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1.1 Background - Objectives of Energy Review

Key questions for the Energy Review:

* What more could Government do in the energy sector to
ensure that the long term UK carbon reduction goal is met?

* What are the implications of increasing energy imports?

* Are there particular considerations which affect nuclear?

* Are there particular considerations which affect carbon
abatement and other low-carbon technologies!?

* What should be done to ensure every home is adequately and
affordably heated?
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1.2 Background - Objectives of study

|. To analyse expected investment behaviour in the electricity
market under different scenarios in the period 2006-2020
assuming ‘Status Quo’ energy policy

2. To identify alternative policy options which might be applied
and assess their effects relative to the Status Quo against
the following cost/benefit metrics:

— Total generation costs

— Total costs to consumers
— CO, emissions

—  Security of supply

—  Generation diversity

3. To draw conclusions relevant to the Energy Review
‘" 'ES
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I.2 Background - Study: Notes

Study scope

* In total 4 policy options were analysed in addition to the Status Quo under 5 different scenarios. This gave a total of 25 different policy
option/scenario combinations.

* The choice of key metrics for evaluating the policy options relate to the objectives of the Energy Review. Additional indicators surrounding the
performance of the different policy options are provided in the analysis.

* The main focus of the analysis was on baseload investment. The issue of investment in peaking plant is addressed on a qualitative basis.

Document outline
e The remainder of this document is structured as follows:

Section 2: outlines issues facing investors in the market

Section 3: presents the policy options that were chosen to address potential concerns surrounding security of supply, generation diversity and
CO, emissions

Section 4: describes the modelling methodology, scenarios and key input assumptions
Section 5: presents the results of the analysis and the cost/benefits of different policy options
Section 6: presents the results of analysis on sensitivities to the policy options

Section 7: presents the conclusions of the study
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2.1 Issues facing investors - overview

* Uncertain returns
— No liquid long term market to offset risk

— No clear winner in fuel pricing (but CCGT can pass on most risk to
the market)

— Load factor risk on new plant
— Uncertain demand levels

— Policy risks (CO,, planning, Government initiatives)

* Potential for generation capacity shortfall after 2015
— Closure of plant under Large Combustion Plant Directive (LCPD)
— Possible nuclear closures
— Growing proportion of intermittent renewables in the capacity mix
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2.1 Issues facing investors - overview: Notes

Issues facing investors

Investment decisions by market participants depend on an understanding of the expected return and associated risk, and the tools
available to manage that risk. It can be argued that there are significant issues around each of these areas, seen through the degree of
overall market uncertainty, the changing nature of price behaviour, and concerns around liquidity and market structure.

Market uncertainty

* The level of carbon allowance allocations (European Union Allowances — EUAs) for Phase Il of the EU ETS, for both new and existing plant,
remains uncertain, as is the future of emissions trading policy thereafter.

* The planning process is lengthy and unpredictable, particularly for potential nuclear plant.

* Market participants are uncertain as to whether the government will bring in measures to encourage new build.

* The approval of Emission Limit Values (ELV) as an option for coal fired stations and the recent decision of an additional 4 GW of plant to opt in
to the Large Combustion Plant Directive (LCPD) and fit flue-gas desulphurisation (FGD) will have reduced the near term demand for other
investment.

Price behaviour
» Structural changes and high volatility in fuel prices, and hence power prices, has made an understanding of price behaviour, and a corresponding
assessment of risk, more difficult.
* A changed dynamic between gas and coal prices has removed the clear-cut advantage of new entrant plant once enjoyed by CCGTs, leaving
potential projects much more exposed to merit order uncertainty.
* A wide divergence of views as to the likely pattern of expected new build (illustrated, for example, by the disparity between 2010 projections
from the DTl and NGC) increases uncertainty as to the level and behaviour of future prices.

Liquidity and market structure

* Liquidity in the wholesale power market has decreased, reducing price transparency, and decreasing the effectiveness of traded instruments as
risk management tools.

* Vertical integration has increased, arguably reinforcing the trends in liquidity as companies look to reduce exposure to the wholesale market
through more balanced supply and generation portfolios.

* Even within vertically integrated companies, the broad lack of longer term contractual arrangements with customers reduces the effectiveness of
a supply portfolio as a natural hedge to a generation position beyond the short term. This is especially an issue for industrial and commercial
customers, which make up the majority of total demand and which are not subject to the inertia observed in the domestic market.

* Lack of longer term fuel forward curves leaves participants without tools to hedge fuel risk beyond one to two years out.
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2.2 Issues facing investors — scarcity

* Little track record of whether scarcity of capacity will bring
forward timely investment

— First dash for gas was strategic and supported by franchise customers
— Second dash for gas was driven by historically low gas prices
— Current “dash for FGD” being driven by high gas prices

* Asymmetric risk for investment, based on scarcity alone, to
meet |&C demand

— Opver-investment likely to lead to pricing at short run marginal cost
(SRMC) levels leading to losses across portfolio

— Under-investment has limited consequences (simply offer fewer
contracts to the industrial and commercial sector in the following
year)
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2.2 Issues facing investors — scarcity: Notes

Further comments

* Since large I&C customers shop around on an annual basis (or more frequently) for their electricity, suppliers seek only short term hedges for this
part of their portfolio. (The ‘stickier’ domestic and small commercial customers support longer term hedging strategies.)

* The increasing amount of electricity indexation in supply contracts also precludes the requirement for significant forward hedging.

* Currently the large players are able to buy significant quantities of baseload electricity from the likes of British Energy or Drax to service their 1&C
customers as they secure them.

* As the volume of British Energy’s output decreases with nuclear closures, it is not clear that the vertically integrated players will be willing to
replace the baseload capacity through their own investment, given the inherent risk.
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2.3 Issues facing investors — peak

 Difficult to invest for peaks

— Dedicated peaking capacity difficult to finance
* Few (and uncertain) hours where demand peaks — hard to recover capital

 Plant likely to be out of the money at other times

— Quantified view would require further analysis

* Traditional process is to invest for baseload

— Existing written down but older plant is forced to margin because of
higher operating costs

— Process needs new entrant plant to have fuel cost advantage

— Depends on fuel price scenario; risk to new entrant load factors

ES
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2.3 Issues facing investors — peak capacity: Notes

Further comments

* There are few examples of investment in peaking capacity in the GB market since liberalisation.

* The expected return on investment is based on the expectation of very high prices for a small numbers of hours when the capacity margin is tight.
There is no guarantee when, or if, these hours will occur.

* The only open cycle gas turbine (OCGT) constructed in recent years was the Indian Queens plant. A significant proportion of the investment case
for that project was associated with locational transmission benefits and the provision of Ancillary Services.

* It is possible that other projects will be financed based on ancillary revenue streams which may provide side benefits for the peak capacity margin.

* The risk for an investor building a peaking plant from purely a merchant perspective is that it is very difficult to manage the risk associated with the
asset. Since most of the vertically integrated players have their peak domestic load covered, there may be few takers for buying high priced call
options out beyond one or two years.

* In other markets, such as Australia, where vertically integrated suppliers to the domestic market have been short peak cover there have been
greater levels of investment in new peaking capacity.

*  With high gas prices, the low efficiency of OCGT plant makes them very uneconomic relative to higher efficiency CCGTs. Oil based peaking
technologies are similarly disadvantaged in the current world of high oil prices.

* Traditionally, peak cover has been achieved by an influx of new plant built for baseload, driven by fuel price advantages, which has pushed other plant
to the margin. The case for keeping open an existing plant is generally easier than that for building new and is currently bolstered by the free carbon
allocations.
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3.1 Policy option overview

* The following policy options in addition to the Status Quo (i.e. no
measures) were considered in the analysis:

Capacity obligation certificates (COCs): A mechanism similar to
the existing Renewables Obligation (RO), designed to accelerate
investment in new capacity

Diversity obligation certificates (DOCs): A mechanism designed to
bring on stream new capacity other than CCGT or renewables

Nuclear obligation certificates (NOCs): A mechanism designed to
bring on new nuclear plant

Tendering: Government or Transmission System Operator tenders for
construction of specified quantities of new plant and auctions tolling
rights into the market on an annual basis
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3.1 Policy option overview: Notes

Choice of policy options
* The following criteria were used in deciding upon the four policy options to model:
—  The anticipated effectiveness of the policy in delivering the required result
—  The practicality of implementing the policy option
—  The cost of implementing the policy option

Minimising the amount of Government intervention required (with the exception of Tendering)
—  Minimising the ability of market participants to game
—  The likelihood of the policy option being raised by stakeholders in the Energy Review

It was recognised that there are a large number of permutations in the parameters of the selected policy options. It is not within the scope of the

study to do detailed analysis on all of these. However, in some cases a qualitative assessment of the probable impact of certain permutations is
provided in the Analysis Results section.
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3.2 Capacity Obligation Certificates (COCs)

e Stimulate investment in new capacity by placing obligations on
suppliers to buy capacity rights pro-rata to actual energy sales
* Similar mechanism to Renewables Obligation:

— COC target set to achieve a specific energy margin (annual available
TWhs over annual demand quoted as a percentage)

— Buy-out price set to provide sufficient incentive to stimulate new build
— Only new capacity qualifies (including renewables)
— Plant are rewarded based on proven annual availability

— The mechanism rolls forward and there is a cut-off period for each
plant to prevent the mechanism becoming ‘silted up’ i.e. to prevent
further subsidies to plant that have already earned a sufficient return
on investment

*"'ES
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3.2 Capacity Obligation Certificates: Notes

Implementation

* It is assumed that generators would qualify for COC:s if they could demonstrate a certain level of availability during the year. The exact mechanism
for how this would be done is not within the scope of this study.

* This is preferable to awarding COCs to new plant by MWh generated because that approach would mean that new plant could run ahead of old
even where fuel and carbon prices would dictate otherwise.

* Focusing COCs on new build has the following considerations:
—  The policy is likely to be cheaper (because eligibility for COCs is much reduced)
— It would specifically support new investment

— It could hasten the closure of older existing plant because the earlier build of new plant will reduce returns generally in the generation
sector.

Alternative implementation

* The alternative policy would be to allow COC:s for all plant. This has a similar effect to free carbon allocations (with an equal New Entrant Reserve)
under EU ETS.

—  COG:s for all plant would be likely to create windfall gains for existing generators

—  To the extent that windfall gains were competed away through lower commodity prices, COCs applicable to all plant would be ineffective
in promoting investment. This may occur if the required volume of COC:s is less than the amount of new build the market would have
delivered anyway, or if incumbents used market power deliberately to keep prices below new entry levels.

—  COCG:s applicable to all plant would however be likely to promote the continued availability of older plant which might otherwise be
uneconomic to keep open for the peaks. Quantitative review of this issue is outside the scope of this study. However under the policy
option sensitivities we examine the impact of free carbon allocations (which have similar effects to COCs) in subsiding existing plant.

Parameters used

* Target: 35% energy margin (equivalent to current levels).
* Buy-out price: £12/hr for every MW of installed capacity (calculated per annum assuming baseload operation).
* Cut-off period per plant: 10 years.
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3.3 Diversity Obligation Certificates (DOCs)

* Designed to stimulate non-CCGT investment

* Similar to COCs mechanism but targeted at specific volume
of non-CCGT generation investment

e DOC features:

— All new plant other than gas-fired and renewables (already rewarded
under ROC:s) qualify

— Buy-out price set to make non gas technologies economic
— Plant are rewarded based on proven annual availability

— The mechanism rolls forward and there is a cut-off period for each
plant to prevent the mechanism becoming ‘silted up’

*"'ES
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3.3 Diversity Obligation Certificates: Notes

Implementation

* It is assumed that generators would qualify for DOC:s if they could demonstrate a certain level of availability during the year. The exact mechanism
for how this would be done is not within the scope of this study.

* This is preferable to awarding DOCs to new plant by MWh generated because that approach would mean that new plant could run ahead of old
even where fuel and carbon prices would dictate otherwise.

* The idea of DOCs is to promote diversity because, under the status quo, CCGTs are favoured even when the economics look marginal. This is
because it is a proven technology in the GB market and there is currently a high degree of correlation between electricity and gas prices offering a
natural hedge not enjoyed by other technologies. Even if this correlation were to break down because coal became the main price setting
technology (i.e. had higher short run marginal costs than gas), the result would be that CCGTs would be able to extract a rent in addition to the
spark spread.

* The policy is designed to allow the market to determine the most economic technology away from gas.

* However, the type of station promoted by DOC:s is likely to be sensitive to the evolving price profile of the obligation because of the differing lead
times of the differing technologies. DOCs with a high level of obligation in the early years will bring forward coal; where the obligation rises at a
later date, nuclear and/or sequestration may be more favoured.

* Fine tuning the design of DOCs against specific policy objectives is outside the scope of this study.

Parameters used

* Target: 10% of annual demand to be met from new non-gas fired technology by 2009, rising to 25% by 2020.
* Buy-out price: £15/hr for every MW of installed capacity (calculated per annum assuming baseload operation).

* Cut-off period set at |3 years for coal plant, 20 years for nuclear plant (to reflect the different typical economic lifetimes of the different
technologies).
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3.4 Nuclear Obligation Certificates (NOCs)

* Similar to DOCs, but only new nuclear plant is
eligible:

— Target set for an increasing proportion of annual demand
to be met by new nuclear plant

— Buy-out price set to make nuclear economic
— Plant are rewarded based on proven annual availability

— Other measures implemented to speed the planning and
application process for new nuclear plant

*"'ES
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3.4 Nuclear Obligation Certificates: Notes

Implementation

* It is assumed that generators would qualify for NOC:s if they could demonstrate a certain level of availability during the year. The exact mechanism
for how this would be done is not within the scope of this study.

* The policy has been implemented in the same way as DOCs with generators only receiving credit for their DOCs once they become operational.
There would be no NOC:s in the market in the initial years, and hence suppliers could not be expected to yield NOCs until the first new nuclear
plant became operational. A transitional scheme may be required to fund nuclear development during the construction phase and lessen the risk of
a policy change before the plant becomes operational.

* For simplicity, the same targets have been used as for DOCs although due to the long lead times of new nuclear plant it would take a considerable
number of years before the target could be met.

Parameters used

* Target: 10% of annual demand to be met from new nuclear capacity by 2009, rising to 25% by 2020.
* Buy-out price: £15/hr for every MW of installed capacity (calculated per annum assuming baseload operation).

* Cut-off period per plant set at 20 years.
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3.5 Tendering

* Government or TSO intervenes in the market by tendering
for construction of specified new capacity and auctioning
tolling rights to the market on an annual basis

* Tendering is used to promote greater supply security and
generation diversity

* The main analysis centred around tendering for baseload
capacity, although the option of tendering for peak capacity
only was also considered as a sensitivity
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3.5 Tendering: Notes

Implementation

* Government or TSO invites tenders on a per kWV price, delivery date basis for construction of new capacity including operations and maintenance
cover but not including fuel or CO, allowances.

* Tendered plant initially allocated zero CO, allowances.
* Government or TSO pays for plant according to tendered price.

* Periodically the Government or TSO auctions tolling rights on an annual or multi-annual basis, either with appropriate CO, held back from
allocation (if other plant has free allocations) or without CO, on the basis that the successful bidder can buy CO, in the next Government auction
or the open market.

* Net cost of scheme charged or (if negative) rebated to Government expenditure or (if TSO does tendering) to suppliers and hence consumers
through a transmission charge adjustment.

» This approach limits the intervention implicit in tendering to an intervention in the capacity market; the Government or TSO does not take a
position in commodity markets.

Parameters
* In the analysis the following plant is tendered:
— 2 GW of advanced super-critical (ASC) coal to start construction in each of 2007, 2008, 2009
— 2 GW of integrated gas combined cycle (IGCC) coal plus sequestration to start construction in each of 2008, 2012
— 1.2 GW of nuclear tendered to start construction in each of 2012, 2013, 2018 and 2019
—  Total of 14.8 GW over |5 year period

* It is assumed in the analysis that the TSO is the tendering party and that profits or losses are smeared back to consumers through transmission
charges.

* In the peak capacity sensitivity, which was analysed only against the DTI Base Case, 4 GW of OCGT capacity was assumed, to become operational
in 2016.
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3.6 Other policy considerations

The following policies and actions are also relevant:

*  Carbon market policy

—  Free allocations to new entrants significantly improve the economics of new
plant; the New Entrant Reserve has similar effects to COCs

. Information

— Visibility of CO, policy going forward and a consensus on demand
projections would reduce perceived risk but may be difficult to achieve

. Market structure

— Market fragmentation might promote liquidity and attract investment;
conversely, further market consolidation could reduce risks for incumbents
also leading to greater levels of investment

*  Generator or buyer consortia

*  Faster planning
— Has little impact on CCGTs because of existing consents pipeline

— Probably a necessary condition for nuclear
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3.6 Other Policy Considerations: Notes

Carbon allocation

* To separate the impact of carbon allowance allocation policy from other policy options, the analysis assumes that all allowances are auctioned, starting
from Phase Il. We have shown some illustrative effects of maintaining the current policy of free allocations plus New Entrant Reserve in the Analysis
Results section. We have also analysed the impact of implementing a mechanism that effectively places a floor on the carbon price.

* In broad terms, free carbon allocations for new plant act like COCs. However, the free allocations for existing plant, withdrawn on closure, also have
the effect of prolonging the lives of otherwise uneconomic plant, improving peak capacity margins (which is not always the case for COCs). The
effectiveness of the free carbon allocation policy in incentivising new plant build will depend on the carbon price and the forward visibility of the
arrangements, and is dependent on how the Directive evolves which is outside of the Government’s direct control. Hence, relying on free allocation
of carbon allowances as a mechanism for promoting new build is risky.

Information
* Better information would reduce risks.
* Information on future carbon policy and pricing is difficult to obtain because it depends on international negotiations.

» A greater consensus on demand views might be achievable, at least in respect of the medium term, though this is inhibited by differing views of the
impact of current energy saving and renewables programmes.

Market Structure

* The current market structure removes the need for liquid long term markets (because integrated players have self-hedging capability) but has
insufficient oligopolistic power for significant pricing risks to be passed on to consumers, except where these reflect general market position.

* A more fragmented market is unlikely to be better for investment — the experience of the 2002 price crash and associated insolvencies showed the
fragility of an apparently liquid forward market. A more oligopolised market could increase the appetite for risk of the remaining players, at the
expense of higher margins.

Generator or Buyer Consortia

+ If all the generators club together to make an investment, it transfers the risk to consumers. However, the effect is not much different to that of
capacity or diversity obligation certificates, which also serve to transfer risk from market participants to consumers.

* If consumers club together to buy output from a new plant, this can remove market risk for the generator to the extent that the consumers’ long
term credit is good. The problem is whether consumers will want to take the risk of their energy costs being different to those of competitors ‘not in
the club’, and whether they feel comfortable with collective buying on competition grounds.

Planning

» Streamlined planning procedures could reduce plant build lead times but may be politically challenging to achieve. Where planning costs are
reasonable, market participants can build up a bank of reserve permissions which await the right financial conditions. This has happened in recent
years with CCGTs.
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4. Cost/benefit analysis framework
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4.1.1 Modelling Approach - Overview

|. Model Set-up ! 2. Run Set-up 3. Run Model 4. Output Results
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4.1.1 Modelling Approach - Overview: Notes

Models deployed

. The following models are used in the modelling process:
—  Investment Decision Model (IDM)

PLEXOS

—  Stochastic IDM

—  Loss of Load Probability (LOLP) model

. The IDM models the investment decisions of market participants under different scenarios and
policy options. It produces a profile of new build capacity that is uploaded into PLEXOS.

. PLEXOS is used for detailed annual modelling of the electricity market taking into account
short run marginal costs, demand, generation constraints and the competitive market
dynamics.

. Based on the results of the PLEXOS modelling, reiteration takes place with the IDM to update

expected prices and to retire existing plant that have become uneconomic in the
scenario/policy option combination. The IDM and PLEXOS are subsequently re-run.

. A stochastic version of the IDM is used to calculate the risk premia of different generation
technologies for different investors under each scenario.

. A stand-alone loss of load probability (LOLP) model is used to estimate the unserved energy
and probability of the need for load curtailment in each scenario/policy option combination.

Scenarios/policy options

. 5 different policy options (including the ‘business as usual’ case termed Status Quo) are modelled under 5
different scenarios.

. This gives a total of 25 different results.

. Additional sensitivities are also modelled.
Modelling time horizon

. The modelling time horizon is 2006-2020.

. In addition, the IDM is run out to 2025 to show the impact of build decisions late in the modelling time
horizon post-2020.

Generation technologies
. CCGT category is assumed to include investments in large scale CHPs.

. New nuclear plant have a theoretical unit size of 1200MW, with costs based on Framatome’s European
Pressurised Reactor (EPR) and the Westinghouse AP1000.
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New generation technologies
modelled

CCGT

Advanced supercritical (ASC) coal

Integrated gas combined cycle
(IGCC) coal

ASC Coal with sequestration

IGCC Coal with sequestration

Nuclear

Onshore wind

Offshore wind

Biomass (energy crops)

Investors modelled

Nuclear generator

Vertically integrated companies

Independent generators

Oil Major

Developer

Niche renewable

TSO/Government (Tendering only)




4.1.2 Modelling Approach - Investment Decision Model
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4.1.2 Modelling Approach - Investment Decision Model: Notes

IDM methodology Expected price formation

. The IDM models the investment decisions of different companies
by comparing their risk adjusted long run marginal costs to an Expected price T
expected price level.
. The expected price is based on a combination of the previous :)v:ii); —

year’s outturn price and the 5 year forward projection of price
related to the anticipated energy margin (taking into account
consented plant). This is shown schematically in the diagram to
the right. The expected price is evolved as the model runs

forward.
New entrant
. The fuel element of the long run marginal cost calculation Price (lowest cost
assumes a price based on the average of the forward 5 year technology) \
prices.
SRMC —_—
Building plant (marginal plant)
. Planning/decision and construction times for each technology are
included in the model. Threshold | Threshold 2 Threshold 3
. If the technology is economic for an investor it will move into the

planning phase. If it remains economic throughout the Energy margin = Available TWh — Demand (annual basis)

planning/decision timeframe it will be committed and become
operational at the end of the construction period. If it becomes
uneconomic during the planning/decision phase the planning
process restarts.

. Limits are placed on the amount of capacity each company can *1
have under construction by technology type and in total. 30

25 |

Other parameters 3]
. The IDM includes a model of the Renewables Obligation 15
Certificate (ROCs) market. 101

. It also includes models of the different markets surrounding the ]

A === E

Example plant build profile

40

a

=]

o

o

o

policy options.

o

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
[] Planning O Under Development B Operational
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4.1.3 Modelling approach - Calculating hurdle rates

* Risk premium added to required price
(LRMC) to reflect uncertainty of input
variables

* Key uncertainties

— Fuel prices I Qrisk x WACC &

Risk premium

— Electricity prices
— Carbon allocations/prices
— Construction costs/times
— Annual fixed operating costs
— Subsidy prices
— Decommissioning costs |
Mean 99%

* Risk premlum (£/MWh) = >

Company WACC * (Required Price at 99% percentile — Required price
mean)

* Hurdle rate (%) =

Internal rate of return based on risk adjusted required
price

Probability
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4.1.3 Modelling approach — Calculating hurdle rates: Notes

Restrained Demand 2006 assumptions

Triangular Normal
stochastic Varia_bles Capital costs Min Median |Max Variable Operating
CCGT 0.9 | 1.1 Costs SD
. Distributions vary between scenarios and over time. Tables on Coal (ASC) 09 [ 12 CCCT 5%
i : ; : Coal (IGCC) 09 I 13 Coal (ASC) 20%
the right show assumptions for Restrained Demand in 2006. Coal (1IGCO) 20%
Coal (ASC) + Seq 0.9 | 2 Coal (ASC) + Seq 30%
. Standard deviations surrounding fuel prices greater in Volatile Coal (IGCC) + Seq 09 ! 2 Coal (1GCC) + Seq 0%
Nuclear 0.9 | 2.5
1 ili i Nucl 35%)
World. Carbon (EUA) price volatility greater in DTI Base Case. Onshore wind 05 | o Nuder >
. Construction risks surrounding nuclear, sequestration and Offshore wind 09 ! L6 Offshore wind 5%
. L. . . Biomass 0.9 | 1.3 Biomass 20%
offshore wind decrease significantly by 2020 in all scenarios.
. . . . Triangular
. The impact of uncertain revenues is accounted for by adding the 8
.. .. . . Decommissioning
variation of electricity prices around a mean level to the required [ Min Median |Max
price. Nuclear 0.9 [ 5
. Vertically integrated companies with a short position (relative to Normal
their domestic load) are assumed to be exposed to the less Subsidies Sb
. . . e . . . ROCs 30%
volatile retail electricity price thus lowering their hurdle rate oc. o
relative to independents who are fully exposed to the wholesale DOCs 30%
price.
f . . Lognormal
. Retail market shares are based on Ofgem’s Domestic Retail =
uel prices SD
Market Report, September 2005. Gas 30%
. .. . Coal 15%)
. Correlations between gas and electricity vary between scenarios: Biomass %
—  Lower in Steady Growth and Volatile World by 2020 as the g“ct',e'“" ;gz
arbon 0
proportion of gas fired generation decreases
Lognormal
Electricity prices |SD
Wholesale 30%
Retail 20%)
Normal
[Carbon allocation [Mean  [SD |
Jan | 50%| 30%|

Correlation matrix

'Wholesale
Gas Coal Carbon Retail elec

elec

Gas 100%

Conl 30% 100%

Carbon 30% 30% 100%)

P [Wholesale clec 80% 40% 50%) 100%
® L] E S Retail clec 80% 40% 50% 100% 100%
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4.1.4 Modelling Approach - PLEXOS

o* 'ES

I Energy Strategies

Demand profile
Demand growth

Energy efficiency growth
Macroeconomic
assumptions

* Non fuel variable costs
» Contract obligations

* Environmental limits

* Fuel price forecasts

Plant operating
characteristics
Industry structure
Competitive behaviour
Plant capacity

Offer price = SRMC

|

Market simulation

|

Plant dispatch levels

|

Initial scenarios results

|

Consistency audit

|

Revised plant offers

v

A

_—

Price projections

Short Run Marginal Costs
Long Run Marginal Costs
Player profitability

-~

Plant dispatch patterns and load
factor

Optimal portfolio operation
Fuel burn

SO,, CO, and NOx emissions

Marginal price setting
Pumped storage
operation

Import /export flows
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4.1.4 Modelling Approach - PLEXOS: Notes

About PLEXOS

. PLEXOS for Power Systems is an advanced power market modelling tool, incorporating a number of alternative pricing algorithms ranging
from marginal cost pricing through to game-theoretic approaches.

. At the heart of PLEXOS lies a dispatch ‘engine’ based on a detailed representation of the supply and demand fundamentals and the market
constraints which combine with the price setting algorithms.

. The methodology underlying PLEXOS is that dispatch is determined on a bid-price basis, rather than a marginal cost basis. Hence the
PLEXOS pricing algorithms interact with the dispatch engine by adjusting generator bid prices in an iterative manner.

Calculation of SRMC

. The SRMC for each plant is calculated from heat rates, fuel costs, transportation costs, non-fuel variable operating costs and carbon costs.
The SRMC forms the starting point for a generator’s offers into the market.
. The model also incorporates a number of specific constraints which must be met. These include:
- Min and max annual generation limits for CHP plant
- Biomass burning limits for co-firing coal plant
- SO, constraints (both pre-2008 and in accordance with the LCPD from 2008)
- Take-or-pay must run constraints on some gas-fired CCGTs
. Since plant are scheduled to meet these constraints, the ‘perfectly economic’ merit order will be somewhat distorted, hence raising the
overall system marginal generation costs.

Competitive behaviour

. The calculation of each plant’s SRMC is the first step in determining prices. Key inputs to PLEXOS are a metric to assess the
‘competitiveness’ of the market, together with target equity returns for each generator. A complex heuristic algorithm will then revise the
SRMC offer levels in order to try and increase the profitability of each company’s portfolio. It is important to note that equity recovery
takes place at the portfolio level, and hence some plant may see a reduction in load factor if the net result is to increase overall profits.
There are a series of iterations between generator offers and plant load factors, before the final solution is derived.

Outputs

. The key outputs that PLEXOS produces used in this analysis are: time and demand weighted electricity prices, generation costs, output by
plant type and company, CO, emissions, and plant and company level profitability.

‘ES
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4.1.5 Modelling Approach - LOLP Model

* Stochastic simulation of peak
plant availability and demand

* Model calculates:
— Expected unserved load .

— Probability of a need for load
curtailment (probability of loss of
load in at least | hour of the year)

— Maximum individual loss in any hour

Available

Demand .
capacity

A

* Can be run with independent
plant outages or with correlated
plant outages to test the value of
diversity

*"'ES

Lost load
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4.1.5 Modelling Approach — LOLP Model: Notes

Modelling details

. For all non-wind plant, discrete distributions are used to model Plant peak availability distributions
the plant being fully available or incurring an outage.

. For wind plant, triangular distributions are used, giving an average Distribution |Max avail _[Temp effect |Min Adjmax_ |Prob Min _|Prob Max
. T o CCGT Discrete 100% 3% 0% 103% 5.00% 95.00%
wind availability of 33%. -
Coal Discrete 100% 3% 0% 103% 5.00% 95.00%
. A temperature adjustment is made to thermal plant since higher Gas turbines Discrete 100% 3% 0% 103% 500%|  95.00%
output levels are normally achieved in colder weather at times Pumped storage |Discrete 100% 0% 0% 100% 1.00%|  99.00%
when demand is h|gh Onshore wind  |Triangle 100% 0% 0% 100%
L Offshore wind Triangle 100% 0% 0% 100%
. Interconnectors are assumed to have a 99% availability. - ane > > > >
Qil Discrete 100% 3% 0% 103% 5.00% 95.00%
. For testing the value of diversity: Nuclear Discrete 100% 0% 0% 100%|  10.00%|  90.00%
— i i 9 Biomass Discrete 100% 3% 0% 103% 5.00% 95.00%
It is assumed that output from wind plant are all 100%
correlated. CHP Discrete 100% 3% 0% 103% 5.00%|  95.00%
" o 0 0 0 o 0
—  For gas plant an additional simplified fuel constraint is modelled ~|!nterconnector  |Discrete 100% 0% 0% 100% 1.00%]  99.00%
to capture the possibility of a gas supply problem:
. 1% probability of 20% reduction in available gas supply to the
generation sector in each hour
. 0.5% probability of 40% reduction in available gas supply to
the generation sector in each hour
. No correlation between hours
. The possibility of running on back-up fuel (gas oil/distillate) is
not included in this simple analysis
- This has greater impact in the scenarios with low generation
diversity and high reliance on gas
Standard deviation of demand (business days)
Hour I 2 3 4 5 6 7 8 9 10 I 12 13 14 15 16 17 18 19 20 21 22 23 24
an 2.96%) 3.47%| 391% 4.49% 5.08% 6.72% 11.86%) 16.82% 13.23% 10.36% 8.53% 7.43% 7.22% 7.75% 8.04% 8.10% 7.68%) 5.92% 5.83% 5.79% 5.67% 5.00% 3.78%| 3.24%
Feb 3.04%| 3.48%| 4.11% 4.82% 5.30% 6.37%) 10.65% 14.47% 11.28% 9.20% 7.74% 7.28%) 7.11% 7.62% 7.96% 8.24% 8.40% 6.12% 5.14% 5.24% 5.32% 4.85% 3.69%| 3.19%
Mar 7.39% 8.00% 9.43% 9.67% 9.34% 9.81%) 13.53%) 14.86% 11.76% 10.31% 9.61%) 9.51%) 9.71% 10.38% 11.12% 11.62% 11.83%) 10.90% 9.59% 8.33% 8.44% 8.23% 8.20% 8.45%)
Apr 3.50%| 4.34% 4.74% 4.96% 6.40% 11.15%) 14.49% 12.48% 10.22% 8.94% 8.60% 8.73% 9.83% 10.51% 10.81% 10.64% 891%) 781% 7.07% 6.58% 5.60% 4.89% 4.30% 11.14%)
May 4.90% 5.70%) 5.84% 6.64% 8.15% 12.94%) 16.02%) 13.34% 10.88% 9.53% 9.16%) 9.04%) 10.04% 10.66% 11.02% 11.17% 9.68%) 8.46% 7.98% 8.21% 6.88% 5.05%) 4.04%) 4.28%)
un 2.96%) 3.49%| 3.89% 4.70% 6.67% 11.60%) 14.60% 12.41% 10.09% 871% 8.48% 8.54% 9.50% 10.11% 10.43% 10.25% 8.51%) 7.22% 6.41% 5.97% 531% 4.44% 3.83%| 3.54%
ul 3.58%| 3.97%| 4.60% 5.42% 7.47% 12.54% 15.64% 13.41% 11.19% 9.59% 9.24% 9.32% 10.24% 11.03% 11.28% 11.24% 9.62% 8.37% 7.40% 6.86% 6.10% 4.90% 4.25%) 3.68%
Aug 3.17%| 3.44%| 3.92% 4.39% 5.03% 7.19% 11.23% 13.77% 12.70% 10.68% 9.37% 9.03% 9.10% 10.06% 10.91% 11.06%) 11.24% 9.54% 8.73% 821% 8.26% 5.98% 4.97% 4.28%)
Sept 2.02% 3.14%| 3.57% 381% 4.24% 6.26% 12.39% 15.60% 12.12% 9.68% 8.46% 8.24% 8.33% 9.24% 9.92% 10.37% 10.43% 8.68% 831% 7.84% 5.99% 5.11%) 3.85%| 3.10%]
Oct 20.27%| 3.60% 4.39% 4.66% 5.32% 7.25%) 13.14%, 17.47% 14.41% 11.15% 9.17%) 8.56%) 8.21% 8.99% 9.74% 9.93% 10.05% 8.53% 7.34% 6.17% 5.99% 5.27%) 4.34%) 4.04%)
Nov 7.39% 8.67% 9.99% 11.20% 11.61% 11.18%) 10.77%, 12.97% 16.23% 12.73% 10.41%) 9.09% 8.59% 8.52% 9.15% 9.63% 10.12%) 8.72% 7.10% 7.43% 7.86% 7.76%) 7.37% 6.94%|
Dec 4.34% 3.47%| 4.59% 5.06% 5.40% 5.88% 7.19% 11.75% 16.38% 12.83% 9.99% 8.65%) 8.27% 7.87% 8.52% 9.40% 10.23%, 10.37% 10.09% 9.79% 9.21%) 8.71%) 7.46%) 5.42%|

Based on 2005 outturn demand
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4.1.6 Modelling Approach - Policy options

* Each policy option is designed to
address an issue in a specific scenario
* The qualification rules and market for

obligation certificates are modelled in
the IDM

* The expected market price is
modelled using the simple function

illustrated on the right:

— Below target: linear relationship between
% shortfall and premium above buy-out
price

— Above target: price collapses to zero at a
specified % above target

o* 'ES
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4.1.6 Modelling Approach — Policy options: Notes

Design of policy options

There are a large number of permutations of how each policy option can be defined in terms of
buy-out prices, target levels, qualification and roll-off rules. The parameters used in this analysis
are described in Section 5.

The table on the right illustrates which scenarios were used to design each policy option.

By then keeping the parameters the same when applying the policy option to the different
scenarios, the impact of implementing a policy option without knowledge of how the market will
develop in future can be analysed.

Modelling considerations

The expected price of obligation certificates is evolved in the model in exactly the same way as
the expected commodity price using a combination of outturn prices and forward five year
expectations. The amount of qualifying plant being planned influences investors’ expectations of
future prices.
The price of obligation certificates is expected to collapse to zero at the following percentages
above target:

- DOCs: 30%

- COCs: 10%

- NOCs: 30%

Scenario designed against

Policy option

Scenario

Capacity Obligation
Certificates

Volatile World

Diversity Obligation
Certificates

Third Dash for Gas

Nuclear Obligation
Certificates

Restrained Demand

Tendering

Volatile World

‘ES
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4.2 Cost/benefit analysis - metrics

Metric Definition

I Total generation costs | The net present value of the total costs of generation including
(2006-2020) variable generation costs, annual fixed costs and annualised
capital costs, over the modelling horizon.

2 Total consumer costs | The net present value of total costs to consumers including the
(2006-2020) cost of different policy options.

3 CO, emissions Annual average emissions of CO, from the power sector over
(2006-2020) the study period.

4 Supply margins The minimum energy margin (annual plant availability less annual
(2006-2020) demand quoted as a percentage of annual demand), and the

minimum peak capacity margin (peak plant availability less peak
demand quoted as a percentage of peak demand).

5 Generation diversity The percentage capacity of the most dominant fuel/technology,
(2020) and the two most dominant.

. L ]
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4.2 Cost/benefits analysis - metrics

Total generation costs

. The variable generation costs are comprised of fuel costs, fuel transportation costs, non-fuel variable costs, and carbon (assuming carbon is
priced at its full opportunity cost). It also includes the cost of exported power (i.e. power generated in GB) but does not include the cost
of purchasing imported power. Losses are excluded from the variable costs.

. Annual fixed costs include operations and maintenance, rates, salaries, network connection charges and insurance. These costs are
incurred by all plant on the system irrespective of whether they generate or not.

. The annualised capital costs are only included for new plant from the year they are commissioned until the end of the study period. The
generation costs do not include the capital cost assumptions for plant already operating.

. An allowance for decommissioning is included in the annualised capital costs of nuclear plant.

. A discount rate of 3.5% is used to calculate the NPV of generation costs.

. Generation costs include the costs of subsidies where they make up part of the investment costs, and are equivalent to resource costs as

defined in the Energy Review Guidance document.

Total consumer costs

. The total annual consumer costs are calculated from the demand-weighted electricity price in each year, multiplied by total demand. In
addition the cost incurred by consumers (expressed in £/MWh) to fund each of the policy options (including the cost of the existing
Renewables Obligations Certificate scheme) is included.

CO, emissions

. The CO, emissions are from plant defined as power stations under the EU ETS sector definition. This definition excludes the CO,
emissions from Lynemouth and some other smaller CHP plant.

Supply margins

. In calculating the annual energy margin, account is taken of the availability of plant. The most significant limits are:
- LCPD opt out plant limited to a 28.5% annual load factor (proportionally higher for plant that shut earlier than 2015)
- Onshore wind and offshore wind assumed to have 30% annual availability.
- Thermal and nuclear plant annual availabilities in the range 80-87% reflecting annual maintenance and unplanned outage.
- Interconnectors are excluded from this metric

. Different peak availabilities are applied to calculate the peak capacity margin. The following assumptions are made:
- A 5% derating from the installed capacity of thermal plant
- The French and future Norwegian interconnectors are included with a 5% derating

® °«* "’ ES - Wind plant are assumed to be 30% available at peak
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4.2 Cost/benefit analysis - net cost/benefit

* In order to compute a unified financial measure to compare
the net cost/benefit of each policy option relative to the
Status Quo the following methodology is used:

— Defining the underlying costs (the ‘resource’ costs) as the total
generation costs (rather than the consumer costs)

— Replacing the costs of the EUAs in the generation costs with a
social cost for the carbon dioxide emissions

— Adding the cost of unserved load by estimating the volumes of

unserved load at different levels of supply margins and applying a
value of lost load (£15,000/MWVh)

— Adding in the increased risk of unserved load due to correlated gas
plant outages and wind plant availabilities

*"'ES
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4.2 Cost/benefit analysis - net cost/benefit

Net cost/benefit calculation

. The net cost/benefit is the net present value (2006) of the total benefits less the
total costs across the study period (2006-2020) using a discount rate of 3.5%

. The three components of the net cost/benefit calculation are:

- Generation costs (higher —ve, lower +ve): including SRMC costs (including the cost
of carbon allowances - EUAs), annual fixed costs and investments costs for new
plant

- Carbon emissions (higher — ve, lower +ve): cost/benefit of higher/lower carbon Social cost of carbon (central case)
emissions monetised at the difference between the social cost of carbon and the
EUA cost already captured in the generation costs.

- Improved security of supply (higher cost of lost load —ve, lower cost of lost load ’///
+ve). This includes the quantification of the value of security and the value of 2

diversity. 204

£/MWh (2006)
30

Social cost of carbon 151

. The DTI’s central view is used for the social cost of carbon shown in the graph 101
on the right. 5

2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Quantification of value of security
. A value of lost load of £15,000/MWh (real 2006) was used.

Quantification of value of diversity
. In the quantification of value of security analysis it is assumed that plant availability is
uncorrelated. Hence from a security of supply perspective it does not matter
which technology type is built.
. In order to quantify the cost of low diversity, the analysis is rerun with the
following assumptions:
- 100% correlation in wind output
- 1% probability of 20% reduction in available gas supply to the generation sector in
each hour
- 0.5% probability of 40% reduction in available gas supply to the generation sector
in each hour

No correlation between hours

- The possibility of running on back-up fuel (gas oil/distillate) is not considered
*
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4.3 Scenarios

Restrained Demand: A world where demand served from the transmission grid is
steady or falls through a combination of effective energy efficiency measures and growth
in embedded generation. Lifetimes of nuclear plant (other than Magnox) are extended
and availability increases from current levels. Based on the revised DTI’s UK Energy and
Emissions Projections (UEP) case.

Steady Growth: A world of relatively high gas prices, improving clean coal economics,
loose post-2012 carbon emissions constraints and continuing electricity demand growth.
Further consolidation amongst energy companies.

Third Dash for Gas: Falling gas prices leading to competition to build next generation of
CCGTs to replace anticipated plant retirements.

Volatile World: A world characterised by high and volatile fuel prices,

especially gas, coupled with strong environmental concerns and hence tight post-2012
carbon emissions constraints. Further market consolidation as some players exit the
market.

DTI Base Case: An update to Restrained Demand using some DTIl modelling
assumptions on fuel prices (which are higher), and electricity demand (which is higher
long-term). This scenario is labelled the DTI Base Case because it uses DTI central
modelling assumptions on future fuel price and electricity demand. It does not necessarily
represent the DTI’s view of the most likely scenario outcome.
o* " 'ES
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4.3 Scenarios: Notes

Scenario characteristics

Restrained
Demand

Steady Growth

Third Dash for
Gas

Volatile World

DTI Base Case

Fuel prices

Significant falls from
current levels.

Falls from current levels.

Significant falls from
current levels.

Remaining high and
volatile. Very high
carbon prices.

Falls from current levels.

Technology costs

Falls in nuclear and
offshore wind costs.

Significant falls in
sequestration costs.

Falls in nuclear and
offshore wind costs.
Significant falls in costs
of new coal technologies
Significant falls in
sequestration costs.

Falls in nuclear and
offshore wind costs.

Significant falls in
sequestration costs.

Falls in nuclear and
offshore wind costs.

Significant falls in
sequestration costs.

Falls in nuclear and
offshore wind costs.
Significant falls in
sequestration costs.

Demand

Initial falls from current
levels before growing
again post 2010.

Growth at historical
trend levels.

Growth at historical
trend levels.

Continued growth but
some demand side
response to high price
levels.

Initial falls from current
levels before growing
again post 2010.
Stronger growth than
Restrained Demand.

Plant retirements

Determined by
economics of scenario.

Determined by
economics of scenario.

Kingsnorth and Tilbury
assumed to be
retrofitted and extended
beyond 2015.

Determined by
economics of scenario.

Extensions of Hartlepool
and Heysham | to 2019.

Determined by
economics of scenario.

Market structure

No significant further
consolidation.

Further consolidation of
the market.

No significant further
consolidation.

Further consolidation of
the market.

Further consolidation of
the market.

Note: This assumption was made in order to isolate the impact of carbon allowance allocation policy from other policy
options and does not represent Government intentions. The Directive provides for a maximum of 10% auctioning in
Phase Il. Alternative allocation policies are examined in the policy option sensitivity section.
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4.4.1 Input assumptions - fuel prices

Gas Crude

p/th (Real 2006) $/bbl (Real 2006)
80 80
70 A 70 4
60 - 60 -
— Steady Growth — Steady Growth
50 A . . 50 A . .
— Restrained/Third Dash /\ — Restrained/Third Dash
40 - — Volatile World 40 - vV V — Volatile World
—DTI Base Case —DTI Base Case
30 30 4
20 4 20 4
10 4 10 4
0 — 0 — T
PG S-SR SRR, PRI T SIS S WS S SR R, W, O S % PR S-SR SRR I TN SN S WS S SR, VR, N S 2%
R S G NG G S G S S Y R G N G S S S

$/t (Real 2006) Coal €/tCO2 (Real 2006) Carbon (E UAS)

80 70
70 + 60
60 -
501 — Restrained
o — Steady Growth Demand/Steady
—_ i i Growth
Restrained/Third Dash 40 — Thtash for Gas
40 4 — Volatile World
—DTI Base Case 30 | — — Volatile World
30 A
20 4 —DTI Base Case
20 A
10 10 1
0 — T T T T T T T T T 0 — T T T T T T T T T
P L PO O DI D >O O L QOO DD DO P RO DI P LLL XD PP
S S S S S S S S DR g S S
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4.4.1 Input assumptions — fuel prices: Notes

Basis for fuel price assumptions

. Restrained Demand and Third Dash Gas fuel price assumptions based on DTI’s low case — February 2006. (Note different EUA price
assumptions between the two scenarios.)

. Steady Growth assumptions based on DTI’s central case — February 2006.

. DTI Base Case based on DTI’s central views — April 2006.

. Volatile World assumptions created as a specific scenario for this study to test the impact of high and volatile fuel and EUA prices.
. Prices are real in 2006 money.

Other fuel price input assumptions

. Foreign exchange rates the same in all scenarios and flat throughout study period:
- $£-17
- €£-14
. Biomass costs: 2.0 £/GJ in all scenarios constant across study period. Based on energy crops — averaged across several sources.

‘ES
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4.4.2 Input assumptions - technology costs

Investment costs (2006) Investment cost reductions by 2020
£/kW (2006 real)
2000
1800 4 Technology Restrained Steady Third Dash Volatile DTI Base
1600 4 Demand Growth for Gas World Case
1400 | CCGT 5% 10% 15% 5% 10%)
1200 | Coal (ASC) 10% 15% 10% 10% 15%)
1000 1 Coal (IGCC) 15% 30% 10% 20% 30%)
800 | Coal (ASC) + Seq 10% 15% 10% 10% 15%)
600 | Coal (IGCC) + Seq 15% 30% 10% 20% 30%)
400 Nuclear 20% 20% 20% 20% 20%|
200 1 Onshore wind 5% 5% 5% 5% 5%)
ol Offshore wind 10% 10% 10% 10% 10%
CCGT Coal Coal Coal Coal  Nuclear Onshore Offshore Biomass Biomass 10% 20% 10% 10% 20%
(ASC)  (IGCC) (Agecc)I + (|Gsce(;) + wind wind

Coal plant carbon sequestration costs
EIkWIyr

250

Sequestration cost reductions

200 1
ASC IGCC

\ By 2010 24% 25%
1507 ‘ e By 2020 27% 50%
—_—

100 +

50 -

0 T T T T T T T T T T T T T T
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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4.4.2 Input assumptions — technology costs: Notes

Technology assumptions

2006 technology assumptions

. Plant cost assumptions mainly based on “Costs of Generation o DR R
Electricity” by the Royal Academy of Engineering (2004) with the Technology Unit sizes) Plant costs | s |annual costs °Pera:mg
. . costs
foIIowmg exceptions: MW £/kW £/kW £/kW £/MWh
- Nuclear and offshore wind based on DTI’s own CCGT 200 280 401 23.0 1.00
estimates Coal (ASC) 500 720 882 313 2.00
—  Sequestration costs (and reductions in sequestration Coal (IGCC) 500 850 1030 50.1 2.00
costs) based on IEA World Energy Outlook, 2005 Coal (ASC) + Seq 500 720 1625 813 5.00
Coal (IGCC) + Seq 500 850 1715 100.1 4.00
update
Nuclear 1200 900 1507 42.8 0.05
. Investment costs exclude interest during construction Onshore wind 25 600 812 251 0.05
. Fixed annual costs and variable operating costs are the same in all Offshore wind 100 1000 1288 595 0.05
scenarios. They are constant throughout the study period in real Biomass 120 1000 1407 2350 2.00
terms with the exception of sequestration costs which fall in line
with reduction in plant costs.
. Biomass costs based on energy crop combustion.
. Nuclear decommissioning costs assumed to be £250/kWV (DTI
assumption).
Efficiency assumptions (HHYV)
Technology 2006) 2007 2008 2009 2010 2011 2012 2013| 2014 2015/ 2016, 2017 2018 2019 2020
CCGT 51.8%| 52.0%| 522%| 524%| 52.6%| 52.8% 53.0%| 53.2%| 53.4%| 53.6%| 53.8%| 54.0%| 54.2%| 54.4%| 54.5%
Coal (ASC) 42.0%| 424%| 42.9%| 43.3%| 43.7%| 44.1%| 44.6%| 45.0%| 454%| A45.9%| 46.3%| 46.7%| 47.1%| 47.6%| 48.0%
Coal (IGCC) 46.0%| 46.4% 46.9% A7.3%| 47.7%| 48.1%| 48.6%| 49.0%| 49.4%| 49.9%| 50.3% 50.7%| 51.1%| 51.6%| 52.0%
Coal (ASC) + Seq 30.0%| 30.4%| 309%| 31.3%| 31.7%| 32.5%| 33.4%| 342%| 35.0% 359%| 36.7%| 37.5%| 38.3% 39.2%| 40.0%|
Coal (IGCC) + Seq 38.0%| 38.4%| 389%| 393%| 39.7%| 40.3%| 41.0% 41.6%| 42.2%| 42.9%| 43.5%| 44.1%| 44.7%| 45.4%| 46.0%)
Nuclear 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%)
Onshore wind 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%
Offshore wind 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%
Biomass 24.0%| 24.3%| 24.6%| 24.9%| 25.1%| 25.4%| 257%| 26.0%| 26.3%| 26.6%| 269% 27.1%| 27.4%| 27.7%| 28.0%
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4.4.3 Input assumptions - demand

Annual demand Peak demand
TWh GW
500 76
480 - 74
460 - 72 A
440 70 |
420
68
400 -
66
380 -
64 1
360 -
340 - 62
320 60 +
300 58 T T T T T - -

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

=== Restrained Demand == Steady Growth/Third Dash for Gas = Volatile World === DT| Base Case
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4.4.3 Input assumptions - demand: Notes

Basis for demand assumptions

The measure of demand used is total system demand including embedded and combined heat and power (CHP) served demand but excluding
power stations’ own consumption. Network losses are included within the demand projections and hence demand is modelled at the station-

gate.

The hourly profile used as the starting point is derived from 2005 actual demand, adjusted to be consistent with the above definition. This

hourly profile is scaled in each year according to the peak and energy demand projected in each year.

The key driver of electricity demand growth has traditionally been GDP growth. The historic ratio of demand growth to GDP growth for GB
is approximately 0.58:1. In other words, for every percentage point rise in GDP, electricity demand would rise by 0.58%. We assume this
ratio falls linearly to 0.4 by 2025 in the Steady Growth and Third Dash for Gas scenarios, and to 0.3 in the high commodity priced Volatile
World scenario.

The GDP projections are a long term rate of 2.5% in Steady Growth and Third Dash for Gas, and falling from 2.5% to 2% in Volatile World.

These projections are combined with the above ratios to derive the demand projections below.

The Restrained Demand projections are based on interpolation of data published in the DTI’s UEP.

The DTI Base Case demand projections are based on DTI’s forecasts — April 2006.

In all scenarios peak demand is assumed to grow more slowly than the energy demand, reflecting a steady flattening of the demand profile.

Annual demand projections

Total - TWh 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Restrained Demand 37587|  37527| 37467| 37407 373.47] 37467| 37587 377.07| 37827| 37947| 38327| 387.07| 39087 39467| 39847| 40227
Steady Growth 38138]  387.91| 39444| 399.87] 40529 41069  416.06]  42141| 42672 43200]  437.24| 44244 44759] 45271| 457.77] 46278
Third Dash for Gas 381.38 387.91 394.44 399.87 405.29 410.69 416.06 421.41 426.72 432.00 437.24 442.44 447.59 452.71 457.77 462.78
Volatile World 38138]  386.20]  39093|  39556]  400.09]  40451|  408.83|  41304]  417.13|  421.11| 42497| 42871 43232 43581| 439.18] 44241
DTI Base Case 375.61 37475 373.89 373.03 372.17 376.24 380.31 384.38 388.45 392.52 397.38 402.23 407.09 411.94 416.80 421.65
Year-on-year changes

Year % change 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Restrained Demand 225%|  0.16%|  -0.16%|  -0.16%  0.16%|  032%]  032%  032%]  032%  032% 100%]  099%  098%  097%] 096%  095%
Steady Growth 3.75% 1.71% 1.68% 1.38% 1.36% 1.33% 1.31% 1.28% 1.26% 1.24% 1.21% 1.19% 1.17% 1.14% 1.12% 1.09%
Third Dash for Gas 3.75% 1.71% 1.68% 1.38% 1.36% 133% 131% 1.28% 1.26% 1.24% 121% 1.19% 117% 1.14% 1.12% 1.09%
Volatile World 3.75%)| 1.26% 1.22% 1.18% 1.14% 1.11% 1.07% 1.03% 0.99% 0.95% 0.92% 0.88% 0.84% 0.81% 0.77% 0.74%
DTI Base Case 2.18%| -0.23% -0.23% -0.23% -0.23% 1.09% 1.08% 1.07% 1.06% 1.05% 1.24% 1.22% 1.21% 1.19% 1.18% 1.16%
Peak demand projections

Peak 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Restrained Demand 6431 64.31 64.31 6431 64.31 6431 64.31 64.31 6431 64.31 64.64 64.95 65.27 65.57 65.88 66.18
Steady Growth 64.83 65.62 66.39 66.98 67.55 68.11 68.66 69.20 69.73 70.24 70.74 7123 71.70 72.16 72561 73.04
Third Dash for Gas 64.83 65.62 66.39 66.98 67.55 68.11 68.66 69.20 69.73 70.24 70.74 71.23 71.70 72.16 72.61 73.04
Volatile World 6483 6533 65.80 66.25 66.68 67.08 67.46 67.82 68.15 68.46 68.75 69.01 69.24 69.46 69.65 69.81
DTI Base Case 64.31 64.31 64.31 64.31 64.31 64.69 65.07 65.44 65.81 66.17 66.66 67.14 67.61 68.08 68.54 69.00
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4.4.4 Input assumptions - plant retirements/availabilities

Nuclear closures

* Further extensions of Hartlepool and  [saien | Restrained | sceady | Third | Voladie | DTiBase
Demand Growth Dash for World Case
Heysham | under Volatile World Gas
Dungeness A 2006 2006 2006 2006 2006
¢ LCPD OPt-OUt Plant assumed to SPread Dungeness B 2018 2018 2018 2018 2018
20’000 running hours equa”)’ over Hartlepool 2014 2014 2014 2019 2014
. Heysham | 2014 2014 2014 2019 2014
years that they remain open between [r.m?: | o5 2025 2025 2025 2023
Hinkley Point 2011 2011 2011 2011 2011
2008 and 2015.
° TIIbUI’)’ and Kingsnorth (opted-out) Hunterston 201 2011 201 | 201 | 201
. . Oldbury 2008 2008 2008 2008 2008
assumed to be retrofitted with flue-gas | — — — — —
desulphurisation (FGD) and selective Sizewell B Post2025 | Post2025 | Post2025 Post 2025 Post 2025
catalytic reduction (SCR) and extended [ o 2023 2025 2025 2025 2023
beyond 2015 under Steady Growth Yt 2000 2000 2000 2000 2000
LCPD plant opted-out
« All other LCPD opted-out plant b it
Plant
assumed to close between 2012 and — e
- ote: CaPaFltleS )
2015 iy £ I evow i
Ferrybridge (I stack) 980 remain mothballed
e Other retirements based on G S [
economics result from modelling Kinginorch 196
* " 'ES Ton IET
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4.4.4 Input assumptions — plant retirements/availabilities: Notes

Nuclear closure assumptions
P Assumed availabilities

. Quoted closure dates are based on 31/12 for that year.
. Closure assumptions taken from latest data published by the Nuclear Industry for new plant
Association. Technology %
LCPD assumptions CccGT 87%
. LCPD opted-out plant run according to the economics of the scenario. Coal (ASC) 87%
. Some will remain open until 2015 and assumed to spread the available 20,000 Coal (IGCCQ) 87%
running hours equally between 2008-2015. Coal (ASC) + Seq 87%
. Others will close by 2012 and have correspondingly higher availabilities whilst they Coal (IGCC) + Seq 87%
remain in operation. Nuclear 87%
. The costs of fitting FGD and SCR on Tilbury and Kingsnorth are assumed to be Onshore wind 32%
£120/kW. This is only economic in the Steady Growth scenario. All coal plant that Offshore wind 36%
have opted-in to LCPD assumed to fit SCR by 2016. i
Biomass 87%

New build assumptions
. The IDM begins the planning process from the beginning of 2006 and hence does not
capture plant that are already under construction or in advanced stages of planning
. Assumptions for new ROC build for 2006, 2007, 2008 are made based on current
construction plans
. The Langage (850 MW) and Marchwood (935 MW) CCGTs are assumed to be built
under Third Dash for Gas and become operational by 2009. Under all other
scenarios it is assumed that these CCGTs (and the Pembroke CCGT) would not
become operational before 2009 and hence the decision is left to the IDM.
Interconnector capacity
. All interconnectors can import and export, depending on the price differentials.
. The existing Moyle and French interconnectors remain in place for the duration of
the scenario.
. The same assumptions for new interconnection capacity were made for all scenarios
- 2010: 500 MW link to Republic of Ireland
- 2011: 800 MW link to Norway

. There is the possibility of other interconnectors, most notably with the
Netherlands, however this was not included in the scenarios.
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4.4.5 Input assumptions — market structure

* Market consolidation assumed under Steady Growth, Volatile
World and DTI Base Case:
— Three of the large energy companies are acquired

* Market remains more competitive under Restrained Demand
and Third Dash for Gas

— Greater wholesale market liquidity
— New entry from independents encouraged

*"'ES
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4.4.5 Input assumptions — market structure: Notes

Market structure assumptions

. Under Steady Growth, Volatile World and the DTI Base Case three of the large energy companies are assumed to be
acquired separately by three of the remaining vertically integrated companies.

. For modelling simplicity and to isolate market structure changes from other factors that will drive prices under the
policy options, all these transactions are assumed to occur from the beginning of the study period.

Modelling implications of market structure assumptions

. Lower hurdle rates for independents (oil majors, developers) in Restrained Demand and Third Dash for Gas
encourage more build compared to the other two scenarios.

. In PLEXOS, the state of competition is reflected by the number of companies competing in the market, and by the
flexibility of plant in the portfolio to alter its price and volume offers.

. There are very limited opportunities for any form of competitive bidding by wind, nuclear, biomass and CHP plant.
These plant do not have the ability to change their offer prices and adjust volumes accordingly. Price-setting and
therefore profitability is largely determined by gas and coal plant, and how each portfolio generator is able to offer
these plant into the market to maximise its overall profitability.

. In Volatile World, Steady Growth and the DTI Base Case the market consolidation drives up electricity prices in
PLEXOS as fewer companies mean the market is less competitive.
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4.4.6 Investor hurdle rates - company WACCs

Risk free Post tax nom
Debt gearing| Debt prem |Market prem Equity beta Tax rate
rate WACC

Vertically integrated companies 12.8% - 39.1% 1.5% - 2.0% 4.0% - 4.5% 3.6% - 4.3% 0.65-0.84 30.0% 5.85-6.8%
Nuclear generator 16.2% 2.5% 4.0% 4.3% .54 30.0% 9.5%
Independent generator 40.1% 2.5% 4.0% 4.3% 1.01 30.0% 6.9%
Oil Major 25.0% 1.5% 4.0% 4.3% [.15 30.0% 7.7%
Developer 50.0% 4.5% 6.5% 4.3% 1.00 30.0% 8.5%
Niche Renewable 60.0% 4.5% 6.5% 4.3% 1.20 30.0% 8.5%
TSO (Government financed) 100.0% 0.0% 0.0% 4.3% 0.00 30.0% 3.0%
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4.4.6 Investor hurdle rates - company WACCs: Notes

Calculation of weighted average cost of capital

. The WACCs shown above are post tax nominal.

. The calculation is WACC = Debt gearing * (Risk free rate + debt premium) * (I — corporation tax rate) + (I-Debt gearing) * (Risk free rate
+ Equity premium * Equity beta).

. Debt gearings are calculated from company annual accounts.

. Debt premia are based on banking reports.

. The market risk premia are calculated from historic stock market performance.

. Equity betas calculated from company’s stock performance and calibrated against banking reports.
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4.4.7 Investor hurdle rates - results

Variation by company Variation by technology
14% 14%
12% A 12% A
10% - 10% - —
8% 1 8% 1 —
6% 6%
4% 1 4% 1
2% 2% -
0% 0%
Nuclear generator Vertically integrated Oil Major Niche Renewable Developer cceT Coal (ASC)  Coal (IGCC)  Coal (ASC) + Coal (IGCC) +  Nuclear Onshore wind  Offshore wind ~ Biomass
company Seq Seq

Restrained Demand, CCGT, 2006 Restrained Demand, Vertically integrated company, 2006

Variation by scenario Variation over time
12% 12%
11%
10%
10%
8% - i -_ —CCGT
::test;alrgd ‘I,\Dne:]mand 9% — Coal (ASC)
eady Gro
— Coal (A
6% W Third Dash for Gas . Coal (ASC) + Seq
B Volatile World 8% Nuclear
HDTI Base — Onshore wind
4% 1 7% A Offshore wind
04 -
2% - 6%
5%
0% - 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

CCGT Coal (ASC) Nuclear
Vertically integrated company, 2006

Restrained Demand, Vertically integrated company
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4.4.7 Investor hurdle rates - results: Notes

[Restrained Demand

2006 2020
.
Post-tax nominal hurdle rates Nuclear | Vertically | Ol Major | Niche | Developer Nuclear | Vertically | Oil Major | Niche | Developer
generator | integrated Renewable generator | integrated Renewable
company company

CCGT 12.04%| 7.36%| 9.62%| 12.93%| 10.30%| CCGT 11.20% 6.66% 8.69% 11.81% 9.42%|
Coal (ASC) 12.01% 7.31% 9.24% 12.58% 9.96% Coal (ASC) 11.53% 6.85% 8.76% 11.95% 9.50%)
Coal (IGCC) 12.54% 7.52% 9.43% 12.83% 10.17% Coal (IGCC) 12.27% 7.23% 9.11% 12.39% 9.84%)
Coal (ASC) + Seq 16.89%| 9.53%| 11.96%| 15.79%| 12.52%| Coal (ASC) + Seq 13.58% 7.85% 9.86% 13.26% 10.53%
Coal (IGCC) + Seq 17.05%| 9.64%| 11.78%| 15.72%| 12.38%| Coal (IGCC) + Seq 13.62% 7.89% 9.82% 13.27%) 10.52%
Nuclear 16.79%| 9.48%| 11.94%| 15.69%| 12.50%| Nuclear 14.98% 8.58% 10.56% 14.14% 11.20%|
Onshore wind 11.45%| 6.92%| 8.97%| 12.11%| 9.67%| Onshore wind 11.32% 6.73% 8.74% 11.84% 9.46%|
Offshore wind 14.89%| 8.53%| 10.68%| 14.15%| 11.26%| Offshore wind 13.25% 7.68% 9.72% 13.03% 10.38%|
Biomass 14.17%| 8.28%| 10.21%| 13.75%| 10.86%| Biomass 14.47% 8.28% 10.18% 13.71% 10.83%|
Steady Growth

2006 2020
CCGT 14.44% 8.27% 10.56% 14.10% 11.19% CCGT 13.52% 7.81% 10.06% 13.48% 10.72%|
Coal (ASC) 12.25% 7.39% 9.32% 12.66% 10.04% Coal (ASC) 11.53% 6.85% 8.76% 11.95% 9.51%)
Coal (IGCC) 12.62%| 7.53%| 9.39%| 12.79%| 10.12%| Coal (IGCC) 12.48% 7.33% 9.18% 12.51% 9.91%|
Coal (ASC) + Seq 16.82%| 9.49%| 11.87%| 15.67%| 12.44%| Coal (ASC) + Seq 13.61% 7.87% 9.88% 13.28% 10.55%
Coal (IGCC) + Seq 17.30%| 9.76%| 11.94%| 15.91%| 12.54%| Coal (IGCC) + Seq 13.72% 7.94% 9.85% 13.31% 10.54%]
Nuclear 16.77%| 9.47%| 11.91%| 15.67%| 12.49%| Nuclear 14.86% 8.53% 10.44% 14.02% 11.10%|
Onshore wind 11.34%| 6.87%| 8.89%| 12.02%| 9.60%| Onshore wind 11.26% 6.70% 8.72% 11.80% 9.43%|
Offshore wind 14.90%| 8.54%| 10.70%| 14.20%| 11.29%| Offshore wind 13.19% 7.64% 9.69% 12.99% 10.35%|
Biomass 14.09%| 8.23%| 10.12%| 13.64%| 10.77%| Biomass 14.47% 8.28% 10.18% 13.71% 10.83%|
Third Dash for Gas

2006 2020
CCGT 12.02%| 7.53%| 9.76%| 13.09%| 10.43%| CCGT 11.32% 6.74% 8.80% 11.94% 9.53%|
Coal (ASC) 12.30%| 7.35%| 9.26%| 12.63%| 10.01%| Coal (ASC) 11.44% 6.81% 871% 11.87% 9.44%|
Coal (IGCC) 12.69%| 7.54%| 9.41%| 12.83%| 10.14%| Coal (IGCC) 12.13% 7.15% 9.04% 12.30% 9.77%|
Coal (ASC) + Seq 16.71%| 9.41%| 11.77%| 15.57%| 12.35%| Coal (ASC) + Seq 13.57% 7.85% 9.86% 13.26% 10.54%|
Coal (IGCC) + Seq 17.15%| 9.69%| 11.86%| 15.79%| 12.46%| Coal (IGCC) + Seq 13.49% 7.82% 9.75% 13.18% 10.45%
Nuclear 16.78%| 9.49%| 11.90%| 15.66%| 12.46%| Nuclear 14.91% 8.55% 10.46% 14.08% 11.13%|
Onshore wind 11.29%| 6.80%| 8.83%| 11.94%| 9.54%| Onshore wind 11.30% 6.72% 8.75% 11.83% 9.46%|
Offshore wind 14.91% 8.54% 10.69% 14.19% 11.28% Offshore wind 13.24% 7.67% 9.72% 13.03% 10.38%)
Biomass 14.24% 8.30% 10.26% 13.79% 10.88% Biomass 14.29% 8.20% 10.10% 13.60% 10.75%)
Volatile World

2006 2020
CCGT 18.44%| 10.22%| 12.90%| 16.97%| 13.40%| CCGT 16.92% 9.49% 12.04% 15.92% 12.59%|
Coal (ASC) 12.46%| 7.45%| 9.40%| 12.78%| 10.12%| Coal (ASC) 12.86% 7.49% 9.46% 12.84% 10.17%|
Coal (IGCC) 12.75%| 7.58%| 9.47%| 12.87%| 10.19%| Coal (IGCC) 13.33% 7.76% 9.63% 13.11% 10.35%|
Coal (ASC) + Seq 16.82%| 9.48%| 11.90%| 15.70%| 12.45%| Coal (ASC) + Seq 14.21% 8.19% 10.19% 13.70%| 10.86%)
Coal (IGCC) + Seq 17.21%| 9.71%| 11.86%| 15.86%| 12.47%| Coal (IGCC) + Seq 14.39% 8.28% 10.20% 13.81%) 10.90%
Nuclear 17.01%)| 9.59%| 11.99%| 15.82%| 12.54%| Nuclear 14.62% 8.43% 10.19% 13.82% 10.88%|
Onshore wind 11.55% 6.95% 9.03% 12.17% 9.73% Onshore wind 11.72% 7.06% 9.16% 12.32% 9.84%)
Offshore wind 15.08% 8.62% 10.82% 14.33% 11.40% Offshore wind 13.58% 7.88% 9.96% 13.32% 10.61%)
Biomass 14.34%| 8.35%| 10.28%| 13.83%| 10.92%| Biomass 15.21% 8.68% 10.68% 14.31% 11.30%|
DTI Base Case

2006 2020
CCGT 13.87% 7.99% 10.14% 10.64% 10.80% CCGT 11.57% 6.86% 8.96% 9.60% 9.68%)
Coal (ASC) 12.79%| 7.47%) 9.43%| 10.05%| 10.13%| Coal (ASC) 12.05% 7.10% 9.07% 9.72% 9.79%|
Coal (IGCC) 13.40%| 7.78%| 9.68%| 10.31%| 10.39%| Coal (IGCC) 12.82% 7.49% 9.42% 10.04% 10.13%|
Coal (ASC) + Seq 18.50%| 10.30%| 12.42%| 12.66%| 12.98%| Coal (ASC) + Seq 13.57% 7.85% 9.88% 10.40% 10.53%|
Coal (IGCC) + Seq 18.06%| 10.10%| 12.12%| 12.48%| 12.73%| Coal (IGCC) + Seq 13.39% 7.76% 9.73% 10.31% 10.43%|
Nuclear 17.07%| 9.59%| 11.96%| 12.16%| 12.53%| Nuclear 14.94% 8.57% 10.51% 10.97% 11.16%|
Onshore wind 11.82%| 6.97%| 9.06%| 9.65%| 9.75%| Onshore wind 11.55% 6.85% 8.89% 9.51% 9.59%|
Offshore wind 15.27%| 8.65%| 10.82%| 11.16%| 11.41%| Offshore wind 13.38% 7.74% 9.80% 10.30% 10.45%|
Biomass 14.83%| 8.47%| 10.44%| 10.92%| 11.07%| Biomass 15.26% 8.68% 10.65% 1.11% 11.28%|
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4.4.8 Input assumptions - others

* Planning/decision times

Investment Timeframes

— Assumed to be longer under

. Technology E;;::)::c Construction :)I:::‘sl:il
Volatile World CCGT 20 2 I
. Coal (ASC) 25 3 2
— Nuclear planning process Coal (IGCC) 25 4 :
Coal (ASC) + Seq 25 4 2
speeded up under NOCs Conl (GCC) * Seq 2 : 2
Nuclear 40 6 7]
1 1 Onshore wind 20 I 2
POI Icy OPtlon Offshore wind 20 2 2
Biomass 20 2 2

o Ca. rbo n a.l I Owan C es Note: applies to Restrained Demand, Steady Growth, Third Dash for Gas

— Assumed to be auctioned in
Phase Il EU ETS and beyond

— Sensitivity on this assumption
is shown in the results

ES
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4.4.8 Input assumptions — others: Notes

Planning/decision times
. Under Volatile World, the planning/decision times for thermal plant are assumed to be | year longer.
. Under NOC:s policy option, the planning/decision time is assumed to be | year shorter for nuclear plant.

Build constraints

. Constraints are placed on the amount of capacity (by technology type and in total) that each company can have under construction at
any one time.

. The total supply of wind capacity by 2020 is limited due to availability of suitable sites:
- Onshore: 7.4 GW
- Offshore: 4.5 GW

Plant constraints

. There are limits placed on co-fired coal plant for the amount of biomass that qualifies for ROCs. These limits are 10% of the total
supplier obligation in each year through to 201 |, after which this falls to 5%. No co-firing qualifies for ROCs after 2016.

. CCGTs with fixed destination clauses in their gas contracts are modelled with a must-run obligation that fulfils the minimum take
obligation in their contracts. This applies to a few older CCGTs with LTl-style gas contracts.

. Plant with contracts that allow gas to be taken at the NBP are assumed to mark them to market and dispatch the plant according to

the spot price of gas rather than the contract gas price.
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4.4.9 Long run marginal costs (required prices)

Restrained Demand Steady Growth Third Dash for Gas

£/MWh £/MWh £/MWh
70 70 70
604 601 604 -
50 - ~___ 50 T 50
40 1 40 1 40 |
30 30 30
20 20 4 20
10 4 10 4 10 4
0 0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
N
Volatile World DTI Base Case
£/MWh £/MWh
70 70
60 1 60 1
50 4 50 1
40 40 4
30 4 30 4
20 4 20 4
10 4 104
0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
— CCGT — Coal (ASC)  — Coal (ASC) + Seq Nuclear
E ) L)
* ES
d Based on generic investor with post-tax nominal WACC of 6.7%. Will vary between companies.
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4.4.9 Long run marginal costs (required prices): Notes

£/MWh Cap (MW) 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

CCGT 400) 4388 39.39 3601 3373 3253 3241 3230 3218 32.06 31.94 3183 3171 3160 3148 31.37]

Coal (ASC) 500) 4431 4296 41.83 40.86 40.05 39.65 3927 38.89 3851 38.14 3778 3743 37.10 36.79 36.50

Coal 1GCC) 500) 4739 46.11 4502 4409 4329 4288 4247 4207 4167 4128 4089 4052 40.16 39.82 39.49

. Coal (ASC) + Seq 500) 6173 58.37 55.33 52.55 50.00 4858 4717 4579 4443 43.10 4237 4167 4101 4038 39.78
Restrained Demand Coal (IGCC) + Seq 500) 63.32 60.08 57.12 54.40 51.88 50.24 48.64 47.07 4553 4337 4241 4149 40.60 3975 38.92
Nuclear 1200 4037 39.80 3924 3868 38.13 3759 37.05 36.52 35.99 3548 3497 3446 33.96 3347 3299

Onshore wind 25| 38.58 3849 3839 38.30 3820 38.11 3801 37.92 37.83 3773 37.64 37.54 37.45 3736 37.26

Offshore wind 100 68381 68.26 67.70 67.16 66.61 66.07 65.53 65.00 64.47 6394 63.42 62.90 62.38 61.87 61.36

Biomass 120 85.30 84.84 8439 83.96 83.52 83.10 82,68 8227 81.87 81.47 81.08 80.69 8031 79.93 79.56

EIMWh Cap (MW) 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

CCGT 400) 5327 5119 48.04 45.64 4368 42,10 40.97 40.46 40.11 3991 39.85 39.83 39.82 39.80 39.79

Coal (ASC) 500) 4520 44,11 4317 4233 41.68 41.06 40.50 40.00 3955 39.12 38.69 3826 37.85 37.44 37.03

Coal (1IGCC) 500) 4815 4701 4601 4510 4436 4365 4299 4238 4182 4127 4073 4019 39.66 39.13 3861

Coal (ASC) + Seq 500) 62.65 59.67 56.93 5435 52.06 50.32 48.68 474 45.70 4428 4348 4269 41.93 4119 40.47)

Steady Growth Coal (IGCC) + Seq 500) 64.64 61.50 5858 55.83 53.33 5129 49.35 4751 4576 4339 4224 4101 40.02 3895 37.90
Nuclear 1200 4034 3975 39.18 3861 38.05 3749 36.95 36.40 35.87 35.34 3483 3431 338 3331 3282

Onshore wind 25| 3843 3834 3825 38.16 38.07 37.99 37.90 37381 37.72 37.63 37.54 37.45 3736 3727 37.19

Offshore wind 100 68.86 6829 67.72 67.16 66.60 66.05 65.50 64.95 64.41 6387 63.33 62.80 6227 61.75 61.23

Biomass 120 8522 84.65 84.09 83.53 82.98 8244 81.90 8137 80.84 80.32 7981 79.30 78.80 7831 77381

£/MWh Cap (MW) 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

CCGT 400) 4452 4027 37.13 35.03 33.96 3391 3381 33.65 33.50 3334 33.19 33.04 32.88 3273 32.58

Coal (ASC) 500) 45.62 44.82 4422 4367 4314 292 42,60 217 4175 4134 40.93 4054 4017 39.82 39.48

Coal (1GCC) 500) 4854 478 4726 46.75 46.26 46.06 4576 4536 4497 4458 44.20 4384 4349 4316 4284

. Coal (ASC) + Seq 500) 61.60 58.34 55.40 5271 50.23 48.84 47.46 46.09 4474 4341 4268 42.00 4134 4072 4013
Third Dash For Gas Coal (IGCC) + Seq 500) 63.65 60.50 57.62 54.97 52.52 50.93 49.36 4781 46.30 44.16 4322 232 41.46 40.62 39.82
Nuclear 1200 4039 39.80 3923 3866 3811 3755 3701 3647 35.94 3541 34.89 3438 33.88 3338 3289

Onshore wind 25| 3837 3829 3820 38.12 38.04 37.96 37.88 37.80 3772 37.64 37.56 3748 37.40 3732 37.24

Offshore wind 100 68.88 6831 67.75 67.20 66.65 66.10 65.55 6501 64.48 6394 6342 62.89 6237 61.85 6134

Biomass 120 85.37 84.90 84.43 83.98 83.53 83.09 82,65 8222 81.80 8139 80.98 80.58 80.18 79.79 79.40

EIMWh Cap (MW) 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

CCGT 400) 60.57 60.75 61.07 61.82 63.65 6561 66.26 64.22 61.10 59.10 59.52 59.96 61.82 6291 61.82

Coal (ASC) 500) 48.92 49.61 50.41 5236 55.19 56.85 58.11 5828 57.88 56.72 56.56 56.38 56.79 56.73 55.76

Coal (1IGCC) 500) 5152 52,08 5272 5442 56.94 5838 59.45 59.53 59.08 57.93 57.70 57.44 57.74 57.60 56.61

. Coal (ASC) + Seq 500) 64.77 62.85 61.12 5991 58.87 57.67 55.97 5383 5175 49.72 48.74 47.99 47.65 4753 47.18
Volatile World Coal (IGCC) + Seq 500) 66.13 63.98 62.00 60.47 59.11 57.67 5584 5364 5151 4875 47.56 46.57 45.93 45.48 44.85)
Nuclear 1200 4082 4017 3953 38.89 3827 37.65 37.04 3645 35.86 3528 3471 34.14 3359 33.05 3251

Onshore wind 25| 3871 38.67 3863 38.59 3855 3851 3847 3843 3839 3835 3831 3827 3823 38.18 38.14

Offshore wind 100 69.28 68.75 68.23 67.71 67.19 66.67 66.16 65.65 65.15 64.65 64.15 63.65 63.16 6267 62.19

Biomass 120 85.48 85.07 84.66 8427 83.88 83.50 83.12 8275 8239 8203 81.68 8133 80.99 80.65 80.32

£IMWh Cap (MW) 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

CCGT 400) 4557 4378 4244 41.56 41,12 4013 4114 4115 40,16 4116 4117 41,14 41.07 40.97 40.82]

Coal (ASC) 500 47.24 46.35 4557 44.89 4431 4383 4335 4288 042 41.96 4151 41.08 40.67 40.28 3991

Coal (1IGCC) 500 50.35 4937 4848 47.68 46.98 4636 4575 4514 4454 4395 4336 279 224 4171 4120

DTI Base Case Coal (ASC) + Seq 500) 65.92 62.95 60.17 57.57 55.15 5340 51.68 49.99 4834 4672 4572 4476 4385 42.98 215
Coal (IGCC) + Seq 500 6651 6341 60.49 57.76 55.20 5373 52.30 50.90 49.52 4751 46.70 45.93 45.18 44.47 4378

Nuclear 1200 40.88 4026 39.65 39.04 3845 37.86 37.28 3671 36.15 3559 35.05 3451 3397 3345 3293

Onshore wind 25 39.07 3896 38.86 3875 38.64 38.53 3842 3832 3821 38.10 37.99 37.89 3778 37.67 3757

Offshore wind 100 69.70 69.10 68.49 67.90 67.30 66.71 66.13 6555 64.97 64.40 63.84 63.27 6272 62.16 6161

Biomass 120 85.97 85.40 84.83 84.27] 8371 83.17 82.62 8209 81.56 81.04 80.52 80.01 79.50 79.00 7850
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5. Analysis results
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5.1.1 Status Quo - Restrained Demand

New plant by type Supply margins
40000 50% -
— Energy margin
350004 5] Biomass — Peak margin (derated)
40% -
300004 O Offshore wind
> 25000 | Onshore wind 20% 1
= 20000] 0 Nuclear
150004 [@ Coal (IGCC) + Seq|  20% -
10000 [ Coal (ASC) + Seq
04 -
5000 O Coal (IGCC) 10%
Coal (ASC
04 n (AS©) 0%
© ~ © o o - o~ e < 0 © ~ 0 o o - o~ ” < ITe) . CCGT 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
O © © O d d d d d odF 9 A o9 o9 d o N o o o
S ©6 06 0 O 0O 0O O O O O O O O O O O o o o .
N § & & & § § § N & § N 8§ § N & & N N -10%

Capacity mix Output
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400
350
300
250
200
1504
100

50+

80%-

60%-

TWh

40%-

20%-

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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5.1.1 Status Quo — Restrained Demand: Notes

Electricity prices
£/MWh
50

Comments V\N
. This scenario is characterised by strong CCGT build reflecting the low cost of ]
gas. 301
. One new nuclear plant becomes operational in 2024. ol 75&722};
. Electricity prices generally decline reflecting the reductions in underlying i?,Z?LZZf;ZZd
generation costs, although an increase occurs around 2012 associated with 101
tightening of the energy margin when some LCPD opted-out plant close. .
. A further tightening of the energy margin occurs after 2015 when additional coal FEELETT TS S
plant closures take place. The impact on time-weighted annual average prices is 10
less pronounced due to a more competitive mid-merit section of the market as CO. emissions
CCGTs owned by independents play a greater role in price setting. Mo 2
. The tightening of the peak capacity margin at this time is likely to lead to higher 160
and more volatile peak prices. o
. The reason that the peak capacity margin is more adversely affected than the
energy margin by the closure of LCPD opt out plant is that due to the limitation 0
on running hours their contribution to the annual energy margin is significantly 130 1
lower than their contribution to peak plant availability. 120
. The displacement of coal generation for gas helps to reduce carbon emissions 110 | /\\’\/\\/
with a particularly pronounced drop after 2015 as the coal plant close. 0
. Coal output levels after 2015 are very low. Those coal plant that remain open 2000 2007 2008 2009 Z010 2011 2012 2013 2014 201 2016 2017 2018 2010 2020
are largely running at peak. ) Generation market shares
. Despite maintaining a relatively competitive market structure, most new plant o
build is undertaken by the vertically integrated players who can take advantage of 60% -
their relatively low cost of capital and the lower risks associated with their
portfolio positions. 1 ’\/
. The growth in market share of the vertically integrated players is at the expense 40% 1 73:22:3;::;?;:
of nuclear generators and independents. a0 | — Independents
. Oil majors re-enter the market seeking to monetise gas positions. /J\/ — Oil majors
20% | — Niche renewables
10% -
0% _ — .

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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5.1.2 Status Quo - Steady Growth

New plant by type

Supply margins

40000 50% — Energy margin
350004 m Biomass — Peak margin (derated)
40% -
30000/ O Offshore wind
> 25000 | Onshore wind 30% -
S 20000 0 Nuclear
150004 [ Coal (IGCC) + Seq|  20%
10000 [ Coal (ASC) + Seq
10% 4
5000 O Coal (IGCC)
Coal (ASC
0 B Coal (ASO) 0%
© ~ © o o - o~ ™ < 0 © ~ foe) o o - o~ 2] < 1o} . CCGT 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
© © © O 494 H9 A4 494 494 oA o9 od4 9 494 § o N o N o
S ©6 ©6 &8 ©o© O O O O O © © 9 9 9O O O O 9O ©°o
d & § §8 & & § &8 &8 & § & ¥ 8§ & & d d d A -10%
Capacity mix Output
100%- 500
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3501
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2
F 2504
40%- 2004
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20%- 1004
50+
0% 0+
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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5.1.2 Status Quo - Steady Growth: Notes

Electricity prices

£/MWh
60
Comments N
. In this scenario, the new plant build is relatively diverse with a combination of
CCGT and ASC coal in the early years and new nuclear becoming operational 07 .
— Consumer
from 2019. New build biomass plant also features. . Wholesale
— Spark spread
. In general, electricity prices decline to reflect the underlying reductions in " — Dark spread
generation costs. However, a general tightening of the energy margin leads to an
initial increase in the dark and spark spreads. 10 m
. A significant dip in the peak capacity margin in 2016 could lead to high and 0
volatile prices and the possibility of lost load. S LTI TS ST
. In this scenario, it is economic for Tilbury and Kingsnorth to fit FGD and SCR .
) o » . . mtco2 CO, emissions
equipment and it is assumed that they meet the “new-new” standard and remain 220
open throughout the study period.
200
. Increasing carbon emissions reflect the increasing demand and the fact that it is
coal generation that is increasingly meeting the new demand. 180
. In this scenario, it is assumed that 3 of the large players are acquired by other 160 |
incumbents (from the start of the study period). Hence, the market share of the
vertically integrated players starts high at approximately 67% and increases to 0
almost 80% by 2020. 120 |
100

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Generation market shares
80%

70% - &//'

60% -

50% - Nuclear generators

— Vertically integrated
40% +
— Independents

30% — Oil majors
f\\ — Niche renewables
20% +

10% -

L)
o * 0%
. 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

|| Energy strategies Dynamics of GB Generation Investment 73 redpoint V1= RG Y



5.1.3 Status Quo - Third Dash for Gas

New plant by type

Supply margins

40000 50% — Energy margin
35000 g Biomass o — Peak margin (derated)
30000 0 Offshore wind
25000 W Onshore wind 30% |
% 200004 [ Nuclear
15000 [@ Coal (IGCC) + Seq| ~ 20% -
100004 [ Coal (ASC) + Seq
5000. [ Coal (1GCC) 10% 1
o [ Coal (ASC) -
R EEEEEEEE I L
SS8SE8EEEFEEERERRAIRRR R o
Capacity mix Output
100%- 500
450+
80%- 400+
350+
60%- < 3001
E 2504
40%- 200
150+
20%- 100+
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0%- 0
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5.1.3 Status Quo - Third Dash for Gas: Notes

Electricity prices

£/MWh
60
Comments N
. In this scenario, there is significant investment in new CCGTs VK’\//\
concentrated into 4 tranches: 07
— Consumer
- Tranche I: Langage and Marchwood become operational in 2009 30 | Wholkesale ;
— Spark sprea
- Tranche 2: 2012 — Dark spread
20 A
- Tranche 3: 2016
~  Tranche 4: 2020 10 7%2
. Although gas prices start to fall significantly in the early years, 0
electricity prices initially remain high opening up a spark spread that FEEL LTSS S
encourages the first wave of investment. . .
: I . mico? CO, emissions
. Thereafter there is a steady decrease in price reflecting the lower 180
gas prices, although this starts to level off during the hiatus in new 170 |
build between 2016 and 2020. 160 |
. The third tranche of new build, becoming operational in 2016, 150
coincides with the closures of many coal plant in 2015 thus 10|
mitigating the fall in energy margin seen in other scenarios at this 10 ]
time.
120 q
. There is, however, a fairly significant fall in peak capacity margin 110
which would be exacerbated if the new CCGT were non
OPerationaI or COmmiSSiOning at the start of 2016 during the peak 100 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
demand periods. Generation market shares
. As in Restrained Demand, coal output is squeezed although not 80%
quite to the same extent since with higher demand there is a bit 70%
more room for coal plant to generate.
. . . 60% -
. The benefits of swapping coal for gas generation in terms of carbon
emissions are exhausted by 2016 and thereafter the rising demand 50% 1 Nuclear generators
leads to increasing carbon emissions. 0% | — Vertically integrated
.. . . . — Ind dents
. A similar pattern to Restrained Demand can be seen in the growing - 75“23:].;5”
. ) . : %
dominance of the vertically integrated players over time. ) /\-k\/_/\ ~— Niche renewables
20% -
10% +

L)
o * 0%
. 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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5.1.4 Status Quo - Volatile World

New plant by type Supply margins
50% = -
— Energy margin
400004 m Biomass — Peak margin (derated)
[ Offshore wind 40%
30000 @ Onshore wind
; 30% -
s O Nuclear
20000
[ Coal (IGCC) + Seq 20% -
[ Coal (ASC) + Seq
100004 10% A
[ Coal (IGCC)
0. [ Coal (ASC) 0%
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€ 5888 3333885828388y B ey
o o o o o o o o o o o o o o o o o o o o -10%
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5.1.4 Status Quo — Volatile World: Notes

Electricity prices

Comments £/8rv(|)wn
. In Volatile World, new investment is deterred for a number of reasons: 0 w
- High gas prices make CCGTs uneconomic 60 1
- High carbon prices makes the economics of new coal build marginal 50 |
d d technology in the UK lead lengthy planni i
and as an untested technology in the eads to a lengthy planning w0 Wholesale
and decision period — Spark spread
30 — Dark spread
- Whilst economic, the long planning and construction times for new
nuclear means that no new plant can become operational in the near 207
term. 10
. It is only when the economics of carbon sequestration become 0

favourable that significant new build takes place.

. It should be noted that whilst the model predicts 4.8 GW of new nuclear 02 CO, emissions
becoming operational in 2019, constraints on the availability of resources 200
to build this plant in GB may mean that there is more of a staggering of
this new capacity in reality.

. The high level and volatility of electricity prices is in part a reflection of 160 |
the underlying fuel costs but also includes significant volatility in dark and 150
spark spreads. 140 -

. This is particularly apparent in the period 2016-2018 when there is a very 101

low energy margin (down to 10%) and a negative peak capacity margin.

. These negative peak capacity margins would lead to very high and volatile 100
peak prices and almost certainly to some load curtailment if no other
measures where taken to secure peak load.

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Generation market shares

90%
. Output from existing gas plant fluctuates depending on the relative

. . 80%
economics of gas and coal generation.

e . .. . . . 70% +
. The variations in carbon emissions reflect this changing generation W

pattern. Once the nuclear and sequestration facilities become 60% - :
. . . I . . . . Nuclear generators
operational there is a significant reduction in carbon emissions. 50% A " Vertically ntegrated
40% - — Independents
— Oil majors
30% — Niche renewables

20% - \ﬁ\/—\

10% +

0% T T T T T T T T T g ; ; T T
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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5.1.5 Status Quo - DTI Base Case

New plant by type Supply margins
35000 50% — Energy margin
. — Peak margin (derated)
)| Bi
30000 [ Plomass 40% |
250004 O Offshore wind
Onshore wind 1
2 20000/ u 30% %
= 0 Nuclear
150004 @ Coal (IGCC) + Seq|  20%
10000 [ Coal (ASC) + Seq
10%
5000 [ Coal (IGCC)
Coal (ASC
0l | Coal (ASC) 0%
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5.1.5 Status Quo — DTI Base Case: Notes

Electricity prices

Comments e
. In this scenario, nuclear is the most economic technology. On the
assumption that the planning environment supports a new nuclear build 1
programme, 3.6 GW of nuclear would become operational by 2019 and a e
further 3.6 GW by 2025. (Exactly when the new plant would come on- 0 — Consumer
line would be determined by the availability of construction capacity). ,2{,“;'522';(,
. CCGT is the most economic thermal technology until around 2017, ] —pespreas
when advanced super-critical coal becomes the least expensive on the 201
back of continuing falls in coal prices. This leads to the first advanced 10
super-critical plant becoming operational in 2023 (outside of the main .
study period, 2006-2020). 2005.2007 2008 2009 2010 2014 2012 2018 2014 2015 2016 2017 2018 2019 2020
. The energy margin falls from current levels and then remains in the range micoz CO, emissions
of 25% to 30% between 2012 and 2020. The post-2015 retirements 10

caused by LCPD are reasonably well anticipated with an additional 0

2.8GW of CCGT plant becoming operational in 2014, and then a further

170

160 -

52GW in 201 6.
150
. As in other scenarios, the peak capacity margin falls significantly in 2016, 140 |
although the effect is least severe under the DTI Base Case. 120 ]
. CO, emissions fall significantly in the early years since the falling gas 120
prices (and high carbon and coal prices) leads to a reverse in the gas to 110 1
coal switching trend. Thereafter rising demand, static gas prices and 100

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

falling coal prices lead to a return to current levels of emissions. .
Generation market shares

. This scenario assumes market consolidation from the start of the study 80%
period and the vertically integrated companies continue to expand their

market share at the expense of independents. 0% K/\—/\/Q/\

60% -

50% Nuclear generators
— Vertically integrated
40% - — Independents
— Oil majors
30% - — Niche renewables

20% -

10% -

e * 0%
® ® E S 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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5.1.6 Status Quo - Summary metrics = (1)

2006 - 2020
Metric Restrained Steady Third Dash Volatile DTI Base
! Demand Growth for Gas World Case

Total generation costs (£bn) 145.9 175.9 162.4 210.7 164.2

Total consumer costs (£bn) 179.6 234.7 205.8 314.6 213.3

Annual average CO, emissions 134.5 181.2 151.4 169.9 168.3
Minimum 22.8% 19.8% 18.9% 10.4% 23.8%
energy margin

Supply

margins Minimum peak |.8% 0.9% 2.2% 5.5% 4.1%
capacity margin e e e = e
% ity of

Generation to;a:’ac' ye 58.6% 36.0% 55.0% 35.9% 42.4%

diversity
% ity of

(2020) cpacyo 74.7% 68.1% 73.0% 64.6% 66.1%
top 2

o’ T ES Note: generation costs include the costs of EUAs
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5.1.6 Status Quo — Summary metrics — (1): Notes

Comments

. Generation costs include subsidies (where these make up part of
the investment costs) and have the same definition as ‘resource
costs’ as defined in the Energy Review Guidance document.

. . mtCO2 CO, emissions
. A rate of 3.5% is used to discount the future cost streams as 250 2
specified in the Energy Review Guidance document.
. The differences in generation costs between scenarios largely 200 4
reflect the differences in fuel costs. The higher costs in Third Dash
for Gas relative to Restrained Demand are a function of the higher 150 4
demand in that scenario.
. The variations in consumer costs also reflect the market structure, 100 4
with the NPV of generator gross profits higher in Steady Growth
(£67bn), Volatile World (£112bn) and DTI Base Case (£57bn) than 50
in Restrained Demand (£40bn) and Third Dash for Gas (£53bn).
. Carbon dioxide emissions are a function of the fuel mix and 0
demand levels. The only deviation from the general trends is in 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
the later years of Volatile World when a significant proportion of
low carbon technologies enter the market. Energy margins
. There is a wide variation in energy margins between the scenarios 40%

(which is also reflected in the peak capacity margins). The general
trend of the energy margin in the scenarios, other than Volatile
World, is a slight decline from current levels. (In Steady Growth
the energy margin has recovered back to current levels by the end 25% A
of the study period.) Under Volatile World there is a steady
decline until 2018 by which time the energy margin is less than
10%. After that point, the resulting high prices and the reduction
in sequestration costs, leads to strong new plant build together 10% A
with new nuclear plant becoming operational.

35% 4

30% -

20% 4

15% -

5% -

. From a diversity perspective, Restrained Demand and Third Dash 0%
0 T T T T T T T T T T T T T T
for Gas (and to a lesser extent DTI Base Case) would be a cause 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
for concern, with over double the amount of gas generation

compared to current levels. In Steady Growth and Volatile World, Restrained Demand
. . . . .. . — Steady Growth
generation diversity remains similar to current levels but with _
declini | bei dfor by i f — Third Dash for Gas
eclining nuclear output being compensated for by increases from Volatile World
renewables. —— DTl Base Case
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5.1

.6 Status Quo - Summary metrics - (2)

e Spark spread Enawn Dark spread
30 30
25 A 25 +
20 - 20
15 15
10 - 10 -
5 5 |
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Note: Based on 50% efficiency Note: Based on 35% efficiency
~— Restrained Demand —— Steady Growth —— Third Dash for Gas —— Volatile World == DTI Base Case

Price duration curves - Volatile World

£/MWh
140 —20I6
Prices driven by peak —2005
capacity margin 120 Prices dri "
> rices driven by market ) Prices driven by SRMC
100 4 structure and energy margin
80

. = e
I—

40 -
20
. . | 1001 2001 3001 4001 5001 6001 7001 8001
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5.1.6 Status Quo — Summary metrics — (2): Notes

Comments

. There is generally an increase in the annual average dark and spark spreads
in the early years as fuel prices fall more quickly than electricity prices.

. With the exception of Volatile World, annual average spark and dark
spreads do not increase significantly with the tightening energy margins
post-2015.

. This suggests that the annual prices are largely driven by baseload prices

Time weighted/demand weighted

which themselves are driven by short run marginal costs. . . .
price differential

. However the tightening peak capacity margin does lead to higher peak £/Mwh
prices. This can be seen from the graph on the right which shows the 30 T T—Resraned Demand
differential between time and demand weighted prices. In all scenarios, the — Steady Growth
differential increases significantly when the peak capacity margin is tighter. 2.5 1 |— Third Dash for Gas
Prices are also likely to be much more volatile in this case, but analysis of _\I;(;Ilagle World
- ase Case

peak price volatility is beyond the scope of this study.

. In Volatile World, the incumbents are able to benefit from their dominant
positions and tightening energy margin, significantly pushing up mid-merit
prices. This effect is having an impact on the annual average prices as well
as the price shape, as can be seen in the comparison of the price duration
curves for 2015 and 2016 above.

. A general effect that the modelling is showing is that the increasing amount
of intermittent renewables is lowering the ability of generators to push up
prices. Compared to a high mid-merit plant with a similar annual availability 0.0
(~30%), wind plant offers very little strategic value. The impact appears to
be a general lowering of mid-merit prices but an increase in the volatility of
high mid-merit and peak prices resulting from the intermittency.

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

. It should be noted that the dark spreads shown above include carbon costs
and are based on existing coal plant efficiencies. New higher efficiency coal
plant will benefit from significantly higher dark spreads. This would be
increased further for plant with carbon capture (assuming the saving in
carbon costs outweigh the degradation in efficiency).
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5.2.1

Policy option impact - COCs

Volatile World - without Capacity Obligation Certificates

New plant by type
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5.2.1 Policy option impact — COCs: Notes

Comments

o* 'ES

I Energy Strategies

This example illustrates the impact of Capacity Obligation Certificates on
Volatile World, the scenario with the lowest energy margins under Status Quo.

The policy option parameters are the following:
- Target energy margin set at 35%
- Buy out price set at £12/hr for every MW of installed capacity (calculated per
annum assuming baseload operation).
- Only new capacity qualifies
- Cut-off period per plant: 10 years.

The graph on the right shows the expected COC price and the outturn COC

price as calculated by the Investment Decision Model. There is some volatility
but in general the prices track just above the buy-out price which suggests that
the policy option incentivises build just below the target.

This can be seen when looking at the impact of COCs on the energy margin. It
clearly removes the downward trend in energy margin whilst never quite
sustaining the energy margin at 35% (the intended target).

The policy has a significant benefit on the peak capacity margin but it remains
low in a number of years.

The main reason that this policy is more effective at addressing the energy
margin than capacity margin is the way it is targeted only at new plant. This
encourages new entry from plant seeking high load factors, but accelerates the
closure of mid-merit and peaking capacity.

Redefining the Capacity Obligation Certificate to cover all plant would be likely
to address this problem although would almost certainly be more expensive.
The alternative is a policy which is more targeted at peak availability.

The wholesale price falls as a result of the COCs encouraging more plant into
the market, as well as increasing the overall system efficiency by replacing the
older plant. On average the COCs lower wholesale prices by £2.80 /MWh in
Volatile World, although this is mainly impacting towards the end of the study
period. The average additional costs to consumers of the COCs policy is
£4.75/MWh over the same period.

The graph on the right shows the impact that COCs have on the price duration
curve in 2016. This flatter price profile would also lead to far less volatility in
peak prices.
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5.2.2 Policy option impact - DOCs

Third Dash for Gas — without Diversity Obligation Certificates

New plant by type Supply margins
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5.2.2 Policy option impact — DOCs: Notes

Comments

This example illustrates the impact of Diversity Obligation
Certificates on Third Dash for Gas, one of the least diverse
scenarios under Status Quo.
The policy option parameters are the following:

- Non gas plant and renewables qualify

- Assumed to cut off after /2 economic lifetime of plant

- Buy-out price set at £15/hr for every MW of installed capacity

(calculated per annum assuming baseload operation).
- Target set to 10% to 2009 and then rising to 25% by 2020

The graph on the right shows the expected DOC price and outturn
DOC price as calculated by the IDM. (Until 2013 there is no DOC
qualifying capacity on the system and hence the outturn price has
been defaulted to the buy-out price.) The DOC prices start well
above the buy-out price before declining as more DOC qualifying
capacity becomes operational. Beyond 2020, the DOC price would
probably start to recover as the original DOC plants’ entitlements
start to roll off.

The DOC policy is shown to be effective at displacing a large
proportion of the CCGT build, and with a diverse range of
technologies: initially ASC coal, and then ASC and IGCC coal with
carbon capture, plus nuclear.

Increasing the buy-out price or target DOC generation levels or
extending the cut-off periods could all lead to a complete
displacement of gas build.

The downside of the DOCs policy on Third Dash for Gas is that it
increases the carbon dioxide emissions initially. However, by
encouraging non-carbon emitting technologies also, this impact
diminishes over time.
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5.2.3

Policy option impact - NOCs

Restrained Demand - without Nuclear Obligation Certificates
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5.2.3 Policy option impact — NOCs: Notes

Comments

This example illustrates the impact of Nuclear Obligation Certificates on
Restrained Demand.
The policy option parameters are the following:

- Assumed to cut-off after 20 years

- Buy out price set to £15/hr for every MW of installed capacity (calculated

per annum assuming baseload operation).
- Planning process assumed to be speeded up
- Nuclear plant can be built by British Energy, EdF, EON and RWE

The graph on the right illustrates the expected and outturn NOC prices as
calculated by the IDM. Because of the very long planning and construction
times involved in building nuclear plant, no NOC qualifying plant becomes
operational before 2018. (Prior to that the NOC price defaults to the buy-
out price.)

It can be seen that the NOC policy option is successful in bringing forward
and encouraging nuclear build.

An unexpected side effect of this policy option is that new coal build has
been encouraged. This may be a consequence of these particular scenario
assumptions and hence not too much significance should be attached to
this outcome, although it is a useful illustration of the possibility of
unintended consequences of different policy options.

The explanation in this case is that the sudden installation of a large amount
of nuclear capacity has disincentivised the CCGT build that would have
become operational in the period 2013-2015 (compare the 2 two energy
margin graphs above to see this effect). This is leading to a sustained
period of lower energy margins which is pushing up investors expectations
of price (at least in the short term) bringing new coal build into the money.
This effect is not seen when NOC:s are applied to Third Dash for Gas.

The general effect of deterring other new build is exacerbating an already
tight peak capacity margin in 2016.
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5.2.4 Policy option impact — Tendering
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5.2.4 Policy option impact — Tendering: Notes

Comments
. In this example, Tendering has been applied to Volatile World. Generation Costs — Volatile World
. Tendering does not prove to be an effective means of increasing the

energy margin because plant built by the TSO tends to simply replace 35,000

that which would have been built by a private investor. It is not until 30,000

all the private investment has been displaced that increasing the
amount of tendered capacity starts to improve the energy margin. 25,000
. In this example, the following capacity is tendered for by the TSO

20,000 - —
(financed by the Government):
15,000

— 2 GW of advanced super-critical coal in 2007, 2008, 2009

£m

— 2 GW of IGCC coal plus sequestration in 2008, 2012 10,000
- 1.2 GW of nuclear in 2012, 2013, 2018, 2019 5,000 — S
—— Tendering
—  Total 14.8 GW over |5 year period - —
. : . . . - g8 5 88 8 2 89838 &5 3 2%
. Leaving aside the negative impact on the liberalised electricity market 2 2 2 828 28 2 2 2 2 28 8 8 8 8 ¢
that tendering could have, it has the advantage of allowing the
Government to control the capacity mix thus providing a lever for
encouraging low carbon technologies such as nuclear and carbon .
captureg 8 8 Consumer costs — Volatile World
. A dilemma is presented by the impending post-2015 energy margin fall: 35,000
whether to build coal plant with carbon capture which would still be 30,000 S\

uneconomic at that time, or to take the pragmatic approach of building /\A \/
25,000

some ASC coal plant (possibly capture ready) to plug the energy
margin gap, until the low carbon technologies are economic. In this 20,000

£
example we have assumed the latter case. &
15,000
. Because we have assumed that the TSO/Government pursues the
economic route, and due to the low financing costs, the overall 10,000
generation costs are slightly lower with Tendering. (If an ‘opportunity’ 5000 sQ

based cost of capital is used, reflecting a more ‘commercial’ rate the —— Tenderin
generation costs would be higher.) Consumer costs are considerably - e e 5 O e e T e e oo
less because we avoid the higher spark and dark spreads associated 3 8 9
with the very tight energy margin under Status Quo.
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5.3.1 Summary metrics - Restrained Demand - (1)

Metric SQ DOCs COCs NOCs Tendering
Total generation costs (£bn) 145.9 148.0 148.5 146.9 151.0
Total consumer costs (£bn) 179.6 181.9 186.0 181.2 204.3
Annual average CO, emissions 134.5 146.6 133.7 135.2 141.7
Minimum 22.8% 22.0% 26.9% 20.3% 22.1%
energy margin
Supply
capacity 1.8% 1.0% 4.6% -0.9% I.1%
margin
% capacity of
Generation top | 68.7% 41.7% 63.0% 49.8% 46.2%
diversity
% ity of
(2020) cpacy e 82.6% 71.2% 72.6% 68.3% 71.0%
top 2
® «* "’ ES Note: excludes value of lost load

| Energy Strategies Dynamics of GB Generation Investment 92 redpoint V1= RG Y



5.3.1 Summary metrics — Restrained Demand - (1)

Comments

. The table above illustrates the impact of all four policy options on the
Restrained Demand scenario.

£MWh Consumer Prices
. The total generation costs of all policy options are greater than in the 70
Status Quo case since the resulting solutions are deviating from the o5 |
most economic case as dictated by the market. (The capacity for
Tendering was based on the Volatile World scenario, and hence 607
despite the low cost of capital provided by the government, a non- 55 -
economic mix is built thus increasing the generation costs.) 50 | —s0
* It should be noted that new nuclear plant are only operational for 2 45 :gggz
years within the study period, and since costs are accounted for on an NOGs
annualised basis during the plant’s economic lifetime, the bulk of the 407 T~ ||—Tender
costs and benefits of NOCs policy are arising outside the study period. 357
. The results in the table are presented as NPVs discounted at 3.5%. 30 1
Since the results for the policy options vary little in the earlier years, 25 |
the differences between policy options are dampened. For example, 20 e
the consumer price graph over time, shown on the right, illustrates a 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
high degree of variation in the later years.
*  The cost to consumers is higher under all policy options, although not nCo2 CO, emissions
significantly so on an NPV basis with the exception of Tendering. 170
. There are 3 explanations for the higher consumer costs under
Tendering: 160 -
I. It leads to a lower energy margin in the later years as the capacity
build is based on a Volatile World. 150
2. The market competitiveness diminishes in a world of Government —sQ
interventions 1401 —DOCs
3. Uneconomic plant are introduced to the market. —COCs
130 + NOCs
. The improvements in diversity that result from DOCs and Tendering — Tender
are coming at the expense of higher carbon dioxide emissions. 120 A
. The consumer costs for Tendering are increased by a £1.9bn loss for
the TSO associated with the annual auctions of tendered capacity. It is 1101
assumed that this is recovered in transmissions charges. 100
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5.3.1 Summary metrics - Restrained Demand - (2)

Restrained Demand - Energy Margin Restrained Demand - Peak Capacity Margin
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Note: Unserved load is the probability weighted expected unserved load across 500 simulations

The probability of load curtailment is the probability of the loss of load in at least 1 hour in the year
o * "’
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5.3.1 Summary metrics — Restrained Demand - (2): Notes

Comments
. The unserved load represents the probability weighted unserved .
load under 500 simulations. This does not necessarily mean that Cumulative plant closures
Y MW
any load will be lost in any particular year, but over a number of 40000
years the average loss that can be expected.
. It is only if the probability of the need for load curtailment (as 35000 1
shown in the graph on the bottom right above) is greater than 30000 | —_—
50%, that a loss of load in one or more hours in the year becomes
likely. 25000
. The probability of the need for load curtailment only becomes 20000 1
significant after 2012 under all policy options.
. The maximum individual hourly loss at the 95% percentile 150001
confidence level under Status Quo is 2.8GW (out of a total of 10000 —s
447,000 GWh), which occurs in 2018. / _
5000 COCs H
. For comparison the volumes of unserved load relating to _/_/ —DOCS, NOCS and Tendering
transmission outages were: O T o . o e e s 4 e T . .o
— 900 MWh in 2003/04 S 8 8 &8 B R B B B 8 B R & & &®

- 888 MWh in 2004/05
. The impact of COCs on the energy margin and peak capacity Total value of lost load
margin is positive although it does not provide the same benefit as o o) T ocs o —
was seen in the Volatile World example. This is because it Restrained Demand 218078 1,408.63 484.62 1,936.60 1876.18
accelerates the closure of already marginally economic coal plant.

. The same detrimental impact on peak capacity margin in 2016 of
NOC:s as in the Third Dash for Gas example can be seen.

. In the later years, in addition to their diversity benefit, DOCs are
improving the energy margin and peak capacity margin positions.

. The NPV of the total value of lost load is shown under each policy
option in the table below. (This assumes a value of lost load of
£15,000/MWh. These calculations assume no correlation between
outages of different plant.)
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5.3.2 Summary metrics — Steady Growth - (1)

Metric SQ DOCs COCs NOCs Tendering
Total generation costs (£bn) 175.9 176.9 179.0 175.5 174.7
Total consumer costs (£bn) 234.7 233.3 240.9 238.2 236.2
Annual average CO, emissions 181.2 189.8 185.5 177.8 177.6
Minimum 19.8% 22.8% 22.8% 18.1% 21.0%
energy margin
Supply
capacity 0.9% 6.0% 7.5% 1.8% 3.3%
margin
% ity of
Generation to;a:’ac' /0 40.7% 40.1% 36.0% 36.5% 36.3%
diversity
% ity of
(2020) to;a; e 78.2% 69.0% 71.2% 68.6% 65.9%
® «* "’ ES Note: excludes value of lost load
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5.3.2 Summary metrics — Steady Growth (1): Notes

Comments
. The table above illustrates the impact of all four policy options on the
Steady Growth scenario. .
. As is the case for Restrained Demand, DOCs and COCs have the £/MWh Consumer Prices
impact of pushing up the generation costs. Under Tendering, 70
generation costs fall since the investments made by the 65 |
TSO/Government are similar to those that would have been made by
private investment, yet benefit from the lower cost of capital provided
by Government financing. NOC:s are slightly lower cost, but most of
the costs/benefits of this policy option fall outside the study period. —sQ
. In the scenarios that favour non gas technologies such as Steady :gggz
Growth, DOCs and COCs have generally similar overall effects despite NOCs
different deployment mechanisms. — Tender
. Both DOCs and COCs have the effect of suppressing wholesale prices. *1
Under the COC policy this is more than offset by the additional cost of 30
the COCs. However, in scenarios such as Steady Growth where non 25 A
gas capacity is already favoured, the DOC price collapses with an 20 N
overa” reduction in costs to consumers. (ThIS result is very SenSitive 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
to the exact parameters chosen for the DOC policy.)
. The drop in the energy margin in 2016 under NOCs causes prices to ~ mtCO2 CO, emissions
spike up. 220
. The impact of DOCs on the mix of new capacity is far less pronounced
under Steady Growth when compared to the Third Dash for Gas 200 +
example. This is because it is mostly non gas plant being built under
Status Quo any way. However, the remaining gas build is replaced with 180 -
coal, thus leading to higher carbon emissions. igng
. Carbon emissions are also higher with COCs since further new coal 160 1 —COCs
build is being encouraged at the expense of older CCGTs. NOCs
. NOCGC:s and Tendering are the most effective options for stemming the 140 7 - Tender
steady increase in carbon dioxide emissions under Steady Growth.
. The consumer costs for Tendering are reduced by a £0.6bn profit for 1207
the TSO associated with the annual auctions of tendered capacity. It is
100

assumed that thls PFOﬁt IS netted Off transmission Charges' 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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5.3.2 Summary metrics — Steady Growth - (2)

Steady Growth - Energy Margin Steady Growth - Peak Capacity Margin
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Note: Unserved load is the probability weighted expected unserved load across 500 simulations
The probability of load curtailment is the probability of the loss of load in at least 1 hour in the year
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5.3.2 Summary metrics — Steady Growth - (2): Notes

Comments

. From an energy margin and peak capacity margin perspective the .
Steady Growth scenario under Status Quo is better than some of MW Cumulative plant closures
the other scenarios. 25000

. The maximum individual hourly loss at the 95% percentile
confidence level under Status Quo is 2.7GW which occurs in 2016. 20000 —

. Interestingly COCs do lead to an increase in energy and peak
capacity margins in the earlier years, but actually produce a lower 15000

minimum across the study period than Status Quo (in 2018). This

is because the initial incentives lead to overbuild causing the COC

price to collapse deterring new build just prior to the post-2015 10000 -
LCPD related closures.

. This illustrates the point that whilst COCs can deliver a higher 5000 —sQ 1
energy and peak capacity margin over a longer time period, in any _/_/ —cocs
one year there could be deviations. This is particularly the case for —DOCS, NOCS and Tendering
peak capacity margin, which is not directly incentivised by the COC 0 s 5 8 3 o o 8§ o s @ g 5 = 9 g
regime as implemented here. Amendments to the policy design § & & & & & & & & R & & & ® W
might be considered to address this consequence.
. The NPV of the total value of lost load is shown under each policy Total value of lost load
option in the table on the below. (This assumes a value of lost load £m SQ DOCs COCs NOGCs TEN
of £15,000/MWh. These calculations assume no correlation Steady Growth 1.641.27 1,238.32 762.06 1,794.63 2,224.30

between outages of different plant.)
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5.3.3 Summary metrics — Third Dash for Gas - (1)

Metric SQ DOCs COCs NOCs Tendering
Total generation costs (£bn) 162.4 163.9 162.7 161.8 166.8
Total consumer costs (£bn) 205.8 213.7 212.0 206.6 2344
Annual average CO, emissions 151.4 161.1 145.2 148.6 163.1
Minimum 18.9% 23.9% 14.1% 20.4% 20.7%
energy margin
Supply
capacity 2.2% 7.1% -0.8% 2.8% 4.2%
margin
% ity of
Generation to;a:’ac' /0 63.1% 39.7% 67.0% 52.0% 38.9%
diversity
% ity of
(2020) cpacy e 83.1% 79.1% 79.5% 69.6% 69.8%
top 2
® «* "’ ES Note: excludes value of lost load
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5.3.3 Summary metrics — Third Dash for Gas - (1)

Comments

o* 'ES

I Energy Strategies

The table above illustrates the impact of all four policy options on
the Third Dash for Gas scenario.

The impact of the policy options on generation costs is similar to
that witnessed under Restrained Demand. The one exception is
that COCs only lead to a small increase in generation costs, as a
result of speeding the displacement of less efficient plant.

The policy options all lead to an increase in costs to consumers,
particularly Tendering, for the same reasons as under Restrained
Demand.

DOCs and Tendering both lead to an increase in carbon dioxide
emissions resulting from the displacement of new gas build with
new coal build. By incentivising the replacement of existing coal
plant with new gas plant, COCs have a positive impact in reducing
carbon emissions under this scenario. Under NOC:s, carbon
emissions track Status Quo until the new nuclear plant become
operational, rivalling COCs as the lowest carbon emitting policy
option by 2018.

The consumer costs for Tendering are increased by a £3.5bn loss
for the TSO associated with the annual auctions of tendered
capacity.

Dynamics of GB Generation Investment
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Consumer Prices

£/MWh
70
65 -
60 -
—DOCs
— COCs
NOCs
— Tender
30
25 A
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
CO2 CO, emissions
180
170 A
160 -
150 A — \ —SQ
—DOCs
140 ~ —COoCs
NOCs
130 1 — Tender
120
110 1
100
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5.3.3 Summary metrics — Third Dash for Gas - (2)

° ES

I Energy Strategies

Note:

Third Dash for Gas - Energy Margin Third Dash for Gas - Peak Capacity Margin
60% 35%
50% | 30%
—5S0Q
25% -
40% - ——DOCs 0% —SQ
6 |
30% - ——COCs ——DOCs
N 15% - ——COCs
20% | \ NOCs
— Tendering 10% - NOCs
10% - 5% | —— Tendering
0% T T T T T T T T T T T T T T 0% T T T T T T T T T T \v T T T T
© ™~ © (2] o — N [32] =< Lo} © ~ s} =2 I © ~ ®© O o - N ™ < n © N~ o O o
L 9 9 9 4d JF4 4 4J4 494 AF4 4 4 4 9 4J N = S = N o N o S = R = N~ R~ R~ B~ N = R = T = [ = R |
&8 § &§8 R &8 R R R R R R ’®8 R R§ Mg S S E E EEEEEEEE R
Third Dash for Gas - Expected Unserved Load Third Dash for Gas - Probability of Need for Load Curtailment
120 100%
90% -
100 - sQ 80% -
8o | 70% | —sQ
< cocs 60% - —_DOoCs
% 60 4 ——DOCS 50% 4 / ——COCs
40 | / NOCs 40% + / NOCs
/ . 30% - :
—— Tenderin —— Tenderin
20 4 9 20% - 9
A il —
o & O O & D > L O S
SR S S S S S Y g8 288388z 8g8¢8¢8 28§
N N N N N N N N N N N N N N N

Unserved load is the probability weighted expected unserved load across 500 simulations

The probability of load curtailment is the probability of the loss of load in at least 1 hour in the year
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5.3.3 Summary metrics — Third Dash for Gas — (2): Notes

Comments
. The volatile impact that COCs can have on the energy and peak .
. . : . Cumulative plant closures
capacity margins first seen in Steady Growth, is even more MW
extreme under Third Dash for Gas. The energy margin reaches 40000
50% in 2013 before a significant collapse with the closure of 12
GW of coal and oil capacity in 2015. 85000 1
. The impact on peak capacity margin is equally extreme, falling 30000
negative in 2016.
25000 A
. As was the case under Restrained Demand, DOCs provide a slight
benefit to energy and peak capacity margins. (This leaves aside the 20000
potential benefit of diversity in avoiding correlated plant availability 15000
restrictions.)
. The impact of NOCs on the peak capacity margin in 2016 is not as 10000 —so
extreme as under Restrained Demand. 5000 / —cocs I
. The NPV of the total value of lost load is shown under each policy _/_/ —DOCS, NOCS and Tendering
option in the table below. (This assumes a value of lost load of O —— s o § = % 3 = & = = g
£15,000/MWh. These calculations assume no correlation between R 8 8 8 R R R R R &8 &8 &8 §& 8§ =&
outages of different plant.)
Total value of lost load
£m SQ DOCs COCs NOCs TEN
Third Dash for Gas 2,788.02 1,283.99 814.69 2,371.29 2,441.67
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5.3.4 Summary metrics — Volatile World - (1)

Metric SQ DOCs COCs NOCs Tendering
Total generation costs (£bn) 210.7 216.0 215.1 209.6 210.0
Total consumer costs (£bn) 314.6 305.4 310.9 312.9 298.6
Annual average CO, emissions 169.9 178.1 174.4 165.6 165.8
Minimum 10.4% 22.4% 22.4% 10.6% 21.7%
energy margin
Supply
capacity -5.1% 6.0% 5.6% -5.3% 3.8%
margin
% ity of
Generation to;a:’ac' /0 38.1% 36.5% 39.7% 34.6% 34.9%
diversity
% ity of
(2020) cpacy e 71.2% 65.1% 67.0% 62.7% 62.7%
top 2
® «* "’ ES Note: excludes value of lost load
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5.3.4 Summary metrics — Volatile World — (1)

Comments W Consumer Prices
. The table above illustrates the impact of all four policy options on 80
the Volatile World scenario.
. The main difference when compared with other scenarios is that all
the policy options reduce consumer costs compared to Status Quo
largely as a result of averting the 2016-2018 energy margin squeeze
that was leading to high prices. (This is only partially the case for —sQ
NOC:s due to the long lead time to commission nuclear plant.) —DOCs
) . . —COCs
. Generation costs are higher under DOCs and COC:s since fully i NOCs
written down existing plant are being replaced by new plant which — Tender
requires a return on equity. The converse is true for NOCs as 451
there is a delay before the new plant comes on stream. The lower 40 A
generation costs under Tendering are a reflection of the 35 |
government’s lower cost of capital. %
. The consumer costs for Tendering are reduced by a £7.5bn proﬁt 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
for the TSO associated with the annual auctions of tendered
capacity. mtcoz CO, emissions
200
190 -
180 -
170 -
160 - —SQ
—DOCs
150 7 —COCs
140 | NOCs
— Tender
130 -
120 |
110 -
100

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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5.3.4 Summary metrics — Volatile World - (2)

Volatile World - Energy Margin Volatile World - Peak Capacity Margin
40% 25%
35% - 20% -
30% - —3Q
25% | >~ | | pocs 15% 1 —sQ
20% 1| —_cocs 10% | = —DOCs
15% - NOCs ——COCs
5% 1 NOCs
10% - —— Tendering
5% - 0% T T T T T T T T T 7 T ; T —— Tendering
© ~ o [«2] o - N ™ < n ~ 0, o o
o o o o — - - - - - - — N
0% T T T T T T T T T T T T T T MmO & & & o O © © O o o o
(o] ~ o) [o2] o — N (3¢} < n [(e] ~ 0 ()] o N N N N N N N N N N N N N N
o o o o - - - — — - - — — — N
© © © ©6 © © O © O O O O o o o -10%
N N N N N N N N N N N N N N N
Volatile World - Expected Unserved Load Volatile World - Probability of Need for Load Curtailment
450 100%
400 - 90% -
350 80%
300 o 70% 1 —
< 250 4 COCs 60% | —_DOCs
% 200 | ——DOCs 50% - —__COCs
150 - NOCs 40% - NOGs
’ 30% - )
i —— Tendering — Tenderin
100 20% | g
501 10% -
0w"\‘w‘m‘o‘ﬂ‘t\“m‘ﬁ‘m‘m"\‘w‘m‘o 0%
8 8 8 8 8 383 3 8 8 8 8 8 38 8 © € 5 83 3 493338 85 8 38
N §&§ & & & §&§ & N & & & N & §& « Q 8 8 8 8 8 8 8 28 288 R 828 8 8 <
Note: Unserved load is the probability weighted expected unserved load across 500 simulations

The probability of load curtailment is the probability of the loss of load in at least 1 hour in the year
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5.3.4 Summary metrics — Volatile World — (2): Notes

Comments
. The COCs and Tendering policy options were designed to address Cumulative plant closures
the energy margin problem under Volatile World and hence are MW P
effective at addressing this problem. 30000
. Since DOC:s are acting to incentivise further the technologies —
which are already the most economic, they have a very similar 25000
effect to COCs in improving the energy and peak capacity margins.
L . 20000 -
. The positive impact of NOCs on the energy and peak capacity
margins comes too late to avert the problem in 2016.
15000
. The expected unserved load and probability of load curtailment are
very significant under Status Quo and NOCs. 10000 4
. The maximum individual hourly loss at the 95% percentile
confidence level under Status Quo is 8.3GW which occurs in 2018. 5000 —sQ |
. : —coc
. The NPV of the total value of lost load is shown under each policy _/_/ —Docz NOGS and Tendening
option in the table on the right. (This assumes a value of lost load 0 e
of £15,000/MWh. These calculations assume no correlation g 8 8 8 8 8 8 8 2 8 8 8 8 &8 §
between outages of different plant.)
Total value of lost load
£m SQ DOCs COCs NOCs TEN
Volatile World 12,209.34 1,426.52 1,009.76 8,043.76 1,754.87
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5.3.5 Summary metrics - DTI Base Case - (1)

Metric SQ DOCs COCs NOCs Tendering
Total generation costs (£bn) 164.2 163.3 166.6 164.1 161.8
Total consumer costs (£bn) 213.3 213.0 210.4 215.6 205.7
Annual average CO, emissions 166.2 176.0 159.9 164.7 169.7
Minimum 23.8% 24.4% 25.5% 22.0% 25.0%
energy margin
Supply
capacity 4.1% 4.3% 3.6% 0.7% 4.0%
margin
% ity of
Generation to;a:’ac' /0 42.4% 38.7% 39.8% 41.5% 37.1%
diversity
% ity of
(2020) cpacy e 66.1% 66.9% 68.1% 65.5% 66.9%
top 2
® «* "’ ES Note: excludes value of lost load
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5.3.5 Summary metrics — DTI Base Case - (1)

Comments
. The table above illustrates the impact of all four policy options on .
the DTI Base Case scenario. £/MWh Consumer Prices
. Generation costs are higher under COCs compared to Status Quo 7
due to the encouragement of new investment to replace older 65 |
plant. Generation costs under Tendering are lower since the
technology choices are generally economic and the lower cost of 60 1
capital of the government leads to lower investment costs. DOCs 55 | —
have lower generation costs than the Status Quo which is a — DOCs
surprising result, since DOCs would normally incentivise less —COCs
economic plant. Investment and fixed costs are higher, but variable NOCs
operating costs are lower. The reason is that in this scenario coal — Tender
prices continue to fall whilst gas prices levelise. Coal that was
initially uneconomic rapidly becomes very economic on a short run
marginal cost basis with falling coal prices. (Had coal prices moved %
higher rather than lower, DOCs would have turned out to be a 30 —_——
very eXPenSive Optlon) NOCS have Similar generation costs to 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Status Quo. Due to the significant amount of build of new nuclear
plant under Status Quo, the impact of NOC:s is fairly limited mtCO2 CO, emissions
generally. 200
. Consumer costs are consistently lower under Tendering than in 190 A
Status Quo. This is a different result from a number of the other 180 1
scenarios. Here, the impact of the lower generation costs and 170 \/
higher energy margins is outweighing the negative impact on market —
competitiveness, leading to lower overall costs. 160 1 iig(:s
. COC:s are leading to lower overall consumer costs than Status 150 7 —COCs
Quo but there is considerable variability. In the earlier years, the 140 - NOCs
increased energy margins lead to lower prices. However, in the 130 — Tender
later years the increasing direct cost of COCs leads to higher
overall costs for consumers. 1207
. The consumer costs for Tendering are reduced by a £3.4bn profit 1101
i:.;:?lety-rso aSSOCiated WIth the annual aUCtionS Of tendered 100 2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘ 2015 ‘ 2016 ‘ 2017 ‘ 2018 ‘ 2019 ‘ 2020
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5.3.5 Summary metrics - DTI Base Case - (2)

DTl Base Case - Energy Margin DTl Base Case - Peak Capacity Margin
50% 30%
45% -
40% | 25% 1
—SQ —3SQ
35% - i
20% | é —_DOCs 20% —DOCs
25% - ~N— ——COCs 15% - ——COCs
20% NOCs NOCs
15% - Tonder 10% | e
—— lendering —— lenaering
10% - 5% | \ —~
5% |
0% — — — ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0% ———
©O ~ [} [*2] o - N ™ <t [Te) [{e} ~ [ce) [} o ©O ~ oo} [2] o - N (32} <t Te) [{e} N~ [ee] (2] o
o o o o — — - — — — - - — - N o o o o — - — - — — — — - — N
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N
DTl Base Case - Expected Unserved Load DTl Base Case - Probability of Need for Load Curtailment
80 100%
70 | 90% -
60 —50Q 80% -
50 | —__coCs 70% 1 S0
S 40 —__Dpocs 80% 1 PO
o | 50% - ——COCs
30 4 NOCs 40% | NOCs
20 4 —— Tendering 30% H —— Tendering
10 20% -|
0 ‘ — — —= 10% 4
© N~ ©® O O H N M ¥ ;W ©O© N~ ©Oo o O 0% ; T T T T T T T T T T T T
o o o o - - - - - - - - - i N
Q 8 8 8 8 8 8 8 8 R8B 8 R & 8 ¥% 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Note: Unserved load is the probability weighted expected unserved load across 500 simulations

The probability of load curtailment is the probability of the loss of load in at least 1 hour in the year
o * "’
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5.3.5 Summary metrics — DTI Base Case - (2): Notes

Comments
. As in other scenarios, COCs and Tendering lead generally to Cumulative plant closures
higher annual energy margins and peak capacity margins. In 2018, P
however, the margins under COCs and Tendering are 30000 Mw
approximately the same as Status Quo.
. NOC:s are having the same detrimental impact on the peak capacity 25000
margin in 2016 as seen in Restrained Demand.
. The NPV of the total value of lost load is shown under each policy 20000
option in the table on the right. (This assumes a value of lost load
of £15,000/MWh. These calculations assume no correlation 15000
between outages of different plant.) /_// —SQ
10000 }_/ ——COCs |
5000 —DOCS, NOCS and
_/_/ Tendering
0 T T T T T T T T T T T T T T

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Total value of lost load

£m SQ DOCs COCs NOCs TEN
DTI Base Case 2,081.36 993.73 810.66 2,252.57 1,450.91
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5.4 Policy option comparison — generation costs

NPYV of generation costs

Generation costs (£bn) SQ DOCs COCGCs NOCs TEN
Restrained Demand 145.9 148.0 148.5 146.9 151.0
Steady Growth 175.9 176.9 179.0 175.5 174.7
Third Dash for Gas 162.4 163.9 162.7 161.8 166.8
Volatile World 210.7 216.0 215.1 209.6 210.0
DTI Base Case 164.2 163.3 166.6 164.1 161.8
Average 171.8 173.6 174.4 171.6 172.9
220
200
IS
w180
[ | u N [ |
160
140 % | | %
SQ DOCs COCs NOCs Tendering
1= 4 5 1= 3
. . Average across 5 scenarios Range across 5 scenarios
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5.4 Policy option comparison — generation costs: Notes

Comments Difference between highest
. COCs are the most expensive policy from a generation cost perspective, since it is and lowest cost policy option -
encouraging new plant to be built and existing plant to close. £/MWh Generation costs
. DOC:s are also generally costly since typically less economic plant are being 6 .
encouraged relative to more economic plant. ~ Restrained Demand
— Steady Growth
. The generation cost of Tendering when averaged across the 5 scenarios are not 5 +|—Third Dash for Gas
significantly higher than Status Quo. However, there are two opposing factors — Volatile World
having an effect. Under some scenarios (Restrained Demand, Third Dash for Gas) 4 — DTl Base Case
the choice of technologies are uneconomic leading to higher overall generation
costs. However in scenarios where the choices are largely economic (Steady 3

Growth, Volatile World and DTI Base Case) the low cost of capital for the
government is leading to lower generation costs. It could be argued that the

appropriate cost of capital for the government should not be the risk free rate, but ’

an ‘opportunity’ based cost of capital relating to the displacement of private 1]

investment. Using a ‘commercial’ rate for the cost of capital under Tendering

would add approximately £2.7bn to the NPV of generation costs making it the

highest cost policy option in terms of generation costs. 0 2006 2007 2008 2000 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

. The generation costs of NOCs are similar to the Status Quo. This is largely
explained by the fact that the costs and benefits of the NOC:s policy fall largely
outside the study period (2006-2020).

. The difference between the policy options on an NPV basis is reduced by the fact
that there are few differences in the earlier years. The graph on the right
illustrates the difference in generation costs in £/MWh between the lowest and
highest cost policy options in each year.

. In is interesting to note that the spread in outcomes across the scenarios (the
length of the bars) is much larger than the spread of outcomes across the policy
options (the differences across the black squares). Some of this is explained by the
NPV effect, since there is little variation between policy options in the first five
years (whereas there is a big variations across the scenarios in these years).
However, it illustrates the point that external factors are likely to have a much
greater impact on the development of the electricity market than any of these
policy options will.
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5.4 Policy option comparison — consumer costs

NPV of consumer costs

Consumer costs (£bn) SQ DOCs COGCs NOCs TEN
Restrained Demand 179.6 181.9 186.0 181.2 204.3
Steady Growth 234.7 2333 240.9 238.2 236.2
Third Dash for Gas 205.8 213.7 212.0 206.6 234.4
Volatile World 314.6 305.4 3109 3129 298.6
DTI Base Case 2133 213.0 2104 215.6 205.7
Average 229.6 229.5 232.0 230.9 235.8
360
310
E |
w260
] [ ] N [ ] +
210 -
160 f f f }
SQ DOCs COCs NOCs Tendering
1= 1= 4 3 5
. Average across 5 scenarios Range across 5 scenarios
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5.4 Policy option comparison — consumer costs: Notes

Comments
. From a consumer perspective, DOCs appears to be no more expensive than the Difference between highest
Status Quo. This result should be treated with some caution since it is heavily and lowest cost policy option —
influenced by what happens in the Steady Growth and Volatile World scenarios £/IMWh Consumer costs
where DOC:s are acting to incentivise further plant that would have been built 30 _
- . . . . . — Restrained Demand
anyway. This is leading to a subsequent collapse in DOC price as the target is being — Steady Growth
easily met. Under COCs, the price remains high since the 35% energy margin is yet 25 | |—Third Dash for Gas
to be met. In Restrained Demand and Third Dash for Gas, the consumers are being — Volatile World
— DTl Base Case

exposed to the non-economic technology choices.

. Tendering is the most expensive policy option for consumers overall, partly as a
result of the non economic technology choices in some scenarios and partly due to
the impact it is having on market competition. It is one of the lower cost options
under Volatile World since it is effectively addressing the energy margin problem
thus lowering market prices. It is also a low cost option in the DT| Base Case.

. The differences between the policy options on an NPV basis is reduced by the fact
that there are few differences in the earlier years, and the averaging between
scenarios. The graph of the right illustrates the difference in consumer costs in
£/MWh between the lowest and highest cost policy options in each year. 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

. In certain years the costs to consumers are significantly different under the different
policy options.
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5.4 Policy option comparison - CO, emissions

Annual average CO, emissions

CO2 emissions (mt) SQ DOCs COGCs NOCs TEN
Restrained Demand 134.5 146.6 133.7 135.2 141.7
Steady Growth 181.2 189.8 185.5 177.8 177.6
Third Dash for Gas I151.4 161.1 145.2 148.6 163.1
Volatile World 169.9 178.1 174.4 165.6 165.8
DTI Base Case 166.2 176.0 159.9 164.7 169.7
Average 160.7 170.3 159.7 158.4 163.6

200

190

180

‘é’ 170 L

160 u L [ |

150

140

130 % # % %

SQ DOCs COCs NOCs Tendering
3 5 2 1 4
. Average across 5 scenarios Range across 5 scenarios

. L ]
® ES
l Energy Strategies Dynamics of GB Generation Investment 116 redpoint N E RG Y



5.4 Policy option comparison — CO, emissions: Notes

Comments

. From a CO, emissions perspective, DOCs is the worst policy option since it generally acts to favour coal over CCGT build. This is
particularly the case in the earlier years of the study period. Once nuclear and carbon capture become viable options, DOCs can help to
reduce CO, emissions.

. NOCs generally leads to the lowest CO, emissions. However, since new nuclear plant are only becoming operational towards the end
of the study period, the full benefit of nuclear plant in reducing CO, emissions is not being shown.
. The impact of COCs on CO, emissions depends on the scenario. In the gas favouring scenarios (Restrained Demand, Third Dash for

Gas and DTI Base Case) they act to accelerate the replacement of inefficient old coal stations with new high efficiency gas stations. In the
coal favouring scenarios (Steady Growth and Volatile World), additional new coal plant is putting further pressure on the output of gas
plant. Also, by encouraging new coal plant in earlier years, less coal with carbon capture is subsequently being built as the economics
start to favour this technology. (This result may be different if the coal plant being built in the early years were “capture ready”.)

. Tendering tends to have the opposite effect to COCs on CO, emissions. Where coal is favoured, the support for sequestration helps to
reduce emissions. However, this effect is more than offset in the gas favouring scenarios due to the replacement of gas build with coal.

¢’ 'ES
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5.4 Policy option comparison - minimum energy margin

Minimum annual energy margin

Energy margin (%) SQ DOCs COCGCs NOCs TEN
Restrained Demand 22.8% 22.0% 26.9% 20.3% 22.1%
Steady Growth 19.8% 22.8% 22.8% 18.1% 21.0%
Third Dash for Gas 18.9% 23.9% 14.1% 20.4% 20.7%
Volatile World 10.4% 22.4% 22.4% 10.6% 21.7%
DTI Base Case 23.8% 24.4% 25.5% 22.0% 25.0%
Average 19.1% 23.1% 22.3% 18.3% 22.1%
30%
|
25%
| ‘ ' | .
20% T *
15% | |
10%
5%
0% # # # 1
SQ DOCs COCs NOCs Tendering
4 1 2 S) 3
. o . Average across 5 scenarios Range across 5 scenarios
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5.4 Policy option comparison — minimum energy margin: Notes

Comments
. In 2006, the annual energy margin is approximately 35%.
. Surprisingly COCs are not necessarily the best policy option against this metric. If the metric was calculated on the overall energy margin (or total

unserved load) across the study period they would be. However, it is based on the minimum energy margin in any one year, and hence the post-
2015 energy margin ‘collapses’ resulting from over build in the early years in Steady Growth and particularly in Third Dash for Gas are causing it to
be scored lower.

. Overall, DOCs is shown to produce the best results on minimum energy margin.

. Overall, the Status Quo appears a bad option from an energy margin perspective although in Restrained Demand and Steady Growth, the analysis
suggests that intervening could be counterproductive for certain years.
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5.4 Policy option comparison - diversity

% capacity of most dominant technology in 2020

% Most dominant tech SQ DOCs COCs NOCs TEN
Restrained Demand 58.6% 41.3% 63.0% 49.8% 46.2%
Steady Growth 36.0% 40.1% 36.0% 36.5% 36.3%
Third Dash for Gas 55.0% 39.7% 67.0% 52.0% 38.9%
Volatile World 35.9% 36.5% 39.7% 34.6% 34.9%
DTI Base Case 42.4% 38.7% 39.8% 41.5% 37.1%
Average 45.6% 39.3% 49.1% 42.9% 38.7%
80%
60%
| " m
40% = ]
20%
0% z % z %
SQ DOCs COCs NOCs Tendering
4 2 5 4 1
. Average across 5 scenarios Range across 5 scenarios
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5.4 Policy option comparison — diversity: Notes

Comments

. In 2006, the proportion of gas-fired plant in the capacity mix is approximately 35%.

. COC:s are generally bad for diversity since they act to reinforce the advantage of CCGTs in the gas favouring scenarios.

. The Status Quo also generally leads to decreasing diversity since gas is favoured in 3 of the 5 scenarios.

. On average, Tendering is the best from a diversity perspective since the Government can control the type of capacity being built to a

large extent.

. DOC:s are effective in limiting the increase of gas dominance, and interestingly there is a very low difference in the diversity levels
achieved across the scenarios.
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5.5 Net cost/benefit

Net cost/benefit (NPV of benefits less costs, 2006-2020)

Total net benefit (£bn) DOCs COGCs NOCs Tendering
Restrained Demand 2.63 5.49 1.07 -4.65
Steady Growth 0.71 0.80 -0.55 -0.54
Third Dash for Gas 5.42 8.57 0.68 -1.06
Volatile World 30.39 31.94 12.25 32.51
DTI Base Case 5.34 3.35 0.62 5.15
Average 8.9 10.03 2.8l 6.29

Note: + ve = net benefit, -ve = net cost

Risks/benefits of different policy options

700%
Tendering

600% .

500%- NOCs

400%- DOCs
300%1 ¢
200%-

Range of net cost/benefits
across 5 scenarios
*

100%-

O% T T T
0 2 4 6 8 10 12

Average net benefit (Ebn 2006) of policy across 5 scenarios
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5.5 Net cost/benefit: Notes

Comments

The graph above shows the average net benefit (as defined in section 4.2) of each policy
option compared to the Status Quo against the range of scenario outcomes (difference
between highest and lowest scenario value) relative to the average across all five
scenarios (a proxy for the risk of the policy option).

These results are very sensitive to the assumptions used for the social cost of carbon,
the value of lost load and the risk of correlated plant outages. The averaging across the
5 scenarios is used for indicative purposes rather than as an accurate statistical measure.

The table on the right shows the break down of the average net benefit by the three
components of the calculation. Note that the “Lower generation costs” already include
the cost of EUAs. The value of lower carbon emissions is based on the additional
benefit based on the social cost of carbon where this is higher than the EUA cost.
(Where the social cost of carbon is lower than the EUA cost the benefit is reduced
rather than increased.)

Based on this analysis, all 4 policy options show a net benefit relative to the Status Quo
when averaged across the scenarios. However, this is typically less than 5% of the total
generation costs. The main component of this benefit relates to the improvements in
security of supply. Intervention generally leads to higher generation costs, and may or
may not have an emissions benefit depending on whether diversity or lower carbon is
the priority.

Since there is little variation between policy options in the earlier years, there is a
tendency for the NPV analysis to dampen the differences in net cost/benefit between
policy options and the Status Quo. The two graphs on the right show the direct costs
of DOCs and COCs to customers through the study period. It demonstrates that the
variation in possible costs (and by extension benefits) of policy options year-on-year and
between scenarios could be significant. (Note: The costs of DOCs and COCs will be
offset to a greater or lesser degree by resulting reductions in the wholesale price.)

Using this framework, it appears that the DOC and COC policies have similar overall
benefit and risk. Tendering shows a lower benefit and is apparently more risky. This
result seems intuitive given the risk associated with the significant amount of market
intervention associated with Tendering. NOCs appear to have low benefit and high

risk, although since most of the costs, benefits and risks of new nuclear plant fall outside
of the study period (2006-2020) it is difficult to draw conclusions on the net cost/benefit
of policies that promote nuclear over the longer term.
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Breakdown of net benefits

£bn (2006) DOCs COGCs NOCs Tendering
Lower generation costs -1.81 -2.56 0.24 -1.03
Lower carbon emissions -0.20 0.15 -0.04 -0.24
Improved security of supply 10.91 12.44 2,61 7.55
Net benefit 8.90 10.0 2.81 6.28
Direct cost of DOCs to consumers
£/MWh
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6. Policy option sensitivities
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6.1 Tendering peak capacity

Peak capacity margin (derated) — DTI Base Case
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6.1 Tendering peak capacity: Notes

Comments

. Target to maintain peak capacity margin at or above 10%

. TSO tenders for 4 GW of OCGT capacity with distillate backup to become operational in 2016

. Under the DTI Base Case, the annual output from these peaking plant is very low, ranging from 0.9 GWh to 5.3 GWh. Hence, under

average demand conditions there is little impact on prices. However, they should lead to reduced price volatility.

. Based on the loss of load modelling (which captures the effect of uncertain demand and availability), there is a significant reduction in the
expected unserved load. A reduction of 228 GWh across the study period (2006-2020) is achieved. (This reduction would be greater if
correlation between plant outages was considered.)

. Based on a NPV of the annualised investment costs (across the study period) of the 4 GW of OCGT plant of £512m (in 2006), but
excluding the operating costs and the revenues the plant may earn, the net benefit would be positive if the value of lost load is
£2250/MWh or greater.

. If the analysis assumed an opportunity based cost of capital (i.e. replacing the Government cost of capital with a commercial rate), the
benefit would be positive if the value of lost load is £3000/MWh or greater.

. These values are significantly below the value of lost load assumed in this study (£15,000/MWh). This raises the question of why
investors are not looking to build peak capacity. The reasons for this may include:

- The real value of lost load is probably a curve with certain customer types placing a much lower value on it (e.g. large I1&C consumers willing to
shift load to avoid triads at much lower values in terms of reduced transmission charges)

- Investors have little visibility of what is the market value of lost load

- I1&C customers are currently unwilling to contract long term to secure their load.

‘ES

@
) Evra s NERGY



()

Allocations based on 50% of CCGT requirements

licy -

ion po

ivity — Carbon allocati

ionh sensi

6.2 Policy opt

Status Quo

-40

-40

Allocations based on 50% of actual requirements

Allocations based on 100% of CCGT requirements

-30

-40

[ Build—1 Retirement —— Net

I Energy Strategies Dynamics of GB Generation Investment 128 redpoint N E RG Y



6.2 Policy option sensitivity — Carbon allocation policy — (1): Notes

Comments

. To separate the impact of carbon allocation policy (which is the
subject of other DTI studies) we have assumed throughout the
analysis that all carbon allowances are auctioned, including the New

Impact on peak capacity margin

30%

Entrant Reserve, from EU ETS Phase |l onwards. 2504 |
. However, in this sensitivity to the DTI Base Case we illustrate the 0%
o
impact if allowances were to be allocated to existing plant and New
Entrant Reserve (thermal plant only) in EU ETS Phase Il and beyond 15%

under the following 3 options: 50% of CCGT requirements, 100%

10%-
of CCGT requirements, 50% of actual requirements.

. Note: this is for illustrative purposes and not necessarily an 5%
indication of likely policy. 0%
. " g's' 8 g2 g ggigsgszezzegagrgy
. The allocation of free allowances has a positive benefit on both the s 8 8 8 58 3 25 58 89 8 9 858 8 89 98 898 8 8 8
. . . N N N N N N N N N N N N N N N N N N N N
annual energy margins and peak capacity margins. It leads to
greater build and deferment of retirements. —— Auctioned —— 50% CCGT req —— 100% CCGT req —— 50% actual req
. However, for free allocations to be effective in stimulating new

build, there needs to be good visibility on future policy, so that
these benefits can be factored confidently in to new build
investment cases.

. In this scenario, allocating based on 50% of a CCGT’s requirements
has a small positive benefit. Allocating based on 100% of a CCGT’s
requirements or on 50% of actual requirements has a much more
significant impact. Under the DTI Base Case, the former has the
bigger impact in the early years where CCGTs are the most
economic; the latter has the bigger impact in the later years when
new clean coal is economic (see graph in top right).

. It should be recognised that carbon allocations under EU ETS
would only be effective in promoting investment in new capacity or
major enhancements to existing plant, if it is possible to provide
good visibility going forward of both allocation policy and carbon
prices.
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6.2 Policy option sensitivity — Carbon allocation policy - (2)

CO, emiissions under different allowance allocation policies

mtCO2
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6.2 Policy option sensitivity — Carbon allocation policy — (2): Notes

Comments
New build profile (50% CCGT requirements
. Allocating allowances based on 100% of a CCGT'’s requirements P (50% q )
leads to lower CO, emissions compared to the case where all ggggg;
allocations are auctioned. This results from the greater amount of 300004
new CCGT build which increases generation from gas at the expense = 250004
of coal, and improves the average system efficiency. = igggg:
. Allocations based on 50% of a CCGT'’s requirements has limited 100004
impact compared to the all auctioned case. 5008‘
. . K © ~ o) (2] o - N ™ < n © N~ [ee] (<2} o — N [+¢] < 0
. The case where allocations are based on 50% of actual requirements £ 8g8sgd&8gc8gzg8g8g¢ggzg¢s8gdgd
leads to higher CO, emissions. This is because the type of new build
shifts from gas to coal. This can be seen in the graphs on the right
: . X o . .
which compare the build profiles under the 50% CCGT New build profile (50% actual requirements)
requirements case and the 50% actual requirements case. 40000
35000
30000
> 25000
S 20000
15000
10000
5000
0- ©o ~ [oo] (o2} o — N o < n © N~ (e} (<2} o — N (3] < [Te}
o o o o - bl I - — — - - - - N N N N N N
o o o o o o o o o o o o o o o o o o o o
N N N N N N N N N N N N N N N N N N N N
W CCGT B Coal (ASC) [ Coal (ASC) + Seq @ Coal (IGCC) + Seq
O Nuclear Bl Onshorewind [ Offshore wind [ Biomass
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7. Conclusions
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7. Conclusions — on Status Quo

* In the past, investment in the competitive market has been driven by fuel
price differentials; there is no track record of scarcity of generation capacity
bringing forward investment in the GB market

* |If scarcity is the main driver, the results indicate that the energy margin
over the next 8-10 years would trend slightly below current levels, with
only a small risk of unserved load (in the absence of gas supply problems)

* However, the anticipated concentration of plant retirements coincident
with the end of the LCPD is likely to disturb this ‘equilibrium’ and could
lead to more significant quantities of unserved load for a period post-2015,
before beginning to recover towards 2020

* The growing proportion of intermittent renewables will make it increasingly
costly to provide a solution which ‘guarantees’ security of supply at times of
peak

* The market may find a solution that involves greater demand side response

* Diversity is quite likely to fall; despite recent higher gas prices, CCGT
investment is still relatively attractive given its beneficial risk profile

e* '
° ES
|| Energy strategies Dynamics of GB Generation Investment 133 Eelelid-E NERGY




7. Conclusions — on Policy Option choice

The range of outcomes across the scenarios illustrates that external

factors are likely to have far greater impact on the generation investment

landscape than any individual policy option

Tendering seems unattractive as an intervention (except possibly for
peaking capacity) because tendered investments will tend to substitute
private sector ones, so all investments have to be tendered in order to
have an impact on the capacity mix and energy margin

Certificate based interventions to promote more new capacity and/or
diversity seem feasible and are likely to have relatively low cost

However, the impact of these schemes would depend on the detailed
design of any option and there is a risk of unintended consequences

If policy makers were attracted to intervening through a certificate
scheme, it would be necessary to design it carefully

The timeframe of the study (2006-2020) is too short to assess fully the
contribution of new nuclear plant to the GB electricity market

The long term impacts of any market intervention need to be carefully
considered before implementation
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7. Conclusions — on Energy Review objectives

* The fact that none of the policy options analysed in the study scored
highly across all of the cost/benefit metrics illustrates the inherent
conflicts in a number of the policy objectives of the Energy Review

* Examples of conflicts:

— Removing free carbon allocations may remove windfall profits for generators but may
result in deferred investment in new build

— Promoting diversity improves security of supply but increases carbon emissions

— Tendering capacity can promote a diverse generation mix, low carbon technologies
and a healthy energy margin but has a detrimental impact on market competition

— Rewarding new capacity can increase security of supply but may lead to a sub-optimal
economic solution

* Further prioritisation of the Energy Review policy objectives may be
required in order to determine with confidence the best solution for the
GB electricity market
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7. Conclusions = on timing

* The analysis suggests that immediate intervention is not required unless:

— Even the relatively low risk of loss of load over the next 8 years is politically unacceptable
— The risk to gas supply security is greater than has been assumed in this study

— The possible increases in carbon emissions from the power sector are politically
unacceptable

— Promotion of new nuclear is part of longer term policy objectives (i.e. post-2020), and due
to the long lead times involved requires measures to be taken sooner rather than later

* However, any intervention (or decision not to intervene) must be
implemented with sufficient time to create the stable investment landscape
required to deliver new capacity before 2016, taking account of the lead
times for various plant types
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