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Context

This paper is the second in a series of ad hoc discussion papers. We published our

first discussion paper in July 2009, entitled "Can energy charges encourage energy
efficiency?" Discussion papers are different from most of our other publications.

They do not set policy positions or announce decisions. Instead, they are intended

to present some experimental thinking on emerging subject areas  and promote
further debate.

The role of demand side response has been highlighted in a number of debates on
th e future evolution of the energy market. The previous Government's Low Carbon
Transition Plan of July 2009 highlighted the need for a more flexible energy system
to meet the goal of an 80% reduction in carbon emissions by 2020. In Ofgem's

Discover y consu lItation of February 2010 , we said that industrial and commercial
consumers are active in demand side response , but participation could be increased
and extended to the mass market if short -term price signals are sharpened and

barriers are removed. The Ene rgy Networks Strategy Group, in its Smart Grid

Roadmap, has highlighted the role for more active network management.

Furthermore, in the Energy Market Assessment of March 2010, enabling better

demand side response would be pursued in all of the options se t out for energy
market reform. Finally  , the Coalition Government plans to continue with the previous
Government 6 s pr o g-ouasmaremeters to all@edstbmers . This creates the
potential for domestic and small business customers to play a more acti ve role in the
energy market

Associated Documents

A Can energy charges encourage energy efficiency? Ofgem, 2009

A A smart grid routemap , ENSG, 2010

A Energy Supply Probe - Initial Findings Report __, Ofg em 2008

A Energy Supply Probe - Proposed Retail Market Remedies , Ofgem, 2009

A Electricity Distribution Price Control Review Final Proposals , Ofgem, 2009

A Requlating energy networks for the future: RPI -X@20 Emerging Thinking , Ofgem,
2010
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Summary

Demand side response is an important and developing theme to Ofgem'’s work and
consistent with our  principal statutory duty to protect the interests of consumers.
This discussion paper look s at how changes to the way consumers use electricity

could result in both cost and carbon savings and lead to more secure

and sustainable

energy supplies. We primarily concentrate on electricity usage, although changes to

gas us age can also lead to  benefi ts.

In simple terms, demand side response involves electricity users varying demand
due to changes in the balance between supply and demand, usually in response to

prices. Inmanymarkets ,supply and demand
signals to fi nd a balance. However, electricity is unusual as a product

naturally respond
because it

cannot be stored cheaply orin great quantit ies so supply and demand has to balance
simultaneously . In most cases, i tis easier for centralised and flexible power stations
to adjustto maintain this balance  rather than the decentralised (and therefore

difficult to coordinate) and relatively inflexible customer demand. Therefore,

electricity demand sider esponse is not fAnat
necessary in a number of ways.

ural o, but it can

In our Project Discovery consultation in February, Ofgem identified the vital role that
demand side response can play in maintaining secur e and sustainable energy
supplies . We recognis ed that large energy users are currently active in providing
demand side response  but participation could be enhanced , and extended to other

consumer segments, if sharper financial incentives were introduced.

This would

ensure that customers who place a high value on receiving a continuous supply,

usually domestic ¢ onsumers and small businesses, would be able to

do so.

In the longer term, however, demand side response could play a different role in a

low carbon economy. A low carbon economy would see a fundamental change in
both supply and demand. The supply mix w ould feature a significant increase in
renewable generation. Wind , wave and tidal  generation is variable in its output, and
usually inflexible about the time at which it generates. To aid the transition to a low

carbon economy o ver a similar timeframe  , it is anticipated that

demand for electricity

will increase significantly to power transport and heating. Electric power for
transport and heating has the potential to be flexible and , with the aid of smart

metering , demand side response has a role to play to encourage it to

shift to match

supply output. The electricity system will therefore need to adapt to allow supply and
demand to have a much more dynamic relationship. However, t he primary tool to
cope with expandi ng demand and the strain this will place o n sources of supply

should be a strong focus on energy efficiency.

Costs and benefits

Electricity demand is usually highest i n the early evening  andis more pronounced in
winter when lighting and, to a lesser ext ent, heating use is high. Thisis also when

electricity is more expensive.

Office of Gas and Electricity Markets
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To assess the impact of demand side response we have undertaken some modelling
to estimate the indicative benefits of consumers  shifting 5% and 10% of their
electricity use in order to flatten peak demand. This analysis shows the following
potential impacts, which are indicative only

A £0.4m to £1.7m daily wholesale cost savi ngs (based on a sample of days);

A £129m to £536m annual avoided capital costs for new generation (based on a
sample of days) ; and

A £14m to £ 28 m annua | avoided capital costs for networks.

There are also potential environmental benefits. Provided that carbon is priced

appropriately, this level of demand response would immedia tely lead to a daily
reduction in carbon emissions of up to 0.5% (between 800 and 2,550 tCO2 per day
based on the same  sample of days), which is equivalent to emissions from about

135,000 households or a town the size of Brighton.

These indicative impact s are likely to be conservative. Looking ahead, the
environmental value of demand side response will increase where there is a

significant proportion of wind in the generation mix. Demand side response ¢ an be
used to substitute for carbon -intensive reserve generation which would be used to
maintain supplies at times of low wind output. This would also reduce the costs
associated with maintaining secur e and sustainable energy supplies

To achieve these b enefits, however, there are likely to be associated costs. These
include technology and infrastructure costs , as well as costs and inconvenience
associated with changing consumption patterns.

Issues to address

The proportion of current demand that can be shifted is relatively small, although
some customers, both domestic and industrial, already defer their use of electricity in
response to financial signals. However, there are several issues that need to be
addressed on both the consumer and industry si de if the scope for demand side
response is to increase.

Consumers

We have carried out some research with consumers i both domestic and business i
to better understand their awareness of usage and attitudes towards making

changes to the way they consume e lectricity. The main issues to address for

consumers are:

A addressing the currently limited financial incentives to change usage patterns
The majority of standard tariffs do not offer incentive for consumers to shift
electricity use away from periods of h igh demand and high prices . Thi s includes
network charges, an element of consumer costs which are not currently
structured to incentivise demand side response ;

Office of Gas and Electricity Markets
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A improving awareness for domestic and small business consumers . Most
consumers are not aware that wholesale electricity prices vary across the day and
year ;

A overcoming difficulty in changing consumer behaviour and increasing
discretionary demand through automated response . Smart meters and smart
appliances are an effective means of  promoting demand  side response ; and

A sharpe ning short -term price signal for industrial customers to further
encourage those who are willing and able to forgo demand to do so and
potentially be rewarded.

Different customers have different needs and the impact of the above actions on
vulnerable and low -income customers will need careful consideration. We are mindful
that appropriate consumer protection will be required

Industry

The key issues to address for industry are:

A a major barrier to suppliers is the current balanci ng and settlement
arrangements for non -industrial (non -half hourly metered) customers because
the benefits to a supplier in offering demand side response products are shared

among all suppliers;

A a more active role for networks . As electricity flows at th e distribution level
become more diverse and complex, the distribution network operator will need to
play a more active role in managing the network; and

A demand side response from domestic and smaller businesses needs to be both
firm and aggregated inord er for the system operator to be able to be able to
buy it and realise the benefits for the electricity system.

We are addressing a number of the issues set out above , and further initiatives are
underway across Ofgem and the supply chain  to enable the benefits of demand side
response to be realised.  These initiatives are illustrated in the following diagram.

We intend to discuss the issues captured in this paper with stakeholders over the
next few months, including hosting a workshop this autumn.

Office of Gas and Electricity Markets
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Figure: Ofgem initiatives across the supply chain to facilitate demand side
response

Demand Side Response

~ Consumers

() Suppliers/
generators
Low Carbon Networks Fund to trial new technology,
and commercial & charging arrangements
~ Networks
Move to cost-reflective distribution network charges
encouraging customers to respond and be rewarded
Review of regulatory framework (RPI-X@20)
Joint Leadership of Smart Grids Working Group,
Energy Networks Strategy Group
Ofgem
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1. Currentdemand side response

Chapter Summary

This chapter provides  an overview of the ¢ urrent and possible future role of demand
side response inthe electri city market . It gives an assessment of the flexibility of
current electricity demand and examines the various ways in which demand is
encouraged to respond to signals  across each consumer segment.

Context

1.1. The electricity system must be kept in balance by matching supply and demand
within strict technical limits since electricity cannot be stored easily. Electricity
demand is difficult to control and varies depending on the time of day, day of the
week andt hetime of year.  Centralised and f lexible generation technologies are
generally used to respond to changes in demand. During peak periods of demand,
this generation is, to a greater extent, made up of relatively more expensive and
carbon -intensive fossil f uels.

1.2. The Government expects renewable generation to play an important role in the

UK's transition to a low carbon economy. To meet the 15% renewable energy target
by 2020 , renewable generation, principally wind, will need to meet around 30% of
electricity demand. The variable nature of wind will bring challenges to the electricity
system in terms of its ability to match supply to demand. This will be magnified by

the closure of some existing fossil fuel plants used to balance the system and meet

peak deman d*. Both of these challenges will make supply less flexible in meeting

demand. The electricity system will need to adapt to allow supply and demand to

have a more dynamic relationship.

1.3. Demand side response (DSR) could play a role in this dynamic environme nt.

Of gemds Pr oj e cconsultatisnc “odis@isseg d options for delivering secure and
sustainable energy supplies and includes an assessment of the role DSR could play in
maintaining secu re and sustainable  suppl ies in the long -term. Specifically, DSRma vy
be able to:

A reduce carbon emissions, energy costs and avoid some investment required in
network and generation capacity;

! Due to plant reaching the end of its useful life, and EU legislation such as the Large

Combustion Plant Directive (LCPD) and the Industrial Emissions Directive (IED)

2 project Discovery - Options for delivering secure and sustainable energy supplies, 3 February
2010 .

Office of Gas and Electricity Markets



Demand Side Response July 2010

A increase the scope of the electricity system to absorb excess renewable
generation;

A improve overall system balancing and efficiency; and

A encourage efficient use of existing generating plant and network capacity.

1.4. Future developmentsin G  reat Britain (G B) are expected to facilitate DSR

including the Government's plan to have smart meters in place in all households and
businesses 3. Ofgem E-Serve has been managing, on behalf of the Department of

Energy and Climate Change (DECC), the first phase of a central programme to

design and implement new cross -industry arrangements for the delivery of smart
metering *, with the aim of developing a sc oping document by summer 2010. Smart
metering will enable customers to receive more accurate and timely information,

including stronger price signals. This may influence behaviour of customers by
changing consumption in response to these signals. Smart me ters are expected to
encourage the emergence of innovative products onto the mass market, including

those that could facilitate DSR, such as new pricing structures and automated

controls for household appliances. The roll -out of smart meters represents a major
technological change and a potential for the market to develop in a new way,

creat ing an opportunity to better match demand to supply.

1.5. Inthe longer -term, electric cars and electric heating are expected to become

more prevalent as part of the Govern ment's strategy tor  educe emissions from the
heat and transport sectors. These developments are likely to increase electricity
consumption overall and alter electricity consumption profiles. Demand from electric

cars and electric heating, which have the fa cility to store energy, could be relatively
flexible and could therefore shift in response to supply conditions. However, with

respect to electric cars, this will largely depend on the type of charging infrastructure
that is adopted.

1.6. In order to integrate an increasing proportion of renewable and distributed
generation and accommodate increasing demand from heat and transport , the
electricity system will need to be able to intelligently integrate the actions of all users
connected to it, including generato rs, consumers and those that generate and
consume ele ctricity. The development of a smart grid will facilitate this integration by
providing improved information and allowing automation (e.g. electric cars

recharging automatically during periods of low pri ces). This will allow consumers to
manage their electricity use. Ofgem, the Government and industry have worked

together through the Ele ctricity Networks Strategy Group to address issues that

® Press Release - 2 December 2009 - UK energy system gets smart:
http://www.decc.gov.uk/en/content/cms/news/pn139/pn139.aspx

4 Please see the following for further details:

http://www.ofgem.gov.uk/e -serve/sm/Pages/sm.aspx
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What is DSR?

Inthe broadest sense, DSR involves
electricity consumers varying demand

due to changes in the balance between
supply and demand, usually in response

to price s. This mayresultina change to
the time the electricity is used and/or a
reduction in the electricity use.

DSR can take the form of consumers

shift ing their electricity demand from

periods of peak demand and typically

high prices to periods of low demand and
typically low er prices . Overtime ,this can
result in a permanent flattening of peak
demand. Peak periods in a day are

typically early evening and, to a lesser
extent, early morning

Figure 1.1 shows actual demand for a
typical winter 's day in GB and a
hypothetical demand profile with DSR

(i.e. peak demand shifted to earlier and
later in the day ). The shaded area shows
where demand has changed. Figure 1.2
shows demand profiles  fora dayin each
season . Peak demand is most

pronounced in winter and ,to alesser
extent, in autumn and spring as
expected.

DSR can also be used in response to
system balancing requirements. This can
occur if total electricity demanded in GB

is greater than total available supply at

any given moment, or if the reliability of

the electricity system is under stress. For
example, at times when there is an
unusually high de  mand for electricity or a
large generation plant has shut down for
emergency repairs.

DSR reduces the need for peaking
generation plants which typically run for
short periods each day to meet peak
periods of electricity demand.

Figure 1.1: Actual and Hypothetical Demand with DSR
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Figure 1.2: Daily Demand Profiles
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Scope

1.7. In this paper,w e explore what DSR may be able to achieve across different
consumer segments (domestic, small and medium enterprise or SME and industrial

and commercial or I&C) , and how to unlock this potential prior to the integration of
renewables and the wide  -spread el ectrification of transport and heating.

1.8. As noted above, DSR can be related to shifting or reducing electricity

consumption. Although reducing demand has many benefits, th e primary focus of
this paper is  on shifting electricity use as this is less well -und erstood and less
documented. In addition, this paper principally focuses on the electricity sector. DSR

is an important issue in the gas sector (as evidenced in early 2010 ® but there is
more limited scope  particularly among domestic gas consu mersto respond to price
signals since co oking and heating are both largely inflexible and essential uses of

gas. Additionally, gas heating is expected to decline in future due to the

electrification of this sector

1.9. The rest of this paper discusses the following areas:

A flexibility of current electricity demand profiles and existing ways of stimulating
DSR in GB within each consumer sector (I&C, SME and domestic);
A potential benefits and costs of encouraging customers to shift electricity use; and
A consumer and indu stry -led issues that require considerati on to encourage greater
DSR.

Assessment of the flexibility of electricity demand

1.10. Electricity useis usually highest in the early evening on a weekday in the

winter and, to a lesser extent, in the autumn and spring , as illustrated in Figures 1.1
and 1.2, when domestic demand overlaps with commercial and industrial demand.

Later in the evening (once regular business hours close), half of electricity demand

comes from domestic consumers ’. Figure 1.3 presents electricity demand by sector.
Domestic, commercial and industrial demand comprises the largest share of total

electricity demand, suggesting that energy management strategies, including DSR,

should be targeted to these groups. However, the take -up of DSR will depend on how
flexible this demand is. In this section, we assess this flexibility; that is, how easily
electricity demand can be time -shifted by consumers.

® Please see 'Demand Side Working Group Meeting, 9 February 2010', page 2 to 3
http://www.ofgem.gov. uk/Markets/WhIMkts/CustandIndustry/DemSldeWG/DocumentsllDSW
G%?20Febuary%20Minutes.pdf

" Ofgem 's own ana lysis as part of Project Discovery

Office of Gas and Electricity Markets 8
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Figure 1.3: Electricity demand by sector, 2008
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1.11. Household activities requiring el ectricity use by domestic consumers include
cooking meals, using consumer electronics, running appliances etc. Of these
activities, in general, running wet appliances (e.g. dishwashers, washing machines
and tumble dryers) outside of peak periods of electri city demand is likely to result in
the least disruption to households and require the least amount of change to
lifestyles. The proportion of wet appliances as a percent of total electricity

consumption by household domestic appliance is about 15%.

1.12. Electricity consumption activities by SME and commercial consumers include
catering, computing, lighting, cooling and ventilation, etc. A combination of different
-shifting by th ese consumer
segment s. Acti vities most likely to be amenable to DSR include some catering (in the

forms of electricity consumption may be flexible to time

form of wet appliance use) and some cooling and ventilation.

1.13. For industrial customers, again, a combination of electricity consumption
activities may be flexible to DSR, including drying, refrigeration and electricity space
heating. Typically, demand from individual industrial customers will be large at any
given ti me. Please see Appendix 1 for a breakdown of electricity consumption

activities within each consumer group.

1.14. For our assessment of benefits and costs in Chapter 2, we use a rough
between 5% and 10%. T o

estimate of total flexible demand at peak periods to be

come to these figures, we have used a combination of sources

, setout in Chapter 2

and in more de tail in Appendix 2. Itis important to note that there is no consensus

Office of Gas and Electricity Markets
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within industry on the level of flexible demand . However , itis a commonly held view
that, in future, electricity demand is likely to increase, particularly from domestic

consumers, due to the electrification of the heat and transport sectors 8 A significant
proportion of this increased demand is likely to come from electric vehicles and
electric heating which could be relatively flexible to shift to meet available supply

Current demand side response in Great Britain

1.15. In practice, there are many DSR actions that consumers can take. These range
from responding to  price signals given by particular tariff structures to purchasing
technologies which can automate DSR. The methods to facilitate DSR can be broadly
classified into three types of products:

A shifting use in response to different types of tariffs, typically for domestic and
smaller business consumers. These include time of use (TOU) tariffs, critical peak
pricing (CPP) and real -time or dynamic pricing. Please see Appendix 5 for
definitions of these terms;

A contracts, typically for I&C consumers, to curtail lo ad (at pre -agreed times orin
response to changing conditions on the electricity network); and

A automated devices including 'smart' appliances which respond to either changing

conditions on the electricity network or a price signal.

1.16. The next sections review the GB experience of stimulating DSR within each
consumer segment - domestic, SME and I&C.

Domestic consumers

1.17. Currently, the majority of domestic consumers in GB have little or no incentive

to shift consumption away from peak periods as the price of thei r electricity does not
vary with when they use it. The bulk of tariffs charge consumers for their energy

based on total consumption levels, regardless of what time of day they use

electricity. However, there are currently some arrangements , including time  of use
(TOU) tariffs  such as Economy 7, Economy 10 and Dynamic Teleswitching , where
consumers are charged different rates depending on when they use electricity.

8 Project Discovery projections to 2025 for electricity demand from the heat and road transport

sectors is between 4 TWh and 14.5 TWh for heat and between 8.3 TWh and 27.7 TWh for road

transport. Current assumed electrici ty demand is O TWh from both heat and road transport.

These figuresare based on data from the Committee on Climate Chang
6Meeting the Carbon budgets, t(jage2hNe ®&ECICos dxURep changebd
Renewable Energy Strat e g y(ffage 42) and the associated impact assessment for renewable

heat (page 12).

Office of Gas and Electricity Markets 10
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Tariffs

1.18. Currently, the peak and off -peak periods, and associated prices, in most TOU
tariffs in GB are fixed in advanced (i.e. static TOU tariffs) . TOU were primarily
developed to support customers who are able to shift a significant share of their
electricity consumption to off -peak time periods. This often includes those who use
electricity to h  eat space or water, for example where a customer heats their home
with night -time electric storage heaters °. Some forms of TOU tariffs are more
prevalent in certain areas across the country, particularly where consumers are not
connected to the gas network

1.19. All major suppliers offer Economy 7 tariffs, which offer cheaper electricity at

night but slightly more expensive rates during the day . This basic form of DSR shifts
electricity use away from peak periods, and is often attractive to customers with

night -time electric storage heaters, or other usage patterns that allow them to shift
consumption away from daytime hours. Aside from electric heat and hot water,

Economy 7 tariffs encourage consumers to use other household appliances

overnight, such as washing machines, dishwashers and tumble dryers. In 2008,

uptake of Economy 7 was about 20% 10,

1.20. Some suppliers also offer tariffs with three different time periods known as

Economy 10 tariffs. These are similar to Economy 7 but may offer a middle rate time

slotin additionto the peakandoff -peak r ates. An example of this is
new Eco 20:20 tariff .

1.21. Around 1 million customers who are on TOU tariffs have Dynamic Teleswitching

functionality on their multi -rate electricity meters ~ '*. Dynamic Teleswitching  enables

the supplier or | ocal Distribution Network Operator
consumer's electricity supply through radio signals. This functionality allows suppliers

to vary the time at which electricity is supplied to electric storage heaters u nder

Economy 7. It also allows DNOs to manage constraints on the network and prevent

overloading. Dynamic Teleswitching is a technology that enables DSR and is a

precursor to more widespread automation that could be introduced.

® English House Condition Survey, ODPM 2006

10 BERR Impact Assessment of Smart Metering Roll out for Domestic Consumers and Small
Business, page 55
1 See www2.savetodaysavetomorrow.com/Eco_20 -20.html

20f gemds own,2808al ysi s
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Trials

1.22. The Energy Demand Re search Project (EDRP) is a major study  funded jointly
by industry and DECC and  managed by Ofgem . There are around 59,000 households
taking part in a number of activities designed to test demand management, including

issues such as more frequent billing an d information, smart meters, visual display

units and community engagement. One part of the trial involves a range of

interventions which identify peak usage or high cost periods via tariffs and time of
use statements. The EDRP trial is on -going and further analysis will be avail able
when the trial is complete, with t he final report due in early 2011.

1.23. A number of suppliers are planning to trial new multi -rate TOU tariffs from
2010 . Some are looking at Critical Peak Pricing (CPP) tariffs which are a form of

dynamic TOU tariffs; the peak periods and associated prices are not fixed in advance
as in static TOU tariffs, rather they are communicated to customers a short time

before they begin.
Automated devices

1.24. Dynamic -demand control devices switch appliances on and off in response to
changes in the balance between supply and demand on the electricity grid orin
response to prices . These devices can be either retrofitted to existing ap pliances or
installed when appliances are manufactured (i.e. smart appliances). The devices are

best suited to appliances, such as refrigerators, air conditioners and hot water

heaters, which run on cycles (i.e. switch on for a period then switch off). Dyn amic -
demand control devices have not yet entered the mass market.

1.25. Early this year, RLtec, RWE npower and Indesit rolled out a trial of fridges

fitted with dynamic demand control devices 14 Up to 3,000 RWE npower customers

were supplied with such a refriger ator , which automatically modify power

consumption in response to changes in frequency !5 on the grid without affecting the
refrigeratorés performance. The trial contributes to
the Carbon Emissions Reduction Target (CERT).

SME customers

1.26. The SME sector is made up of a diverse group of consumers covering all
industrial sectors, and energy consumption patterns can vary considerably depending

13 The latest progress report can be found at:
http://www.ofgem.gov.uk/Pages/Morelnformation.aspx?docid=14&refer=Sustainability/ EDRP
14 please see for further details:
http://www.npowermediacentre.com/content/detail.aspx?ReleaselD=3052&NewsArealD=2

15 Frequency is the balance between supply and demand which needs to be maintained at 50
hertz.
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on, among other things, the size and type of business. Some can exhibit similar
levels of energy consumption to that of a household, while others have significantly
higher levels of consumption.

1.27. DSR arrangements for SME consumers with relatively high consumption levels

are often bespoke, and limited information is readily available in the pub lic domain.
For other SME customers, products are typically restricted to TOU tariffs and

automated devices similar to those offered in the domestic sector.

1.28. Historically, DSR products often suffered from low uptake for a variety of

reasons . SME customer s may consider energy bills to be a relatively small

component of business costs. They are also likely to be primarily focussed on core

business operations and therefore do not necessarily have sufficient resources or

incentives to properly consider DSR. Eve n if the concept of DSR is known, some SME
consumers may have limited flexibility to adapt to business practices without

disrupting core activities. Anecdotal evidence suggests that, for some SME

consumers, the benefits of changing working patterns, for ex ample by working night
shifts, are currently seen to be too weak to offset the cost involved in doing so.

However, th is would change if the incentive  were sufficient.

1&C customers

1.29. In general, I&C consumers participate in DSR more actively than other

consu mer segments. One reason for this may be that energy bills represent a larger
proportion of their costs and a greater absolute value, which can help to justify
investment in alternative energy sources such as on - site backup generation.

1.30. Demand from individ ual I& C customers are likely to be large in comparison to
other consumer segments. Thus, a nother reason why there may be more activity
within this consumer segment is that large interruptible or manageable loads are of
greater use to the system operator th an many small loads, because they are easier
to manage and more reliable. Finally, the supply of the majority of large users is

metered on an actual basis every half -hour and, depending on the type of contract
an I&C consumer has agreed with their supplier , they may have a variable rate
contract that reflects the price of electricity in real -time, providing these customers
with an incentive to shift demand .

Interruptible contracts

1.31. 1&C customers can provide DSR by contracting directly with the transmission
system operator or their energy supplier. Interruptible contracts are a way to help

maintain reliability of the electricity system by instructing large consumers with

these contracts to limit the amount of energy they use when the system is tight. In
exchan ge for this, consumers who have agreed to interruptible contracts generally
receive a reduction in the levies charged to use the transmission system and/or an

overall reduction in  their energy bills. There are a number of forms these contracts
can take inc luding frequency response and reserve services. Frequency response
means switching off or reducing production levels if the balance between supply and
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demand on the national electricity system (i.e. frequency) drops below a preset

level. The provision of  reserve services entails decreasing pre -agreed levels of
demand in response to instructions by the sys tem operator. Reserve service
contracts are triggered in response to demand and supply conditions on the national
electricity system, for example where t here are outages of generation or network
facilities. There are variants of each type of interruptible contract in terms of how
quickly a consumer needs to respond and how long it needs to sustain the response,
giving consumers the flexibility to match the ir response capability to the contract.

1.32. Some suppliers are currently trialling load management services targeted at
large energy intensive users with a view to expand ing them to less intensive energy
users if the trials are successful.

Triad Management

1.33. The triad system is an instrument used to manage peak load. Triads are the
three half -hour periods in a financial year with the highest demand on the electricity
transmission system. Suppliers are charged higher rates if its customers demand
electricity du ring these periods and these penalties are passed onto these customers.
If a consumer can reduce consumption during these periods then it avoids the
penalties and lowers its electricity bill. The triad system encourages consumers to
manage their electricit  y use during these high demand periods and helps the
electricity system operator to maintain supply. Suppliers offer services to notify large
users when a triad period is expected to occur.

Summary of current demand side response

1.34. In general, products speci  fically designed to encourage DSR are currently
restricted to interruptible contracts for larger business consumers and TOU tariffs for
domestic and , to a lesser extent, small business consumers.

1.35. At the domestic level, households tend to participate in DS R through TOU

tariffs, many of which provide incentives for consumers to shift consumption (e.g. for

electric water or space heating) via lower tariff charges during typically off -peak
periods during a day. A smaller number of domestic consumers participat e in DSR in
a more dynamic way by responding to TOU devices through dynamic teleswitching.

These tariffs and technologies were first developed to support customers who could

shift a significant portion of their electricity consumption to off -peak periods. Thereis
limited incentive for ~ the majority of  customers on standard flat rate tariffs to

participate in DSR and help smooth overall system demand.

1.36. Furthermore, the majority of existing machines and appliances do not have the
capabilities to allow busines  ses and households to manage DSR in an automated
way. However, trials are underway where the feasibility of new tariffs and

technologies are being tested. From our research,t here does not appear to be very
much DSR activity within the SME sector, but avai lable informationin this area is
limited.
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1.37. There are currently mechanisms in place, such as interruptible contracts, which
reward predominantly larger consumers who agree to avoid electricity usage at

particular times, or on demand by the system operator. Furthermore, the triad

system encourages d emand reduction at peak periods within a year . Both of these
arrangements give large users the opportunity to help the electricity system match

demand to supply conditions in exchange for a financial benefit.

Office of Gas and Electricity Markets 15
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2. Benefits and costs

Chapter Summary

This cha pter examines the potential benefits and costs associated with shifting
demand away from peak periods, including changes in carbon emissions, wholesale
cost savings and avoided plant and network investment. It also qualitatively

discusses potential improve  ments in security of supply. The chapter then considers
the potential costs associated with DSR.

2.1. DSR has the potential to lead to a more efficient and sustainable energy supply
by facilitating a more optimal use of the resources required to meet demand.
Increasing DSR has the potential to directly benefit both consumers actively
participating in it and the system at large. As discussed previously, industrial
consumers as well as some domestic consumers, and to a lesser extent, small
businesses have activ ely engaged in DSR ; however , there may be scope for
increasing the levels of DSR from all consumer groups by sharpening price signals.

2.2. This chapter presents analysis we have undertaken to assess the impact of

encouraging consumers, equipped with enabling technologies and tariffs that
encourage DSR, to defer electricity use at peak times to other times in the day.

These peak periods commonly occur in the early evening and are more pronounced

in the winter, and to a lesser extent autumn and spring, when heat ing and lighting
use increase (see Figures 1.1 and 1.2). During peak periods, generation plant that is

more expensive to run, and in some cases more carbon -intensive, is used to meet
demand. Our estimates of s pecific benefits from DSR are indicative and are likely to
be conservative. They include :

A w holesale and capital cost savings: There are short -term gains to be realised
in terms of reduced wholesale costs by displacing higher cost (peak) generation
with lower cost (off - peak) generation. These cost savings are expected to trickle
down to consumers through lower electricity bills. We have calculated daily
wholesale cost savings to be between £0.4 million and £1.7 million, depending on
the level of demand that is shifted and the particular day examined. Over the
course of a year, we estimate that savings in generation investmentc  ould be
between £129m and £536m , and savings in network investment could be
between £14m and £28m ;

A carbon emission savings: As long as carbon is priced appropriately (and all
else being equal in terms of commodity prices), DSR can lead to a reduction in
carb on emissions by displacing higher emitting (peak) generation. We have
estimated these daily savings to be between 800 tCO2 and 2,550 tCO2,
depending on the particular day examined. This represents a daily carbon
reduction savings rate of between 0.16% and 0.50% , which is equivalent to
emissions from about 135,000 households or a town the size of Brighton ; and
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A facilitate variable generation: As the share of variable generation increases in
the generation mix, DSR can facilitate more variable generation by replacing
some of the higher cost , and in some cases more carbon -intensive, peaking plant
that would otherwise be needed to maintain secur e and sustainable suppl ies at
times of low variable generation output 16 We have not attempted to quantify this
benefit but have qualitatively discussed implications to security of supply

2.3. Table 2.1 presents a summary of the benefits we have quantified. Our modelling

has demonstrated that DSR can lead to financial benefits by deferring network
investment, reducing the need to build new plants and facilitating wholesale cost

savings. In addition, DSR can lead to an immediate reduction in carbon emissions as

long as carbon is priced appropriately. However, to achieve the benefits of increased
DSR there are likely to be associated costs, including technology and infrastructure

costs, as well asthe costs and inconvenience of  changing consumption patterns.

These are discussed in  the section on costs below.

Table 2.1: Summary of Quan tified Benefits

Shift 10% peak load Shift 5% peak load
Daily wholesale cost savings £0.7mto £1.7m £0.4m to £0.8m
Annual capital cost savings £265m to £536m £129m to £261m
Annual network investment £28m £14m
savings
Daily carbon emission -850 tCO2 to 2,200 tCO2 -650 tCO2 to 1,350 tCO2
savings (base case), tCO2
Daily carbon emission -£12,000 to £31 ,000 £-9,000to £ 19,000
savings (base case), £
Daily carbon emission 800 tCO2 to 2,550 tCO2 n/a
savings (gas price decrease,
carbon price increase), tCO2
Daily carbon emission £11,200 to £ 35,700 n/a
savings (gas price decrease,
carbon price increase), £

Assumptions

2.4. We have applied a number of assumptions to estimatet  he benefits of deferring

peak demand to other periods in the day , includ ing the follow ing'’:
A enabling technologies to facilitate DSR , such as smart meters , are available;
16 DSR can lead to a more efficient use of resou rces needed to meet firm demand; however , it

is noted that the  expected dampening of short term price signals may impact long term
peaking plant investment.
17 See Appendix 2 for further details.
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A tariffsthaten courage DSR, including TOU, CPP and real -time pricing, are  also
available for all customers;

A no net change in electr icity demand as a result of DSR 18- and

A potential for around 5 to 10% of total peak demand to be shifted within day 19,
Appendix 3 sets out  our assumptions on  these figures in det ail?°.

Benefits

2.5. In this section, we have calculated wholesale cost savings, impact on carbon
emissions and avoided capital costs , based on the assumptions listed in the above

section . Our estimates  are indicative only and are likely to be conservative. We hav e
qualitatively discussed  implications of DSR on security of supply.

Daily wholesale cost savings

2.6. Figure 2.1 illustrates actual demand and demand with DSR (assuming 10% of
total peak demand is shifted to earlier and later in the day). The demand profile with
DSR is noticeably flatter .

8 We have not attempted to quantify the benefits of energy efficiency as part of our analysis.

It is not clear how much electricity usage would be reduced as a result of signals to shift

demand away from peak periods.

19 Note that in DECC's impact assessment of a GB -wide smart meter roll out for the domestic

sector, December 2009, it assumed a 5% lo ad shift from a 20% uptake of TOU tariffs.

2 As discussed in - Chapter 1, no consensus within industry about the level of DSR can be

assumed : these figures represent a rough approximation based on the range of available
information

2l We have basedouranal ysi s of -a aywi tdleimand s h i-Hour pedod 4amhoe 2 4
4am.
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Figure 2.1: Actual demand and demand with 10% DSR, 7 January 2010
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2.7. To estimate the change in wholesale costs, we have used demand profiles for
January 2010 and 14 January 2009) and an autumn day (14
October 2009 %), assuming a 5% and 10% shift in demand. For each of these days,
we have analysed the following to calculate the wholesale cost savings:

two winter days (7

A Short Run Marginal Cost Saving (SRMC):
the generation pl ant

the difference between the SRMC of
6di spl aced6é by DS Rgenemation t phast.

The Or epl gdfepmak)n pladt is expected to have a lower SRMC than the
6di s pl(peak® glant. This is because we assume generation plants used to

meet demand run in asce

A capital cost savings:

nding order of SRMC; and

the potential capital cost savings associated with DSR

being able to displace the need to invest in new generation plants to meet peak

demand.

2.8. Our methodology regarding SRMC
estimates of the SRMC and capital cost savings for each of the three days, along with

ZThis is

a

is explained further in Appendix

2. Our

0 s, lwbiah Fefbrs 1o a dayg ig Which the difference between high demand
periods and low demand periods are less pronounced but demand profiles are not as flat as
th e lowest demand periods, commonly in the summer.

60repl aceme
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the total daily wholesale cost savings, are presented in Tables 2.2 and 2.3. The total
wholesale cost savings per day is between £0.4 million and £1.7 million, dep ending

on the day analysed and the level of demand that is shifted. At least a portion of

these savings would be expecte

d to trickle down to consumers

through lower

electricity bills, as competitive forces will drive suppliers to pass on savings to its

customers.

Table 2.2: Estimated daily wholesale cost savings a

cross different days,

10% shift  of peak demand
Day Peak demand Daily capital SRMC Total daily wholesale
shifted cost saving * saving cost saving
GW £m £m £m
07/01/2010 5.7 0.9-15 0.2 1.1-1.7
14/01/2009 5.5 09-1.4 0.2 1.1-1.6
14/10/2009 54 0.7-1.2 0.01 0.7-1.2

Source: Ofgem analysis (using 2009 SRMC)

Table 2.3: Estimated daily wholesale cost savings
shift of peak demand

across different days, 5%

Day Peak Demand Daily capital SRMC Total daily wholesale
Shifted cost saving saving cost saving
GW £m £m £m

07/01/2010 2.8 0.4-0.7 0.02 0.5-0.7

14/01/2009 2.7 0.4-0.7 0.1 0.5-0.8

14/10/2009 2.2 0.4-0.6 0.01 0.4-0.6

Source: Ofgem analysis (using 2009 SRMC)

2.9. These daily estimates are not

applicable all year round. Potential wholesale cost
savings in the winter months, and to a lesser extent in the autumn and spring

months, are larger than they would be in the summer months, because peaks in the
demand profile are more pronounced during the
estimation, we have not attempted to extrapolate these potential daily savings to
produce an annual figure.

2.10. However, as we have considered capital cost savings

reduction in new peaking plant investmen

possible to produce an annual estimate of this portion of

se periods. Given the difficulties in

, resulting from a

t, to be evenly spread across the year, it is

the total wholesale cost

savings;
plant investment. Tables 2.4 and 2.5 presen

that is, the capital cost saving resulting from a reduction in new peaking
t our estimates of the annual potential

2 QOur estimates of the capital cost savings vary depending on whether OCGT or CCGT is the
assumed peaking plant that is displaced by DSR. Taken from the Discovery model, our
estimated annuitized capital costs are £93.73/kW/yr for CCGT plant, and £57.69/kW/yr for
OCGT plant. We note that OCGT may be a more direct substitute for DSR however we have
included a range to reflect uncertainty.
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capital cost savings fr om an assumed DSR of 10% and 5% respectively. These
estimates represent the long term investment cost savings due to DSR displacing
some peaking plant generation.

Table 2.4: Annual capital cost savings from DSR displacing new plant
investment, 10% shift of peak demand

Peak demand
days

Peak demand
shifted (10%)

Annual capital
cost saving %

GW £m
07/01/2010 5.7 330 - 540
14/01/2009 5.5 320 - 510
14/10/2009 4.6 270 - 430

Source: Ofgem analysis

Table 2.5: Annual capital cost savings from DSR displacing new plant

investment, 5% shift of peak demand
Peak demand Peak demand Annual capital
days shifted (~5%) cost saving
GW £m
07/01/2010 2.8 160 - 260
14/01/2009 2.7 160 - 250
14/10/2009 2.3 130 - 210

Source: Ofgem analysis

2.11. As we have based our analysis on just three sample days, these figures should

be taken as indicative only. In addition, as wholesale prices are likely to capture the

price of European Union Allowances (EUAS) as well as investment costs, there may
be some degree of double  -counting between the wholesale cost savings , carbon
emission savings and investment savings . Our analysis of potential carbon emission
savings is set out below.

Daily carbon emission savings

2.12. In this section, we examine the impact on carbon emissions of shifting 5% and
10% of demand within  -day. Depending upon the carbon intensity of the

‘replacement’ (off - peak) generation relative to that of the 'displaced' (peak)

generation, there may be a net increase or decrease in carbon emissions as a result

24 Our estimates of the annual capital cost savings vary depending on whether OCGT or CCGT
is the assumed peaking plant that is displaced by DSR. Taken from the Discovery model, our

estimated annuitized capital costs are £93.73/kW/yr for CCGT plant, and £57.69/kW/yr for

OCGT plant. We note that OCGT may be a more direct subs titute for DSR however we have
included a range to reflect uncertainty.
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of DSR. However, provided that carbon is priced appropriately (and all else being
equal in terms of commodity prices), DSR can lead to a reduction in carbon
emissions by displacing higher emitting (peak ) generation.

2.13. To estimate the daily change in carbon emissions as a result of a 5% and 10%
shift in demand, we have used the same days as in the previous section: 7 January
2010; 14 January 2009; and 14 October 2009. We have used the Project Discovery

Model?® to produce a generation mix associated wit h each of these demand profiles %,

2.14. For 7 January 2010, we estimate a (hypothetical) marginal net increase in

carbon emissions of around 850 tonnes (relative to daily emissions before DSR of
514,000 tonnes). Based on a n assumed traded price of £14 /tonne CO2 %, this
increase in carbon could be valued at around £ 12,000. Our analysis is illustrated in
Figure 2.2 below, which shows a carbon saving in the peak period from which

demand is shifted, but a carbon increa se in the off -peak period.

% The Project Discovery Model examines scenarios and stress tests for the GB energy sector

over the next 10 to 15 years. The Discovery Model produces a merit -order generation mix for
a given set of inputs, including (but not limited to) the level and profi le of demand, commodity
prices and plant -specific efficiency factors. Our analysis in this section is based upon 2009

SRMC data.

%6 |t is important to note , however , that the half -hourl y generation mix produced by the
Discovery Model for the actual demand profile does not perfectly coincide with reality, as it

does not model within  -day contractual arrangements in place, on -the -day plant availability

and system constraints, provision of r eserve and voltage control non -ener gy services, etc. See

Appendix 2 for further details on our generation mix assumptions.
27 'Updated short -term traded carbon values for UK public policy appraisal’, June 2010, Decc
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