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Executive summary

The Great Bitain (GB) electricity marketlies on the verge of anajor transformation. To meet the
countryds target ofdioxide énissions lyy 8edroenmiomnt1 990 levelst is bkelyn

that the electricity sector will need to balmostfully decarbonisé by 2050. We have already started on

the path to that goal, but a much more substantive change will be needed over the next 20 years. By 2030,
over 70 percentof generation will need to come from low carbon technologies, up from around a quarte
today. Itis becoming increasingly cléfaait no singleéechnology provides the complete answeand

renewables, nuclear ani proven,carbon capture and storage (CCS) will make significant contributions.

The Committee o Climate Change (CCC) comnsibned Redpoint to analgshe investment pathways to
2030 that lead towards decarbonisation of the power sectés well as understanding the emissions
impact of a changing generation nthe CCC isinterested to understand whether the current market
design can support these challenging climate goals whilst providing appropriate investment signals, and
without compromising security of supply.

We havedeveloped a forwardooking scenarigtermed &nvironmentally Favourable Conditi@iEFC)
incorporatingassumptions that favour successful decarbonisation sdiheludedemand reduction
throughenergy efficiencgneasuregpolicies to supplh82 percentof electricity demand in 2020 from
renewable sourcesandstrongly rising carbomprices after 2020. For the EFC scenario &assume that
investors make timely investment decisions based on their prevailing cost of capital, with reasonable
foresight on thedevelopingdlemand / supply balance, and waith expectation of risingarbon prices.

However, the futue is of course uncertain, ande have als@nalysed a large number of sensitivities
around the EFC scenario explore the impact on the aspiration of decarbonising the energy sector by
2050 The sensitivities include changes in Government policy, alieencommodity price assumptions

and different investor behaviour&Ve have used these to inform an understanding of the potential impact
of each of these on carbon reduction and security of supply.

Under the favourable assumptions of the EFC scenatiomodelling indicatethat a level of
decarbonisation can be achieved by 2030 consistétht the 2050 pathwaywithout undue impact on
security of supply, albeit at a higher cost for consumers. Howewar sensitivities show thahere are a
range of atcomes in which this may be jeopardised. Taebonprice was the single most important
factor. In cases where either thmarbonprice dd not rise to the same extentor where investors @ not
believe that it wouldinvestment in thdow carbon techntogiessuch as nuclear and renewabless
reduced relative to the EFC scenario. The assumptmminvestor behaviouare also significantin the
sensitivitiesw er e i nv est or sié higher, incestpentisower,vath loweriingestment in
higher capital costow carbon,technologies.

The analysidemonstrateghat the profile of prices and the operation of the system will chasigeificantly
with increasing@amountsof low marginal cost plardn the system With large volumes aihflexible or non
dispatchable generatipthe risk of spil(when supply exceeds demgridcreases.There could be periods
where prices fall to zero, omideedturn negative as renewables bid into the market based on the
opportunity costs of lost Renewable Qbation Certificategs compensation for not generating
Qufficiently strong signafor continued investmenin this environment may be maintained in part through
very highprice spikesfor short periods when renewables output is low and thgstemistight and in the
EFC scenarighrough the impact of a higher carbon pricelowever, towards 2030, the level of low
carbon plant on the system is sufficient to begin to disconnect the power price from the carbon anide

YEUApricessreappr oxi mately 40 O/tonne in 2020, rising to 120 0OG/tonne by
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an open question remains as toddhe right investment signals will be set for the final stage of
decarbonisation to 2050.

The variability of wind output ialsolikely to have a large impact on the operating regimes for thermal
plant, andbn system balarieg The analysis suggests thgt2030 over 20 GW of thermal plant could be
operating at a load factor of 1@ercentor less. Output from conventional plant may need to swing from
close to zero to more than 30 GW within just a few hours by the time generation from renewables
reaches 8 percentof the total, which occurs ir2030in the EFC scenario

All of this suggests an increasimeguirementfor the provision of flexibility from both the demand and

supply sidesAn increased requirement to patbad thermal plant (running at lowasfficiency) may be
detrimental to carbon dioxide emissions, as would the constraining off of renewables plant if the remaining
thermal fleet cannot provide sufficient flexibilitpemand side response could play a very important role in
providing flexility and responsiveness, and with less negative impact on emissions. The technology to
support a much more dynamic interaction between demand and supgiBrting with the rollout of smart
metersd will play an increasingly important rokend isa keyarea for further policy development.

Under current market arrangements, investors make decisions, and take associated risks, based on market
price signals. There is no evidence that this should not provide an adequate level of security of supply
under nomal circumstances. However, the demands of meeting very challenging environmental targets in
a short timeframe, and the associated need for significant intervention, may present uncertainties that are
harder for the market to handle efficientlyMeasurego address this coulihcludeproviding greater

certainty with regard to future carbon pricemechanisms to improve transparency and price signals,
approaches that improve the efficiency of dispatch, stnehgthening the signals to invest in flexibiity

the supply and demand sides

The sensitivities in this study show a wide range of outcomes for carbon dioxide emissions and security of
supply to 2030. Under favourable conditions there is no reason to believe that current market
arrangements, comb&a with existing support for higher cost low carbon technologies, would not set the
sector on the right pathway to 2050. Howevehere is a clearchallenge for the policy makén

determiringto what extent it may be appropriate tanitigate the possibtlf of adverseoutcomesthrough

further interventions or market changes.
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1 Introduction

1.1 Background

On the 26" November 2008, the Climate Change Act became law in the United Kingdom (UK) and

established a long term, legally binding framework to help transition the UK towards a low carbon

economy by 2050. Amongst the provisioosthe Act was a target reduction in CQemissions of 26

percent by 2020 and 80 percent by 2650 he Committeem Cl i mat e Changeds (CCCO0s)
OBui | dicargpn econbmywvhe UK' s contribution to tat&l i ng c
challenges in meeting these targets, and also outlined how the move to-ealdben economy could be

achieved through existing technologies, supported by appropriate policies.

The Committee set out its recommendations for carbon budgets for the Oktliree 5-year periods out

to 2022. These included intended targetind interim targets which should apply prior to an international
deal on climate change. In May 2009, Parliament agreed the first three interim budgets and these are now
setin law. he interim budget for the final period, 204822, would require reductions in carbon dioxide
emissions of 34 percent from 1990 levels (or 21 percent compared to 2005 levels).

The targeted reduction in carbon emissions is consistent with one of the dbjectives around which
energy policy in UK has been formed over recent years. The other three objectives have been:

¢ maintaining the reliability of energy supplies;
e promoting competitive energy markets in the U&nd
e ensuring that every home is adeqgelgtand affordably heated.

Success in reducing the UK®&s greenhousmlegas emiss
decarbonisation of the power sector. This will necessitate a move away from unabated fossil fuels towards
cleaner forms of generath including greater use of renewables, nuclear and thermal plant fitted with

carbon capture and storage (CCS). This changing profile of generation will result in an electricity system
whose operation and dispatch characteristics will increasingly diftermp ar ed t o t odayds sy
includes increased reliance on intermittegeneration; a higher proportion of generation from plant with

low short run marginal costs; and changing demands on flexible plant able to provideggekeration

and reserve

The pursuit of decarbonising the power sector and achieving success in meeting the long term CO
emissions targets may have implications for achieving equal success in the other three objectives of energy

policy.

% In a letter to the Secretary of State for Energy and Climate Change in September 2009, the Committee advised that inardemimodate
continuing growth from the aviation sector, this target reduction may need to increase to 90% across the rest of the economy.

*We use the term ointermittenté in this report to des anmrdibgeestoenewabl e
including wind, wave, tidal and sol ar. (Ot her s uictable, whilst thetothersrareo v ar i a
dependent on uncertain weather patterns. Whilst all plant can be considered ittentnio some extent (due to forced outages), intermittent
renewabl es are not dispatchable on demand in the sameoutpalelomthe t her mal
level it would otherwise be at).
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1.2 Objectives of the study

The CCC has conmissioned Redpoint to undertake modelling and analysis to assess the investment
pathways to 2030 that lead towards decarbonisation of the power sector. In particular, it is seeking to
explore the development and operation of an electricity sector thathiaracterised by:

« low emissions intensity;
« secure and reliable sourcesnd

« prices that provide sufficient returns for investors whilst ensuring any cost increases to
consumers are minimised.

Whilst the analysis naturally places at its centre the achiewemf decarbonisation targets for the

electricity sector, with the policies necessary to achieve them, the CCC is also seeking to explore how
achieving decarbonisation may be balanced against the impact on alternative priorities and values, in
particularsecurity of supply, market efficiency, resource costs and the wholesale costs to the consumer.
Similarly, it is keen to understand the sensitivity of outcomes to paths and assumptions, and the impact on
decarbonisation where policies vary.

The CCC is ao interested in understanding the extent to which market arrangements may need to evolve
to deliver such an electricity sector by 2030, including the way in which plant is dispatched, new capacity is
incentivised, and transmission congestion is managed.

To address the questions posed we have deployed an analytical modelling framework to assess
quantitatively the evolution of the power sector through to 2030. Our modelling of the market captures
endogenously the relationship between Government policiegstor decisions and expected future

market conditions. The modelling provides an objective framework against which emissions, electricity
prices and security of supply can be assessed over the next twenty years. The modelling is conducted
within the franework of the current market arrangements, and we have additionally assessed qualitatively
how these may potentially evolve, drawing in part on the quantitative analysis and in part on current
experience in the UK and internationally.

Asthe CCCiskeentaander st and how meeting the Government ds
the other pillars of energy policy, analysis is centred around a scenario in which investors behave
orationallyd against a gi ven snehanthmaffinvestersnoakedimalyo n s .
investment decisions based on their prevailing cost of capital, with reasonable (but not perfect) foresight on
the future demand / supply balance, and with reasonable knowledge of future carbon (EUA) prices. The
scenario igludes several assumptions that the CCC considers significant to achieve the objett@iegf

on the pathway towards full decarbonisationtbé power sectorby 2030 We apply the name
O6Environmentally Favour abl e e@extrihé primanofocgs®df rqdiegh C) t o
CO; emissions. The significant features of the EFC scenario that lead to long term decarbonisation are:

e Energy efficiency measures reversing the historic trend for positive growth, with both annual and
peak electrictyd e mand f alling from todayds |l evels throl
thereafter as energy efficiency gains keep track with rising demand for energy services stemming
from such factors as population and gross domestic product (GDP) growth.

¢ Meetirg a target in which 32 percent of electricédemandn 2020 comes from renewable sources.

e EUA prices rising to the | evels required to me
emissionsreduction target and, thereafter, rising to levels required cetesit with a global

“The CCC&s pbjechonsareibased on assumption that there will be an international agreement on climate change and therefore the
targeted reduction in GHG emissions increases from the current legally binding target of 20% to 30% by 2020.
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agreement to further reduce emissions by 2050, with prices thus driven by a global marginal

abatement cost curve. These policy objectives
in 2020, rising steepdryd toordt2iOn Wi/n @ nunpepwdryd 2 0t3d
2037.

If there is to be a single theme characterising energy markets through time, it is that they are inherently
unpredictable. Part of this stems from different perspectives amongst market participanisabithe

future holds, and different priorities for policy makers, regulators, participants and individuals with regard
to the environment, prices, security of supply, and market structure. Some of the uncertainties are
explored through additional sensiities around the EFC scenario.

The sensitivities reflect different outcomes in terms of UK policy (e.g. achievement of renewables targets)
and different assumptions on exogenous drivers (e.g. global oil prices). These sensitivities are presented in
the followingTablel andTable2.

Table 1

Name

Severn Barrage

Sensitivity summary & UK policy

Description

Government decision to build th8.6 GW CardiffWeston Severn
Barrage

Reference

1-SB

Peak prices
dampened

An assumption that market rules prevent peak prices risingve
500£/MWh even where the marginal value of electricity is greater.

Transport and heat
electrification, all
periods

Increasing electrification of the heat and transport sectors causing
electricity demand to start rising again from 2023 across all periods.

Transport and heat
electrification,
offpeakhours only

As above, but with demand growth concentrated in tf§peakperiods
only.

Low renewable
generation

Achieving only 25 percent of electricity supply from renewable source
2020.

High renewable
generation

Achieving a higher renewable electricity target of 36 percent of electri
supplied by 2020.

Low renewables and
electrification

Low renewable generation combined with transport and heat
electrification, off peakours only.

70LREO
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Table 2 Sensitivity summary & Exogenous factors
Name ’ Description Reference
Low interconnector A reduction of export capability at times oidgh wind output, given a
o higher assumed correlation between wind output in GB, Ireland and 8- Ll
flexibility :
Continental Europe.
High fossil fuel prices A scenario with High commodity prices: crude at 150 $/bbl flat geGt5 90 HF
Low fossil fuel prices| A scenario with Low commaodity prices: crude at 50 $/bbl flat pa6i5 1006LF
Low EUA fuel prices | EUA prices rise slowly pos2020 1106LE
Low fossil fuel pde L - .
and low EUA prices A sensitivity combining Low fuel and Low EUA prices 128 LFLE
EUA prices at CCS EUA prices atlevel just sufficient to stimulate investment in CCS 130EC
breakeven
High denand Higher GDP growth leading to higher electricity demand. 146 HD

As evidenced by the world today, there are times when investors may behave in what economists might
term an oOirrational 6 man nantoriskdrioe shifteg perapective onchow ncr e
risky the world is. Given the radical changes expected to take place within the electricity sector in the
next two decades, such behaviour is likely to continue, if not become more pronounced, with ungertaint
about the future exacerbated by the fundamental changes which investors know are coming. Hence, a
number of alternative investor behaviours were tested against the EFC scenario to compare the market
outcomes in a oOorati onal &inwhch evestonsdave bevaced difibrenthi. Thie
alternative behaviours are summarisedrable3.

Table 3 Sensitivity summary & Investor behaviour

Name ‘ Description Reference
Investors lacking faith in future carbon policy with investors basing the

EUA myopia decisions on prevailing carbon prices rather than on an expectationo{ 150 EM
higher carbon prices in the future

Higher hurdle rates A hlgher degree br|§k aversion for mvestor_s, manifested in a 168 HH
requirement for a higher level of return on investments. E—
No consensus amongst investors over future demand changes, with

Demand myopia investments based on demand in the yeawhich the decision takes DM
place.

Outturn price Investment decisions weighted more heavily towards current rather th PM

expectation potential future conditions.

The final set of cases that were analysed combined sensitivities on the input iessmyth different
assumptions of investor behaviour. These are summarisédlite4.

07/10/09- CCC Working Draft Report_vl.doc 1C
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Table 4 Sensitivity summary & Combining sensitivities
Combined sensitivities ’ Reference
EUA myopia+ Transport and heat electrification, all periods 170 EMEP
EUA myopia + High renewable generation 188 EMHR
EUA myopia + Low interconnector flexibility 190 EMLI
EUA myopia + Higher hurdle rates 206 EMHH
EUA myopia + Demand myopia + Transport and heat electrification, all periods 216 EMDM-EP
EUA myopia + Outturn price expectation 220 EMPM
EUA myopia + Higher hurdle rates + Low interconnector flexibility 230 EMHH-LI
EUA myopia + Higher hurdle rates + Peak prices dampened 24 0 EMHH-PP
Higher hurdle rées + Low EUA prices 250 HH-LE

1.3 Report structure

Prior to presenting the detailed results of the quantitative anal@ispters2 to 5 of the report provide a
higher level narrative with regard to the development of the #ietty sector, in which we combine
insights from the quantitative analysis with more qualitative observations:

e Chapter 2 draws on the results of the modelling to highlight some of the challenges for
decarbonisation, investment and security of supply.s Thapter focuses predominately on the
market in 2030, rather than the pathway through to 2030.

¢ Chapter 3analysesome of thekey issues which may arise over the next 20 years and what they
might mean for the strategies of utility players, independeneganrs, the system operator (SO),
the regulator and policy makers.

¢ Chapter 4is a detailed discussion of the operation of the systemer the EFC scenariand
across the range of sensitivities. In particular, we consider the level and pattern of aleoles
electricity prices, the corresponding signals for investment, the resulting capacity mix, and the
consequences for security of supply and system flexibility.

e Chapter 5steps back from the modelling and considers in a qualitative manner potential
devdopments in market arrangements for dispatch, incentivising the provision of capacity, and the
management of network connections and constraints.

We present our detailed modelling resultstwo Appendices A and B

e Appendix Acontains a full discussiori the EFC scenario, including key assumptions and modelling
outputs.

e Appendix Bprovides, in an abbreviated form, the results of each sensitivity.
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1.4 Caveat

This study was commissioned by CCC in January 2009, and the analysis is based upon inforaiatie av
at that time. The CCC has provided certain input assumptifmnghe modellingncluding demand growth
rates and EUA prices.

Since this analysis was completed in Spring 2009 there havearbpertantannouncements on future
energy policy by th&U and UK Government that would have had an impact on the outcomes of some of
the sensitivities presented in this study. These include:

¢ Industrial EmissionBirective (IED): The analysis took place prior to the final negotiations of the
IED, which aim$o place further restrictions on the SQNOx and particulate emissions from coal
and certain gafired plant. Our assumptions for the IED are presented\i2.5

e Clean coal: The analysis predates the annourceiny the Secretary of State for Energy and
Climate Change, Ed Miliband, on®28pril 2009 (and publication of the subsequent consultation
document), that all new coal plant must be at least partially fitted with CCS and thae thvél
funding availablto support three further demonstration projects in addition to the current
competitionfor a CCS demonstratioplant.

¢ Incentives folRenewable Electricityn mid-July 2009 the Governmetaunched a consultation on
the incentives for Renewable ElectricitThis included proposals for modifications to the existing
Renewables Obligation (RO) and the introduction of Féed ariffs(FITs)for smaller renewable

plant.

In additionto the Government policy announcementig following should also be noted

¢ In March 2009 Ofgem launched Project Discovery, which is an investigation into whether or not
future security of supply can be delivered by the existing market arrangements over the coming

decade.

e INJune 2009 National Gri d IthaHecticieydrarsmissionrns ul t at i
Net works in 2020. 6 This consultation document
to operating the electricity transmission networks in 2020.

e Finally, in August 2009, a new report commissioned by the Primestdirwas pubished titled
OEnergy Security: a national challenge ina changingwérld The paper stresses
should beanational priority as the UK makes the transition to a low carbon economy.

1.5 Conventions and terminology

The modelling restd in this report are for Great Britain (GB) England, Wales and Scotland. The
electricity market for Northern Ireland is a part of a combined market across the island of Ireland, the
Single Electricity Market, which was not included within the scoghisfstudy.

The pricing basis for the analysis is real 2008 money.

® DECC, A framework for thedevelopment of clean coal: consultation document
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Certain terminology is used throughout the report:

Wholesale costs to the consumer

This is a measure of the component of the domestic consumer bill that comprisaeshbkesaleclectriaty
price, subsidy costs, balancing costs and BSUo0S charges). It does not include transmission and distribution
chargespr the coss of energy efficiency measures.

Capacity Margins

The key indicator we use to assess security of supply between thesE€itario and the variant sensitivities

is the derated capacity margin. This is a measure of expected peak availability compared to peak demand.
This takes into account the probability that plant of different types will be unavailable at certain faores.
conventional plant this captures the risk of forced outages, and for intermittent renewables their expected
contribution to security of supply based on probabilistic analysis of output levels.

The energy margin is a measure of the total availablergéae compared to annual demand. The energy
margin captures annual restrictions on plant operation resulting from EU environmental legislation such as
the Large Combustion Plant Directive (LCPD) and Industrial Emissions Directive (IED).

® See sectiom.3.3for a detailed definition.
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2 Challenges to 2030

2.1 Introduction

For the UK to be set on a path to meeting its 2050 target of anp@@centreduction in greenhouse gas

emi ssions, the electricity sector wildl need to | o
generation will need to ame from low carbon technologies, up from around a quarter today. It is

becoming increasingly clear that a range of technologies will be needed to achieve this and in particular
renewables, nuclear and carbon capture and storage (CCS) will play sigrinaittutions.

Each of these, however, faces its own set of <chal
electricity prices without subsidies, and the needed scaling up of supply chains and the transmission
network will be difficult. Nu& a r whil st considered to have the | o

markef, is very exposed to changes in commodity and carbon prices, and the long lead times and huge
scale of the initial investment poses risks for investors. CCS is as yetvempan a commercial scale, so
large scale deployment may be shown to be technically unrealistic and costs in the longer run are highly
uncertain.

On the demandbside, there is equally a huge amount of uncertainty. The scale to which efficiency measures
will deliver is unproven, and the timing and extent of electrification of the heat and transport sectors could
lead to big changes in the level and shape of electricity demand. The technology to support a much more
dynamic interaction between demand and dyg@pstarting with the roltout of smart metersd could play

an increasingly important role, alongside increasing levels ofsraldl distributed generation.

From the policy makerds perspective, theasbaded!| | en
on price signals and expectations that are refle
and the social costs of different options, to find effective ways to provide subsidies for currently

uneconomic or precommercial technolgies, and to ensure that the resulting allocation of risks between
investors and consumers (or tax payers) is appropriate.

g
c

In this section, we use the results of our quantitative analysis to illustrate the key risks from the perspective
of investment in geerationcapacitywith regard to decarbonisation, security of supply, and costs to
consumers.

2.2 Decarbonisation

Figurel shows the range of carbon emission intensities in 2030 across our sensitivities.

" Based on fossil fuel price projections in the EFC scenario.
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Figure 1 Carbon emission intensity in 2030 by sensitivity
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(Specific sensitivities discussed in the text are referenced by number and colour. A detailed description of
the sensitivities can be found in Appenéix

In the EFC scenarid(0 black, carbon emissions fall from around 4§CO./kWh in the short term to

around 120gCO2/ kWh by 2030: this is marginally asthive t he
is on a trajectory consistent with a@ving full decarbonisation by 2050. However, across the range of our
sensitivities, this varied significantly, and in the worst case {2 combination of High hurdle rate and

Low EUA pricing) was still at 32pCO2/kWh in 2030.

We varied a range ofssumptions in our sensitivities. Most significant (as a single factor) was the carbon
price. Where EUA prices remain low (rising to little more tha@l 4 (CO4by 2030 instead of

1200 /Q0Oy), carbon intensity reduces to 26pCO/kWh (11 & yelloy; renewables deployment peg020

is greatly reduced, there is no further CCS build beyond the first competition plant, and there is still
significant generiin from unabated coal in 2030.

Even if EUA prices do rise, if investors do not build this expectation into their decisions, there are
significant adverse consequences for decarbonisation and costs. Although emissions intensity reduces to
1509 CO2/kWh by 2030 (L5 & orangg our model shows new build of unabated coal after 2620hich

rapidly loses load factor and profitability when the EUA price subsequently climbs, stranding the assets.

The level of fossil fuel prices has a significant impact onufie profile and emissions. Higher fuel prices
improve the economics of new build, with additional nuclear and renewables coming onstream, and earlier
deployment of CCS. Emissions intensity in 2030 is lower than EFC, a C00/kWh by 2030 0 & red.
Likewise, where fossil fuel prices are low, investment in low carbon technologies is slowed, iaaiesm

8 ccc, Building a lovcarbon economy, Figure 5.
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intensity is 170 €O02/kWh (10 & greei), with much less of the generation capacity in place that would be
needed to achieve the required G@missios reductions after 2030. (As the commaodity prices in this
sensitivity favour gas over coal generation, aggregate emissions through to 2025 are actually lower than in
EFC, although pos2025 the lack of investment in low carbon technologies leads to ddessirable

outturn in 2030,)

Where demand is higher than the EFC scenario and assuming that investors are able to anticipate these
changes, there is a corresponding response in the level of new build in generation and the impact on
emission intensity ieelatively limited. Overall emissions reflect the higher demand |8y4|140 blug.

Were investorso®6 perception of risks to increase
would lead to less investment in higher capital cost technekguch as nuclear and renewables. We

tested this with higher hurdle rates, which resulted in a lower share of low carbon (high capital cost)
generation by 2030 in our model, replaced by more (low capital costfigabsgeneration. Emissions
intensityreduces to 180y CO2/kWh (16 0 pink in this case.

Renewables build reflects the success or otherwise of achieving renewables targets in the electricity sector.
By successfully achieving a 32 percent target in EFC scenario, around 29 GW of new renaveables

installed by 2030, compared to 21 GW if only 25 percent is achieved. With the lower renewables build,
CCGT build increases relative to the EFC scenario, and as a result carbon intensity in 2030 is higher, at
1509 CO2/kWh (5 6 dark blug Where a higper renewables target is achieved (36 percentin our

sensitivity, with 38 GW of build), there is likewise a sustained benefit in emissions, reducing to
110gCO2/kWh by 2030 6 o6 dark green

The environment for nuclear becomes more challenging under highels of renewables penetration, as
there is a greater proportion of low marginal cost plant on the system pushing prices down. Renewables
themselves get some sort of protection from this effect through the subsidies they receive. More flexible
thermd plant may be able to capitalise on higher peak prices that may result during period of low
renewables output.

As shown inFigure2, the model indicates that there would be some impact on build levels, with a

reduction of new nuclear build from 11.2 GW under the EFC scenabid plach to 9.6 GW under the

High renewable generation sensitivi/d dark green The effect of greater levels of renewables is similar

to that of lower fossil fuel prices1Q & light geen) on nuclear build The sensitivities with the greatest
consequences for nuclear build are those where hurdle rates are increased to reflect a higher level of
perceived risk, with build reduced to between 4.8 and 6.4 GM,(6,20,23,24,26 pink°. The

electrification sensitivities increase new nuclear build above those seen in the EFC scenario, to 12.8 GW
(3,4,7,17,21 light blug , due to an expansion in the size of t
upwards impact on nuclear is higher fibésel prices, which lead to 16 GW of build by 203d red. In

many cases, nuclear build would be higher based on purely economic grounds, but in all cases apart from
the High fossil fuel sensitivity, where we assume there are additional efforts/&afethe supply chain,
nuclear build is constrained by a maximum annual deployment of 1.6 GW.

® Higher nuclear apital costs would have a similar effect.
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Figure 2 Nuclear build by 2030
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As shown inFigure3, the level of CCS deployment by 2030 spangide range around the 6.3W of build

in the EFC scenarid(d blach. (We assume in all cases that CCS is technically proven, that capital costs
reduce by 20 percent and thermal efficiency improves by 15 percent over the scenario.) In a number of
sensiivities where EUA prices are either lowt{,120 yelloywor where the increase in EUA price over

time is not foreseen by investor20,21,23,24 orang® there is no build beyond the assumed 300 MW
demonstrationplant, and in other cases with either highrirdle rates or again where the rise in EUA

price is not anticipated, build is reduced to less than 3.5 GW. Build is higher in several of the high demand
sensitivities §,7,140 light blug and when fossil fuel prices are high@(red.
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Figure 3 CCS build by 2030
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In a number of cases, there is new build of unabated coal plant (of between 1 and 6 GW). This happens
either due to investors not foreseeing higher carbon prices, or in particular situations where there is
opportunity for particularly high inframarginal rents (such as in the High fossil fuel sensitivity), or where
demand is higher in the shorter term and where the rate of nuclear is constrained. Load factors decline
rapidly but there is still some unabated output i63D. Where EUA prices are low, or where we have
assumed higher hurdle rates, then, whilst this does not lead to new unabated coal build, some existing coal
plant are still running in 2030.

Since this analysis was completed for the CCC, the Governmentwamcea policy that will further drive

the development of CCS technology in GB. The consultation the financial incentive arrangements for
further CCS was closed in September 2009 and this could provide financial support for up to four
commercialscale @S demonstrations in Britain. In the modelling we have assumed that only one
demmstration CCS plant is commissioned. Clearly additional CCS plant would further reduce emissions
relative to the EFC scenario.

2.3 Security of supply

Our principle measure afecurity of supply is the deted capacity margin. Under the EFC scenario, this
rises from 10 percent in 2009 to 21 percent with new build through to 2012, before seeing a significant

1% Inframarginal rents can be earned where the short run marginal costs of the plant are less than those of the marginal pgqeasettinNew
investments can earn infraarginal rents where the new plant igkeer more efficient than the price setting plant or uses a cheaper fuel and/or is
less carbon intensive than the price setting plant.

1 DECC, A framework for the development of clean coal: consultation document
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decline to 6 percent with the impact of LCPD closurds 2016 and nukear closures to 2019. Further

coal plant opt for a limited hours running regime p@16 and retire over the subsequent five to seven
years rather than fitting the requiredO x emissions reduction equipment, as would be required under the
IED.

After 2020 the derated capacity margin stabilises, fluctuating between 7 percent and 12 percent to 2030.
This is a level that is lower than that seen historically, and there is a small isieady unserved.e.

involuntary demand reduction) in some years. wwver, our modelling suggests that levels of involuntary
demand reduction would be no greater than those typically experienced today as a result of transmission
and distribution outages. Wassume in the model that demasiile response increases over tintrit it is

very possible that developments here beyond those we have assumed would reduce the risk of involuntary
interruption.

The modelling suggests that at these levels efaled capacity margin, peak prices would rise significantly
during periods ofow wind output, whilst being suppressed at other times. Under these conditions
investment in CCGTs could still be attractive. With their relatively greater flexibility and lower capital
costs, CCGTs can afford to operate at lower load factors than @igtapital cost plant that need to run

close to baseload in order to secure a reasonable return on investment. They can run to capture the
higher peak prices and turn off when prices fall low or even negative. Higher peak prices may also
encourage oldeplant to stay on the system rather than retire, provided they can cover their fixed costs.
Under these conditions a reasonably healthy capacity margin can be maintained under the EDF scenario.

The situation may also be different if peak prices are damghefitere may be reasons why very high

prices could be suppressed. For example, at times of system stress (when peak prices would be expected
to occur), the System Operator (SO) will be likely to be deploying a range of balancing tools (including
system eserve, free voltage control, and automatic demand disconnection). If these are not correctly
priced, then actions by the SO may dampearketprices.

Recent evidence suggests that the current market rules do indeed dampen peak price signals. For example
consider the events of 2¥May 2008. In the morning, a sudden loss of GW of generation in two

minutes led to the triggering of some automatic low frequency relays. In theiputo the evening peak,

National Grid issued instructions to DistributiobNetwork Operators to reduce demand. Despite the

system being very short and load shedding occurring, the price in the Balancing Mechanism reached only
313£/MWh=,

We have tested this under our Peak prices dampened sensitivity. In this case;thedieapacity margin
is more erratic and falls below the EFC scenario in a number of years, as sh&iguie4.

2 Approximately 11.9 GW of coal and oil cagity has opteebut of the LCPD requiring it to close by the end of 2015.

“For more details, see OReport of the investigati on iesandthedegmandaut omat
control response that occurredonth2 7t h May 20086, Nati onal Grid

07/10/09- CCC Working Draft Report_vl.doc 1¢




P

REDPOINT

Figure 4 De-rated capacity margin: EFC and Peak prices dampened
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Constrained peak fices depress margins for low load factor plant, leading to earlier retirements. This in
turn leads to periods of low capacity margin but this pushes up prices more generally, spurring investment.

In a number of our sensitivities, as we showFigure5, derated capacity margins decline further on
average, particularly where new investment is lower than the EFC scef@adiblach. As discussed above,
this can be due to investor expectations on carbon pridesttare lower than outturn, or where perceived
risks are higher. Where both of these occur together, the modelledraed capacity margin averages only
5 percent from 2020 to 203020 0 pink, and the averagenergyunserved is ten times that in the EFC
case, albeit still only 13 GWh per annum.
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Figure 5 Average de -rated capacity margin, 2028 -2030, by sensitivity
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At higher levels of renewable generation, such as in the High renewable generation sensitivity, there is
further downward pessure on baseload prices, thus further reducing the profitability for other plant.
Whilst overall new investment is not significantly affected in our sensituigyto the high EUA prigahis
does cause a higher level of retirement in the last fewsy&a 2030, and hence a decline in capacity margin
(6 0 dark green which dips to 4 percent in 2029.

The sensitivity with the most variable -dlated capacity margin is where neither EUA price increases nor
changes in demand (associated initially witlsieffty measures, and later with electrification) are correctly
anticipated by investors. Here the dated capacity margin is correspondingly higher through to 2020 as
investors 6overbuildd relative t o Ilubseggentindreasesimd ,
demand is not matched by sufficient new bufld § orangg In practice it is likely that the consequences

of such a scenario would be significantly less extreme, as the development of electrification (an exogenous
input in the moal) would be likely to be constrained (either economically or politically) if investment in
generation had not met the required levels to support the growth in demand.

Maintaining security of supply with more intermittent renewable generation on the systéihplace

greater demand for the provision of flexibility from conventional thermal assets. The analysis shows that in
most cases the system will be capable of delivering this flexibility (assuming that new plant are at least as
fl exi bl e e@salthaughéihagmé extreime @utcomes there could be energy unserved as a result of
lack of flexibility. In reality we would expect greater response from the demand side to provide some of
this flexibility.

07/10/09- CCC Working Draft Report_vl.doc 21

b



P

REDPOINT

2.4 Prices

Under the EFC scenario, rising fodsiél and carbon prices push up the marginal cost of generation. The
lower average levels of capacity margin after 2015 also lead to higher levels of priceaspbifices rise
during periods of tight supply. Consumers also bear the increasing casé &i®¢newables Obligation,
which peaks in 2027 at around £6bn/year.

Figure6 shows the wholesale costs to the consumer, averaged from 2025 to 2030, for our sensitivities.
Fossil fuel prices are likely to be theggest driver of prices prior to this period, but after 2025, whilst

there is still some impac®(d red, other factors begin to dominate as the proportion of times that thermal
plant set the price decreases. Lack of investor anticipation of future pndedemand increases
(15,17,18,19,23 orang® and consequent undeénvestment, tends to lead to higher costs for consumers

as tighter margins push prices up, increasing profits for generators. Higher perceived risks for investors
(16,20,23,24 pink hurts consumers both through lower investment levels, but also through higher
financing costs driving up costs of capital. This created some of the worst outcomes for consumers in our
sensitivities.

Figure 6 Wholesale costs to the consume r, 2025-2030, by sensitivity
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In most sensitivities thermal plant, particularly gas, remains the-petting technology throughout the
duration of thescenario. Even towards the end of the 2020s, prices are largely set by gas plant, ithespite
marketshare of gas plant being less thanpg2centand the sharply rising EUA price. This creates
opportunities for significant infrenarginal rent earnings for low marginal cost plant, and drives investment
in these technologies. However, moving beyond tilee-horizon of the scenario, the increasing amounts

4 Uplift refers to the increases in price above short run marginal costs of the marginal plant which can occur when matigjhs drethese
situations generators are abl e t toeami@recaverdhe ixedasts of operatingtheirptantt 6 whi ch t
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of low marginal cost plant could lead to lower outturn prices and presents a risk of sharply falling infra
marginal for these plant.

Prices also become more vol aitlillde,. whBeyr €2 0s3ulp, p Ityh efrrec
generation (primarily wind and nuclear) exceeds demand, driving prices to zero and below. At the other

end of the spectrum, prices peak to higher levels when supply is tight (such as at times of low wind).

Although thepotential earnings for plant remain sufficiently attractive to stimulate investment in a world of
increasinglyolatile prices, lte increasing volatility may increase the perception of risk for flexible

generation plant Load factorswill reduceas low maginal cost plant gain market share, and there will be

fewer period in whicHlexible thermal planearn inframarginal rents.There will however be an increase in

the number of periods of very high price periods, and plant increasingly depend on thesispe

recover fixed and investment costs.

The level of spill is substantially a function of levels of wind and nuclear on the system compared to demand
levels. Interconnectors also play an important role in avoiding spill by enabling power to expariad

periods which would otherwise spill. Spill is significantly higher (up to 5 percent of the year in 2030) in the
high renewables sensitivities and under higher fossil fuel prices (when nuclear build is higher). Despite the
higher levels of spilthere is only a very marginal impact on investment in nuclear and CCS plant, as the

high carbon price outweighs the downward price pressure from the spill peri@dmsitivitiesvith higher

demand, or lower nuclear or wind build, typically have very @il tevels.

2.5 Summary of r isks

Table5 summarises the risks identified in the discussion above, and provides a qualitative assessment of the
potential impact on:

« emissions intensity in 2030;

« build of low carbon ¢chnologies (nucleayand CCS);

« build of inabated coal (higher build shovas negative impact);
« derated capacity margin (averaged from 2&280);and

« domestic prices (averaged from 202830).

The table draws on the results of the modelling and thereftite outcomes are, to a large extent,
determined by the underlying scenario assumptions that have been made.

'* The modelling makes exogenous assumptions about the level of renewables generation (32% in 2020 and 36% in 2030). titireisssade
that banding delivers the target level of renewables guerefore the sensitivities do not reveal a change in outcome based on the different risks.
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Table 5 Risk summary
z 2 [T |8
5 s |2 |3
@ 2 g |8
z- g 5 »
Low carbon prices *
Lack of anticipation of carbon price rise *xk
Higher hurdle rates
% |High fossil fuel prices
& lLow fossil fuel prices
Dampened price signals
Higher demand *x
Unanticipated demand changes

* Becomedessimportant if fossil fuel prices areigh

** Higher expected demand positive urrdée electrification cases

*** Nuclear plant are i n t5hneestaroimnugleaaveindt tepender ovisibilayvobthe EUWMA pr i ce s

price,

Our modelling indicates that, where investors make decisions in anticipation of rising qaiibes, and are
correctly anticipating future scarcity, then a level of decarbonisation can be achieved by 2030 that is
consistent with full decarbonisation by 2050 without undue impact on security of supply, albeit at a higher
cost for consumers. Howevethere are a range of outcomes in which this may be jeopardised. The
challenge for the policy maker is to determine to what extent it may be appropriate to mitigate against
these by reallocating risks from generators to consumers (or tax payers), angfbucing the exposure

(to commodity or carbon prices) for low carbon generatiothe mechanism, or market arrangements,
through which tlis is manifest, will impact on the earnings profile of different plappropriate
interventions may reduce the spad of possible outcomes from a-@garbonisation (or security of supply)
perspective, but whilst increasing the potential burden on consumeéhg possible implications for market
arrangements are discussed further in Chagger

®“The 6Lowd EUA prices reach approximately 50 0/t in 2030.
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3 Emerging issues in the electricity sector

3.1 Introduction

In the previous section we summarised some of the possible outcomes for the electricity sector by 2030,
drawing on the key results from our quantitative analysis. In this seat@describe in more detail the

path to 2030, again using the EFC scenario and sensitivities to illustrate some of the key challenges and
issues.

We break the timeframe down into fouryear periods. For each period we describe what we think will

be the ke issues, summarise the main modelling outputs and describe the possible strategies of the main
participantsd utility players, independent generators, the system operator, regulator and Government.
The further out into the future the greatethe uncertanty surrounding the possible issues and outcomes.

3.2 The path to 2030
3.2.1 2010 to 2015

The likely generation mix over this period is largely known since the majority of the plants operating today
will remain open and potential new additions are already in theetigment pipeline. This period is

therefore likely to display similar operational characteristics to those currently experienced. The most
interesting issues relate to the investment plans developed throughout this period which will have a
significantrifluence on the nature of the system through to 2030 and beyond.

Therefore in terms of the impact on investment, there are a numbekey issues:

¢ Prolonged financial crisis:the possibility that the recent turmoil in the financial markets will
extend wdl into this period and exert a major influence on investor behaviour. Even assuming a
reasonably rapid rate of recovery fimancialmarkets there will be strong competition faquity
and debtas the industry seeks financing for renewable and conveadtigeneration projectdor
network developments (e.g. offshore transmis3jand for the inplementation of smart meters.

¢ Medium term capacity shortage: the extent to which sufficient capacity is built to replace the
119 GW of plant optedout under theLarge Conbustion Plants Directive (LCPD). Currently
there is approximately 9 GW of thermal capacity at advanced stages of developmeiiafdeé5
for details); coupled with the recent decline in demand the anged to develop capacity to
coincide with the closure of the LCPDBpt-out plant has somewhat receded. There does however
remain a need for further projects to be initiated in the period 2012015.

e Progress towards renewables targetsthe rate of rerewables build and theprogressthat is made
towards meeting th&020renewable energy targetsThe Renewable Energy Strategy published in
Summer 2009 set out thpath for meeting the legatlyinding target of 1ercentof energy from
renewable sources b2020. However there remain significant challenges in delivering this volume
of renewable energy.

¢ Clean coal demonstration: the success in provingCS technologies through demonstration plant
The first demonstration projects could be commissioned towsatide end of this phase.
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¢ Nuclear new build: the commitment and development of plans for new nuclear buihilst we
would not expect to see any new nuclear plant developedt towards the end of the next decade
at the earliest, we would anticipate thdevelopers will progress projects into the construction
phase during the period 201®2015.

Modelling outputs (2010 6 2015)
The most significant conclusions of the modelling work undertaken for this period are that:
e investors continue to push ahead withvariety of generation projectand

¢ sufficient plant, predominantly combined cycle gas turbines (CCGTSs), are built to replace plant
closed as a result of the LCPD.

The derated capacity margin gradually increases throughout this period for two prine@asons. First,

new capacity is brought online in anticipation of LCPD induced closures by the end of 2015, and second,
there is a steady fall in demand (on top of recent reductions caused by the recession) as energy efficiency
measures are more widely agted. Emissions of C&from the generation sector remain broadly constant

and are driven by the relative costs of coal and gas generation. Electricity prices broadly follow fossil fuel
prices Table6 presents anumber of metrics to characterise the market over this period: similar metrics

are produced for each subsequent period to enable comparison through the scenario. The table shows the
outcome in the EFC scenario, and the range in outcomes across the 2higkies.
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Table 6 Modelling outputs, 2010 to 2015
Metric EFC Range
CCGT build 9.2 GW 7.21t010.4 GW
Coal ftted with CCSbuild 0.3 GW 0.3 GW
Unabatedcoal build None None
Nuclearbuild oGwW oGwW
Renewablesuild 9.8 GW 9.4to 14.3 GW
Average @-ratedcapacitymargin 17.8% 16.1t0 20.2%
e s o 156
Annual average holesale costs to 70 £/MWh 49 to 110 £/MWh

the consumer

Utility players (20108 2015)

The UK energy market is likely to remain a key target market for the major European utilifieis. is

because:

e the UK s a large European market;

e itis at the leading edge of liberalisation;

e cCOoOrporate ownership

positions;

struct als® mak a& niwti

e there is a mature regulatory system with reliable checks and balances;

nrde loat ii

e attractive market opportunities exist given the capacity requirements created by expected closure

of LCPD optedout plant;and

¢ the UK has aignificant and largely untapped renewable energy resource.

Typical forward projections of commaodity prices suggest that the economic choice between coal and gas
plant is finely balanced. However, CCGTs are generally accepted as the technology of ghiniestors
because of the relative ease with which the plant can be built, lower capital at risk, the fact that CCGTs
present the cheapest economic option at lower load factors, and the robustness of CCGTSs to higher
carbon prices since for the majority tifie period they remain the priesetting technology.

However, strong industry concerns remain that ow&liance on gas leaves energy companies open to risks

of price spikes and supply interruptions, and it is therefore accepted practice for large ca®pan

™ The range is for the average derated capacity margin across the period, for all sensitivities.
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maintain a diverse generation portfolio. This is particularly true in light of events between Russia and
Ukraine in January 2009, which intensified worries about the predicted increase in reliance on gas imports
to meet demand. With minimal gasosage capacity and decreasing reserves of North Sea gas, investors
will be looking for investment in additional gas storage facilities, gas pipelines and liquefied natural gas
(LNG) re-gasification terminals to maintain strong confidence in CCGT investment

Nuclear generation has emerged as the preferred alternative large scale generation technology since it is
robust to high carbon costs and most of the largest portfolio players are pushing ahead with a programme
of nuclear development. However, there dimits to the extent and speed of a nuclear build programme

and some utilities may also want to pursue investments in coal fired power stations to maintain a
sufficiently diverse generation portfolio. Any such decision must now take into account dexglopi
Government policy on CCS, and in particular the announcement chAR&il 2009 by the Secretary of

State for Energy and Climate Change. This laid out proposals that new coal plant must be at least partially
fitted with CCS technology, and that a fstiale retrofit of CCS will be required within five years of the
technology being independently judged as technically and commercially proven.

Large utility generators own a portfolio of existing power station sites. These sites offer the potential to
obtain connection agreements to the grid with much shorter lead times than those typically available for
new power station sites. This creates a strong incentive for utility generators-aseexisting siteskFor
carbonremitting plant, however, it will nowalso be necessary to consider the suitability of the location for
future application of CCS technology.

Itis likely that incumbent players will see particular opportunities in developing renewable energy projects
in the UK. They are well placed to mareathe financial risks associated with the Renewables Obligation
(RO) and experience of the mechanism suggests that good returns are available in the UK provided build
constraints and connection queues can be overcome.

Independent developers (20100 2015)

The UK market is also attractive to independent developers for similar reasons to those described above
for incumbent players. However, independent developers do not have the benefit of a portfolio of assets
with which to manage risk and they will look feach separate investment to provide a secure and
predictable return. Moreover, the legacy of the recent turmoil in the financial markets is likely to affect the
ability of independent developers to obtain finance for any projects which have a masdiahd this may

last for some time to come.

Renewables projects are likely to remain a key area of focus for independent developers. However, the
risks associated with the RO support mechanism are easier to manage within a diverse generation portfolio
than on a stanehlone basis. It is therefore likely that most independent developers will be developing large
scale renewables project on the basis that they will sell on to an incumbent player at some point in the
future. The Government has indicated thiaiwvill introduce a Feedn Tariff for small scale (not greater

than 5 MW) projects, which would reduce the risk for independent developers without the need for these

to be sold on.

Independent players will also continue to review conventional generagitiores. The advantages of

CCGTs described above are particularly relevant for independent developers ardssikkelythat they

would consider nuclear or coal/CCS investments. However, the current situation with connection to the
grid presents a maj obstacle for independent developers looking to develop a new generation site since
connection timescales of around ten years are typically being offered. It is only likely that projects will be
pursued if grid connection is availaliethe short term

The current situation in the financial markets and with grid connection issues suggests that few, if any, large
independent generation projects are likely to proceed in the near future. Itis likely that the financial

07/10/09- CCC Working Draft Report_vl.doc 28




P

REDPOINT

markets will recover during the 20105 period and reforms are planned for the transmission access
regimee. Therefore, interest on the part of independent developers may increase during this period.
However, this is only likely to translate into new power station projects if the unfoléimgrgy policy and
market agenda leads to a perceptionreflucingfuture risk. Itis, however, possible that new power
stations may be built by other European utilities looking to enter the UK market for strategic reasons.

System operator (2010 6 2015)

Under its current licence obligations, tHgystemOperator (SO), National Grid Transmission (NGT), is
tasked with contracting for and utilising options to manage supply and demaihe etectricity system in
reattime. This involves redime energy balarieg, alleviating transmission constraints, frequency control
and the provision of reserve to deal with unexpected changes in generation or consumption. The SO
achieves this through a combination of grentracted balancing services with generators angdar
consumers, and a retime balancing mechanism where generators and consumers can offer and bid to
increase or decrease their output or usage.

Two potential challenges the SO faces are a concern around insufficient investment in flexible capacity in
the longer term, and a more challenging short term balancing task as intermittent renewable capacity
increases. Furthermore, much of the capacity that currently provides balancing services, sudineas oil
plant, will close before 2016 under the termstbe LCPD.

The first of these clearly relates to the uncertain investment environment we have described above. The
SO is already able to enter into longer term contracts with market participants for the provision of certain
balancing services, and itigéntivised to do this (currently on an annual basis) in the most efficient

manner. Were the concern around investment considered to be sufficiently serious, one way to address
this may be to change the licence conditions for the SO to oblige it to predanger term capacity (for

say ten years ahead), probably in conjunction with a specific security of supply remit. The downside of this
is that it might displace private investment that may have taken place anyway.

With regard to short term balancingt is likely that the future of power system operation will be
characterised by three phases:

¢ Phase 1: Broadly as now

e Phase 2: Enhanced requirement for-ge=d plant to provide system balancing services such as
reserve and to operate at low load factors

e Phase 3: Development of active demand side providing load shifting and balancing services
The timescales for these phases are extremely uncertain and depend on:
e development of grid infrastructure including interconnections to other power systems;

¢ the rate of growth in renewable generation and the operational characteristics of the wind fleet;
and

e innovation in the way electricity is used, including the extent to which demand increases as a result
of the electrification of the heat and transport sectors.

Most commentators believe that we will remain in Phase 1 throughout the period-2018 and therefore
the behaviour of the SO will be largely unchanged. However, it is possible that changes to the transmission

'® The Government is currently consulting on options to change the grid access arrangements which could accelerate conmention of
renewables to the grid in advance of network reinforcements.
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access arrangements may mean that the SQingileasingly have to deal with system constraints which

arise through the intermittent operation of renewable plant. This would reflect the acceleration of
renewabl es connections ahead of full firmdéconnect
phase of the enduring arrangements proposed in the Transmission Access Reitievay therefore be

the case that the SO will be seeking increased flexibility from generators (and large demand sources) in
certain geographical locations. Further phaskthe evolution of the arrangements are designed to reduce
congestion.

During the period 201€015 it is likely that the SO will be increasingly focused on the future system
balancing challenges and assessing the performance characteristics of trerigavead fleet. As a
consequence of this analysis, it is likely that the SO may propose new incentive mechanisms to encourage
greater system flexibility in the years after 2015.

Regulator (2010 6 2015)

The market framework and investment climate suggleat there are ongoing drivers for consolidation in
the GB market. It is therefore likely that the regulator will face further competition cases relating to
proposed mergers and acquisitions and also claims of adverse effects due to market dominance.

It may be that these issues increasingly bring into conflict the competitive nature of the energy market and
the need to attract investment. It is therefore likely that the regulator will spend significant asoint
effort during this period reconciling theconomic and sustainability aspects of its duties.

The occurrence of transmission constraints tends, from time to time, to createmsatkets in which

certain players are in a temporary position of market dominance. Increasing renewables penetraitign dur
this period will exacerbate this problem. Ofgem has already indicated that this is an area in which new,
more targeted, measures may be necessary

Government (2010 6 2015)

Significant effort has been devoted to developing the policy frameworkfogéneration market over the

last few years, building on the marketised approach that has been a policy goal since privatisation. Whilst
the onshore transmission system remains a regul at
generation are lefto market participants. Market signals (such as the EU ETS, the RO and proposed Feed

in Tariffs(FITs)for sub5MW generation) are used to guide these investments in line with Government
objectives.

There is an increasing challenge to this approadhércontext of a radical decarbonisation of the

eledricity sector. In addition tathe RO and suts MW FITs, specific support for CCS is being channelled
through funding of up to four demonstration proje
plant. There are also calls for more explicit intervention to facilitate nuclear deployment, for example by
introducing a carbon price floor. Some argue that at some stage it becomes more efficient for Government

to directly setthe required capacity miand levels (for example through central tendering) rather than

aiming to achieve the same effect indirectly through a complex set of market interventions. It is likely that

this debate will be played out in the 202015 period.

A key area for proactiveolicy development is likely to be on the demand side of the market where it is
accepted that radical new initiatives are required to improve levels of energy efficiency and, ultimately,
promote a responsive and active customer base. The Governmentfpaalled its intent to develop the

' http://www.berr.gov.uk/energy/sources/renewables/policy/transmissionss/page40567.html

% Ofgem has recently consulted on a range of measures to mitigate the risk of exploitation of locational market peiweingrthe introduction
of a Market Power Licence Condition (MPLC), which follows on from concerns around the costs of resolving constraints tetgkeen and
Scotland and within Scotland.
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demand side via the goal of introducing smart meters in all homes by 2020. It is possible that this focus
may have implications for wholesale market policy if it is decided that the features of the wholesale market
in same way constrain the development of competition in the demand side. This might include, for
exampé, making changes to settlement proceduoeshe Balancing Mechanigim facilitate demandide
participation.

Furthermore,sending clear and early signat®at the carbon price, and enforcing those signals through
perhaps a floor price, will build investor confidence in believing the required carbon price will materialise.
This confidence building will ensure that investment decisions takembde3@l5 arebased on this price;

an expectation that is necessary if decarbonisation to be achieved.

Robust nes s (2010020618v ent s o

There are many plausible events that could adversely affect the energy market and trigger a policy
intervention. However, it isikely that the Government will be focusing on the following major risks:

e international climate change agreements fail to deliver a strong carbon price signal to the market;
e renewable build levels fail to increase to the rates needed to meet the 2020 sarget

¢ CCS technology demonstration does not move forward throughout this period;

e increasing dependency on gaed generation reduces the diversity of the energy mix;

e nuclear investment plans go on hoéthd

¢ insufficient new capacity is built to replace LCEBsure plant.

Maintaining security of supply will always remain a primary policy goal and Government will be closely
monitoring the rates at which new plant are being built. In the event that a problem is encountered, the
Government retains a number @licy levers to incentiviseapacity to remain on the system or for the
development ofurther new capacity.

In addition, a number of domestic policy initiatives are available to reinforce the carbon price signal
through, for example, imposition of a @oprice for carbon. Similar fiscal incentives may also be
considered to reinforce investment signals for CCS or nuclear development.

However, the most challenging problems would relate to technical obstacles which are preventing the
development of renewable, nuclear or CCS plant and the response of the Government would need to
depend on the particular nature of the issues and their severity.

3.2.2 2016 to 2020

The second half of the next decade may see a second phase of fossil plant closures arising from th
Industrial Emissions Directive (IED) and, therefore, there will be an ongoing need to build sufficient
replacement capacity to preserve security of supply. However, by this stage, progress with a number of
key policy measures will have become apparent:

¢ Deployment of renewables will have progressed such that the ability to hit 2020 targets will be
known and it is possible that further targets beyond 2020 will have been established. Moreover,
the operational characteristics of an intermittent wind fleetlwegin to be understood along with
the impact on system operation and the value of other sources of generation.
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¢ The potential capacity of the replacement nuclear fleet will become clear as the first new stations
are commissioned and a series of follow stations will be under construction and in the
development pipeline.

e The robustness of CCS technology, and the associated economics, will now be better understood,
enabling a much clearer picture of potential deployment and informing decisions &rotimer
additional policies, potentially including the application of emissions performance standards to new
and existing fossil plant.

e The growth in annual energy demand may have been halted and reversed following a major push to
improve energy efficiencyitlaough electricity demand may at some point start to increase again if
there is increasing electrification of the heand transport sectors.

It is also possible that during this period, new technologies may be in the process of development that
could sgnificantly alter te energy system during the 202Gor example:

e major advances in renewables such as solar and wave/tidal;
e new energy storage technologies)d
e arapid expansion of electric vehicles.

It is unlikely that the future will seem any more tan than in the previous 5 years and, in addition, there
will be new operational challenges arising from the changes in the electricity system.

Modelling outputs (2016 8 2020)

The modelling runs suggest that the 2020 renewable targets could be hit whihizurrent policy

framework if appropriate use of rFbanding is employeenergy efficiency measures are implemented to
reduce demanand the development of renewable plant is no longer restricted by planning delays, poor
financing conditions, lack of drtonnections or supply chain constraints. In other words conditions prevail
that are synonymous with delivering successful decarbonisation of the power sector. Also, sufficient non
renewable capacity continues to be built to maintain security of supfthqugh the system will be

operating at slightly lower capacity margand, therefore, at a slightly higher risk that some firm demand
may not be met at times. CCGTs remain the primary source of new-remewable capacity and the

volume built will adjst depending on market need (which can be betweero and14 GW): in this period

the level of CCGT build in a sensitivity is determined by the relative economics between new CCGT and
existing coal and CCGT pla#ti.e. how much infranarginal rent a newlgnt could earn.

By 2020, CQ emissions are forecast to begin to reduce, primarily driven by a reduction in coal generation
and increasing reliance on generation from renewables. However, where investors do not believe in the
Gover nment 6 srthe EWA pece @and in thesabsenze of any regulations to the contrary,
investors would build unabated coal plant. (Clearly, the April 2009 announcements, subsequent to our
analysis, remove the possibility of this outcome.) Electricity prices remainycletated to fossil fuel and
carbon prices. A summary of the key modelling outputs is showirale?7.

%! Greater electrification of the heating sector may result fram expansion of heat pumps to support the renewables heat targets, or by more
electricity being directly used for heating should offpeak prices fall in response to the growing expansion of renewables.
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Table 7 Modelling outputs, 2016 to 2020
Metric ‘ EFC ‘ Range
. 2.4 GW 0to 14.4GW
CCGT build (Cumuative: 11.64 GW) (Cumulative: 9.20 21.6 GW)
. . . oGW 0to25GW
Coal fitted with CCS build (Cumulative: 0.3 GW) (Cumulative: 0.3 to 2.8 GW)
. 0 GW 0to2.5GW
Unabated coal build (Cumulative: 0 GW) (Cumulative: 0.3 to 2.8 GW)
Nuclear build 1‘6. GW 0 to 1_‘6 GW
(Cumulative: 1.6 GW) (Cumulative: 0 to 1.6 GW)
Renewables build 13.4 GW 2.510 15GW
(Cumulative: 23.2 GW) (Cumulative: 2 to 28.4 GW)
Average deated capacity margin 85 % 5.7t0 16.2%
Annual average COemissions from 126mt 88 to 136 mt
the generatiorsector
Annual average wholesale costs g 88 EMWh 60 to 133 £/MWh

Utility players (2016 0 2020)

A key challenge for utility players during this period will relate to wholesale market risk managesimeat

it is likelythat significant new costs or profit opportunities will emerge. In particular, the large portfolio
players will need to decide how to manage short term volume risk on the part of their growing

intermittent renewable fleet. Traditionally, portfolio plagdook to manage their own exposure and take
advantage of balancing market opportunities through holding reserve on thermal plant. However, some
conventional peaking capacity will have closed in 2015 (particularly the large oil plant) and more will likely
close in the period through to 2020. Therefore, investments will need to be made to ensure replacement
thermal plant is sufficiently flexible to meet the system balancing needs.

However, sekbalancindpy the utilitieswill tend to restrict liquidity inthe short term markets and
therefore increase costs of risk management shoul
flexibility. It is therefore possible that utilities will consider switching to strategies in which more significant
volumes ae traded through the short term markets in an attempt to minimise balancing costs.

Alternatively, a view may develop that there is an overall economic efficiency gain in a single entity
(presumably the SO) assuming a deeper role in balancing the sybBtéts.extreme this could be

introduced through a return to central dispatch for all plant, but a more targeted approach might limit this
specifically to intermittent renewables.

The key investment challenge for utility players during this period relatéiset extent that new CCGTs
continue to be planned and built to meet the capacity need compared to investment in nuclear and new
coal with CCS technology. This decision will depend on the nature of the market opportunity (volumes
and prices, particularlykely future carbon prices) and the status of CCS technology and the financial
support availableWhere carbon prices are expected to be high and CCS technology has been successfully
demonstrated, it is likely that utility players will look to maximiseckear new build and meet the residual
opportunity with coal and CCS. However, if the available volume for new plant is likely to have a low load
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factor and higher carbon prices are not foreseen, it is more likely that incumbents will continue to build
CCGTs.

Independent developers(2016 6 2020)

It is unlikely that the investment climate for independent developers will change significantly throughout this
period. There are likely to remain significant opportunities in the field of renewable projectageveht,

however, the price risks inherent in the RO will mean that independent developers are still likely to look to
sell large developed projects to large portfolio players. The hurdles in developing large conventional plant
may rise since it is unlikethat wholesale market risk will fall over this period to a level at which

independent developers are comfortable making investments, or can obtain financing on sufficiently viable
terms. Changes in risk management behaviour by incumbents which insreaséerm market liquidity

will be helpful but are unlikely to be sufficient to underpin major long term investments.

System operator (2016 8 2020)

Assuming that growth in renewable generation is in line with the 2020 targets, the SO will be expeagiencin

a more challenging operational environment. This challenge is likely to be exacerbated by any tightening in
the derated capacity margin, as suggested by the modelling runs, or by an increasingly constrained
transmission network.

It is therefore likelythat the SO will be adopting new operational practices, based on experience gained

with higher wind capacity, and seeking new sources of balancing services, particularly from the demand side
and interconnectors. The increase in demand for balancingcesrwnay have led to the design of a new

and |l onger term balancing services market in whic
signal would help investors in new power plant and in other sources of balancing services value their
investments.

As noted above, there may be a move for the SO to be more directly involved in balancing (rather than
acting to manage the residual position), at least for intermittent renewables. This would require a
significant scaling up of its balancingabiliies during this period.

Regulator (2016 6 2020)

Depending on the scale and planning of new transmission investment through to this point, and the success
or otherwise of longer term transmission access arrangements, concerns with regard to trasmissi
constraints, and associated market power issues, may have increased further. The regulator may be
looking to adapt or extend measures introduced in the previous period, with a focus on ensuring that
transmission constraints do not give rise to exceshitnigh consumer costs.

In addition, attention will focus on the short term markets, and the extent that portfolio players act to
maintain liquidity in the short term markets.

Government

If it has not already happenedhet period 205-2020couldsee a enewed focus on wholesale market

design as attention is placed on achieving power system targets for 2030 and beyond. This may involve
delivering increasing levels of renewable generation beyond the 2020 targets and, possibly, seeking to
decarbonise fullthe system by 2030.

In the event that carbon price signals are high and retain the confidence of investors and that the demand
side of the market is increasingly active, it may be that relatively little action is required. However, if
investors remain tghly uncertain about the nature of the future market opportunity then the Government
may seek to introduce policies which promote certain forms of investment.
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Robust ness(2016020620)v ent s o

It is possible for the gepolitical environment to have mwed significantly by 2612020, placing either an
increased or reduced incentive for energy salfficiency and either increasing or reducing the costs of
significant carbon abatement. However, it is likely that politicians will wish to maintain aityieérsnergy
options to provide confidence in ongoing security of supply as well as the ability to decarbonise the system.
In particular, this latter imperative may demand investments in low carbon technologies that become
ultimately redundant as other dipns prove more successful. This in turn is likely to require ongoing
subsidisation to promote diversity beyond that provided by an energy price and carbon price signal.

3.2.3 2021 to 2025

It is extremely uncertain how much new capacity is required duringpiéréod after 2020 and what type of
new capacity will be required. It will depend critically on:

¢ the levels of system demand;
e ongoing growth rates for renewable generati@md
¢ the extent of the new nuclear build programme.

It is likely that there will B some ongoing need for new thermal capacity, however, the choice between gas
and coal (with CCS) will depend critically on:

e forward views of carbon prices;
¢ the technical options for carbon abatement;
¢ the role that new generation needs to play in providimgjancing serviceand

e any minimum operational standards (e.g. flexibility requirements) or environmental standards
imposed on new generation capacity.

It is also possible by this stage that new minimum emissions performance standards, or an explicit
requirement to retrofit CCS, will be applied to existing thermal capacity in, say, 2025, leading to a similar
capac ietdyg eddc Itiof ft hat seen in 2015. This would furt
period.

By the period 202025, it islikely that new technologies will be under development that will have a
significant impact on the operation of the electricity system after 2030, and new generation investments
made at this time will need to take account of these ongoing and potentighifisant changes.

Modelling outputs (2021 6 2025)

The modelling runs indicate a wide range of new capacity investment over this period (between 3 GW and
21 GW). Between 1.6 and.8 GW of new nuclear plant are built with the highest volume in the cases i
which the electrification of the transport sector is increasing overall system demand but also leading to a
flatter profile of demand. New build thermal capacity varies between 0 and 6.4 GW with CCGTs
remaining the technology of choice under most scéwgr Where investors have confidence in high future
carbon prices, significant investment occurs in coal with CCS. However, where this is not the case, the
modelling suggests that some unabated coal plant might still be built (assuming no CCS requgrement
imposed). A full summary of modelling outputs is showmable8.
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Table 8 Modelling outputs, 2021 to 2025
Metric ‘ EFC ’ Range
. 52 GW 0to 8 GW
CCGT build (Cumulative: 16.8 GW) (Cumuldive: 12.4 to 27.6 GW)
- . 0GW 0t0 2.8 GW
Coal fitted with CCS build (Cumulative: 0.3 GW) (Cumulative: 0.3 to 5.6 GW)

010 6.0 GW (IGCC)

0GW (Cumulative: 0 ta6 GW)

Unabated coal build (Cumulative: 0 GW)

0to 3.0 GW (ASC)
(Cumulative: 0 to 3.0 GW)

Nuclear build 3.2GW 1.6t04.8GW
(Cumulative: 6.4 GW) (Cumulative: 1.6 to 8 GW)

Renewables build 4'(.) G_W 0'.1 t(_) 16 Gw=
(Cumulative: 27.2 GW) (Cumulative: 18.8 to 37.9 GW)

Average derated capacity margin 8.7% 6.1t0 13.6 %

Annual average CCemissions frm 88 mt 6710 113mt

the generation sector

Annual average wholesale costs tg 101 £/MWh 77 to 124 £/MWh

the consumer

Utility players (2021 06 2025)

The levels of renewable generation will require large portfolio players to adopt sophisticated risk
managermnt strategies, involving a combination of asset dispatch (both generation and demand) along with
trading in the short term markets. The short term markets may become increasingly kapd, if sothe

price signals generated may become the predomingdoépnarker, exerting a significant influence over

future expectations of power prices. Large portfolio players may experience increasing regulatory
oversight of their trading activities within these markets.

From an investment perspective, it is likehat the companies will be restricting their future options to

zero carbon generation since these assets would be expected to deliver a payback during the period after
2030. In this regard, they will be looking for a strong signal for investment in Idvondechnology. Since

the electricity system has largely decarbonised, and there is only a minimal amount gtigg@heration

that could set prices reflective of high carbon prices, the investment signal through the power price may
not be sufficierly strong on its own.

Independent developers(2021 6 2025)

Beyond 2020, it is likely that the market will be characterised by both a high level of wholesale market risk
and the need for capital intensive noenewable generation plant. Both of these tastreduce the

likelihood of a substantial involvement from the independent investment community in large scale
renewables, other than in developing early stage and niche renewable generation projects or in partnership
with large portfolio players. Indepeent developers may focus their efforts more on the UMW

sector, where the FIT regime offers greater certainty in revenues.

2 |ncludes Severn Barrage
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In addition, by this stage the potential for CCS and renewables to contribute to longer term
decarbonisation targets should bauch clearer.This may preseniig opportunities for independent
developers (alongside a mix of other players) to play a substantial role.

System operator (2021 § 2025)

After 2020, the balancing actions of the SO will be largely driven by the genecii@wacteristics of the

large fleet of intermittent renewable generators. Itis likely that new approaches will have been adopted in
light of experience gained in the operation of the system with an increasing proportion of renewables. In
addition, it islikely that the SO will have a broader range of balancing services on which to draw including
an increasingly active demand side. It may be that the SO is now regularly signingearditalancing

services contracts to ensure adequate investment is beiade in areas of greatest system need.

Regulator (2021 8 2025)

The role of the residual fossil fuel market will now be a significant concern to the regulator with a
(probably) small number of fossil fuel generators setting a price which not only drieesviestment in
non-fossil plant but also needs to recover annual avoidable costs for the remaining fossil plant. Any
concerns about potential abuse of market power are likely to be particularly severe if the demand side of
the market has not developed tilne extent that it is providing real competition to generation at the

margin.

This situation will become progressively more acute as the system decarbonises and it is likely that the
regulator will be seeking to identify solutions which maintain effigieicing up to and beyond 2030.

Government

Policy time horizons will now be looking beyond 2030 and it is difficult to envisage where the key
challenges may lie. However, itis likely that a focus will remain on driving the emergence of new
technologiesand incorporating them within the energy system to maintain a secure and efficient system
going forward.

Robustness (202b62628)v ent s 0

By 2025 itigpossiblee hat we wi | | be seeing an increasing numl
ongoing icreases in global atmospheric temperature. It is possible that harsh weather conditions might be
creating major challenges for the electricity system at this time leading to politicians placing particular focus

on system resilience towards adverse weathenditions.

3.2.4 2026 to 2030

It is difficult to be certain of the key challenges facing the electricity system be®@@®8rand 2030.

Perhaps new technological developments will suggest that it is possible to move towards a situation where
a much greater pyportion of power is generated by renewable sources by 2050. This may, for example,
involve the bulk transfer of renewable power from remote locations producing offshore wind generation or
concentrated solar power or possibly new technologies providirggbtential for communities to meet all

their power need through locally produced renewable energy. Alternatively, it may be accepted that the
potential for renewable energy is reaching saturation point and, in the absence of major technological
advancesa decarbonised power system must be based significantly around nuclear and coal with CCS
power stations.
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These situations will bring very different challenges and investment needs. However, there is no evidence
that the extent of the challenge lookingibtowards 2050 will be any less than we currently see as we
attempt to predict the future of the market out to 2030.

Modelling outputs (2026 d 2030)

Between2026and 2030, todayds policies, as well the inve
system. In 2030the EFC scenario represents a successful outcome in terms of policy theatdectricity

sector will be well on track to meet its 2050 carbon targets without significantly compromising security of
supply. However, there are many meutations of outcomes consistent wittkelivering this policy goal.

The precise form it will take will be a function of a complex range of factors, some within and some beyond
the control of Government. For example, a market including very large €sadernmentsupported

projects (such as a Cardifffeston Severn Barrage scheme) could have a carbon trajectory similar to one
without. Security of supply could also be simil&towever, the cost implications of the two alternatives

are quite different.

The system can also adapt to outcomes beyond the control of the Government, such as higher fossil fuel
prices. Modelling of these sensitivities shows that the system is still well on its way to betagbdaised,

with total emissions in 2030 essentiallygtiame as those with baseline commodity prices assumed in the

EFC scenari o. However, hi gher commodity prices r
the net present value of resource costexcludig CO-, between 2009 and 2030he exactopposite is

true for lower commodity prices Towards the end of the 2020s however, the wholesgémerationcosts

in the High fossil fuel s falls below the EFC scenaribere has been much more low carbon generation
developed in the High fossil fuedse whichs lowering outturn prices.

The range in outturn emissions across the sensitivities is wide, with a large number of cases leading to
emissions higher than the EFC scenaribhis is particularly the case where investors are not behaving
oranal l yo, wher e t he r &to302mibohtormes rwithalloutcenmes vgossé forns i s
emissions than under the EFC scenario. Security of supply is also adversely affected.

To illustrate thediversity of potential outcomes;igure? plots three variables for 2030 across a range of
sensitivitie® emissions (on the y axis), consumer prices (on the x axis) and security of supply (indicated by
the size of the bubbles).

% The change in the costs generating electricity, including changes in investment costs, fuel costs, variable and fixed operating costs and system
balancing costs. It excludes changes in the costs of carbon.
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Figure 7 Potent ial outcomes
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In summary, a dearbonised world can coexist with adequate supply security if investors can be given the
correct visibility and incentives (including the EFC scenario). Likewise, market outcomes with higher
carbon emissions can also be@sated with lower security of supply, particularly where this is a result of
myopia or an increased perception of risk on the part of investorsk?-LE, 20EMHH, 21-EMDM-EP).

Low carbon outcomes are in many cases associated with lower wholesals.ptfdeowever commodity

and carbon prices themselves are low leading to lower wholesale prices then carbon emissions tend to be
higher since the level of investment in low carbon technologies has been low&HILE, 11LE).

With regard to security ofsupplythe derated capacity margin will, in general, be somewhat lower than
current typical levels. The key question is whether the system will be sufficiently flexible, both in terms of
generation and demand side, to ensure that this does not giveaiaa unacceptable security of supply

risk. Key modelling outputs are summarisedriable9.
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Table 9 Modelling outputs, 2026 to 2030
Metric ’ EFC ’ Range
. 2.4 GW 0to 6.4 GW
CCGT build (Cumulative: 19.25W) (Cumulative: 12.8 to 30.0 GW)
. . . 6.0 GW 0to 7.3 GW
Coal fitted with CCS build (Cumulative: 6.3 GW) (Cumulative: 0.3 to 11.3 GW)

0 (IGCC)

0GW (Cumulative: 0 to 6.0 GW)

Unabated coal build (Cumulative: 0 GW)

0 (ASC)
(Cumulative: 0 to 3.@GW)
Nuclear build 4.8 GW 0to 8.0 GW
(Cumulative: 11.2 GW) (Cumulative: 4.8 to 16.0 GW)
Renewables build 2.3 GW 0to7.6 GW
(Cumulative: 29.5 GW) (Cumulative: 20.5 to 38.4 GW)
Average deated capacity margin 10% 1.6% to 13.%
Annual average Cemissims from 46 mt 41 to 1 mt
the generation sector
Annual average wholesale costs tc 108 £/MWh 75 t0 177 £/MWh

the consumer

Utility players and Independent developers (2026 6 2030)

Itis likely that, by 2030, the investments that have proved most pomyer the previous 20 years will no
longer be appropriat€in the case of conventional thermal plant)the resource availablen(the case of
low cost renewables)there may be a significant opportunity at this stage tapoaver early onshore wind
sites. Investors will therefore be looking to the technologies that appear to provide the most promising
potential for the period up to 2050 and beyond.

The role of nuclear power is particularly interesting in this regard given the long development lead times
ard operational lifetimes. A nuclear project initiated in 2030 would need to provide a payback well into the
second half of the century and investors would need to be confident in the market opportunity over that
timeframe. Itis therefore possible thatdienological innovations majow downthe development of new
nuclear power stations during this period.

System operator (2026 6 2030)

The SO will be familiar with the challenges of operating a power system with large volumes of intermittent
renewable enagy by 2030 and new approaches and procedures will have become common practice by this
stage. However, it is likely that new challenges will be emerging for the SO as a result of changes in the

way electricity is producedThe SO may be spending much maime co-ordinating operations with

neighbouring networks as a result of increased levels of interconnection. Alternatively, the task may be
evolving into one of ceprdinating the balancing actions of local network operatofée interacive
participation of the demand i de may be evolving rapidly, with o0sn
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Regulator (2026 6 2030)

Despite the numerous changes that the electricity system will undergo, the fact that electricity is likely to
remain an essential commogitoupled with the inherent imperfections of the electricity market, suggests
that there will continue to remain a significant role for an economic regulator beyond merely regulating the
monopoly network infrastructure. For example, it is possible tha flystem will have effectively broken
down into a series of sulmarkets which are transient in nature and give rise to temporary monopoly
situations. The regulator will need to continue to tread the fine line between ensuring competitive prices
for consuners whilst maintaining incentives for future investment. Extensive distributiodlemadnd side
response will also no doubt introduce new challenges in order to incorporate these most efficiently into
trading arrangements.

Government (2026 6 2030)

By 2030the focus of policy will be to establish a roadmap towards 2050 and, probably, a fully decarbonised
power system. Depletion of global gas and oil supplies could well be driving policy towards achieving
independence of these diminishing and, presumataseasingly expensive, fuels.

It is likely that there will remain a debate as to which investments should be prescribed by Government and
which should be left to the market to decide. Previous experience suggests that the focus of policy shifts
between peiods in which the shortcomings of the market are paramount and a larger role is created for
Government and periods in which the shortcomings of Government are recognised and as many decisions
as possible are left to the market. igtdifficult to predictwhere we might be on this cycle by 2030.
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4  Delivering a decarbonised system in 2030

4.1 Introduction

This chapter explores in detail what a low carbon electricity sector might look like in 2030. Specifically, we
examine two questions:

1. Whetherthe marketc an del i ver a sufficiently strong ir
investment in new capacity by 20307

2. Whether the capacity on the system in 2030 will be sufficiently flexible to meet demand and
operate the system?

To answer the first of these questis we present in sectiod.2some of the results from the EFC scenario
looking at wholesale electricity prices, investment signals and plant profitability. In particular we focus on
the implications of chang@s the shape of the price duration curve (the spot price for each-halirly

period order from highest to lowest) for the profitability of different types of plant. We then analyse
security of supply in the EFC scenario using two measuresjdfrated capacity margin and the level of
expected energy unserved, which is a probabilistic assessment of the amount of involuntary demand
reduction that will occur in each year. The analysis presented in this section captures the complex
interactions between irastment decisions, prices and how the system is operated. The investment
decision modelling assumes that prices are set based on competition between fuels to generate, and where
the capacity margin becomes tight increase to reflect scaraipyto an assmed value of lost load in cases
where demand cannot be met. The discussion in this section is centred on the EFC scenario. Other
sensitivities are used to highlight the messages as appropriate. The assumptions and results of the EFC
scenario are dis@sed in more detail in Append.

In section4.3 of this chapter we address the question of whether the capacity that is on the system in 2030

is sufficientlyflexible to manage effectively the vability in output from intermittent renewables and
demand. I n particular we | ook at within day var.i
this has for the operation of thermal plant. We also consider the responsiveness of thermiaigptaact

to changes in demand and wind output forecasts. Since it is difficult to forecast network reinforcements

out to 2030, we have not attempted to project transmission constraints for this analysis although it is likely
that they will have an imgaon the operation of the system.

4.2 Investment: prices, profitability and security of
supply

The analysis demonstrates that the increasing proportion of low short run marginal cost plant (nuclear,
renewables and, by 2030, CCS) on the system can push @dwiesale prices in certain periods. The

chance of low marginal cost supply exceeding system demand becomes material, and this can lead to very
low or negative prices, as renewables compete to generate and continue to receive subsidy through ROCs,
whilstat the same time other nowlispatchable plant is also generating. The occurrence of these low or
negative price periods will very likely depress baseload prices. A key question therefore, is whether prices

% The relationship between prices, the short run costs of the margiteit and the system margin has been calibrated using historical data.

% The Peak prices dampened sensitivity is an exception to this rule. In this sensitivity we assume that prices do nogftese fall scarcity value.
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will increase sufficiently in other periods temunerate existing capacity on the system, andhtentivise

investment in either new generatiaapacityor demand side response.

4.2.1 Prices

To understand the impact of high levels of intermittency on the market we analyse annual baseload prices
O0shaped.

andpi ce duration curves or price

Wholesale prices

Figure8 shows the annual baseload prices for the EFC scenario, alongside the short run costs of the

marginal plant on the system. The difference between the two, referred a s
which prices increase above the marginal generation costs during times of scarcity. Uplift is important for
maintaining investment signals if the system short run marginal generation cost is insufficient aloee to cov
fixed costs (including debt servicing costs) and earn a return on equity in the long run.

Figure 8 Annual baseload prices, EFC scenario
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In the period to 2015, prices dip during a period of ox&rpply: the combination of the conitted build

and the neaiterm reduction in electricity demand increases themd¢ed capacity margin. Uplift during this

refl

period is low since in most periods the price is set close to the short run costs of the marginal plant. Post

2015 prices trend upwals (other than a dip in 2028 in line with increasing fuel and carbon prices. The

range of uplift varies from year to year in line with-ted capacity margins, so that lower-dsted
capacity margins result in higher levels of uplift and vice varsa.upward trend in both baseload prices
and marginal costs is in spite of the increasing proportion of nuclear and renewables on the system. This is
because the strongly increasing carbon price offsets the impact of more low short run marginal plaet on t
system depressing price. However, towards the end of the 2020s prices start to flatten off, and if we were
to extend the series beyond 2030 electricity prices would begin to fall (despite commodity prices remaining

high) as the proportion of low margah cost generation further increases. This suggests that with thermal

plant setting the price for less and less of the time, the role that the carbon price has in providing

% The commissioning of oveés GW of low marginal cost generation (nuclear, Coal with CCs and renewables) causes the dip in prices in 2028.
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investment signals for low carbon generation will diminish in the future. Tiseg@he question of where
the price signals will come from to continue the decarbonisation of the electricity sector, and if market
mechanisms are to continue to work the answesuldlie on the demand side.

Price duration curves

Figue 9 shows the mean price duration curvefor 2010, 2020 and 2030 in the EFC scenaiitere are

significant differences between the three curves. Between the 0 ahg&@entiles (when renewables

output is likely to be high) prices are lower #0030 than in 2010 and 2020 due to higher output from low

short run marginal generation cost plant during those periods. Irp&r8entof periods (or approximately

110 hours of the year), prices are negative as supply fromdigpatchable generation ¢ilmding wind and

nuclear) exceeds demand: renewable generators would seek to recover the opportunity cost of forgone

ROCs before turning down. We refer tothe needtoturndownnahi spat chabl e 2ener at i

Throughout the midmerit (centre) and peak (left) part of the curve, prices are higher in 2030 than in 2009
due to the higher commaodity prices in 2030, and in particular the high carbon price. Prices in 2030 rise
above 500 £/MWh for a few hours of the year, reflecting tighter supply canditwhen output from

intermittent renewables is low. While the probability of lower prices, and indeed negative prices, will
increase with increasing levels of intermittent generation, the occurrence of high peak prices is also likely to
increase.

Figure 9 Price duration curves, 2010, 2020 and 2030, EFC scenario
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The level of interconnection with other markets has an important influence on the shape of the price
duration curves. Where power flows over interconnectors in responegtice differentials between the

GB market and connected markets, this will tend to have the effect of reducing peak prices and increasing
offpeak prices. The lower the correlatian demand and renewables output in those marksth GB,the
greater thepotential effect. Where interconnectors become constrained and price differentials persist this
can provide important investment signals for future investment in interconnection. Likewise a widening

" The price duration curves shown are the mean of the (2000) simulatechbatty prices in the year ordered them from highest on the left to
lowest on the right.

%8 gpillis defined to occur when the output from inflexible renewable generation plus output from inflexible nuclear generation plutsfiaun
synchronised paftoaded capacity is greater than demand.
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spread between peak and offpeak prices creates gréatentives to shift load (either permanently or
dynamically in response to price signals) or invest in storage devices.

Greater interconnection and demand side response may be very important for accommodating higher
proportions of renewable. For exaple,Figurel0 compares the mean price duration curves in 2030 under
the High renewables (6IR) sensitivity to the EFC scenario. Under this sensitivity negative prices occur in
5 percentof periods during the year, and the totspill of renewable generation is 2 TWh (&8 percent

of the total renewable generation)The lowering of baseload prices would likely deter other baseload
investment, but we should expect companies to respond to the greater price spreads with greater
investment in demand side response, storage and interconnection. Hence, security of supply need not
necessarily be jeopardised.

Figure 10 Price duration curves, EFC, High and Low renewables
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The spill volumes in 2030 across all thasiéivities is shown ifrigurell. Those sensitivities with the
lowest spill(7-LREO, 25HH-LE and 2EEM-HH) are those withthe least volume of renewables and
nuclear due to lower carbon prices or increased perception of rigkifwestors.
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Figure 11 Expected spill in 2030 by sensitivity
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4.2.2 Plant profitability

We now turn to examine what the impact of the changing profile of prices might be on the profitability of
plant and the consequences for levels of invent. To do this we examine the gross margins of different
types of plant. The gross margin is defined as: wholesale market revenues less variable generation costs
andlessannual fixed costsVariable generation costs are fuel, carbon, 4heel variabe costs and fuel
transportation costs.Annual ixed costs include transmission connection chargafaries costs, insurance

and plant maintenance costs.

It should be expected that the load factor of conventional thermal plant would decline overasmeore
efficient plant enter at baseload and displace them up the merit order. However, the rapid expansion of
intermittent renewables will accelerate this load factor decline. If the decline in load factor cannot be
compensated for by capturing highgeak prices, or through new opportunities to provide balancing
services, such as frequency responses and reserve, to the System Operator, plant may be forced to close
early. For new plant, flexibility will be a key value driver. Investment can stittraetave if plant can

switch off during periods of very low (or negative) prices, and then earn sufficient revenues at other times
to recover variable and fixed costs and earn a reasonable return on capital.

CCGT profitability

Figurel2 shows the annual load factors for an existing coal plant (which is fitted with FGD and SCR) as
well as two representative new CCGT plant, one commissioned in 2009 (with an assumed 51.4% HHV
efficiency) and one 2026 (with an assumed 54.5% HH\fielency) The commodity prices in the EFC
scenario generally favour coal plant in the next decade before the carbon prices start to increase sharply.
This is clearly seen iRigurel2, with the load factor of the existing coplant being largely unaffected by

the increasing intermittent generation. Running close to its annual availability until 2021, the load factor
drops off very rapidly after 2022 and the plant retires in 2027. The CCGT commissioned in 2009 operates
close b baseload initially but its load factor falls steadily from 2011 to just aboyedd®ntby 2030. The
CCGT commissioned i2026 can expect to run at between 4fercentand 50percentload factor.
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Figurel3 shows the annual gross margin in £/kW under the EFC scenario for our three thermal dihast.
graph also shows an indicative range of gross margins for a new CCGT that would be required by different
types of investor to cover their capital costs and make new investment attractive. The expected returns
vary considerably but are sufficiently high to stimulate periods of investment in new CCGT through to
2026. After a hiatus in the second half of thextelecade, 7.6 GW of new CCGT build occurs between

2020 and 2026. Over this period, the market price is generally being set by older less efficient CCGT
plant. New CCGT has a significant efficiency advantage and with high carbon prices feeding into the
electricity price, are able to earn significant infrearginal rents. As the system efficiency continues to rise
and more efficient plant and low marginal cost plant are setting prices, this opportunity diminishes. Load
factor expectations become too lovgnd no further CCGT build is built after 2026 in the EFC scenario.

Figure 13

Gross margin of new entrant CCGT and conventional coal, EFC scenario
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As should be expected, the profitability of CCGT plant is lowest in sensitivities vigih renewables levels

(6 0 Highrenewables and 9High fossil fuel).In these caseshe depressing effect on prices mibre low

SRMC plant is not offset by peakier prices sufficiently to incentivise any significant increase in CCGT build
over and abog the EFC scenario. Rather the increased market share of wind plant has led to the more
rapid retirement of existing plant: an additional 3.3 GW of existing CGihe High renewables case

plant retire prior to 2030 relative to the EFC scenario.

In these cases there would be less flexible plant in the capacity mix, but also a greater requirement for it to
manage the additional variability surrounding the greater volume of intermittent renewables. We discuss
the issue of flexibility further below.

CCS pofitability

By the mid2020s coal plant fitted with CCS replaces CCGT plant as the least cost thermal plant. We have
assumed in the EFC scenario that the technology is technically as well as economically proven by then, and
with the carbon price on a sty upward trajectory, new build of CCS plant increases. By 2030, there is

6 GW of coal plant fitted with CCS on the system, with the first fully commercial plant having been
commissioned in 2027. Thgross margirof CCS plant, compared to the require@turn for different

types of investor, is shown iRigurel4.

Figure 14 Gross margin of CCS, EFC scenario *
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Renewable plant profitability

The annual profits for renewable planihcrease steadily in the EFCesario, as electricity prices rishue
to the increasing carbon prices.

However wind plant in particular face downward pressure on their revenues as more wind is added to the
system. Over time there will be an increasing relationship between marketpand output levels;

market prices will be lowest when their output is highest. This effect is illustrat€agurel5. It shows

the capture price for wind plant as a percentage of the annual baseload price. In 2008)n&ietvind

# Gross margin shown for th®emo CCS plant assumed to be commissioned in 2014. CCS is assumed to be technically pro@&2poahd
hence despite being potentially highly profitable, it is not commercially developed until later in the 2020s.

* Notwithstanding that many renewalsi@lant will have signed long term offtake agreements at fixed or indexed prices.
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output have little impact on price and wind plant are able to capture close to the baseload price, or a little
above since output is higher in the winter when prices are higher. Into the future the impact of wind on
the market price steadilincreases, and by 2030 wind plant are only able to captuneeB8entof the

baseload priceFigurel5 also shows that a wind plant in a location geographically removed from the
majority of wind plant could capture a better prisince its output is less correlated with the periods of
lower price. In this example, the plant is able to capture a pripefenthigher than the average wind

plant by 2030. However, it should be noted that these results are very dependent on assusn the

levels of interconnection and demand side response.

Figure 15 Annual average system capture price of wind
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The price capture results shown Figurel5 do not take into account the cost of balangimisk. Balancing
costs and the costs of constraints at the system level will likely increase significantly with the greater
penetration of intermittent renewable. Depending on how these additional balancing and constraifit costs
are targeted, there malge further downward pressure on the earnings of intermittent renewable in the
future.

In the EFC scenatrio, the effect of increasing wholesale electricity prices offsets the effect of reducing price
capture and balancing costs, and investment in wind aoe¢in However, if electricity prices were not to
rise, subsidies for certain types of renewables may need to increase to counter these effects.

Nuclear plant profitability

In the EFC scenario, investment in new nuclear plant looks attractive on the balo& bigh carbon prices
(~220 4O/t in 20 30.2GW of nBwnu@e@rdlant on thé system, andamore would be
possible if a higher maximum annual build rate is assumed. In the seesivih lower carbon price
500/t or | o wEmrnew nudkesr decamesemore marginal. The sensitivities with high
renewables output also put some downward pressure on nuclear plant profitability and slows the rate of
investment in new capacity. Different assumptions of the capital costs of neeanuabuld also have an
impact on how much is built.

The EFC scenario provides a robust carbon price signal which makes investment in new nuclear look
attractive. However, the success of the carbon price signal in bringing forward low carbon generation

% The additional balancing costs per MWh of intermittent renewables reach approximately 9 £/MWh by 2030. Assuming fubygisettihese
costs, rather than 50%, wouldehefore reduce the profitability of these plant by around 4.50 £/MWh. The proportion of balancing costs to which
intermittent plant are exposed to will, depend on the details of the market design
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during the next two decades could in the longer run undermine future signals to invest in low carbon
generation. As noted above the pass through of the carbon price into the electricity price will start to
diminish as more and more low carbon generation sitshe margin. In the EFC scenario this starts to
occur from the late 2020s. For investors in nuclear, atiter plant types with long economic lifetimes
this is an important consideration.

4.2.3 Implications of investment for security of supply

We now corsider what the impact of plant profitability and strength of investment sigeatssecurity of

supply. In our model new investment will always occur, but the question is how tight the capacity margin
needs to be to create sufficiently strong price signto stimulate that investment. We examine the de

rated capacity margin in the EFC scenario, and estimate the risk of energy unserved (firm demand not being
met).

De-rated capacity margins

The derated capacity margin for the EFC scenario is showRigurel6=2 The derated capacity margin
fluctuates according to new build, plant retirement and demand charigeschanges in the dated
margin in the neaterm reflect the committed build decisions and known retirementsdédy due to the
LCPD and planned nuclear decommissioning). After 208@erated capacity margin remains within the
range of between 6 percent to 11 percent through to 2030.

Figure 16 De-rated capacity margin, EFC scenario
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The derated capacity margins averagiatross 2028 2030 across all sensitivities are showrFigurel?.
There are four sensitivities where the dated capacity margin is on average higher than in the EFC
scenarios. These are tha@ses where we have flatter demand profiles due to greater electrification of heat
and transport. Under the other sensitivities we see lowerrdded capacity margins on average tlathe

EFC scenario. The sensitivities that lead to the lowestated capacity margins were those where
companies delay their investment decisions either because of risk aversion (higher cost of capital) or

%2 Refer to section A.3.3 for anore detailed discussion dhe de-rated capacity margin in the EFC scenario

3 We present the results averaged to eliminate yearyear fluctuations which are specific to individual retirement decisions.
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because of taking a short term view. In these cases, theathel capacity margin has to fall further, and
expected pices rise higher, before investors act.

Figure 17 De-rated capacity margins by sensitivity
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The averagede at ed capacity macgéedi it actodewi adéphpaati whi
average contribution to securitgf supply. It is calculated using stochastic technigues to find the volume of
thermal plant that provides an equivalent impact on security of supply (as measured by the risk of energy
unserved) as each MW of wind capacity is added to the systeigurel8 shows the evolution of the wind

capacity credit in the EFC scenario.
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Figure 18 Capacity credit of wind plant
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In 2009, the capacity credit is around 28 percent, which is roughly the same as the average annu
availability of wind plant on the system. However, as output from wind plant is likely to be highly
correlated and the risk of a loss of a large portion of supply increases with more wind on the system, there
isadownward trend in the capacity creditBy 2030, the capacity credit declines to just undep&Bcent

In our modelling, we assume that companies factor in this declining capacity credit for wind in making their
investment and retirement decisions. In other words, they are anticipating tivdl be more frequent

periods of high prices when wind output across the country is low.

The derated capacity margin provides a useful indicator of security of supply. However, the outturn
distribution of capacity margins in each period can be d#fgrent in two years with the same eated

capacity margin. IRigurel9, we show the distribution of hatiourly capacity margifsor 2010 and 2030

for the EFC scenario. As the level of renewables on the system increases8fP to 36.5percent the

capacity margin increases on average (the mean of the green distribution is to the right of the blue one). It
is only at the far left of the distribution (shown in the inset) that there is a small increase in the probability
of very low (in this case negative) margins.

% These are outturn capacity margins based on simulation of demand, outajesn@wables output.
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Figure 19 Distribution of outturn capacity margins, 2010 and 2030, EFC scenario
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To illustrate what a negative capacity might mean we show the results of a simulation for a particular day in
Figure20 from the EFC scenario. It shows an extreme outcome with a period of very low wind output
coinciding with a very high demand day.

Figure 20 Extreme winter day with limited wind output, 2030, EFC scena rio
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In this simulation all plant that is available is generating through much of the day, and there is load shedding
from large industrial consumers. However, between 07:00 and 11:00 there is insufficient demand to meet
supply and some demand is unsl. At its peak, this amounts to@ercentof total demand. This could
potentially be managed if there was greater demand side response on the system by this time (for example
enabled by smart meters and smart appliances), or in extremis by lowerngystem voltage for short

periods.

The total expected energy unserved for each year in the EFC scenario is shdwguiie21. The level of
expected energy unserved remains low until 2017 and then increases somewhat, [preaKiag at
approximately 5 GWh. This is of a similar magnitude to energy unserved resulting from transmission and
distribution failures each year.

Figure 21 Annual expected energy unserved, EFC scenario

Expected energy unserved (GW
w

In Figure22 we show thehighest occurrence of annual expected energy unserved for the p26aa -

2030 in each sensitivity. Those sensitivities that have the lowesdtdd capacity margins have the highest
risk of energy umserved with the greatest beig423 GWh in the sensitivitywith lack of foresight of both
demand growth and rising EUA prices, combined with an increase in demand from electrificatilt(21
DP-EP) These levels aofnergy mservedare more material, but again could potentially be agad with
greater response on the demand side (or greater interconnection).
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Figure 22 Maximum expected energy unserved, 2026 6 2030, by sensitivity *
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In the EFC scenario we have assumed that the majority of demand side response omksde
industrial consumersFigure23 shows the expected volumes of demand side response in each year of the
EFC scenario.

Figure 23 Expected demand side response from large industrial consumers
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% The graph is curtailed at 40 GWh per annum. In the EUA myopia, Demand mifoaiesport and heat electrification, all periosnsitivity the
maximum energy unserved is 423 GWh per annum.
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4.3 Flexibility

As well as the total capacity on the system, the mix of different plant types will be an important element in
ensuring security of supply. In particular, the variability of wind output will increase the demands on
flexible thermal plant in balancitige system.

At this stage it is unclear what volumes of flexible plant will be required, what types of plant will be able to
deliver it, the costs involved, and whether the current market arrangements will lead to the investment
needed. This presents aential barrier to the full decarbonisation of the electricity sector, since there

are currently few low carbon options that can provide such flexibility economically. Whilst plant fitted with
carbon capture and storage (CCS) or biomass plant may betalpiovide this role in the longer term,

there is a risk that in the shorter term additional gas plant will be built which will make future
decarbonisation more difficult.

Beyond questions surrounding whether flexible plant will be available, thereestainty as to whether

there will be sufficientwithbwd ay | i qui dity to ensure that it gets
system operator will need to take a greater role. Similarly, with the operational requirements of the

system changinthere is concern that the current market arrangements will not deliver the necessary and
appropriate type of investment.

To explore these issues further we present further detailed results from modelling 2030 in the EFC

scenario. We look at the withinda swi ngs in wind output (owind swin
from thermal plant to manage variations in demand and wind output, and issues surrounding wind forecast
uncertainty.

4.3.1 Wind swing

In Figure24, we show the dstribution (blue line) of maximum daily wind swings in 2030 under the EFC
scenario (both up and down). These are defined as the difference between the highest and lowest level of
wind output in the day. Also shown (as bars) is the average time elapseddiethe point of highest and
lowest output.
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Figure 24 Distribution of simulated daily wind swings in 2030, EFC scenario
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Daily Swing in Wind MW

In 2030, the mean daily maximum wind swing is estimated to be 5.7 GW and occurs, on average over
approximatelyl2 hours. Although, as expected, the larger maximum daily wind swings do tend to occur
over longer periods, the difference is quite small. For example, a wind swing of 12 GW in length occurs on
average over 13 hours while one 20 GW in length occurs warage over 15 hours. These wind swings
compare to demand swings of approximately 25 GW in the winter over a 13 hour period, and 18 GW in

the summer over a period of 7 hours.

In the High renewables case, when ther8%6 GW of wind capacity compared £8.6 GW in the EFC
scenarig the average daily maximum wind swing increases by 2.3 GW to 8 GW while the most extreme
swing increases from 21 GW to 28 GW.

4.3.2 Thermal ramping

We now explore whether the flexibility of plant on the system in 2030 under tR€Ecenario is sufficient

to manage the variations in demand and wind output. We assume that most of the flexibility on the
demand side is provided by CCGTs by 2030 since all existing coal plant will have closed, and coal planted
fitted with CCS will maily be running baseload.

To do the analysis, we first examine the ramping capabilities of the current CCGT fleet, as depicted in
Figure25. The chart shows the ability of the current CCGT and CHP fleet to ramp from cold based on
plant dynamic data submitted to Elexon for 2808t should be noted that gas plant would not normally be

% This data includes notice to deviatem zero and ramp rates, which are aggregated and averaged for each plant to calculate the maximum
amount of energy each plant could provide within each hour if the plant were starting from cold. For example, supposé/e 6@GT plant
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operated in this way, and this data represents the maximum ramp rate theoretically achievable. Each color
represents a different plant.

Figure 25 Ramp time from cold of the existing CCGT fleet

Existing CCGT Fleet Only

Availability, MW

Ramp Time From Cold, 2009

Based on this data, if the 18.7 GW of-dated” CCGT capacity were all sitting cold, approximately

3.2 GW could theoreticallybe availablafter onehour. By the end of the second houavailability
increasedo 7.2 GW and, by the end of the fourth hour, is 12 GW. Nearly pércentof the capacity can
be made available int®urs and all within 15 hours.

Next, we assume that all newly built CCGT plant is at least as flexible as flamsehe current fleet

remaining in 2030. This is a reasonable assumption to make given that new CCGT plant are being designed
to two-shift and respond flexibly, whereas many early generation CCGT plant were developed on the
assumption that they would @pate baseload. IRigure26, we show the corresponding ramp capability as

the red area, added to that of the (blue) existing plant.

requi r e sotide toldeviate féom zero, after which it is able to ramp at a rate oM@/minute. This plant would thus be specified as able
to provide no MWs by the close of the first hour and 600W (10 MW/minutes multiplied by 60 minutes) by the close of the sethour. These
ramp rates have been derated to account for plant not always being available and / or tripping on staftthp.existing 25 GW of CCGT plant,
data was available for only 23 GW, which derated equates to G8V7.

%" We have derated the capcities to reflect the probability that at any one time, some plant will be unavailable due to maintenance or forced
outages.
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Figure 26 Ramping capability of 2030 CCGT fleet, EFC scenario
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Overlaid on this chart are extreme wind swing (the red line) and a typical daily wind swing (the blue line).
If all CCGT plant could be brought on from cold with the response tinmeficatedby the Elexon data, the
extreme swing in wind codljust be met. The red circle highlights where the margin is tightest, just

236 MW in hour 13 In this simple illustration, we have not attempted to include the impact of reserve. By
maintaining some proportion of capacity in a warm statghich is a ealistic assumption, this will enable a
faster initial ramping, but would reduce the maximum swing capability. In reality, for the extreme wind
swing example it would probably be necessary to constrain off some wind output (particularly if the drop
off cauld be forecast), or utilise some demand side response in order to manage the swing

It is also interesting to note what happens to the capacity marginsii¢ tisea slight improvement in the
flexibility of new CCGT InFigure26thi s o6addi ti onal 6 flexibility is d
the available output of new CCGT plant. In hours 12 and 13 of the swing, the margin is now over 1 GW.

Thus, small changes in the assumed flexibility of the system can be mateniais of security of supply,
highlighting that the o0rightoé kind of capacity mu
of wind.

Figure27 plots the distribution of the maximum withiday changes in themhplant utilisation (including all
thermal plantnot just gadfired plant) in 2009, and in 2030 under the EFC scenario and other selected
sensitivities. Maximum changes in thermal plant utilisation are calculated as the ratio of maximum daily
wind swinglo maximum thermal plant availability. Note this does not consider the impact of changes in
demand as well. We examine this further below.

In 2009, the average ratio between the maximum swing in wind output and available thermal capacity is 5
percent and never exceeds 1fercent By 2030, the average is-P5 percent with the ratio in some

% partloading of plant for reserve is included in our daily market simulati®e sectiorC.1f or amore detailed description of part loading.
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cases extending beyond 1percentfor the high renewable sensitivities. In these extreme cases there

would not be sufficient flexibility from thermal plant to bhate the system and a greater response on the

demand side or through interconnectors would be necessary.

Figure 27 Ratio of maximum daily wind swing to maximum daily thermal availability,

select sensitivities
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4.3.3 Combining wind swings a nd changes in demand

So far we have looked at wind swing aloria.this section we examine wind swings combined \iliid
daily change in demana analysehe overall swing requirements from thermal planthis leads to more

extreme outomes tharwind swing alone.

In Figure28 we show the results from one simulation which has a very large change in wind output during
the day. Overnight output from wind plant reaches @€rcentof maximum capacity with the result that

there istoo much supply from nowispatchable plant to meet the low overnight demand and up to 2 GW

is spilled (probably managed by oconstrai
wind plant falls significantly at the same time as demiged.r By the evening demand peak, output from
wind plant is 1.56W compared to 26GW at the beginning of the day. Thisnd swing requires flexible

thermal to fill a gap 024.5 GW within 15 hours. Over the same period demamisesby 18 GW, meaning

that the total swing requirement from thermal plant42.5 GW.

ni

ng
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Simulated winter day, 2030, EFC scenario
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Figure28 shows that the greatest requirement for flexibility from thermal capacity wooddu if a rapid
drop off in wind output coincided witlthe morning demand ramp. However, there is a tendency for the
output from wind plant to be higher during the day than in the night, which can help to reduce the
requirement for flexibility from thermagplant. The analysis in the previous section looked at the wind
swings alone, but if we combine it with demand swings we see that the requirement for flexibility from
thermal capacity in the most extreme cases is greater, but on average the requirersightky lower.

To illustrate this, we show irigure29 the distributions of changes in output required from thermal plant

for certain sensitivities, taking into account demand swings. These are calculated by subtractitguhe o
from wind and other nordispatchable plant from the demand profiles, and assuming that thermal capacity
must meet the residual shapes.
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Figure 29 Daily change in output required from thermal plant, selected sensitivities
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This fows that for the EFC scenario the mean maximum daily change in output required from thermal
plant is actually lower in 2030 than in 2009, helped by generally lower demand, but that the tail of the
distribution is longer. In théligh demand cag@ensitiity 14-HD) there is a greater occurrence of very
high swings, although this will critically depend on the distribution of this additional demand through the
day and how responsive it is.

Figure30 plots the distribution of the raximum within day changes in thermal plant utilisation &gore
27 for selected sensitivities, but this time combining swings in demand with swings in wind output.
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