption profiles were selected, corresponding to typical commercial and residential
UK end-users (Elexon, 2013b). The profiles comprise 48 HH demand points for typical weekdays,
Saturdays and Sundays during the four seasons. The profiles for a typical weekday during winter are shown

in Figure 2.
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Figure 2: End-user consumption profiles.

4.1.2. Demand flexibility

The level of demand flexibility dictates the percentage of demand that can be curtailed at a given
time in the event DSR is deployed. Two levels of flexibility were selected for each DSR model, namely, the
typical level of flexibility that the average end-user in the UK is expected to have around peak times (when
it is likely that capacity services will be called) and the maximum feasible level of flexibility end-users
could provide by being disconnected. The latter is an extreme case considered for illustrative purposes, as it
provides a theoretical maximum boundary of the economic benefits that end-users could receive from the
service. However, it may be possible that, after adequate economic incentivisation, some users (particularly
in the domestic sectors) might be willing to be fully disconnected if the service notice is in the region of
one day so that there is enough time to reschedule activities.

For the residential end-user model, flexibility of 42% was assumed for all business cases. This is the
average consumption of those appliances deemed to be flexible (e.g., washing machines, tumble dryers,
dishwashers, water heaters with storage, and so forth) at 17:00h-18.00h (the settlement periods at times of

16



high system stress, and hence the predominant time-band in which the capacity services would be called)
according to the bottom-up electricity consumption model presented in Richardson et al. (2010). For the
commercial end-user model, flexibility of 31% was assumed. This is the average proportion of
consumption attributable to uses deemed to be flexible (i.e., heating, ventilation, and air conditioning as
well as hot water, predominantly) across various commercial building types, according to UK HH meter

data (Ofgem, 2013).

4.1.3. Energy payback and imbalances

As discussed previously, the costs and benefits associated with changes in energy consumption
brought about by capacity service calls and payback effects were calculated considering the UK’s
imbalance settlement process (Elexon, 2013a). The energy payback model indicates how much of the
avoided energy usage must, as a result of the service call, be consumed in periods following the service
call. In all cases, payback was assumed here to occur one hour after the DSR call, based on the experience
of real trials in the ADDRESS project. It is worth noticing this could in principle introduce new demand
peaks that could trigger further DSR, thus increasing the frequency of the capacity services. For the
residential case, an energy payback of 100% was assumed in the model. This is because the processes being
considered involve either energy demand shifting (e.g., washing machines, tumble dryers, dishwashers) or
energy storage which is practically lossless over a timescale of an hour (e.g., hot water storage).

For the commercial instance, levels of energy payback are difficult to model for general cases.
However energy modelling work conducted on commercial properties using the EnergyPlus software tool
(U.S. Department of Energy, 2013) indicated payback for space heating/cooling (which constitutes 91% of
commercial flexibility) could be in the region of 50% or below (Dejvises, 2011), as heat stored in the fabric
of the building is depleted during the service call and must be replenished. Thus, for the purposes of this

study, an energy payback of 50% was assumed for illustrative but realistic purposes.
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In this work, the imbalance costs are estimated with (2) and (3), which take the payback effects into

consideration.
Total_Imbalance_Costs =) Imbalance_costs, (2)
t

/100 % SBP,

Imbalance_costs, = Energy_curtailed, x (payback,, ,, 00— SSP,) ©)
where Total_Imbalance_Costs and Imbalance_costs; are respectively the total imbalance costs
throughout a year and during a period, Energy_curtailed:; is the energy (kWh) curtailed during a period,
paybacki+pp is the percentage of the energy curtailed due to DSR which is paid back at a later period, SBP
and SSP are the electricity market balancing prices as from the UK Balancing Mechanism (i.e., “System
Buy Price” and “System Sell Price” in £/ MWh) (Elexon, 2013a), and the subscripts t and t+pb denote the

HH settlement periods when energy is curtailed and paid back, respectively.
4.2.  Peak demand reductions and energy shifting

The capacity services have as the main aim the reduction of aggregated peak demand for a given
cluster of users, and in the case of Business Cases 2 and 3 the service must guarantee that demand remains
below specific targets (while for Business Case 1 the aim is to reduce demand as much as possible). The
frequency with which end-users would be required to participate in DSR calls throughout a year is
therefore a direct function of the peak reduction target set in the DSR programme. In order to illustrate this
dependence, consider Figure 3, which shows the electricity consumption profile (scaled down to 100 kW
for illustrative purposes) of a UK medium voltage distribution network for a day and the same profile
adjusted by capacity services corresponding to maximum peak demand targets of 95kW (5% peak
reduction owing to DSR) and 90kW (10% peak reduction owing to DSR). Payback is assumed to occur one
hour after the service is called, which results in additional service calls to shift the demand exceeding the
threshold to off-peak times. It can be seen that, as the peak reduction target increases, demand exceeding

the threshold increases and therefore DSR would have to be called more frequently (on a half hourly basis).
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This implies that the lower the peak demand reduction target, the lower the amount and frequency of DSR

calls and related end-user disutility.
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Figure 3: Example of 5% and 10% peak demand reductions with relevant payback

4.3.  Assumption for the avoidance of transmission capacity charges (Business Case 1)

4.3.1. Service call logic

TRIAD warnings are assumed to be issued on a day-ahead basis, each warning typically being for
two consecutive HH periods, and no more than 15 warnings are issued per year. These assumptions are
generally consistent with the practices of commercial TRIAD warning service’s providers (Flextricity,
2013; GDF SUEZ, 2013; Npower, 2013).

Analysis of system load data for the 2010-11 TRIAD season was conducted to estimate the dates

and times of the TRIAD warnings. The warnings were estimated using the following algorithm:
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1. For each day in the TRIAD season, a day was declared a TRIAD warning day if the
maximum system demand on that day was greater than some trigger value and greater than
in the 10 previous days.

2. The trigger value is altered until 15 days remained. The final trigger value used was 51.5
GW (for the sake of comparison, maximum annual peak demand in the UK is normally in
the region of 55GW).

3. The demand on the HH settlement period preceding and succeeding the maximum HH
demand period on each day was calculated. The period which has the higher demand is

assumed to make up the second settlement period of the TRIAD warning.

4.3.2. Service revenue

For this study the TNUOS charges were taken from 2010 data (National Grid, 2013a). TNU0S
charges are disaggregated by 14 zones, with varying levels of charges according to the utilisation of the
network in each zone. For this work a high, average and low TNUO0S charges are used, relating to the

maximum (£26.76/kW), average (£19.83/kW), and minimum (£5.87/kW) charges, respectively.

4.4.  Assumptions for the avoidance of charges between neighbouring DNOs (Business Case 2)

4.4.1. Service call logic

The amount of service calls for this business case is determined for the baseline scenario via
simulations. That is, the capacity service is triggered whenever demand (real UK HH data (National Grid,
2013Db)) is within 5% of its annual maximum. Without loss of generalization, the system demand was in
this case used as a proxy for the local network demand (in most cases times for system peaks and local

peaks coincide) as no specific distribution network was analysed. Simulations consider the technical and
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economic effects of DSR (i.e., potential introduction of new peaks that can trigger the capacity service and

increase service frequency, shift of energy to high/low price periods, imbalance settlements, and so forth).

4.4.2. Service revenue

The economic benefits associated with this business case are estimated as expected capacity fee

savings (i.e., super red rate, fixed and import capacity charge reductions). For this purpose, example

capacity fees from the “EHV distribution charging methodology” documents were reviewed (ENA, 2011)

and, among these, five fees were selected to represent “typical”, “pessimistic”, and “optimistic” scenarios

as described below and summarised in Table 2.

Pessimistic: This scenario is based on the fee with the lowest import capacity costs and on the

assumption that DSR is not enough to avoid fixed charges.

Typical: In this scenario all fees take their average value, but the fixed charges cannot be avoided.

Best typical: In this scenario all fees take their average value and there is sufficient DSR to also

avoid fixed charges.

Optimistic: This scenario is based on the tariff with the highest capacity fees and the assumption

that DSR is not enough to avoid fixed charges.

Best optimistic: This scenario is based on the tariff with the highest fixed fees and is sufficient DSR

to also avoid fixed charges.

Table 2: Scenarios for the DNO interconnection costs reduction business case

Fee
Scenario Super red rate  Fixed charge Import capacity charge
£/MWh £/day £/MVA/day

Pessimistic 0 48.07 2.80
Typical 11.23 14.66 28.7
Best typical 11.23 14.66 28.7
Optimistic 44.66 2.63 255
Best optimistic 0 547 4.2
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4.5.  Assumptions for the avoidance or deferral of network reinforcement (Business Case 3)

4.5.1. Service call logic
As in the previous business case, the service calls are simulated based on the objective to limit maximum

demand by 5% and considering the technical and economic implications of DSR.

4.5.2. Service revenue

Since such a service is not available yet under the current Regulation (at least in the UK), the
potential revenue from the service is estimated here on the basis of the projected avoided cost of network
reinforcement, which in turn is a function of the network topology, the level of reinforcement, and the

timing of reinforcement, as better discussed below.

45.2.1. Distribution network models

In order to estimate the potential cost of reinforcement for generic cases, two test distribution
networks are considered for this study, representing typical 11 kV urban and rural systems in the UK
(Grenard, 2009). More specifically, in urban networks loads tend to be grouped relatively close together

(all lines are assumed to be 5 km long), thus reinforcements are generally mainly driven by thermal

constraints. In rural networks, loads tend to be more segregated from each other (all lines are assumed to be

40km long), thus reinforcements are generally likely to be driven by voltage considerations. Both networks

are assumed to comprise two 17.5 MVA transformers (the second transformer is usually redundant for
security considerations) connected to eight radial lines with loads uniformly distributed throughout their

length, for the sake of simplicity (view Figure 4).
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33 kV

2x17.5 MVA
11 kv

Figure 4: Typical 11kV UK test distribution network used for network reinforcement studies.

45.2.2. Modelling cost of reinforcement and value of investment deferral

It is assumed that network reinforcements refer to both transformer and line upgrades. Transformers are
upgraded via the installation of a new 17.5MVA transformer in parallel, whereas lines are replaced with
conductors with greater capacities, as from typical practices of DNOs. The data for lines and transformers
were taken from (Green et al., 1999). The reinforcement costs (in £/MW!/year) are estimated for different
levels of demand according to typical power system techno-economic models, such as in (Cossi et al.,
2012; Khodr et al., 2009). In addition, distribution network reinforcements might be either imminent or
expected sometime in the future. In both cases, the implementation of capacity services can defer
reinforcements or even avert them if load growth is sufficiently small (or if in the future load were to stop
growing). The potential (in terms of time) of capacity services to defer reinforcements can be estimated

with (7), while the impacts of deferral on the expected value of the reinforcement are expressed by (7) and
(8).

log(1/(1- Peak _demand _ reduction /100)) @)
log(1+ Peak _ demand_growth /100)

Reinforcement _ deferral =

Discount _ l(1+ d /100)-Reinforcement_time . (1+ d /100)-(ReinforcenEnt_time+ReinforcenEnt_deferlal) J (8)
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Reinforcement _Cost _deferral = Discount = Reinforcement _Cast €)]

where Reinforcement_deferral is the expected time (years) that reinforcements can be delayed via
the use of DSR, Peak_demand_reduction is the peak demand reduction (%) as illustrated in Figure 3,
Peak _demand_growth is the annual peak demand growth in the network (%), Discount is a factor (%) to
adjust the reinforcement costs based on discounting and investment timing, Reinforcement_time is the time
(years) when the reinforcement is initially expected (without considering active demand), d is the discount
rate (%) and Reinforcement_Cost and Reinforcement_Cost_deferral are the expected discounted
reinforcement costs before and after deferring reinforcements via the implementation of a DSR programme,

respectively.

5. RESULTS AND DISCUSSION

5.1. Capacity service call frequency

Table 3 shows the quantification of the annual capacity service call frequency for Business Cases 2
and 3 (the call frequency for Business Case 1 is always 30 HH periods corresponding to 15h) under
different peak demand targets for the case of the UK system profile (National Grid, 2013b). This is
estimated under the assumption that all available flexible demand can be represented with either the
residential or the commercial DSR models (i.e., flexibility and payback characteristics), and that all end-
users participate in the same amount of service calls. It can be seen that the average number of calls per
end-user are lower than the expected capacity service calls. In other words, not all active customers are
needed for every service call. This is reasonable considering that maximum DSR capacity (i.e., the case

when all active customers are required to provide the service at the same time) is seldom needed.
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Table 3: Annual service calls per year and per end-user providing DSR

Peak demand  Expected number of service calls per year  Average number of calls per year per end-user

reduction target (HH settlement periods) (HH settlement periods)
Residential Commercial Residential Commercial
1% 0.6 0.2 0.2 0.2
3% 8.5 7.4 3.3
5% 31 27 15
7% 76 64 42 23
9% 151 124 90 45

From the table, it can be seen that a peak reduction target of 5% would result in roughly 30 HH
service calls per year. This is consistent with the typical 15 hours of TRIAD warnings, and hence a peak
reduction of 5% is selected in this work as a baseline for Business Cases 2 and 3 too, assuming that this

corresponds to a sensible level of end-user participation.

5.2. Comments on avoidance of transmission capacity charges (Business Case 1)

Unlike Business Cases 2 and 3, the expected revenue per kW of active demand for different end-
users does not vary and follows the charges of the TRIAD mechanism (£26.76/kW, £19.83/kW and
£5.87/kW respectively for the high, average and low cases). Once the high, average and low charges for the
active demand used to provide the service are given, the relevant value of providing this capacity service
can be calculated. Table 4 thus shows the annual expected revenue for residential and commercial DSR

providing typical and full flexibility in the presence of high, low, and average transmission charges.
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Table 4: Annual revenues per active end-user for Business Case 1

Residential Commercial
Charges level (Elyear) (Elyear)
Typical Full Typical Full

flexibility flexibility flexibility  flexibility

Low 2.3 55 49 158
Average 7.5 18 145 469
High 10 24 193 621

Revenues for commercial customers substantially outweigh those for residential customers, due to the
larger load of commercial customers. Another key observation is that the revenue increase for commercial
end-users from providing full as opposed to typical flexibility is 322%, higher than the equivalent figure for
residential end-users (240%). This is due to the comparative values of typical flexibility for residential and
commercial customers (42% and 31% respectively), which results in greater headroom for increasing

revenue for commercial customers who could be able to raise their flexibility level.

5.3. Comments on avoidance of charges between neighbouring DNOs (Business Case 2)

Table 5 shows the annual expected economic benefits per kW of DSR based on the residential and
commercial DSR models in the baseline scenario (i.e., 5% peak demand reduction) and the average end-
user calls (as described in Section 5.1), whereas Table 6 shows the expected revenue per HH call associated
with the participation of active end-users. The latter information could be used to estimate the expected
revenues for end-users that participate in the service more or less frequently than the average. For example,
the revenues associated with an end-user that participates in every service call would be 105% (residential)

or 184% (commercial) higher than those of end-users participating in the average amount of calls.

26



Ultimately, the participation of active end-user in the service (and related benefits) will have to be agreed
with the DSR provider before implementing the service, and the above estimates can be very helpful to set

up relevant contracts.

Table 5: Expected annual revenue per kW of DSR for Business Case 2

Residential Commercial
(E/kW/year) (E/kW!/year)

Pessimistic 0.9 1.1
Typical 10 11
Best typical 17 17
Optimistic 93 94
Best optimistic 229 230

Table 6: Expected revenue per KW of DSR per HH service call participation for Business Case 2

Residential Commercial
(E/kW/call)  (E/kW/call)

Pessimistic 0.1 0.1
Typical 0.7 1.1
Best typical 11 3.8
Optimistic 6 10
Best optimistic 15 24

Table 7 shows the expected annual economic benefits that end-users providing DSR could receive
by providing their typical and fully flexible active demand and based on the average participation per end-

user.
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Table 7: Annual revenues per active end-user for Business Case 2

Residential Commercial
Typical Full Typical Full

(Elyear) (Elyear) (Elyear) (£lyear)

Pessimistic 0.3 0.8 8.0 26
Typical 3.9 9.2 73 235
Best typical 6.1 15 115 371
Optimistic 35 83 642 2074
Best optimistic 85 204 1577 5094

5.4. Comments on avoidance or deferment of network reinforcement (Business Case 3)

In order to determine plausible reinforcement costs and thus economic values for this business case,
several typical demand growth scenarios and planning horizons for the UK test systems were set. These
factors determine the demand level that the reinforcement would be designed to cope with (and are used as
inputs for the mathematical programming approach mentioned in Section 4.5). Accordingly, demand
growth is assumed to be 1%, 2%, or 3%, while the planning horizon is set to 10 years, 20 years or 30 years.
This process results in 18 scenarios (see Table 8). However, for the sake of simplicity, only the scenarios

corresponding to the minimum, average, and maximum reinforcement costs are considered (see Table 9).

Table 8: Example of potential expected network reinforcement annuitized costs for urban and

rural networks for different load growths

Horizon Urban (E/MW/year) Rural (E/MW/year)
(years) 1% 2% 3% 1% 2% 3%

growth growth growth growth growth growth

10 522 860 1238 837 1680 2511

20 860 1716 2863 1685 3466 5498

30 1256 2868 4843 2570 5607 9160
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Table 9: Minimum, Average, and Maximum reinforcement cost scenarios

Minimum Average Maximum
Urban (E/MW/year) 522 1716 4843
Rural (£E/MW!/year) 837 3466 9160

Table 10 shows the expected annual revenue per KW of DSR based on the baseline scenario (i.e.,
5% demand peak reduction) and average calls per end-user, whereas Table 11 shows the expected revenues

associated with active demand per HH service call.

Table 10: Expected annual revenue per kW of DSR for Business Case 3

Residential Commercial
(E/kW/year) (E/kWl/year)

Urban minimum 10 11
Urban average 34 34
Urban maximum 97 97
Rural minimum 17 17
Rural average 69 69
Rural maximum 183 183

Table 11: Expected revenue per kW of DSR per HH service call participation for Business Case

3

Residential ~ Commercial
(E/kWlyear) (£/kW/year)

Urban minimum 0.7 1.1
Urban mean 2.2 3.7
Urban maximum 6.3 10.3
Rural minimum 1.1 1.8
Rural mean 4.5 7.4
Rural maximum 12 20
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Table 12 shows the expected annual revenues per end-user providing DSR based on their available

flexible or full active demand and the average service call participation.

Table 12: Annual revenues per end-users providing DSR for Business Case 3

Residential Commercial
Typical Full Typical Full

(Elyear) (Elyear) (Elyear) (Elyear)

Urban minimum 3.8 9 73 234
Urban mean 13 30 236 763
Urban maximum 36 86 665 2148
Rural minimum 6 15 115 273
Rural mean 26 62 476 1538
Rural maximum 68 162 1257 4060

As can be seen, the value of DSR in this business case can be deemed consistent with the value of
DSR in the other distribution network business case (Business Case 2). This consistency suggests that the
assessments are overall quite accurate, since both business cases somehow deal with distribution network
reinforcement costs (Business Case 2 might involve investments in neighbouring networks and the network
charges should reflect these investment costs).

It is important to note that the results in this section were calculated under the premise that the
investment is needed immediately. As discussed in Section 4.5, in practice the reinforcement may be
expected sometime in the future, and active demand may only defer the reinforcement if demand increases.
In such cases, the results should be discounted based on the expected time when the reinforcement would
be needed and the time that active demand can defer the reinforcement as expressed previously by (9).
Examples of this discounting procedure for different times after which reinforcement would be needed and

based on a typical 7% discount rate and a 5% peak reduction targets are presented in Table 13.
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Table 13: Percentage of costs that can be averted with DSR.

Time to reinforcement Annual peak demand growth
(years) 0% (avoidance) 1% 2% 3%
0 100% 29% 16% 11%
1 93% 28% 15% 10%
3 81% 24% 13% 9%
5 71% 21% 11% 8%
7 62% 18% 10% 7%
9 54% 16% 9% 6%

From the results, it emerges how this application of capacity services is mainly attractive for
networks that are close to their operational limits and, thus, will have to be reinforced in the near future.
Load growth also plays an important role for this service, as DSR can defer investments for longer periods

if load growth is low (e.g., 0% or 1%).

5.5.  Discussion and policy implications

The avoidance of transmission capacity charges (Business Case 1) provides the most modest results
per end-user, with an average expected profit of £7.50 per year for residential end-users. Regardless, the

service can be considered attractive due to its low call frequency (i.e., 15 calls per year).

The capacity services for DNOs (Business Case 2 and 3) prove to be case sensitive. Some
applications would produce close to no value (e.g., networks that are far from their physical limits),
whereas others could bring significant benefits, estimated in the order of £200 and £4000 per year for
residential and small commercial end-users, respectively. The most attractive applications would likely be
associated with high capacity charges and fixed costs, or networks approaching their operational limits and
subject to significant demand growth uncertainty. These cases should be the main focus of business cases

for aggregators and DSR providers to engage small active demand end-users. In addition, it is important to
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emphasize two points regarding these services. Firstly, the benefits presented correspond to the avoidance
of immediate network reinforcements; these values have to be discounted for cases in which the
reinforcement is expected in the future (i.e., using the coefficients in Table 7). Secondly, these benefits are
associated with the average service frequency per end-user. If end-users were incentivised based on their
participation, some of them could significantly increase their revenues by participating in all service calls
(e.g., 106% more for residential end-users); however, this would cause other end-users to participate less

frequently and receive fewer benefits.

It is important to note that DSR providers and aggregators might use these services in combination
with each other and possibly with other services, particularly as capacity service requirements may overlap
(e.g., in the case a TRIAD and a DNO service call were to coincide at peak times for both the overall
system and the local network). This may provide even stronger business case opportunities for DSR as

more services emerge and their value is proven via proper quantification.

Finally, it is worth noting that, even though the proposed business cases for capacity services may
offer high economic incentives and low call frequency, these benefits may not be properly internalised by
existing policies and regulatory frameworks. In fact, there are two main issues with existing UK regulations
that would have to be overcome to facilitate the proposed business cases. Firstly, the current distribution
charging arrangements are not fully cost-reflective, thus encouraging DNOs to invest in traditional
solutions (e.g., network reinforcements) without considering potential benefits from DSR. As a result,
innovative distribution network solutions in the UK are only incentivised currently by government grants,
such as the Low Carbon Networks fund (e.g., the Capacity to Customers project (ENWL, 2013)). Future
regulations would have to devise cost-reflective incentives for small-customers (e.g., based on location,
time of the day and other conditions), which should be as simple and transparent as for end-users to accept

them. Secondly, current market arrangements isolate small end-users from the rest of the market to
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“protect” them from balancing responsibilities. This is not ideal for the proposed business cases that may
offer significant benefits to end-users, but may also expose them to balancing responsibilities when
providing DSR. Accordingly, new regulations would have to emerge to allow customers to benefit from

DSR, without being “unfairly” exposed to penalties.

6. CONCLUSION

This paper discussed the need of proper quantification for DSR with the aim of identifying whether
or not deploying DSR on a large scale that involves small commercial and residential end-users would
make economic sense. More specifically, three DSR services based on the provision of “capacity” to the
distribution and transmission networks were investigated. The services were chosen due to both their
prospective low call frequency and potential high value, which make them particularly attractive with
respect to energy services in current market conditions with relatively small price differentials. However,
proper quantification of the potential to provide these capacity services was needed which would consider
both the physical characteristics of active demand providing DSR and market aspects. Hence,
comprehensive techno-economic models were developed and relevant numerical applications were
assessed for realistic case studies relevant to the UK situation. The results show that the services
consistently cause little disutility comfort to active demand end-users in most cases due to their low call
frequency, with benefits that can be significant although tending to be case specific. In particular, benefits
from DNO related services can vary from virtually zero to about £200 for the residential case (more than
£4000 for the commercial case).

It was also discussed that the deployment of the proposed business cases for DSR from small end-

users in the UK would require new policies and regulatory frameworks. These frameworks must properly
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internalise the benefits and costs associated with DSR, and guarantee that the interests of end-users are
protected when facing balancing responsibilities associated with the DSR services.

Further research in progress aim at properly quantifying other DSR services, identifying the effects
associated with DSR that may incentivise or deter the business model of other actors, and carrying out a
comprehensive cost-benefit analysis that take into account the cost of enabling technologies (for instance,
information and communication technologies) and the way that revenues may be shared among the
different actors (for instance, aggregators and active demand end-users with different flexibility and

availability characteristics).
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