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Preface

The Committee on Climate Change (the Committee) is an independent statutory
body which was established under the Climate Change Act (2008) to advise

UK and devolved administration governments on setting and meeting carbon
budgets, and preparing for climate change.

Setting carbon budgets

In December 2008 we published our first report, Building a low-carbon economy -
the UK’s contribution to tackling climate change, containing our advice on the level
of the first three carbon budgets and the 2050 target; this advice was accepted

by the Government and legislated by Parliament. In December 2010, we set out
our advice on the fourth carbon budget, covering the period 2023-27, as required
under Section 4 of the Climate Change Act; the Government will propose draft
legislation for the fourth budget in Spring of 2011. We will provide advice on
inclusion of international aviation and shipping in carbon budgets in Spring 2012,
drawing on analysis of shipping emissions and a bioenergy review to be published
later in 2011.

Progress meeting carbon budgets

The Climate Change Act requires that we report annually to Parliament on
progress meeting carbon budgets; to date we have published two progress
reports (October 2009, June 2010) and will publish our third report in June 2011.

Advice requested by Government

We provide ad hoc advice in response to requests by the Government and the
devolved administrations. Under a process set out in the Climate Change Act,
we have advised on reducing UK aviation emissions, Scottish emissions reduction
targets, UK support for low-carbon technology innovation, and design of the
Carbon Reduction Commitment.

Advice on adapting to climate change

In September 2010, we published our first report on adaptation, assessing how
well prepared the UK is to deal with the impacts of climate change. We will publish
further advice on this in July 2011.

Preface
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Foreword

In May 2010, the Government asked the Committee on Climate Change to review
the potential for renewable energy development, and to advise on whether
existing targets should be reviewed. We were asked to provide advice in two

steps: (i) initial advice on whether the targets for 2020 should be raised;
(i) subsequent more detailed advice on appropriate ambition beyond 2020.

In September 2010 we delivered our initial advice in a letter to the Secretary of
State. We recommended that the 2020 target should not be increased but that
policy should focus on ensuring that this stretching target is met.

In this report we set out our conclusions on the potential for renewable energy -
in electricity, heat and transport — in the period to 2030 and beyond.

The report complements the conclusions and recommendations of our December
2010 report, The Fourth Carbon Budget — reducing emissions in the 2020s, which set
out our recommendations for the fourth carbon budget. Later this year, we will
publish a further report looking in particular at bioenergy. This will complete the
Renewable Energy Review and will form part of our broader advice on inclusion of
aviation and shipping in carbon budgets, as required under the Climate Change
Act, and to be published in spring 2012.

Mo Tt

Lord Adair Turner
Chair
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Executive Summary

This review of renewable energy was commissioned by the Government in
the May 2010 Coalition Agreement. It requested that we advise on the scope
to increase ambition for energy from renewable sources. This has important
implications for the sector investment climate and Government policy.

In September 2010 we summarised our analysis of 2020 renewable energy
ambition in a letter to the DECC Secretary of State. We argued that the
Government’s 2020 ambition is appropriate, and should not be increased.
Instead the focus should be on ensuring that the existing targets are met: this
requires large-scale investment over the next 10 years, supported by appropriate
incentives.

Our overall conclusion in this review is that there is scope for significant
penetration of renewable energy to 2030 (e.g. up to 45%, compared to 3% today).
Higher levels subsequently (i.e. to 2050) would be technically feasible. Equally
however, it would be possible to decarbonise electricity generation with very
significant nuclear deployment and have limited renewables; carbon capture and
storage may also emerge as a cost-effective technology.

The optimal policy is to pursue a portfolio approach, with each of the different
technologies playing a role. In the case of renewable technologies such as offshore
wind and marine, this will require the resolution of current uncertainties and the
achievement of cost reductions. Therefore the message in our previous letter is
reinforced: new policies are required to support technology innovation and to
address barriers to uptake in order to suitably develop renewables as an option for
future decarbonisation.

In this review we do four things:

« We set out new analysis of technical feasibility and economic viability of
renewable and other low-carbon energy technologies.

« We present scenarios for renewable energy deployment to 2030 and beyond,
and assess whether it is appropriate now to commit to increased ambition for
renewable energy in the 2020s.

+ We consider implications of these longer-term scenarios for ambition to 2020.

+ We assess the key enabling factors for investment in renewable energy
technologies, suggesting high-level policy options as appropriate to deliver
ambition in 2020 and beyond.

The Renewable Energy Review | Committee on Climate Change



Box 1: Summary of findings of the renewables review

Electricity generation

« A range of promising options exists for delivering decarbonisation of the
power sector by 2030 at reasonable cost. This includes renewables, nuclear
and carbon capture and storage (CCS).

« A portfolio approach to technology support is appropriate.

« Firm commitments on support for offshore wind and marine generation
through the 2020s should be made now.

+ These should be implemented through the new electricity market
arrangements.

- If renewable energy targets for 2020 can be met in other ways, a moderation
of offshore wind ambition for 2020 could reduce the costs of decarbonisation.

- Ambition for offshore wind to 2020 should not be increased unless there is
clear evidence of cost reduction.

Heat

« Further funding will be required to support renewable heat in the period
2015-20 and in the 2020s.

+ Approaches to renewable heat and energy efficiency (i.e. the Renewable Heat
Incentive and the Green Deal) should be integrated.

« Accreditation of installers is crucial if supply chain bottlenecks are to
be avoided and consumer confidence improved.

Transport

« A cautious approach to the use of biofuels in surface transport is appropriate
until and unless sustainability concerns are resolved.

Renewable energy scenarios

« The Government’s plans for renewable energy deployment to 2020 as set
out in the Renewable Energy Strategy are broadly appropriate.

« Our scenarios for renewable energy penetration in 2030 include a share of
30% (460 TWh) in a central case, rising to a maximum of 45% (680 TWh).
These illustrate the order of magnitude for likely and possible renewable
contributions to economy-wide decarbonisation.

Executive Summary 1
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Specific conclusions on power generation, renewable heat and transport
(Box 1) are:

Power generation

- The need for sector decarbonisation. It is crucial in the context of economy-
wide decarbonisation that the power sector is almost fully decarbonised by
2030. Options for sector decarbonisation include nuclear, CCS and renewable
generation.

+ Current uncertainties. The appropriate mix of low-carbon generation
technologies for the 2020s and 2030s is uncertain. Key factors are: the ability to
build nuclear to time and cost; whether CCS can be successfully demonstrated at
scale for coal and gas; the extent to which the planning framework will support
further investment in onshore wind generation; and the costs of renewable
generation, especially offshore wind and marine.

- Nuclear power currently appears to be the most cost-effective of the low-
carbon technologies, and should form part of the mix assuming safety
concerns can be addressed. However, full reliance on nuclear would be
inappropriate, given uncertainties over costs, site availability, long-term fuel
supply and waste disposal, and public acceptability.

- CCS technology is promising but highly uncertain, and will remain so until this
technology is demonstrated at scale later in the decade. In the longer term,
storage capacity may be a constraint.

- Onshore wind is already close to competitive, although investment has been
limited by the planning framework, and is limited in the long term by site
availability.

- Offshore wind is in the early stages of deployment and is currently
significantly more expensive than either onshore wind or nuclear. However,
the existence of a large-scale natural resource, reduced local landscape impact
compared with onshore wind and the potential for significant cost reduction
make it a potentially large contributor to a low-carbon future.

- Marine technologies (wave, tidal stream) are at the demonstration phase
and therefore more expensive again, but may be promising, given significant
resource potential and scope for cost reduction.

« A portfolio approach. Given these uncertainties, a portfolio approach to
development of low-carbon generation technologies is appropriate.

- This should include market arrangements to encourage competitive
investment in mature technologies such as nuclear and onshore wind
generation.

- It should also include additional support for less mature technologies
including CCS, offshore wind and marine, where there is potential for the UK
to drive these technologies down the cost curve. This is in contrast to solar PV,
where the pace and scale of development will be determined outside the UK.

The Renewable Energy Review | Committee on Climate Change



- Commitments for the 2020s. As part of a portfolio approach, the Government
should commit now to an approach for supporting offshore wind and marine in
the 2020s. The approach should avoid stop-start investment cycles and provide
confidence to supply chain investors of a long-term business opportunity
beyond the next decade.

+ Firm commitments. Given the need to provide investor confidence, support
should be provided through firm commitments. Such commitments should be
implemented through the new electricity market arrangements. For example,
within the Government’s proposed Contracts for Differences for low-carbon
generation, a proportion of these could be targeted at supporting less mature
renewable technologies.

+ lllustrative 2030 scenario. We set out an illustrative scenario in which
commitments on support for offshore wind and marine through the 2020s are
broadly in line with planned investment and supply chain capacity to 2020.
Together with ongoing investment in onshore wind, this would result in a 2030
renewable generation share of around 40% (185 TWh). Sector decarbonisation
would then require a nuclear share of around 40% and a CCS share of 15%, along
with up to 10% of generation from unabated gas.

- Key deployment barriers to be addressed include finance and planning:

- Notwithstanding new market arrangements, there is a potentially important
role for the Green Investment Bank (GIB) in financing offshore wind projects.
Unless it can be demonstrated that risks of a shortage of finance to 2015/16
can be mitigated, allowing the GIB to borrow money from its inception should
be seriously considered.

- Planning approaches should facilitate investments in transmission that
are required to support investments in renewable and other low-carbon
generation. In addition, a planning approach which facilitates significant
onshore wind investment would reduce the costs of meeting the 2020
renewable energy target, and of achieving power sector decarbonisation
through the 2020s.

Executive Summary 13
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Renewable heat

+ Indicative 2030 ambition. There is a set of low-carbon heat technologies that

are mature but that need to be demonstrated in a UK context. Given successful
demonstration, increasing the share of renewable heat from currently very low levels
to around 35% of energy demand (210 TWh) by 2030 is likely to be both feasible
and desirable. This will require consumer understanding and acceptance of the
technologies, along with a willingness to accept the disruption and hassle costs of
house retrofit.

- Developing renewable heat options. The approach over the next decade should

focus on removing barriers and developing options that would allow significantly
increased ambition in the 2020s. To facilitate this, approaches to renewable heat
and energy efficiency (the Renewable Heat Incentive and Green Deal) should be
integrated. Success will also require accreditation of installers, alongside financial
support provided under the Renewable Heat Incentive. Firm targets should be set
and funding commitments made for the period beyond 2020 as and when current
uncertainties are resolved (e.g. between 2015 and 2020).

Renewable transport

- Electric vehicles. Significant growth in the number of electric vehicles will increase

the share of renewable energy in transport, to the extent that batteries are charged
by renewable power generation. In our fourth budget scenario, electric vehicle
penetration reaches around 60% of new cars and vans by 2030. Although electric
vehicles may still account for a considerably smaller share of total miles in 2030, this
will increase significantly in the 2030s as the vehicle stock turns over.

- Biofuels. It is currently inappropriate to plan for significantly increased penetration

of biofuels in surface transport beyond 2020, given concerns over sustainability

(e.g. the tension between biofuels and food production, uncertainties about true
lifecycle emissions and biodiversity risks) and competing claims on scarce bioenergy
supplies from other sectors (e.g. aviation, industry). Under a cautious assumption

of 11% (30 TWh) biofuels penetration in 2030, the total renewable transport share -
including renewable electricity used in electric vehicles — would be around 15%.

The Renewable Energy Review | Committee on Climate Change



Renewable energy ambition

+ 2030 possible contributions. Adding across our sectoral scenarios, the share of
renewable energy penetration is 30% (460 TWh) in our central scenario'. Higher
levels of ambition (e.g. up to 45%, 680 TWh) are technically feasible and might
be economically desirable, depending on the evolution of relative costs and the
development of supply chains. Analysis of maximum feasible levels suggests that:

- Power generation. Renewable penetration of up to 65% (300 TWh) would be
technically feasible. How much is economically desirable will depend on the
evolution of the relative costs of renewables, nuclear and CCS.

- Heat. Renewable penetration of up to 50% (275 TWh) might be technically
feasible and desirable by 2030, depending on availability of bioenergy and
ability to rapidly develop supply chains and overcome other barriers.

- Transport. With optimistic assumptions over the availability of sustainable
biofuels, up to 25% (60 TWh) of transport energy demand could be met by
renewable energy in the form of biofuels.

« 2030 ambition. The precise level of appropriate ambition will become clear
over time. We recommend that the Government keeps ambition for renewable
energy under review and revisits this as uncertainties over the economics of
different low-carbon technologies are reduced (e.g. in 2017/18 when the first
new nuclear plant and CCS demonstration plant are due).

+ 2020 ambition. Renewable energy ambition to 2020 as set out in the
Government’s Renewable Energy Strategy (RES) and as required under the
EU Renewable Energy Directive (RED) would sufficiently develop options for
increased ambition in the 2020s.

« Maintaining flexibility.

- The composition of 2020 ambition as set out in the RES is broadly appropriate.
The current level of ambition for offshore wind (13 GW capacity installed
by 2020) remains appropriate given uncertainties about the feasibility of
increasing ambition on other lower-cost options (e.g. onshore wind).

— If, however, increases in onshore wind (or other low-cost) ambition were
achievable and politically acceptable, a slight reduction in 2020 offshore wind
ambition would reduce the costs of meeting the RED target.

— Conversely, the 2020 ambition for offshore wind should not be increased,
unless there is clear evidence that costs have fallen significantly.

' The total does not exactly equal the sum of the parts due to accounting complexities (as set out in Chapter 5).

Executive Summary 15



We summarise the analysis that underpins our key messages in four sections, and
provide more details in the full report:

1) Technical and economic analysis of renewable electricity generation
2) Delivering renewable heat ambition to 2020 and beyond

3) The role of renewable energy in surface transport

4) Scenarios for renewable energy ambition

The broad context for the review is set out in Box 2.

Box 2: Context of the renewables review

The current share of renewables in the UK energy mix is around 3% (Table B1).

Table B1: Share of renewables in UK energy consumption (2004-2009)

Heating and cooling 07% 09%  1.0% 12% 14% 1.6%
Electricity 35% 41% 45% 48% 54% 6.6%
Transport 01% 02% 05% 09% 2.0% 2.5%
Total 1.1% 1.4% 1.6% 1.8% 2.4% 3.0%

Source: DUKES 2010, Table 7.7.

By 2020, the 2009 EU Renewable Energy Directive (RED) sets a target for the
UK to provide 15% of (gross final) energy consumption from renewable sources
— consistent with a share of 20% across all EU Member States. The Committee
advised in a letter in September 2010 that the UK’s current plans for meeting
that target are broadly appropriate.

By 2030, the Committee has previously recommended (in our advice on the
fourth carbon budget) a reduction in economy-wide emissions of around 60%,
requiring that the power sector is largely decarbonised by that date.

The Committee will publish a full bioenergy review later in 2011. Given
concerns over sustainability and questions over the best long-term use for this
limited resource, in this report we adopt a holding position that assumes no
increase in bioenergy use in the power or transport sectors beyond 2020.

16 The Renewable Energy Review | Committee on Climate Change



Technical and economic analysis of renewable
electricity generation

Our assessment of renewable electricity generation covers two areas:

i) Supporting renewable electricity generation as part of a portfolio approach

ii) Enabling factors and policy implications

i) Supporting renewable electricity generation as part
of a portfolio approach

The technical and economic analysis in this review has identified a potentially
significant, but uncertain, contribution from renewables to required power sector
decarbonisation (Table 1).

- Power sector decarbonisation. Deep cuts in power sector emissions through
the 2020s are feasible, cost-effective and desirable. Analysis for our fourth
budget report suggested the need for 30-40 GW of low-carbon capacity in
the decade from 2020, to replace ageing capacity and to drive down average
emissions intensity to around 50 gCO_/kWh.

- Diversity. Given current uncertainties over either the deployability or the costs
of nuclear and CCS (see below), there is a value in developing other options for
power sector decarbonisation. This suggests a potentially important role for
renewable generation technologies.

- Resource.

- There is abundant UK renewable resource, as regards wind, marine and
solar energy.

— Nuclear generation is unlikely to be subject to a fuel resource constraint for at
least fifty years although this may become an issue in the longer term. In the
medium term, availability of sites may become a binding constraint.

- There is a long-term constraint on cost-effective CCS storage capacity. This
could limit medium-term deployment of CCS in power generation, given the
likely need for long-term use of CCS in energy-intensive industries.

Technical feasibility. There is an issue about how the system copes with
intermittent renewables (i.e. keeping the lights on when the wind does

not blow). Our analysis suggests, however, that a high level of intermittent
renewable generation is technically feasible, as long as options for providing
system flexibility are fully deployed.

- A range of options exist to address intermittency (demand-side response,
interconnection, balancing generation) at a cost that is likely to be low relative
to the costs of generation even up to very high penetrations. For example,
analysis that we present in Chapter 1 suggests that even for renewable shares
up to 65% in 2030 and 80% in 2050, the cost is only up to 1 p/kWh of additional
intermittent generation.

Executive Summary 17
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- Given the potential to deploy these options, an assessment of achievable
build rates suggests that it would be technically feasible to achieve renewable
generation penetration of 65% in 2030.

« Economics. It is likely that a wide range of low-carbon generation technologies
(renewables and others) will be cheaper than fossil-fired generation (Figure 1),
given a carbon price compatible with overall progress to a low-carbon economy
(e.g.around £70 per tonne in 2030):

- Nuclear appears likely to be the lowest-cost low-carbon technology
with significant potential for increased deployment; it is likely to be cost-
competitive with gas CCGT at a £30/tCO, carbon price in 2020. As such, it
should play a major role in decarbonisation, provided that safety concerns are
addressed (Box 3).

- The economics of CCS generation are likely to remain highly uncertain until
this technology has been demonstrated at scale.

- Onshore wind has a comparable cost to nuclear and is therefore also likely to
be cost-competitive with gas CCGT by 2020.

- Most other renewable generation technologies currently appear relatively
expensive and are likely to remain so until at least 2020, and in some cases
considerably later.

- By 2030, however, there are plausible scenarios where these other renewable
technologies (e.g. offshore wind, marine, solar) have become cheaper than
fossil-fired generation at a carbon price of £70/tCO, and to different extents
have become competitive or close to competitive with nuclear.

- Our conclusions on cost are based on a 10% real discount rate for annualising
capital costs. Whilst some emerging technologies may currently apply a higher
discount rate, we consider 10% to be a suitable basis for longer-term cost
comparisons in the power sector, with new market arrangements in place
and with wider deployment. Depending on the extent to which technology
uncertainties are resolved, and with a supportive policy environment, a lower
discount rate may be appropriate (e.g. 7.5%), in which case the low-carbon
abatement options are even more attractive against conventional generation
(Figure 2).

« UK role in technology development. As set out in our 2010 innovation review,
the UK should support those technologies where we have a comparative
advantage, and where we have the opportunity to be a leader internationally.
These include offshore wind, for which the UK has a very favourable resource
and a developing industry, and marine, for which the UK is in the lead in
developing and demonstrating the technology and has a large share of the
world’s most promising sites.

The Renewable Energy Review | Committee on Climate Change



Figure 1: Estimated cost ranges for low-carbon power technologies (2030)
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Source: CCC calculations, based on Mott MacDonald (2011) Costs of low-carbon generation technologies.

Note(s): 2010 prices, using 10% discount rate, for a project starting construction in 2030. Unabated gas includes a carbon price. Excludes additional
system costs due to intermittency, e.g. back-up, interconnection. These ranges take into account capital cost and fuel/carbon price uncertainty, but
do not cover all possible eventualities (e.g. they assume that CCS is successfully demonstrated).

Figure 2: Estimated cost ranges for low-carbon power technologies at 7.5% discount rate (2030)
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Source: CCC calculations, based on Mott MacDonald (2011) Costs of low-carbon generation technologies.

Note(s): As Figure 1, with 7.5% discount rate.
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Box 3: The Fukushima nuclear plant and implications for the UK

Events in Japan at the Fukushima Daiichi nuclear plant have raised the issue
of nuclear power safety internationally. The UK has launched a review, which
will deliver preliminary findings in May. We note that whilst the specific
circumstances in Japan differ significantly from those for new nuclear in the
UK, in principle this could affect the potential for nuclear power to contribute
to decarbonisation in the UK (e.g. the National Policy Statement for nuclear
has been delayed to take account of the review, and any tightening of safety
requirements may increase costs).

+ Nuclear safety was considered at length in the 2008 White Paper on Nuclear
Power and associated consultation document. This concluded that the safety
risks associated with new nuclear power in the UK are very small:

- There have been no civil nuclear events with off-site consequences or where
all the safety barriers that are an inherent part of the design were breached
in the UK.

- The consultation document cites analysis for the European Commission
suggesting that the risk of ‘a major accident - the meltdown of the reactor’s
core along with failure of the containment structure’ is of the order of one in
a billion per reactor per year in the UK.

— More broadly, the White Paper found that the safety risk associated with
new nuclear in the UK is not comparable with older plant where accidents
have occurred overseas because regulatory scrutiny of reactor designs and
operations is far more rigorous in the UK today.

« Those conclusions are likely to be robust to events in Japan:

— Events in Japan were the result of an enormous earthquake and tsunami.
These affected back-up power and thereby compromised cooling of some
reactors. Subsequently there has been overheating, exposure and radiation
release from spent fuel ponds.

- The likelihood of natural disasters of this type and scale occurring in the
UK is extremely small.

- Plant designs allowed under the UK's Generic Design Assessment have
benefited from considerable technological improvement since the 1960s
Boiling Water Reactors used at Fukushima, including the incorporation of
secondary backup and passive cooling facilities.

The Renewable Energy Review | Committee on Climate Change



« However, the Committee has not undertaken a detailed review of all possible
implications for nuclear in the UK.

— DECC has commissioned such a review from the chief nuclear officer, Dr
Mike Weightman. This will report preliminary findings in May, with a final
report due in September 2011.

— A full review is required to ensure that any safety lessons are learnt and to
restore public confidence in the safety of nuclear power.

Should the review suggest limiting the role of nuclear generation in the UK in
future, then a higher renewables contribution would be required. Alternatively
if the review leads to a significant tightening of safety regulations, nuclear costs
may be increased, which would improve the relative economics of renewable
technologies and argue for potentially increasing their role.

Executive Summary 21
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Table 1: Summary: Importance of low-carbon generation technologies in UK decarbonisation strategy

Technology  Cost at commercial (10%) 2040 cost at a social Importance of UK deployment for reducing costs
discount rate (p/kWh)?2 (3.5%) discount rate
2020 2040 (p/kWh)

Unabated 5.0-11.0 6.0-16.5 5.5-16.0 Reference technology

gas

Technologies that are likely to play a major role in future UK mix

New nuclear  5.5-10.0 4.5-9.5 2.5-4.5 Equipment costs likely to be driven by global
deployment, with some potential for local
learning-by-doing.

Onshore 7.5-9.0 6.5-8.0 4.0-5.0 Technology is already well-established and is being

wind deployed globally. UK impact on costs therefore likely to
be limited.

Offshore 10.0-15.0 7.5-12.0 5.0-8.0 UK deployment likely to be important to reducing costs,

wind given significant capability already established and a

large share of the global market. Also a requirement for
specialised local infrastructure (e.g. ports).

Technologies that could play a major role in the future UK mix, where deployment in the UK is important in developing the option

Cccs 6.0-15.0 (gas) 5.5-14.5 (gas) 5.0-13.5 (gas) UK deployment will be important alongside global efforts
7.5-15.0 (coal) 6.5-15.0 (coal) 5.0-11.5 (coal) towards cost reductions. UK has existing strengths (e.g.
in CO, storage and transportation, subsurface evaluation
and geotechnical engineering, and in power plant
efficiency and clean coal technologies) and likely to be an
early deployer internationally.

Tidal stream 12.5-25.0 9.0-21.5 6.0-14.0 UK has an important role.

UK companies have significant marine design/
engineering experience and already have a sizable share
of device developers and patents. UK resource also a
large share of the global market.

Wave 19.0—34.5 12.5-29.0 7.0-15.0 As for tidal stream, UK has an important role.

Technologies that could play a major role in the future UK mix, with limited role for UK deployment in developing the option

Solar PV 17.5-33.0 8.0-19.5 45-11.0 Limited role for UK deployment (though UK does have
research strength).

Technology development likely to be driven by

international deployment or by research in the UK that is
not dependent on UK deployment.

Tidal range® 23.5-41.0 20.5-39.5 8.5-16.0 Limited scope for cost reductions as an established
technology, and limited sites to apply any learning from

early deployments.
Severn 21.0-31.0 7.5-11.0

barrage*

2 Costs are for a project starting construction in that year. Estimates take into account capital, fuel and carbon price uncertainty. Additional system costs due to
intermittency (e.g. back up, interconnection) are not included.

3 CCC calculations based on Mott MacDonald's assessment of 2 GW site.

4 Cost estimates for Severn barrage (Cardiff -Weston scheme) from DECC (2010) Severn Tidal Power Feasibility study. High end of costs is represented by the Feasibility
Study estimate including Optimism Bias (OB), Risk Assessment (RA) and Compensatory Habitat payments. Low end includes Compensatory Habitat payments
but not RA and OB.
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UK practical resource®
(i.e. potential to contribute to
long-term decarbonisation)

Other considerations

Conclusion: Future role in UK mix and strategic attitude to
technology development

In theory could be very large.
In practice may be limited by
sites — 8 currently approved
sites could provide over 20 GW
(e.g. 175 TWh per year)®.

Mature technology,
globally deployed.

Waste disposal and
proliferation risks.

Public attitude and
safety concerns.

Limited role for building new unabated gas (or coal) beyond
2020, given rising carbon costs and availability of (lower-cost)
low-carbon alternatives.

Given maturity and relatively low cost, likely to play a major role
at least to 2050.

Potential constraints and wider risks/considerations suggest
it would not be prudent to plan for a low-carbon mix entirely
dominated by nuclear.

Around 80 TWh per year,
depending on planning
constraints.

Intermittency.
Possible local resistance.

Relatively low cost, therefore likely to play a significant role,
within the constraints of suitable sites.

Large amounts of other technologies will also be required, given
limited site availability.

Very large — over 400 TWh
per year.

May be limited by availability
of fuel and storage sites.

Lower visual impact
(less local resistance).

Intermittency.

Dispatchable.

Exposed to fossil fuel price risk.

Promising long-term option, given large resource and
potential for cost reductions.

Given potential UK impact on global costs, warrants some
support to 2030 to develop the option.

Future role currently highly uncertain given early stage of
technology development.

Likely to be valued in a diverse mix, given different risks
compared to nuclear and renewables and potential to operate
at mid-merit, given lower capital intensity.

Potentially large —
18 to 200 TWh per year.

Intermittency (with possible
benefits in wind-dominated
mix).

Currently at an early stage therefore will have a limited role in
the period to 2020. Important role for UK globally in developing
the option to 2030.

Given potentially large resource and scope for cost reduction,
could play significant role as part of a diverse mix in 2030 and
beyond.

Limited — around 40 TWh
per year.

Large - around 140 TWh per
year (on the basis of current
technology) with more possible
with technology breakthroughs.

Intermittency (with possible
benefits in wind-dominated
mix).

Intermittency (with possible
benefits in wind-dominated
mix).

Currently at an early stage therefore will have a limited role in
the period to 2020. Important role for UK globally in developing
the option to 2030.

Given scope for cost reduction, could play role as part of a diverse
mix in 2030 and beyond, but limited by practical resource.

Given current high costs and limited UK impact on global costs,
role in the short term (i.e. to 2020) should be limited.

Option to buy in from overseas later, and to have a major role in
the longer term (subject to significant cost reductions).

Limited — around 40 TWh per
year (of which almost a half
from the Severn).

Intermittency (with possible
benefits in wind-dominated
mix).

Given limited opportunities to reduce costs with deployment,
should not be pursued where sufficient lower-cost options

are available. Should be triggered as an option if relative costs
improve or if there are tight constraints on roll-out of lower-cost
technologies (e.g. wind, nuclear).

> See Chapter 1, section 2. Numbers here are considered ‘practical’ resource, i.e. taking into account environmental and proximity constraints.
5 175TWh per year in 2030 would require 22 GW, including all current developer plans for 7 sites (18 GW), existing plant expected still to be in operation (1.2 GW) and 2
more reactors (3.2 GW) at the remaining site, or additional at the other 7 sites.
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The implication of our technical and economic analysis is that energy and
technology policy approaches should promote competition between the more
mature low-carbon technologies, while providing support for technologies that
are currently more expensive but with a potentially important long-term role.
Support is required for technologies at the early deployment phase (e.g. offshore
wind) and those at the demonstration phase (e.g. marine). This raises questions
about whether it is appropriate to commit now to a specific level of ambition for
these technologies in 2030 and if so what the level should be.

Committing now to technology support in the 2020s

The likely scale of investment in the less mature renewable technologies (e.g.
offshore wind, marine) during the 2020s is very uncertain. This reflects their
currently high costs, and the lack of policy commitment to providing support for
new investments beyond 2020.

This uncertainty would be resolved by committing now to a minimum level of
deployment or support in the 2020s, therefore underpinning required supply
chain investment over the next decade.

A decision on whether to go beyond a minimum commitment, including a
decision on the possible contribution from a Severn barrage project, could be
taken when better information is available on relative costs and any barriers to
deployment (e.g. in 2017/18, when there will be more confidence about costs and
performance of offshore wind, marine, nuclear and CCS).

The minimum commitment should also hold only if supply chain investment
envisaged to 2020 is delivered in practice.

In order to provide investor confidence, technology support should be provided
through firm commitments, to be implemented through new electricity market
arrangements (see section 1(ii) below).

An illustrative scenario for technology support

In determining the appropriate level of any such commitment the relevant factors
are the level of supply chain investment required, the degree of commitment
required to support this investment, and the need to keep the impact on
electricity bills at an acceptable level.

We set out a range of scenarios in this report (Figure 3), of which the 40%
(185 TWh) renewable penetration scenario currently appears likely to be the most
appropriate. This scenario includes:

« Offshore wind. There is investment in offshore wind through the 2020s at
levels consistent with planned investment levels to 2020 (as set out in the
Government’s Renewable Energy Strategy).

+ Marine. Tidal stream and wave investments proceed in line with rates planned
for 2020.
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+ Onshore wind. Our cost estimates suggest that onshore wind is likely to be one
of the cheapest low-carbon options. There are however questions over the scale
at which it can be deployed given uncertainties relating to site availability and
planning, in turn reflecting public concerns about the local visual impact. Our
assessment is that over 6 GW (generating 20 TWh a year) could be added in
the 2020s.

« Biomass. Given sustainability concerns and demands from other sectors we
assume no new investment in biomass in the power sector beyond 2020.

+ CCS. This scenario includes investment in a further 9 GW of CCS, largely coming
on to the system in the second half of the 2020s.

+ Nuclear. Given that nuclear is likely to be relatively low cost, it should have a
crucial role, provided safety concerns can be addressed (see Box 3 above). In
this illustrative scenario, there is investment on all eight currently approved
sites, with around 18 GW new nuclear added to the system through the 2020s,
resulting in around a 40% share (175 TWh) in 2030.

In practice, the precise renewables share (including any contribution from
other renewables, e.g. solar PV and geothermal) will be determined through

a combination of technology support for those currently more expensive
technologies, and competition between more mature renewable technologies
and other low-carbon alternatives, to be implemented through new electricity
market arrangements.

Figure 3: Renewable generation scenarios to 2030

500 [ Other unabated fossil-fired
450 . generation

400 - - I .. Net imports

350 — — Gas CCGT

300 — — . CCS (coal and gas)

250 [ Nuclear
200 |— Other renewables
]
150 Marine
100 | )
Onshore wind
50
0 Offshore wind

2020 2030 - 30% 2030 - 40% 2030 - 50% 2030-65%
renewables renewables renewables renewables

Generation (TWh)

Source: CCC calculations, based on modelling by Péyry Management Consulting.

Note(s): All 2030 scenarios achieve a comparable level of emissions intensity (around 50 g/kWh) and security of supply.
Includes losses, excludes generator own-use and autogeneration. Other renewables include hydro, biomass (including anaerobic digestion),
geothermal and solar PV.
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Offshore wind ambition to 2020

In our September 2010 letter to the Secretary of State for Energy and Climate
Change, we suggested that the ambition to 2020 for offshore wind was broadly
appropriate.

In this report, we have returned to the question of 2020 ambition, and considered
whether this could be reduced whilst still providing required technology support
to 2030.

The context for this is the electricity price impact of offshore wind ambition,
which involves a cost penalty roughly double that of onshore wind generation (as
reflected in the current subsidy payment for offshore wind of 2 ROCs” per MWh,
compared to 1 ROC for onshore wind).

Given the very aggressive pace of investment to 2020 under the Government’s
plans, ideally this would be smoothed in the context of a 2030 commitment
(i.e. by reducing ambition to 2020 to reduce costs, whilst committing to further
investment in the 2020s given the long-term importance of offshore wind).

One way to achieve this whilst still meeting the UK’s renewable energy target
under the EU Renewable Energy Directive would be to increase ambition for
onshore wind. This would require that society (and specific communities) accept
greater landscape impact in return for slightly reduced electricity bills.

There may also be scope to increase ambition for other options to meet the
renewable energy target, including renewable heat, imported renewable energy
or renewable energy credits.

Therefore, if evidence emerges that other, lower-cost, options can be delivered at
higher levels than currently envisaged, the offshore wind ambition for 2020 could
be slightly reduced, even while stretching ambitions for 2030 are maintained.

The level of 2020 offshore wind ambition should not be increased unless there is
clear evidence of significant cost reduction. Increasing ambition would adversely
impact consumers without any clear offsetting benefits in terms of technology
innovation.

ii) Enabling factors and policy implications
Amongst the key enabling factors to deliver 2020 ambition that we consider in the

review are the Electricity Market Reform, the role for a Green Investment Bank in
financing offshore wind investment, and the planning framework.

The Electricity Market Reform

We have previously highlighted the risks to investment in low-carbon

generation under current electricity market arrangements, and the need for new
arrangements based on long-term contracts to ensure that investments are made
at least cost to the consumer. The Government recently made proposals consistent
with this recommendation.

7 Renewable Obligation Certificates (ROCs) are tradable certificates that electricity suppliers buy from developers of renewable
generation projects.
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Ideally these arrangements would be technology-neutral, with the range of low-
carbon technologies bidding against each other for contracts. However, in practice
this would result in investment focused on mature technologies, and not in those
currently more expensive technologies that have a potentially important longer-
term role.

Therefore, given our conclusion above that a portfolio of low-carbon technologies
is desirable, the new market arrangements should be designed to provide
additional support for those promising technologies at an earlier stage of
development.

For example, the minimum commitments recommended above could be
implemented through reserving some of the available contracts for less mature
renewable technologies. This would have to reflect different costs across the
technologies and be subject to certain conditions (e.g. a declining reserve price in
contract auctions) in order to ensure cost reductions and a falling electricity price
penalty for consumers.

More mature renewable technologies (i.e. onshore wind and hydro) would then
compete with other mature low-carbon technologies (i.e. nuclear) for contracts.
This would provide a least-cost investment programme for sector decarbonisation,
and could also reflect considerations around diversity of the generation mix (e.g. it
may be appropriate to pay more for technologies that diversify the mix and reduce
security of supply risk).

The expectation is that the less mature technologies that would at first need
support (e.g. offshore wind, marine and CCS) would ultimately also be able to
compete for contracts without additional support.

Transitioning from current support arrangements

There is an important issue of the transition from current arrangements (the
Renewables Obligation) to new arrangements, with the risk that the change
causes an investment hiatus. To mitigate this risk, existing arrangements need to
be effectively grandfathered and available until new arrangements are clear. This
could require extending the RO beyond the date (2017) proposed in the Electricity
Market Reform consultation.

The Green Investment Bank

Even if greater revenue security is provided through new electricity market
arrangements, there will still be significant uncertainties around cost and
performance of offshore wind. Therefore new electricity arrangements may not
fully address current concerns over availability of equity and debt finance for
required investments.

If finance is constrained, there is a potentially valuable role for a Green Investment
Bank (GIB), both in terms of providing comfort to investors and providing an
additional pool of capital for risk sharing.
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The GIB could best fulfil this purpose if it is indeed a bank, rather than a fund, as
announced in the March 2011 Budget.

However, as currently proposed, the GIB would only be able to borrow money
from 2015/16. This is potentially problematic given that a crucial window of
opportunity for the GIB is precisely the period before 2015/16 — as new electricity
market arrangements will still be uncertain and there will be few proven examples
of offshore wind projects in successful operation. Around £20 billion of investment
finance is needed for offshore wind alone in this period, when risks are at their
highest.

Therefore, unless it can be demonstrated that risks can be mitigated, allowing the
GIB to borrow money from its inception should be seriously considered.

The planning framework for onshore wind and transmission

Planning approval rates for onshore wind projects have historically been low
(e.g. less than 50%), and the period for approval long (e.g. almost two years). This
reflects an implicit social preference for investment in more expensive renewable
technologies, given concerns (held by some but not all people) about the visual
impact of onshore wind developments.

However, further approvals will be required in order to deliver the onshore wind
ambition in the Government’s Renewable Energy Strategy.

Additional approvals beyond this level offer scope for reducing the cost of
meeting the 2020 renewable energy target and the cost of power sector
decarbonisation through the 2020s (e.g. our analysis suggests scope to add over
6 GW of onshore wind capacity through the 2020s).

In addition, planning approval will be required for transmission investments to
support increased renewable generation and sector decarbonisation.

International experience suggests that approaches which achieve community
buy-in to onshore wind projects through sharing financial benefits have helped
support high levels of investment; it is appropriate that such approaches will be
tested in the UK.

However, even with such approaches, there is a significant risk that onshore wind
and transmission investments will not gain local public support, given high levels
of resistance from some groups.

Achieving higher rates of approval for onshore wind projects and for required
investments in the transmission network is therefore likely to require central
government decisions in line with national priorities as defined by carbon
budgets, possibly under new planning legislation that explicitly sets this out.

The Renewable Energy Review | Committee on Climate Change



2. Delivering renewable heat ambition to 2020 and beyond

We summarise our analysis of renewable heat in two sections:

i) Renewable heat scenarios to 2030

ii) Implied 2020 ambition, barriers and responses

i) Renewable heat scenarios to 2030

We set out detailed analysis of options for renewable heat investment and
scenarios to 2030 as part of our advice on the fourth carbon budget.

We considered the full range of renewable heat options (Box 4). We showed that
these could be competitive given potential for cost reductions and a carbon price
rising to £70/tCO, by 2030 (Figure 4).

Box 4: Renewable heat technologies

Renewable heat technologies in our fourth budget scenario included heat
pumps, biomass and biogas (Figure B4).

+ Heat pumps (air-source and ground-source):

— Heat pumps use electricity to extract heat from the surrounding
environment (e.g. the ground or air) and transmit this for space and hot
water heating. One unit of electricity from heat pumps can generate
between 2.5 and 4.5 units of heat, with the extra heat generated classed
as renewable.

- Energy efficiency improvement is a necessary condition for effective
deployment of electric heat pumps. Otherwise heat pumps and the
associated radiator system need to be significantly larger (and more
expensive), and in extreme cases would not be able to provide adequate
levels of warmth.

— While there is currently limited deployment of heat pumps in the UK, these
are a relatively mature technology and are widely used in other countries
(e.g. France, Sweden). Widespread roll-out in the UK requires buy-in from
householders and businesses, which will need effective policy to overcome
existing and perceived barriers.

- Biomass: There is a range of potential uses of biomass to produce heat,
including biomass boilers in residential and non-residential buildings, CHP
for community and larger-scale district heating and process heat for industry.
The key issues are the level of sustainable biomass that is available and where
this is best used.

» Biogas: Biogas can be used to produce high-grade heat and can therefore
be used as a substitute for fossil fuels in residential, non-residential and
industrial sectors.
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budget Medium abatement scena eat technologies (2030)

Total heat demand = 605 TWh Biogas
Renewables =210 TWh
Non-renewables = 395 TWh

District heating

Air-source heat pumps

Ground-source heat pumps

Non-renewable

Biomass

Solar thermal

Source: CCC modelling.
Note(s): Figure includes all heat demand from buildings and industry.

Figure 4. Abatement costs of low-carbon heat technologies (2030) Maximum
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Source: CCC modelling; NERA (2010).

Note(s): Cost ranges reflect different demand segments (e.g. the highest cost ground-source heat pumps with storage are in new build
detached properties replacing gas). All costs are calculated based on central fossil fuel price projections and do not include a carbon price.
ASHP = Air-source heat pump, GSHP = Ground-source heat pump.
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We proposed a central scenario for renewable heat penetration reaching around
35% (210 TWh) in 2030, with renewable heat as one of the main contributors to
economy-wide emissions reduction required through the 2020s.

In designing appropriate policies to support development of renewable heat
options, four considerations are important:

+ Renewable heat technologies are relatively mature, and are already widely
deployed in some countries.

« Investment cycles for renewable heat are short compared to those for renewable
power generation, implying scope for later decisions on commitments to
technology support in the 2020s.

+ The challenge is to demonstrate the technologies in a UK context, addressing
current technical, economic and social barriers.

« Success here is of crucial importance, both because renewable heat technologies
are promising from technical and economic perspectives, and because of a lack
of alternatives for heat decarbonisation, which is required to meet the UK's 2050
target of an 80% emissions reduction.

We discuss policies to support UK demonstration in the next section, where one of
our conclusions is that there will be a need for commitments on financial support
for renewable heat in the 2020s, which in turn will require setting of renewable
heat targets. Our central scenario shows the order of magnitude of ambition that
currently appears appropriate, with the precise ambition to be determined as
current uncertainties are resolved (e.g. between 2015 and 2020).

ii) Implied 2020 ambition, barriers and responses

The level of ambition for 2020

Our 2030 scenarios require significant deployment of renewable heat over the
next decade. This will support technology development, build up a supply chain,
and improve consumer confidence in technologies where there has been very
limited deployment to date in the UK.

Specifically, our 2030 scenarios build in renewable heat penetration of around

12% (70 TWh) in 2020. This will be sufficient in terms of providing critical mass

for required deployment in the 2020s, and is consistent with the Government’s
renewable heat ambition in its Renewable Energy Strategy.

Barriers and responses to achieving ambition

In this report, we present new analysis of barriers to renewable heat deployment
to 2020, both financial and non-financial. This analysis suggests that key
deployment barriers are likely to include lack of financial support, supply chain
constraints, and lack of consumer information and confidence (Figure 5).
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Figure 5: Impact of barriers on renewable heat penetration in 2020
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Source: CCC analysis based on modelling by Element Energy.

Note(s): 'Low suitability' reduces the number of buildings suitable for renewable heat deployment (e.g. because energy efficiency is not improved as
required); see Figure 3.4 in Chapter 3 for other notes.

In assessing financial barriers, our main conclusions are that:

+ Current funding commitments for renewable heat are appropriate, but further
support will be required in future.

- The overall level of support provided under the Renewable Heat Incentive (RHI)
to 2014/15 is appropriate and the support for specific technologies is broadly
in line with expected costs.

- However, significantly increased funding will be required in the second stage
(i.e. after 2014/15), at a level to be finalised in the context of a broader strategy
to meet the 2020 renewable energy target.

— Further support will also be required in the 2020s, either in the form of an
extension of the RHI, or the introduction of a carbon price for heat.

« It will be important to ensure that there is disbursement of the RHI across the
range of technologies in order that a portfolio of technologies for deployment in
the 2020s is developed; lack of deployment in particular niches (e.g. residential
heat pumps) would be problematic in this longer-term context.

Non-financial deployment barriers could be addressed through three key policy
levers:

« Accreditation of suppliers. The analysis highlights the crucial role of supply chain
expansion in supporting investment in renewable heat over the next decade,
and within this the importance of ensuring that there are sufficient numbers
of accredited installers. Therefore it will be important to have arrangements in
place both for training and accreditation of installers. Together with validation of
equipment, this could also help to increase consumer confidence.
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- Integration of renewable heat and energy efficiency policies.
Separate mechanisms for promoting renewable heat and energy efficiency
risk complicating the delivery landscape and confusing consumers. The RHI and
Green Deal should therefore be integrated. Integration would help to increase
the number of suitable buildings, improve consumer confidence,
and information, and provide a possible source of financing for up-front
investment costs.

- Suitability. Given that renewable heat technologies work better in well-
insulated houses, linking renewable heat and energy efficiency policies would
increase the number of suitable houses. This could be achieved by requiring a
minimum energy efficiency rating to qualify for payment under the RHI, and
through marketing renewable heat as part of the Green Deal (e.g. by including
renewable heat technologies in energy audits and follow ups).

- Consumer confidence. Marketing renewable heat as part of the Green
Deal would enhance consumer confidence, both because it would ensure
deployment in suitable buildings, and because it would offer an opportunity
to provide customers with better information. It would also allow reduction of
transaction costs if implementation of energy efficiency and renewable heat
measures were to form part of a whole-house or one-stop-shop approach.

- Financing up-front costs. These are potentially significant (e.g. around
£6,000 to £10,000 for an air-source heat pump in the residential sector) and
prohibitive for some applications. Financing constraints could be addressed
by integration — allowing financing under the Green Deal for renewable heat
investment.

« Zero-carbon homes. Renewable heat deployment in new homes does not face
as many barriers as retrofit to existing homes. This highlights the opportunity
offered by new homes and importance of defining zero-carbon homes in such a
way as to promote renewable heat.

It will be important that both financial and non-financial barriers are addressed

by the RHI and other policies in order that significantly increased investment in
renewable heat occurs over the next decade. This is required, in turn, for longer-term
heat decarbonisation in the context of the 2050 economy-wide emissions target.
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The role of renewable energy in surface transport

Electric vehicles

We set out a detailed assessment of scope for increased penetration of electric
vehicles (including plug-in hybrid and fuel cell vehicles) in our advice on the
fourth carbon budget. Based on technical and economic analysis, we suggested
that it is appropriate to aim for electric vehicle penetration of around 60% of new
cars and vans by 2030.

While electric vehicles would account for a smaller share of miles and energy

use in 2030, this will increase significantly in the 2030s as the vehicle stock turns
over. Electric vehicles would be renewable to the extent that they are powered by
renewable electricity.

Biofuels

Our approach to appropriate biofuels ambition is cautious, reflecting concerns
about sustainability:

« There is a tension between the use of land for growth of food versus bioenergy
feedstocks. The risk is that with high growth of bioenergy feedstocks, there
would be limited land available for growth of food, resulting in high prices and
supply shortages. This risk is more pronounced given the significant projected
increase in global population over the next four decades, and moves to more
land-intense diets as incomes increase.

« There are concerns around emissions reductions associated with biofuels when
lifecycle emissions including from land use impacts and from growth and
processing of feedstocks are accounted for.

Given a scarce supply of bioenergy, this should be used in sectors where there

are limited alternatives for decarbonisation (e.g. aviation, industry) as opposed

to surface transport, where decarbonisation through electrification is likely to be
technically feasible and economically viable. Specifically, we have accepted the
findings of the Gallagher Review, which suggested it would be appropriate to plan
for biofuels penetration of around 8% by energy in 20208

8 We show in Chapter 4 that with the electric vehicle roll-out assumed in our scenarios this would still meet the EU 10% renewable energy sub-
target for transport, given the specific accounting rules for that target.
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In our fourth budget advice, we set out scenarios for biofuels penetration through
the 2020s:

+ Our Low and Medium abatement scenarios include no increase in penetration
through the 2020s from levels consistent with the Gallagher Review
recommendations in 2020 (30 TWh, equivalent to around 11% penetration in
liquid fuels by 2030, given falling liquid fuel use). Together with the contribution
from renewable power used in electric vehicles the total renewable energy share
in transport would be around 15% in 2030.

+ Our High scenario includes increased penetration through the 2020s in line with
the IEA’s BLUE Map scenario (60 TWh, equivalent to around 25% penetration in
liquid fuels by 2030).

We are currently undertaking a bioenergy review which will:

« Develop scenarios for availability of sustainable bioenergy based on analysis
of global land, population growth, diet change, and scope for agricultural
productivity improvement.

« Consider where available sustainable bioenergy would best be used (i.e.
between power, surface transport, buildings, industry, aviation, shipping) given
alternative abatement options available.

We will publish the bioenergy review before the end of 2011.
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Scenarios for renewable energy ambition

Scenarios to 2020

Our scenarios for renewable energy ambition to 2020 are consistent with the UK’s
15% renewable energy target for 2020 under the EU Renewable Energy Directive
(Figure 6). Although we assume slightly lower levels of biofuels than in the
Government’s Renewable Energy Strategy, the overall target is still met through
increased energy efficiency (e.g. improving fuel efficiency of conventional vehicles,
replacement of conventional vehicles with electric alternatives).

We estimate that the cost of supporting renewable electricity to 2020 will add
up to 2 p/kWh to the electricity price, increasing the average annual household
electricity bill by around £50-60 in real terms.

« Around half of this cost is due to supporting offshore wind.

« There is also some cost from onshore wind, though by 2020 new projects are
likely to be competitive without specific support.

« This represents around a 10% increase on what household electricity bills would
otherwise be in 2020.

« Itis around a 4% increase on households’ total energy bills, where electricity
accounts for 40% of total energy costs and gas accounts for the remainder.

There is the opportunity to offset the impact of higher prices through energy
efficiency, which we estimate could reduce residential energy consumption by
around 14% in the period to 2020.

This would therefore more than compensate for impacts of renewable electricity
investment, and ensure that the share of expenditure on energy relative to income
remains roughly flat when allowing for upward pressure on bills from rising gas
and carbon prices along with expectations of rising incomes.

For non-residential consumers, higher electricity prices could lead to impacts
on competitiveness of a small number of energy-intensive UK industries which
compete in global markets (e.g. iron and steel, aluminium).

To the extent that there are competitiveness risks, there is a range of potential
measures (e.g. tax rebates) which would help mitigate any impacts.

Delivering renewable heat ambition will not increase energy bills under the
current financing approach. It could require fiscal support of the order of £2 billion
a year by 2020.

Renewable energy in transport is not expected to add to motoring costs as
biofuels are expected to be a similar cost to petrol and diesel under central
assumptions for the oil price. We have factored the increasing cost of electricity
into our analysis of the cost effectiveness of electric vehicles and electric

heat pumps.
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Scenarios to 2030

Our power, heat and transport scenarios for 2030 imply a renewable energy share
of up to 45% (680 TWh) in 2030.

Our illustrative scenario for power alongside our central scenarios for heat and
transport in 2030 are consistent with a 30% (460 TWh) economy-wide renewable
energy share (Figure 6), with the possibility of going further as uncertainties

are resolved (e.g. over the relative cost of renewable power generation, or
deployability of renewable heat).

Figure 6: Renewable shares in energy consumption (2009, 2020 and 2030)
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Source: CCC calculations.

Note(s): Total energy consumption is gross final consumption calculated on the basis as set out in the EU Directive. Energy consumption shown in the
heating sector is taken from the CCC heat model and is calculated on a slightly different basis. Electricity use is shown both in the sectors within which
it is consumed and in the electricity sector; it is only counted once in total consumption. Includes autogeneration and generator own use. 2030 figures
are for our illustrative central scenarios. Demand assumptions are taken from our fourth budget analysis, based on CCC's bottom-up modelling and
energy projections from the DECC energy model using central assumptions for population growth from ONS and GDP growth from the Office of Budget
Responsibility.

The costs associated with delivering this level of ambition are of the order of under
1% of GDP in 2030 compared to a scenario where there are no carbon constraints.
The 2030 energy bill impacts over and above those to 2020 are limited:

+ Electricity.

- An increasing proportion of electricity will be paid for under long-term
contracts at prices below those of unabated gas with a £30/tCO, carbon price
in 2020.

- Whilst unabated fossil-fired generation will become more expensive with an
increasing carbon price in the 2020s, this will account for a declining share of
total generation (e.g. providing less than 10% of generation in 2030).

— Whilst there will be some ongoing investment in more expensive offshore
wind and marine, this will be limited unless there have been significant
cost reductions.
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+ Heat. During the 2020s there is scope for some renewable heat technologies
to become cost-competitive and possibly lower cost than conventional heating
technologies.

The story in the 2020s is therefore likely to be one of more modest price rises
than during the 2010s, and with average energy bills falling relative to income,
assuming incomes continue to grow.

Developing a full range of renewable and low-carbon options for required
economy-wide decarbonisation in the 2020s, and deployment at this time
according to least-cost principles, could give the UK a competitive advantage in a
carbon-constrained world.

There are a range of levers for addressing any ongoing fuel poverty impacts (e.g.
social tariffs, income transfers) and competitiveness impacts (e.g. tax rebates,
sector agreements, border tariff adjustments).

* ¥ ¥

Our analysis suggests that there is both scope and need for ongoing investment

in renewable energy through the 2020s as part of a least-cost strategy for meeting
carbon budgets. We recommend that the Government recognises the important
role of renewable energy in meeting carbon budgets by providing technology
support for less mature technologies in new electricity market arrangements, and
integrating the RHI with the Green Deal. The focus of policy should be on removing
barriers and putting in place incentives to significantly increase renewable energy
supply over the next decade - thereby developing a range of renewable energy
options for decarbonisation in the 2020s and beyond. Given these options, we will
be better able to meet carbon budgets at an affordable cost, resulting in a range of
benefits including mitigation of climate change risks, reduced reliance on imported
fossil fuels, and industrial opportunities associated with building a green economy.

The Renewable Energy Review | Committee on Climate Change
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In our advice on the fourth carbon budget (2023-2027), we set out a path for
decarbonisation of the power sector. Specifically, we suggested that the aim
should be to reduce average emissions from current levels of 500 gCO_/kWh

to around 50 gCO,/kWh by 2030. This reflected our assessment of the optimal
investment strategy based on consideration of capital stock turnover, technology
costs, projected carbon prices and demand growth.

Our fourth budget advice noted the need to plan for power sector
decarbonisation based on a range of technologies including renewable, nuclear
and carbon capture and storage (CCS) generation. However, we did not consider
in any detail the appropriate balance of investment between the various
technologies.

In this chapter we take the power sector decarbonisation path underpinning the
recommended fourth carbon budget as a given, and consider possible roles for
renewables within this:

« We start by considering the scope for deployment of renewable and other low-
carbon technologies, including resource constraints, any limits on renewables
penetration associated with intermittency, and build constraints.

+ We then consider the economics of renewables relative to other generation
technologies, both as regards current and future costs, and allowing for learning
through innovation.

« Given these technical and economic assessments, we consider the role for
renewables within a portfolio approach to power sector decarbonisation and
set out a range of scenarios for renewable generation to 2030 and beyond. Our
scenarios reflect different assumptions on renewable costs relative to those
for other low-carbon generation technologies, and limits on deployability of
renewable and other low-carbon technologies.

The key messages in the chapter are:

- The need for sector decarbonisation. It is crucial in the context of economy-
wide decarbonisation that the power sector is almost fully decarbonised by
2030. Options for sector decarbonisation include nuclear, CCS and renewable
generation.

« Current uncertainties. The appropriate mix of low-carbon generation
technologies for the 2020s and 2030s is highly uncertain. Key factors are:
the ability to build nuclear to time and cost; whether CCS can be successfully
demonstrated at scale for coal and gas; the extent to which the planning
framework will support further investment in onshore wind generation; and
the costs of renewable generation, especially offshore wind and marine (wave,
tidal stream).

- Nuclear power currently appears to be the most cost-effective of the low-
carbon technologies, and should form part of the mix assuming safety
concerns can be addressed. However, full reliance on nuclear would be
inappropriate, given uncertainties over costs, site availability, long-term fuel
supply and waste disposal, and public acceptability.
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- CCS technology is promising but highly uncertain, and will remain so until this
technology is demonstrated at scale later in the decade. In the longer term,
storage capacity may be a constraint.

- Onshore wind is already close to competitive, although investment has been
limited by the planning framework, and is limited in the long term by site
availability.

- Offshore wind is in the early stages of deployment and is currently
significantly more expensive than either onshore wind or nuclear. However,
the existence of a large-scale natural resource, reduced local landscape impact
compared with onshore wind and the potential for significant cost reduction
make it a potentially large contributor to a low-carbon future.

- Marine technologies (tidal stream, wave) are at the demonstration phase
and therefore more expensive again, but may be promising, given significant
resource potential and scope for cost reduction.

A portfolio approach. Given these uncertainties, a portfolio approach to
development of low-carbon generation technologies is appropriate.

- This should include market arrangements to encourage competitive
investment in mature technologies such as nuclear and onshore wind
generation.

- It should also include additional support for less mature technologies
including CCS, offshore wind and marine, where there is potential for the
UK to drive these technologies down the cost curve. This is in contrast to
solar photovoltaic (PV), where the pace and scale of development will be
determined outside the UK.

Commitments for the 2020s. As part of a portfolio approach, the Government
should commit now to an approach for supporting offshore wind and marine in
the 2020s. The approach should avoid stop-start investment cycles and provide
confidence to supply chain investors of a long-term business opportunity
beyond the next decade.

Firm commitments. Given the need to provide investor confidence, support
should be provided through firm commitments rather than vague aspirations.
Such commitments should be implemented through the new electricity market
arrangements. For example, within the Government’s proposed Contracts for
Differences for low-carbon generation, a proportion of these could be targeted
at supporting less mature renewable technologies.

lllustrative 2030 scenario. We set out an illustrative scenario in which
commitments on support for offshore wind and marine through the 2020s are
broadly in line with planned investment and supply chain capacity to 2020.
Together with ongoing investment in onshore wind, this would result in a 2030
renewable generation share of around 40% (185 TWh). Sector decarbonisation
would then require a nuclear share of around 40% (175 TWh) and a CCS share of
15%, along with up to 10% of generation from unabated gas.

Chapter 1

a1



We set out the analysis that underpins these messages in five sections:

1. Sector context: the need for early decarbonisation of the power system and
future expansion

2. Scope for renewable generation: resource potential and technical constraints
3. Renewable and other electricity generation costs
4. Renewable generation scenarios from 2020

5. Recommendations on ambition for renewable generation
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We highlighted in our fourth budget report’ the need for early power sector
decarbonisation in the context of economy-wide emissions reduction to achieve
the 2050 target in the Climate Change Act. Specifically, we set out a range of
scenarios for investment in low-carbon generation capacity, and proposed a
planning scenario in which emissions are reduced from current levels of around
500 gCO,/kWh to around 50 gCO,/kWh in 2030 (Figure 1.1).

« This could be achieved through the addition of around 35 GW baseload-
equivalent? low-carbon capacity through the 2020s, in addition to planned
investments in renewable, CCS and nuclear generation over the next decade.

« The resulting stock of low-carbon generating capacity would be sufficient
to meet demand from existing markets together with significantly increased
demand from new markets for charging of electric vehicle batteries and electric
heat (Figure 1.2).

« The combination of increasing demand and falling carbon intensity of
generation would result in emissions reduction from current levels of around
170 MtCO, to 16 MtCO, in 2030.

Analysis for the fourth budget report and new analysis that we commissioned
from the Energy Technology Institute suggests that this rate of decarbonisation
is robust to a range of different assumptions, including costs of low-carbon
technologies and fossil fuel prices (Box 1.1).

' CCC(2010) The Fourth Carbon Budget: Reducing emissions through the 2020s.
2 Intermittent technologies are adjusted in this figure by the difference between their average availability and the availability of non-intermittent plants in order to
put all plants on an equivalent GW basis.
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Figure 1.1: Electricity demand, emissions intensity and power sector emissions (1990-2030)
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Figure 1.2: Low-carbon capacity and overnight summer demand (2020-2030)
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Box 1.1: Rates of decarbonisation to 2030 under range of assumptions

The detailed modelling presented in the fourth budget report indicated that a
path reaching around 50 g/kWh in 2030 would be cost-effective for the power
sector, given DECC's projected carbon price for 2030 of £70 per tonne CO,. This
was based on detailed bottom-up modelling by Poyry? of the power system
on an assumption that minimum levels of renewables and carbon capture and
storage (CCS) were built for technology policy reasons, and then the cheapest
low-carbon technology (nuclear) was built where cost-effective.

Runs of energy system models that require emissions reduction to occur entirely
within the UK, without purchase of international emissions credits, suggest that
the 2030 decarbonisation goal is robust across a range of scenarios:

« MARKAL modelling for the Committee’s fourth carbon budget analysis
showed that this path for power sector emissions was robust to significant
increases in assumed technology costs (e.g. a 60% increase in capital costs) or
in a low gas price world (e.g. DECC'’s low gas price of 37 p/therm, rather than
79 p/therm in our central case*.

+ Runs of the ETI's ESME model (described later in Box 1.14) for the Committee
show that decarbonising to around 50 g/kWh is desirable across a wide
range of fossil fuel prices, even in the absence of one of CCS or new nuclear.
However, the absence of both of these options increased the overall costs of
meeting the emissions targets substantially, by around 0.5% of GDP in 2030.

This reflects the significantly lower costs of reducing emissions in the power
sector, compared with other marginal options to 2030 and also suggests that
the 2030 power sector decarbonisation goal is robust to a lower carbon price
(though not tested in this modelling).

3 Poyry (2010) Options for low-carbon power sector flexibility to 2050.
4 University College London (2010) UK MARKAL Modelling - Examining Decarbonisation Pathways in the 2020s on the Way to Meeting the 2050 Emissions Target.

Chapter 1 45



46

Whilst we have a high level of confidence over the broad rate of decarbonisation
likely to be appropriate, we did not in the fourth budget report consider the
specific mix of technologies to deliver power sector decarbonisation. We noted
that there were a range of options for low-carbon investment (Box 1.2).

However, assessment of potential technology mixes is useful in informing both
energy and technology policy. Therefore in this report we develop scenarios for
the technology mix with different levels of renewable versus other forms of low-
carbon generation (section 4). Before doing this, however, we provide a context
by summarising the evidence base on resource potential, costs and technical
constraints for the range of power generation technologies.

Box 1.2: Technology options for generating low-carbon electricity

There are three broad categories of low-carbon technologies that can
contribute to the decarbonisation of the UK power system, each of which has its
own characteristics:

 Renewables.

- Renewable energy comes from sources that are naturally replenished, such
as sunlight, wind, rain, tides, and geothermal heat (heat from the Earth).

- This category encompasses a wide range of technologies, from those that
are established and currently cost-effective (e.g. hydro power) to those in
the demonstration phase (e.g. wave) or in the early stages of deployment
(e.g. offshore wind).

—The output of many renewable technologies varies according to the natural
resource being harnessed, although some (e.g. tidal range) are highly
predictable and some (e.g. biomass) can generate on demand.

e Nuclear.

— Nuclear power is well established, although new plants that are being
constructed and planned use a new generation of designs.

— It produces long-lived radioactive waste products and uses finite, though
widely available, fuel.

- Recent estimates indicate that its costs (including those for
decommissioning and waste) are among the lowest of the low-carbon
options.

— Given its capital intensity and low marginal cost of generation, it is best
suited to operating at baseload.

The Renewable Energy Review | Committee on Climate Change



« Carbon capture and storage (CCS).

— CCS involves the removal of CO, from the flue gas of fuel-fired power plants
and its transportation and long-term sequestration in geological formations.

— Itis currently in the demonstration phase and as a consequence there is
uncertainty over its future viability.

— CCS based on fossil fuels competes for a finite supply of resources globally.

- As a‘dispatchable’ form of generation, its output can be varied as required to
respond to variations in demand or the output of intermittent renewables.

Lifecycle emissions (i.e. including emissions resulting from construction, fuel
supply and decommissioning) across the renewable technologies are generally
well below 50g/kWh?-. Lifecycle emissions from nuclear are also low, estimated
to be around 20 g/kWh.

Carbon capture and storage (CCS) has higher lifecycle emissions. Residual
emissions from fuel combustion, assuming a 90% CO, capture rate, are around
50 and 110 g/kWh for gas and coal CCS respectively, with further potentially
significant emissions from extraction and delivery of the fuel, related to energy
use and methane leakage, depending on its source (e.g. it has been suggested
that shale gas production may lead to high rates of methane leakage).

There is scope for lifecycle emissions to fall as other sectors decarbonise.

° Asindicated by a number of studies, including the review of the literature by the Parliamentary Office of Science and Technology (2006)
Carbon Footprint of Electricity Generation, which will be updated in 2011. Emissions from hydro, offshore wind and large-scale offshore wind
are estimated to be below 25 g/kWh. Those from solar PV are slightly above 50 g/kWh, reflecting the UK’s relatively weak insolation, but with
potential to reduce as production methods improve.
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The extent to which investment in renewable generation capacity can potentially
contribute to power sector decarbonisation over the next decades depends on its
resource potential, and any barriers to unlocking this potential. We now consider
inturn:

(i) Resource potential of renewables and other low-carbon technologies
(ii) Technical constraints on the level of intermittent renewable generation
(iii) Build constraints through the 2020s

A necessary condition for decarbonisation of the power system is that there is
sufficient resource potential across the range of low-carbon technologies. Within
this, resource potential for specific technologies places an upper limit on the
contribution that they may make to sector decarbonisation.

The evidence on resource potential, which we set out in our advice on the fourth
carbon budget and which we expand on here, suggests that this is sufficient to
support sector decarbonisation, and for each of the low-carbon technologies to

make a significant contribution:

6

7
8
9
10
n
12

Renewables®. The resource potential for renewable electricity sources is
commensurate with electricity demand projections that in some scenarios reach
over 500 TWh by 2050 (i.e. if resource potential were the only consideration,
sector decarbonisation based wholly on renewables would be feasible, Box 1.3).

- Onshore Wind. Estimates of the resource potential for onshore wind typically
include judgments about limited public acceptability of this technology.
An assessment on this basis is that it could provide around 80 TWh/year
(i.e. around 15% of projected 2030 demand)’.

- Offshore Wind. Offshore wind resource is estimated to be over 400 TWh/year,
with significant potential for generation around Scotland and the East and
West coasts of England®.

- Marine. The UK has significant potential for wave, tidal stream and tidal
range generation. The practical potential for wave energy is considered to be
40 TWh/year?®, while that for tidal range exploitation around the UK (including
the Severn) is also estimated at around 40 TWh/year'. The tidal stream
resource is the most uncertain of the marine resources due to uncertainty
around the correct physical estimation methodology, with estimates ranging
from 18-200 TWh/year''.

- Solar. There is significant resource potential for solar photovoltaic (PV)
generation in the UK (e.g. around 140 TWh/year based on the resource
potential from south-facing roofs and facades'?), although this currently
appears to be a very expensive option (see section 3). There is also the option

As well as potential discussed for wind, marine, solar and bioenergy there is a considerable resource for geothermal power (e.g. around 35 TWh
in DECC (2010) 2050 Pathways Analysis) and some additional hydro power (3 TWh).

Maximum practical resource from Enviros Consulting (2005) The Costs of Supplying Renewable Energy p.35.

Offshore Valuation Group (2010) The Offshore Valuation p34-35.

Offshore Valuation Group (2010) The Offshore Valuation p34-35.

DECC (2011) 2050 Pathways Analysis — The Government’s response to the call for evidence, Part 2 p.89.

Black and Veatch (2005) Phase Il Tidal Stream Energy Resource Assessment; Mackay (2008) Sustainable Energy: Without The Hot Air.

DECC (2010) 2050 Pathways Analysis p.217.
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to import solar power produced in Europe and possibly North Africa, using PV or
concentrated solar power (CSP). In the longer term, imported solar power could
make a significant contribution to meeting electricity demand in the UK to the
extent this is not problematic from a security of supply perspective (Box 1.4).

- Bioenergy. There could in principle be a substantial resource from sustainable
bioenergy, but the extent to which this can be used in the power sector will
depend on competing demands from other sectors (Chapter 2).

Nuclear. Notwithstanding potential for recent events in Japan to impact on
public acceptability (Box 1.5), on the basis of resource potential alone, nuclear
generation could make a significant contribution to sector decarbonisation:

- Although there is a finite supply of uranium available, this will not be a limiting
factor for investment in nuclear capacity for the next 50 years.

— IEA analysis suggests that there is scope for investment in a new generation
of nuclear plant globally within known sources of uranium, and potential to
extend resources further (e.g. through better fuel production technology,
closed cycle or fast breeder reactors).

CCS. Abundant supplies of coal and gas suggest that if CCS technologies can
be shown to be viable, these could make a significant contribution to sector
decarbonisation, although there may be limits on available storage capacity.

- Global reserves of coal will last around 150 years at current production rates'.

- Total global recoverable natural gas resources, including unconventional
sources, will last for around 250 years at current rates of production.

- CO, storage capacity, especially in saline aquifers, is considerably less certain
and may imply a constraint over the long term (Box 1.6).

Box 1.3: Defining the UK's renewable resource - theoretical, technical, practical and economic

Resource can be defined as theoretical, technical, practical or economic:

- Theoretical resource is the energy embodied in the source, for example the
total energy of wind over the UK landmass.

- Technical resource constrains this estimate to take into account realistic
technical constraints such as the difficulty of building turbines on steep
slopes, on beaches, over existing settlements, roads and airports.

- Practical resource is a judgement regarding the level that would be
acceptable to society. In the case of onshore wind (Figure B1.3a), this excludes
national parks, Areas of Outstanding Natural Beauty, Sites of Special Scientific
Interest and greenbelt land, as well as applying a ‘proximity’ constraint to
account for public acceptability of wind farms near settlements.

» Economic resource for each technology will vary considerably through time,
depending upon the costs of inputs, the regulatory regime and the costs of
alternative technologies amongst other things. We consider costs in section 3.

3 |EA (2010) World Energy Outlook 2010.
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Figure B1.3a: Resource pyramid for onshore wind

Theoretical: 2 W/m? x 244,000 km? x hours
in year = 4,000 TWh/year

Technical: exclusion of steep slopes,
beaches, settlements, etc. = 660 TWh/year

Practical: exclusion of ecological sites
and proximity constraints
applied: 17-83 TWh/year

Economic: depends on
cost of inputs and
alternatives

Source: Theoretical resource: Mackay (2008) Sustainable Energy: Without The Hot Air. Technical and practical resources from ETSU (1997),
cited in Enviros (2005) Costs of Supplying Renewable Energy.

The public acceptability limitation due to proximity to human populations

is unique to onshore wind amongst renewables. However, the exclusion of
ecologically sensitive areas, existing manmade structures and usages such as
shipping lanes is applied to all of the practical resource estimates.

In considering renewable resource we have focused on practical potential -
Figure B1.3b.

Figure B1.3b: Estimated practical resource for UK renewables (TWh/year)

Geothermal, 35  Hydro, 8
Wave, 40

Tidal range, 39

Onshore wind, 83

Offshore wind, 406

Tidal stream, 116

Solar PV, 140

Source: Offshore Valuation Group (2010) A valuation of the UK's offshore energy resource (wave, tidal stream, offshore wind); DECC (2010) 2050 pathways
(onshore wind, solar PV and geothermal).

Note(s): The credible range in the literature is 18-197 TWh/year for tidal stream. The Offshore Valuation Group also estimated a large resource
potential for floating wind turbines. This has not been included here due to uncertainty about the feasibility of deployment at scale of this
development stage technology. Onshore wind resource high end from ETSU (1997), cited in Enviros (2005) Costs of Supplying Renewable Energy.
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Box 1.4: Potential for imported solar (and other) power to contribute to UK electricity supply

Technology characteristics of solar CSP

Concentrated Solar Power (CSP) generates electricity by using an array of
mirrors to focus the sun’s rays onto a small area (e.g. the top of a tower) to
produce high temperatures that are then used to drive a steam turbine.

Solar technologies tend to generate most in the middle of the day and in the
summer, rather than at times of UK peak electricity demand, in early evening
and in the winter. However, CSP plants could generate and store heat in
molten salts during the day and then release this at times of peak demand
(e.g. extending generation into the early evening peak), adding an element of
flexibility to their generation profiles.

Available solar CSP resource

The scale of the solar resource - in theory CSP could meet all of Europe’s
electricity demand in 2050 using around 4% of the Sahara desert (360,000 km?)
- means that it is likely to play an important role in decarbonising European and
global electricity supplies, especially in the longer term.

However, CSP is not suitable for generation within the UK, as it requires intense
sunshine and little cloud cover to be economic. If sited in southern Europe or
northern Africa, it could potentially make a significant contribution to the supply
of renewable electricity for the UK, via interconnectors and the European grid.

Potential for imported renewables to contribute to UK power supply by 2020

Although CSP is a relatively immature technology, it could start to generate
energy on a multi-gigawatt scale in the second half of the 2010s. Whether it can
contribute to the UK’s renewable energy target for 2020 depends on whether
Article 9 of the EU Renewable Energy Directive, which enables power imported
from outside the EU to contribute towards the target, is incorporated into UK
legislation and on whether electricity market reform provides incentives for
such imports.

The UK may also be able to access imports of other renewable technologies
through interconnection and imports - Icelandic geothermal, Scandinavian
hydro and biomass resources from around the world.
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Box 1.5: Japan: The Fukushima nuclear plant and implications for the UK

Events in Japan at the Fukushima Daiichi nuclear plant have raised the issue
of nuclear power safety internationally. The UK has launched a review, which
will deliver preliminary findings in May. We note that whilst the specific
circumstances in Japan differ significantly from those for new nuclear in the
UK, in principle this could affect the potential for nuclear power to contribute
to decarbonisation in the UK (e.g. the National Policy Statement for nuclear
has been delayed to take account of the review, and any tightening of safety
requirements may increase costs).

+ Nuclear safety was considered at length in the 2008 White Paper on Nuclear
Power and associated consultation document', which concluded that the
safety risks associated with new nuclear power in the UK are very small:

— There have been no civil nuclear events with off-site consequences or where
all the safety barriers that are an inherent part of the design were breached
in the UK.

— The consultation document cites analysis for the European Commission
suggesting that the risk of a‘major accident — the meltdown of the reactor’s
core along with failure of the containment structure’is of the order of one in
a billion per nuclear reactor, per year in the UK.

— More broadly, the White Paper found that the safety risk associated with
new nuclear in the UK is not comparable with older plant where accidents
have occurred overseas because regulatory scrutiny of reactor designs and
operations is far more rigorous in the UK today.

« Those conclusions are likely to be robust to events in Japan:

— Events in Japan were the result of an enormous earthquake and tsunami.
These affected back-up power and thereby compromised cooling of some
reactors. Subsequently there has been overheating, exposure and radiation
release from spent fuel ponds.

— The likelihood of natural disasters of this type and scale occurring in the UK
is extremely small.

- Plant designs allowed under the UK’s Generic Design Assessment have
benefited from considerable technological improvement since the 1960s
Boiling Water Reactors used at Fukushima, including the incorporation of
secondary back-up and passive cooling facilities.

- However, the Committee has not undertaken a detailed review of all possible
implications for nuclear in the UK.

- DECC has commissioned such a review from the chief nuclear officer, Dr
Mike Weightman. This will report preliminary findings in May, with a final
report due in September 2011.

4 DTI(2007) The Role of Nuclear Power in a Low Carbon Economy: Consultation Document.
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— A full review is required to ensure that any safety lessons are learnt and to
restore public confidence in the safety of nuclear power.

Should the review suggest limiting the role of nuclear generation in the UK in
future, then a higher renewables contribution would be required. Alternatively
if the review leads to a significant tightening of safety regulations, nuclear costs
may be increased, which would improve the relative economics of renewable
technologies and argue for potentially increasing their role.

Box 1.6: Availability of CO, storage capacity

Estimates of UK CO, storage potential generally start from a high-level
characterisation of geological formations, to arrive at a theoretical storage
capacity. Filters are then applied to reflect the unsuitability of various aspects
of these possible stores (e.g. size, proximity to possible streams of CO,, residual
water, reservoir pressure), to arrive at a practical storage capacity.

Work for the Committee by P6yry™ in 2009 suggested that practical UK CO,
storage capacity in depleted oil and gas fields alone might total 3,500 MtCO,
by 2030 (Figure B1.6). Translating the capacity available in these fields into
numbers of CCS facilities, this could store 30 years of output from nearly 20 GW
of coal-fired plants, operating at 75% load factor (or at least 40 GW of gas-fired
plants, due to the lower carbon-intensity of gas).

Figure B1.6: Potential CO, storage capacity available in depleted oil and gas fields by 2030
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s Poyry (2009) Carbon Capture and Storage: Milestones to deliver large-scale deployment by 2030 in the UK; available at http://www.theccc.org.uk.
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The theoretical CO, storage capacity within saline aquifers (deeply buried
porous sandstones filled with salt water) is likely to be considerably larger than
in those depleted hydrocarbon fields. A recent study by the Scottish Centre for
Carbon Storage’'® identified Scotland’s available capacity within saline aquifers to
be in the range 4,600 to 46,000 MtCO,. This wide range reflects the uncertainty
over the storage capacity of saline aquifers; relatively little physical testing has
been undertaken to confirm their suitability and integrity, in contrast to oil and
gas fields which have been fully evaluated during decades of exploration and
production.

While the focus so far in relation to CCS has been mainly on fossil fuel power
generation, it may well turn out that this application is less important in the
long term than capturing and sequestering industrial emissions (especially for
those industrial processes that produce CO, from chemical reactions as well as
fuel combustion) and those from bioenergy applications or direct air capture of
CO,, for negative emissions. Both of these applications could be required well
beyond 2050. Once sufficiently reliable estimates of CO, storage capacity are
available, consideration should be made of its best use over time, including any
limits to fossil fuel power generation in the medium term and whether it should
be used solely for UK emissions.

Itis still clear, however, that demonstrations and some use in power generation
will be desirable. We will look at biomass CCS in more detail in the context of
our bioenergy review later in 2011 and within this will consider the long-term
best use of CO, storage capacity.

The intermittency challenge

Some types of renewable electricity generation are intermittent'’, meaning that
their output is driven by variable climatic or environmental conditions such that
they cannot be relied on to generate electricity on demand. This raises a question
over whether and to what extent intermittency can be managed, with possible
implications for maximum levels of intermittency consistent with maintaining
security of supply.

In answering this question, the challenges presented by intermittency should not
be overstated:

« Wind patterns are positively correlated with seasonal demand (Figure 1.3).

« Aggregate intermittency from geographically dispersed sources will be lower
than intermittency at individual sites (e.g. due to different wind patterns at
offshore wind sites near shore and in deeper waters).

- Different intermittent renewables have different availability patterns, implying
reduced aggregate variability in a diverse portfolio (Figure 1.4).

'e SCCS (2009) Opportunities for CO, Storage around Scotland - an integrated strategic research study.
7" Wind, marine and solar PV are considered intermittent. Concentrated solar power has some potential to be dispatchable, using heat storage in
molten salts. Biomass is flexible and geothermal is considered as baseload plant.
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Given this combination of factors, managing intermittency of renewable
generation at the system level will be easier than the pattern of output from
specific plant may suggest.

Figure 1.3: Seasonality of wind generation versus seasonality of demand
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Source: CCC calculations based on modelling by Poyry.
Note(s): Based on observed patterns in 2006, 2007, 2008 and 2009 (averaged) and for indicative 2030 wind deployment and demand.

Figure 1.4: Variability of renewable generation technologies (over two illustrative days for 2030 mix)

>, 100% = Offshore wind
5 90% . = Onshore wind
% 80°/: ‘\ [ \ r\ ﬂ - Solar
E 70% \ / \ \ \ = Tidal range
E 60% \ /] \ \ —_— V_Vc?vleand
i.g 50% ﬂ - / \\\ _J Fa ’ ': al stream
== Average across
§ 40% / x /\ I_\ I intermittent
g 30% | = ‘ I / \ ',r \ I \ I" /A' renewables
g o=\ [/ 1\ :
2 Wraed )
& 100 | g\ N
o, Ll ¢
28-Jul 29-Jul

Source: CCC analysis based on modelling by Poyry.

Note(s): Based on observed patterns 28-29 July 2006, scaled up to 2030 levels. Chart shows the generation that would be produced by

the different renewable technologies (as a percentage of installed capacity) in the Poyry Very High scenario over a two-day period.
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Options for managing intermittency

We commissioned P&yry Management Consulting to examine scope for
maintaining security of supply with very high shares of renewable generation.
They found that high shares of renewables need not materially impact security of
supply given a range of options for addressing system-level intermittency

(Box 1.7):

z

S

Demand response. There is scope for significant demand response, with a
particular opportunity from electric vehicle batteries:

- Poyry’s analysis suggests around 15% of demand could be flexible, at least
within-day, in 2030.

- Just over half of the flexible demand is in heating, with the remainder primarily
in the transport sector. This reflects our fourth budget assumption that electric
car penetration has reached 60% of new cars by 2030, resulting in an electric
vehicle fleet of around 11 million.

- Smart technologies and pricing that reflects electricity costs at time of use,
and encourages consumer response, would be necessary in order to unlock
this potential. Current Government proposals for smart meter roll-out have
recognised this requirement (Box 1.8).

Interconnection. Increased interconnection with European and Scandinavian
systems offers scope for flexibility, given that load factors for renewable
generation and storage technologies are likely to vary significantly across
systems. POyry analysis suggests that interconnection could provide 16 GW

of flexibility (i.e. 16 GW import capacity) by 2030; modelling for the European
Climate Foundation considered up to 35 GW of interconnection to the UK

by 2050.

Storage. Bulk storage, such as pumped storage, can be used both to provide
fast response and to help provide flexibility over several days (providing supply
at times of peak daily demand rather than continuously over the whole period).
In addition, investing in thermal storage alongside heat pumps can help shift
electricity demand within the day and electric vehicle batteries can also be used
as a form of electricity storage’®.

Balancing generation. Gas-fired generation offers the potential for balancing
intermittent renewable generation. Assuming other flexibility options are
deployed, PAyry analysis suggests that residual balancing generation would be
around 6% of total generation when all other generation is from renewables.
This suggests that it is not possible to have a system running on 100% renewable
electricity'®, although a very high renewable share would be technically feasible.

In the longer term new storage opportunities may emerge, possibly on a distributed basis (e.g. compressed air, heat storage in molten salts),
which we have not included in the modelling, but which would tend to make intermittency easier to manage.

A 100% renewable system would be achievable only if balancing requirements were met through renewable sources, e.g. generation from
biogas. However, this would raise questions of resource availability given that bioenergy resources are constrained and may be required to
decarbonise other sectors of the economy (see Chapter 2).

The Renewable Energy Review | Committee on Climate Change



Box 1.7: Evidence on supporting high levels of intermittent renewables in the electricity system

Poyry’s wholesale electricity model simulates the dispatch of each unit on the
system for each hour of every day. The model accounts for minimum stable
generation and minimum on and off times, which allows a realistic operational
simulation of different plant.

Our new analysis builds on work we commissioned from Poyry for our fourth
budget report®. That work emphasised the importance of increased flexibility
in any decarbonised system (i.e. even without an increase in renewables share
after 2020); almost all flexibility options reduced CO, emissions and generation
costs.

The new analysis tests the ability of the system to accommodate much higher
levels of intermittent renewable generation. This work shows that, technically,
the system can accommodate high levels of renewables (e.g. up to 80% in 2050
—Table B1.7). Both interconnection and active demand-side management
were found to be very important at high penetrations, along with back-up
capacity that may not be able to earn sufficient returns in the wholesale
electricity market.

Table B1.7: Modelled scenarios for intermittent renewables: deployment of flexibility
options and impact on security of supply and emissions (2030, 2050)

2030 2050

Scenario High Very High High Very High
Renewable share ~ 50% ~ 65% 60% 80%
Flexible demand ~15% ~ 15% ~33% ~33%
Interconnection 16 GW 16 GW 24 GW 24 GW
Bulk storage 4 GW 4 GW 4 GW 4 GW
Security of supply (expected 2 GWh 2 GWh 4 GWh 4 GWh
energy unserved) (max) (max) (max) (max)
Emissions intensity <509 <509 Close to Close to

CO,/kWh  CO,/kWh zero zero

2 Poyry (2010) Options for low-carbon power sector flexibility to 2050.
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Sensitivities
Poyry also tested various sensitivities (e.g. less demand-side response, reduced
interconnection, more variable wind conditions), which suggest:

+ Maintaining security of supply is not dependent on any one flexibility
mechanism (e.g. lower demand-side response or interconnection can be
compensated by increased back-up capacity).

« Our conclusion that intermittency can be managed is robust to different
assumptions and conditions (e.g. in scenarios where consumers are less
responsive to price signals, or wind conditions are more variable).

« There is potential to optimise the flexibility packages further than in Poyry’s
scenarios (e.g. deployment of some options could be reduced, avoiding some
costs, without significant impacts).

Other studies using different models have made similar findings, most notably
the European Climate Foundation’s (ECF) Roadmap 2050 study?'.

The ECF study investigated, at a European level, the technical and economic
feasibility of achieving at least an 80% emissions reduction by 2050 (compared
to 1990 levels), with scenarios for 40%, 60%, 80% and 100% renewable shares in
electricity generation. All scenarios maintained or improved electricity supply
reliability and energy security. The ECF analysis also found that a significant
increase in integration and interconnection of electricity markets across Europe
was a key enabler, along with additional flexibility in demand and increased
back-up capacity.

Box 1.8: Government smart meter proposals

The Government’s Smart Metering Implementation Programme seeks to roll
out a smart meter to every home in Great Britain and to ensure all small and
medium non-residential consumers have ‘smart or advanced energy meters
suited to their needs.

In March 2011, the Government published a Consultation Response which
includes the following key proposals:

« Suppliers will be required to provide an‘In-Home Display’ which will show
usage information for gas and electricity in pounds and pence and kWh.

« Electricity usage will be updated every five seconds.

+ Meters will allow supply to be controlled remotely for demand-side
management, with the functionality for real-time price signals to be sent to
the meter.

2 www.roadmap2050.eu.
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« Communication to and from smart meters in the domestic sector will be
managed by a new ‘Central Data Communications Entity’to be operating by
the final quarter of 2012.

« Full roll-out is proposed for 2019.

Therefore the Government proposals appear to be consistent with the
requirements for unlocking demand-side flexibility (i.e. they include
functionality for remotely controlling demand and providing real-time price
signals). To ensure this is delivered, there are a number of technical issues for
resolution, including security, data transmission and interactions between
supply companies, distribution companies and consumers.

Costs of managing intermittency

Given that demand-supply balancing would be possible, the main implications of
intermittency for investment in renewable generation are via its impact on costs:

- Demand-side response. The main cost of facilitating demand-side response
is the installation of smart technologies which will be rolled out over the next
decade (Box 1.8). These technologies have an important role in smoothing
demand even in scenarios with low renewables penetration, given the improved
economics of nuclear and CCS when running at baseload.

« Interconnection. Costs associated with interconnection are likely to be
relatively small compared to generation costs (e.g. annualised costs are around
£0.5 billion per year in Poyry’s highest interconnection scenario in 2030 compared
to generation costs of over £40 billion). Some increased interconnection is also
likely to be desirable in scenarios with low renewable generation.

- Storage. Bulk storage is a relatively expensive option at present, with significant
investment costs for pumped storage; it is not clear that significant increases
in the amount of pumped storage would be more desirable from an economic
perspective than balancing generation.

« Back-up capacity. The costs of back-up capacity are currently relatively small,
but will increase as more low load factor plant is required to back up intermittent
renewables (e.g. PAyry’s analysis showed that in 2030, a scenario with around
65% renewables penetration required around an extra 10 GW of back-up
capacity — with annualised costs of around £0.3 billion per year — to remain on
the system compared to a scenario with 30% renewables). Costs of back-up and
balancing based on gas CCS would be relatively high given limited scope for
spreading capital costs at low load factors.

- Impact on economics of low-carbon plant. Where there are relatively high
levels of renewable generation, this will result in load shedding for other low-
carbon plant (e.g. when the wind is blowing and demand is low, CCS or nuclear
generation may not run). This raises the unit cost of other plant (i.e. because
capital costs are spread over a lower level of generation), which can therefore be
regarded as a cost penalty associated with renewables.
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- Transmission costs. More generation capacity is required on a system with high
levels of intermittent renewables (reflecting low load factors) and renewable
sites will tend to be selected based on available resource rather than proximity
to demand centres. This may imply the need for more transmission capacity,
with potentially significant associated costs at higher levels of renewables
penetration. These costs can be reduced where intermittent generation cost-
effectively ‘shares’ transmission capacity, or where generation sources are
close to major demand loads (e.g. some of the Round 3 offshore wind sites will
connect to the grid in the south/east of England).

Therefore, the cost implications of intermittency are unlikely to be prohibitive
until very high levels are reached. For example, even for renewables shares up to
65% in 2030 and 80% in 2050, Poyry’s analysis suggests that the cost associated
with intermittency is only up to around 1p per kWh of additional intermittent
renewable generation.

In the longer term build constraints may not be a limiting factor, given scope for
significant supply chain expansion with sufficient lead time. However these could
be binding in the medium term (e.g. the technology mix in the 2020s may be
influenced by build constraints).

In order to better understand this potential impact, we commissioned technical
analysis from Poyry to identify potential supply chain constraints for each of the
low-carbon technologies.

The Poyry analysis suggests that there are likely to be limits on scope for
investment in each technology, and implies that a mix of renewables and other
low-carbon technologies is likely to be required through the 2020s in order that
the power sector is largely decarbonised by 2030.

- Renewables. Scope for adding renewable capacity in the early 2020s is limited
by site availability and the level of ambition to 2020. PAyry’s analysis suggests
that significant ramp up through the second half of the 2020s will be feasible:

- Onshore wind. Potential to increase onshore wind capacity during the 2020s
will depend on the availability of suitable sites with planning approval, and on
the scope for repowering existing sites with larger turbines. Péyry’s analysis
suggests up to 5 GW of additional capacity could feasibly be added during the
2020s, some of this through repowering, with scope for further investment if
planning constraints can be addressed.

- Offshore wind. We envisage additions of offshore wind capacity going into
the 2020s of around 1.7 GW each year. Analysis from Poyry suggests that this
could in principle be ramped up significantly in the early 2020s (e.g. to achieve
annual average investment through the 2020s of 3.4 GW), although in
section 3 