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FOREWORD BY THE PRIME MINISTER

Energy underpins our daily lives: it lights our streets, heats our homes,
powers our industry, and fuels our vehicles. That’s why securing cheap,
reliable and sustainable sources of energy supply has long been a major
concern for governments.

However, the energy sector is constantly changing.

The last few decades have witnessed the development of North Sea oil
and gas reserves; privatisation and liberalisation in the energy sector; a
shift towards gas for electricity generation; and the emergence of new
renewable technologies. Electricity prices are now cheaper, and carbon
dioxide emissions are lower, than 10 years ago.

There is no reason to expect that the pace of change will slow. And there
are added challenges — climate change and, for the UK, resource
depletion in particular — to which our energy policy needs to respond.
That is why | asked the Performance and Innovation Unit to examine the
long-term challenges for energy policy in the UK, and to set out how

energy policy can ensure competitiveness, security and affordability in the

future.

Their report looks to 2020 and beyond to 2050, sets out the key trends,
and explains the choices that we face. It is difficult to predict the
technological, economic and geopolitical changes that will take place

during that time — and the report does not try to do so. But it makes clear

how important it is to keep our options open, so that we can respond
positively to changing circumstances.

Three issues stand out from the analysis:

« Diversity and security of supply are no longer only a matter of ensuring

a balance of energy sources within the UK. Increased reliance on
imports from Europe and elsewhere underlines the need to integrate
our energy concerns into our foreign policy.

¢ Alongside low prices and secure supplies, climate change has become a

central aspect of energy policy. Achieving global emission reductions
will need major technological innovation, and | am convinced that the
UK would benefit from being ahead of the game in moving to clean
and low carbon technologies and in sharply improving our
performance on energy efficiency.

o It is striking that both security of supply and climate change issues are
truly international. The UK cannot therefore only act through domestic
policies, but must address these issues via international policies and
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agreement, particularly through EU market liberalisation and the Kyoto
agreements.

This report is being published as a report to government, and as such is
not a statement of government policy. However, | believe the report raises
many of the issues we need to discuss as we develop our energy policy.

| hope that this report will launch a thorough debate. The Government
will consult shortly on the issues raised in the report and will set out its
detailed response in an Energy White Paper later in the year.



EXECUTIVE SUMMARY

Key points

Trends in energy markets have been comparatively benign over the past 10-15 years: the UK
has been self-sufficient in energy; commercial decisions have resulted in changes in the fuel mix
that have reduced UK emissions of greenhouse gases; and trends in world markets and
domestic liberalisation have reduced most fuel prices.

The future context for energy policy will be different. The UK will be increasingly dependent on
imported oil and gas. The Californian crisis has highlighted the importance of putting in place
the right incentives for investment in energy infrastructure. And the UK is likely to face
increasingly demanding greenhouse gas reduction targets as a result of international action,
which will not be achieved through commercial decisions alone.

The introduction of liberalised and competitive energy markets in the UK has been a success,
and this should provide a cornerstone of future policy.

But new challenges require new policies. The policy framework should address all three
objectives of sustainable development — economic, environmental and social — as well as energy
security. Climate change objectives must largely be achieved through the energy system. Where
energy policy decisions involve trade-offs between environmental and other objectives, then
environmental objectives will tend to take preference.

Key policy principles should be: to create and to keep open options to meet future challenges;
to avoid locking prematurely into options that may prove costly; and to maintain flexibility in
the face of uncertainty. Increasingly policy towards energy security, technological innovation
and climate change will be pursued in a global arena, as part of an international effort.

Within the UK, the overall aim should be the pursuit of secure and competitively priced means
of meeting our energy needs, subject to the achievement of an environmentally sustainable
energy system.

The UK'’s future energy strategy should have the following elements:

(i)  energy security should be addressed by a variety of means, including enhanced
international activity and continued monitoring. However, there appear to be no pressing
problems connected with increased dependence on gas, including gas imported from
overseas. The liberalisation of European gas markets will make an important contribution
to security;

(i)  continued attention to long-term incentives is needed, though recent levels of investment
in the energy industries have been healthy;

(iii)  there is a strong likelihood that the UK will need to make very large carbon emission
reductions over the next century. However, it would make no sense for the UK to incur
large abatement costs, harming its international competitiveness, if other countries were
not doing the same;
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(iv) keeping options open will require support and encouragement for innovation in a broad
range of energy technologies. The focus of UK policy should be to establish new sources of
energy which are, or can be, low cost and low carbon;

(v) the immediate priorities of energy policy are likely to be most cost-effectively served by
promoting energy efficiency and expanding the role of renewables. However, the options
of new investment in nuclear power and in clean coal (through carbon sequestration) need
to be kept open, and practical measures taken to do this;

(vi) the Government should use economic instruments to bring home the cost of carbon
emissions to all energy users and enable UK firms to participate in international carbon
trading. Achieving deep cuts in carbon would require action well beyond the electricity
sector where cuts have been concentrated in recent years;

(vii) step changes in energy efficiency and vehicle efficiency are needed, with new targets for
both. In the domestic sector, the Government should target a 20% improvement in energy
efficiency by 2010 and a further 20% in the following decade;

(viii) the target for the proportion of electricity generated from renewable sources should be
increased to 20% by 2020;

(ix) institutional barriers to renewable and combined heat and power investments should be
addressed urgently; and

(x)  the Government should create a new cross-cutting Sustainable Energy Policy Unit to draw
together all dimensions of energy policy in the UK.

In the light of this review, the Government should initiate a national public debate about
sustainable energy, including the roles of nuclear power and renewables.

Recent trends in energy But the future context will be
markets have been benign for | much more challenging

policy The future for energy policy seems likely to be

In recent decades, the context for energy policy much less benign for two reasons:

in the UK has been remarkably benign. The UK e issues of energy security are likely to become

is currently one of just two G7 countries which more important. The UK will become

is self-sufficient in energy. Energy prices have increasingly dependent on imported oil and
generally been falling in real terms, partly gas. And the Californian energy crisis has
because world oil prices have fallen and partly highlighted the importance of getting
because of the successful liberalisation of UK incentives for new investment in energy
gas and electricity markets. UK industry and right;

consumers, including the fuel poor, have the UK is likelv to face i inal
o is li increasin
gained. And the UK has found it easier than € S cly toface inc .eas gy
demanding carbon reduction targets. A low

carbon future, if it were to be adopted, could
not be achieved on the basis of spontaneous

many other countries to achieve greenhouse
gas reductions — the “dash for gas” in particular
(which was driven by commercial decisions) o ]

O . changes within the energy system, especially
reduced carbon emissions from electricity

. when at present, one low carbon source,
generation.



nuclear power, faces a progressive run-down
as existing plant reach the end of their lives
and are decommissioned.

In addition, although good progress is being
made towards the elimination of fuel poverty,
many people continue to spend a substantial
proportion of their income on fuel, largely as a
result of the age and energy inefficiency of the
housing stock.

New challenges require new
policies

The introduction of liberalised and competitive
energy markets in the UK has been a success,
and competitive markets should continue to
form the cornerstone of energy policy. But new
challenges require new approaches. The future
framework for energy policy needs to address
all three objectives of sustainable development
— environmental, economic and social — as well
as energy security. But climate change
objectives must largely be achieved through the
energy system.

Consistent with this, the future aim of energy
policy should be the pursuit of secure and
competitively priced means of meeting the UK’s
energy needs, subject to the achievement of an
environmentally sustainable energy system.

The strategy articulated in this review thus has
three main dimensions:

e measures to address the security of the
energy system;

e measures to ensure the energy system is
environmentally sustainable — these are
intended in particular to create options to
put the UK on a path to a low carbon
economy; and

« approaches which take full account of the
potential costs of achieving the objectives of
policy, in terms of higher energy bills.

Concerns about security need
to be addressed

There are a number of reasons why security is
on the agenda. These include:

« the Californian experience of electricity
blackouts;

e concerns resulting from the terrorist attacks
in the USA of September 11; and

o the sensitivity to the UK’s future need to
import gas, possibly across long pipelines
and from trading partners who seem to offer
less security than we are used to.

There is general agreement that a diverse
energy system — both in terms of types of
energy and their sources — can benefit security.
Some people argue that self-sufficiency is
needed for security. But this is not necessarily
so. As in other markets, imports can be a
valuable means of increasing diversity and
reducing risks — most other G7 countries
already rely substantially on imported energy.
Some submissions to the review have suggested
that the Government should decide the fuel
mix to be used for electricity generation. This
review has rejected these proposals on the
grounds that they would seriously distort the
efficient functioning of energy markets.

Instead, the approach taken is to view issues of
security in risk management terms. Some risks
are essentially international, others domestic.

There are three main ways to safeguard security:

o to make maximum use of competitive
markets to meet customers’ needs. A key
conclusion of the review is that the
liberalisation of EU gas and electricity markets
is important for energy security. Liberalisation
would add flexibility and depth to European
energy markets, increasing substantially the
resilience of the energy system;

« to create a more resilient and flexible energy
system. The review considers various options
for enhancing the resilience of the UK energy
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system, including increased gas storage;
greater use of liquid natural gas (LNG); and
greater ability to use coal than would
otherwise be the case. In the first instance,
these are matters for market participants to
address. The role of government should be
to monitor the actions of market participants;
to remove any barriers due to policies, such
as the planning system; and to intervene
directly, as a last resort, where there is clear
evidence of market failure and where the
benefits of intervention are likely to outweigh
the costs; and

o to use international action to address global
threats to energy security. On just about any
scenario the UK will become more
dependent on imports both for both its gas
and its oil. There is little risk of there being
insufficient gas available internationally: there
is plenty, and 70% of the world supplies can
be accessed from Europe. But the UK cannot
be sanguine about the path that the gas will
take from its source to the European market
and the risks it may encounter en route.
Particular concerns are:

o the level of investment in the exporting
countries;

e investment in the transit countries; and
« facility failure overseas.

These risks need to be monitored. They are
outside the direct control of UK purchasers or
the UK Government. The key is to develop
strong links with trading partners, so that the
UK can ensure that the benefits associated with
trade are mutually recognised and delivered.

Making sure suppliers face the
right investment incentives is
essential

The other main area of risk to energy security is

the set of issues which arise as a result of the
Californian experience. Supplies of electricity

were interrupted because insufficient
investment had been made both in the network
and in electricity generation. The Californian
problems were very specific to that state and
were due in considerable measure to failures in
regulation, which have no parallels in the UK.

Present levels of capacity in the UK in both
electricity and gas networks and in electricity
generation are healthy. The processes of
privatisation and liberalisation seem to have
succeeded well. Even so, the situation needs to
be monitored since future investment might be
constrained if the wrong signals and incentives
come through the regulatory structures. But
there is no reason for immediate concern. Care
is also needed to ensure that the anticipation of
public intervention does not lead the private
sector to hold back its own investment plans.

Moving to a low carbon
economy poses a major
potential challenge

Looking to the longer-term, the central
question for energy policy is the weight to be
given to environmental and other objectives.
The strong likelihood of a stringent greenhouse
gas target being adopted in the future is
sufficient to justify giving the environmental
objective a strong priority within future energy
policy — especially since the energy system is
the source of 80% of UK greenhouse gases and
95% of CO,. Low carbon options also have the
merit that, particularly where they are local and
dispersed, they generally contribute to the
security of the energy system.

This review has not considered the scientific
case for carbon reductions — this was the task of
the Royal Commission on Environmental
Pollution (RCEP), and of bodies such as the
Intergovernmental Panel on Climate Change
(IPCC). Neither has the review conducted a
cost-benefit analysis of the different ways of
responding to the challenge: this is a matter for



the international community as a whole. There
is a lot of work on the possible overall costs to
the economy of meeting a substantial carbon
reduction target. Most estimates suggest that
the impacts on GDP are likely to be small -
though precise costs will depend on the
methods chosen to reduce carbon, the rate of
technical progress, and the scope for trading
reductions elsewhere in the world.

Possible future energy worlds in 2020 and 2050
have been analysed using scenarios. Credible
scenarios for 2050 can deliver a 60% cut in CO,
emissions, but large changes would be needed
both in the energy system and in society. Two
opportunities stand out. Substantial
improvements in domestic and business energy
efficiency could be made, and there are
prospects for significant improvements in
energy efficiency in the transport system. Yet
even if these improvements can be achieved,
and even if the electricity system was to
produce no carbon whatsoever, a 60% cut in
CO, emissions could only be met if we were
also to go on to make very large reductions in
the use of fossil fuels as the main means of
powering future vehicles. This shows the scale
of the challenge.

The Government will need to make decisions
about its longer-term approach to carbon
reducing policies in the light of the UK's
international commitments. The RCEP has
proposed that the UK should adopt a strategy
which puts the UK on a path to reducing CO,
emissions by 60% from current levels by 2050.
This would be in line with a global agreement
which set an upper limit for the CO,
concentration in the atmosphere of some 550
ppmv. It would be unwise for the UK now to
take a unilateral decision to meet the RCEP
target, in advance of international negotiations
on longer term targets. Greenhouse gases are
global pollutants, and it would make no sense
to incur abatement costs in the UK and thereby
harm our international competitiveness, if
others were not contributing.

Given the strong chance that future, legally
binding, international targets will become more
stringent beyond 2012, a precautionary
approach suggests that the UK should be
setting about creating a range of future options
by which low carbon futures could be
delivered, as, and when, the time comes. The
focus of this review is on ways of creating new
options, and building upon the options we
already have. Attention has been given to the
cost-effectiveness of different options, both
immediately and in the longer term.

There is a central role for
market-based instruments and
for support for innovation and
R&D

A centrepiece of any long-term carbon-reducing
policy should be the use of market-based
instruments to put a price on carbon emissions
and to help determine the most cost-effective
opportunities. This need not happen
immediately, but decisions about long-term
approaches are needed soon, since early
commitment will start to influence decisions in
many markets. A central aim should be to
enable the UK to participate in international
carbon trading.

A vital means of increasing the range of options
for the future is innovation. This is a theme that
needs to pervade all areas of energy policy and
a range of policies should be directed towards
it. The encouragement of renewables is one
means of increasing innovation and new
technologies.

Central to that process will be a stronger
research and development (R&D) base. A group
convened by the Government’s Chief Scientific
Adviser (CSA) has undertaken a review of
energy research to inform this review. The
findings of this group suggest there is a need
for much greater investment in R&D if the
cutting-edge technologies for a low carbon
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future are to be developed. R&D will not only
facilitate the achievement of environmental
goals but should create valuable export
opportunities for British industry. A healthy R&D
base is also necessary to attract and foster the
scientific expertise needed by the new
industries which will arise from the innovation it
stimulates. The CSA’s group suggested that a
national Energy Research Centre should be
established to provide the focus for such
scientific activity.

A step change in energy
efficiency is needed

Increased energy efficiency is obviously
worthwhile if it saves money. There is no point
in wasting energy that can easily be saved. The
scope for cost-effective energy efficiency
improvement is large and new potential will
continue to be created by innovation. Major
energy users have the incentive to save energy,
but where energy is a small part of an
individual’s or firm’s budget the opportunities
are often ignored, partly because there are risks
and bother involved in making the necessary
investments.

This review puts forward a programme to
produce a step change in the nation’s energy
efficiency. At the centre would be a new

target — to ensure that domestic consumers’
energy efficiency improves by 20% between
now and 2010, and again by a further 20%
between 2010 and 2020. This would
approximately double the existing rate of
improvement. It is a challenging proposition.
The gains in terms of energy savings in a year
could reach about 0.25% of GDP by 2020, over
and above the cost of the investment needed to
unlock these savings.

Combined Heat and Power (CHP) — which is
sometimes viewed as a form of energy
efficiency — is a low cost option for carbon
abatement, but not zero carbon. In the long

term, it will benefit from policies that put a
price on carbon. Industrial CHP is a mature
technology. It does not need support to
encourage “learning by doing” cost reduction,
in the same way as new renewable technologies
do. Yet it is important that current market and
institutional barriers to CHP are removed -
many of these barriers are similar to the ones
confronting renewable investments. The scope
for CHP will be increased substantially by micro-
CHP suitable for use in homes.

An expanded role for
renewables should be a key
plank of future strategy

Renewables are not just a single technology but
a highly flexible set of options. Some of these
options will be developed under the existing
Renewables Obligation. At the moment, the use
of renewables nearly always costs more than
the use of fossil fuels. Government support is
justified for two reasons:

« use of renewables will help the UK to obtain
carbon savings in the short term which helps
in meeting international obligations; and

e support for renewables will induce
innovation and “learning”, bringing down
the longer-term unit costs of the various
technologies as volumes increase and
experience is gained. In this way, today’s
investment buys the option of a much
cheaper technology tomorrow. Although
learning will be international, some of the
new technologies — notably the marine
technologies — may have particularly British
applications and require UK based
technological development.

In order to bring down the cost of new
renewables and to establish new options, an
expanded renewables target of 20% of
electricity supplied should be set for 2020. The
review estimates that meeting the whole of this
20% target could produce domestic electricity



prices in 2020 around 5-6% higher than
otherwise. The longer-term assurance which an
extended target would give to the industry
could, however, help to bring down the costs of
supporting renewables over the next decade.
The review has not come to a conclusion about
the means by which the 2020 target should be
delivered. This should wait upon the review of
the working of the Renewables Obligation in
2006/07.

Achieving the existing target that 10% of
electricity should be supplied by renewable
energy by 2010 is by no means guaranteed.
The renewables industry faces three institutional
barriers that must be removed if it is to
succeed. These are:

« the excessive discount which, following the
introduction of the New Electricity Trading
Arrangements, is currently imposed on the
prices paid to small and intermittent
generators;

o the urgent need to change the way in which
local distribution networks are organised and
financed; and

« the working of the planning system, which at
present fails to place local concerns within a
wider framework of national and regional
need.

Recommendations are made to address all of
these barriers.

Measures are needed to keep
the nuclear option open . . .

Nuclear power offers a zero carbon source of
electricity on a scale, which, for each plant, is
larger than that of any other option. If existing
approaches both to low carbon electricity
generation and energy security prove difficult to
pursue cheaply, then the case for using nuclear
would be strengthened.

Nuclear power seems likely to remain more
expensive than fossil fuelled generation, though
current development work could produce a
new generation of reactors in 15-20 years that
are more competitive than those available
today. Because nuclear is a mature technology
within a well established global industry, there
is no current case for further government
support.

The decision whether to bring forward
proposals for new nuclear build is a matter for
the private sector. Nowhere in the world have
new nuclear stations yet been financed within a
liberalised electricity market. But, given that the
Government sets the framework within which
commercial choices are made, it could, as with
renewables, make it more likely that a private
sector scheme would succeed.

The desire for flexibility points to a preference
for supporting a range of possibilities, and not a
large and relatively inflexible programme of
investment such as would be implied by the
10GW programme currently proposed by the
nuclear industry. If the UK does not support
nuclear power today, the option will still be
open in later years, since the nuclear industry is
an international one, using designs that have
been developed to meet circumstances in many
countries. The desire for new options points to
the need to develop new, low waste, modular
designs of nuclear reactors, and the UK should
continue to participate in international research
aimed in this direction.

The nuclear skill base needs to be kept up-to-
date. In particular the Government should
ensure that the regulators are adequately
staffed to assess any new investment proposals.
Action is also required to allow a shorter lead-
time to commissioning, should new nuclear
power be chosen in future. Finally, within a new
framework for encouraging a low carbon
economy, the Government should ensure that,
as methods to value carbon in the market are
developed, additional nuclear output is able to
benefit from them.
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The main focus of public concern about nuclear
power is on the unsolved problem of long-term
nuclear waste disposal, coupled with
perceptions about the vulnerability of nuclear
power plants to accidents and attack. Any move
by government to advance the use of nuclear
power as a means of providing a low carbon
and indigenous source of electricity would need
to carry widespread public acceptance, which
would be more likely if progress could be made
in dealing with the problem of waste.

. . . and to create future
options for coal by carbon
sequestration

In the medium-term, coal has a continuing role
to play in the energy mix. Its longer-term
contribution depends on there being a practical
way of handling the CO, that it produces. CO,
capture and sequestration — whereby carbon is
taken out of fossil fuels and stored:

¢ could be a means to preserve diversity of fuel
sources, while meeting the need for deep
cuts in CO, emissions;

e has the potential to allow fossil fuels to be a
source of hydrogen for transport and other
applications without large-scale carbon
release into the atmosphere; and

« seems to be well suited to UK circumstances,
since the UK has potential repositories in the
Continental Shelf, and the carbon could
possibly be used to get more oil from
existing wells.

At the moment uncertainties surrounding costs,
safety, environmental impacts and public and
investor acceptability are large. Steps should be
taken to reduce these uncertainties — as
discussed more fully in the DTI Clean Coal
Review. As part of this work, the legal status of
disposing of CO, in sub-sea strata needs to be
clarified, in the light of possible conflicts with
the London and OSPAR Conventions.

Increased vehicle efficiency
and investment in new
options for transport fuels is
required in the longer-term

The transport sector is likely to remain primarily
oil-based until at least 2020. Access to oll
supplies is not a current concern. Nevertheless,
the economy’s dependence on transport,
coupled with increased imports as UKCS
production declines, reinforces the need to
improve the energy efficiency of oil-driven
vehicles. Prospective advances in vehicle
technology hold out the possibility of significant
reductions in fuel use.

The potential long-term requirement for
significant CO, emissions reductions from the
transport sector combined with the possibility
that oil will become scarcer, raise the need to
develop alternative fuels. There is the long-term
prospect that the technology for powering
vehicles by fuel cells fed on hydrogen will fulfil
its current promise, and so ultimately provide a
substitute for oil. Other options, such as liquid
biofuels may also have a role. International
efforts are needed to develop these
technologies.

Handling the projected growth in aviation
energy use and CO, emissions must become a
priority. Taxation and other measures to
manage aviation demand should be prioritised
for discussion in EU and other international
forums.



Institutional changes,
including to the planning
system, need to be made to
deliver the strategy.

The approach adopted in this review suggests
that in the long-term the Government should
be aiming to bring together the three
interlinked themes in this review — energy
policy, climate change policy and transport
policy — in one department of state. In the
shorter-term, consideration should be given to
locating responsibility for energy efficiency and
CHP policy with other aspects of energy policy.

As an immediate response to the challenge, the
Government should set up a Sustainable Energy
Policy Unit. This would be a cross-cutting unit
staffed by civil servants from all the
departments with an interest in sustainable
energy, as well as staff from the Devolved
Administrations, external experts and people
from the private sector. The Unit would focus
on providing ministers with cross-cutting
analytical capability to ensure that key
developments in energy use and supply were
monitored and assessed. It would lead on the
development of strategic policy issues, adapting
quickly to changing circumstances.

The different responsibilities of the DTI and the
regulators, most notably Ofgem, should
continue. The DTI and DEFRA should do more
to set out their priorities in guidance to Ofgem,
so that Ofgem can further consider the impacts
of its proposals for non-economic objectives.
But it is Ministers who should take responsibility
for intervention in markets, if economic
objectives conflict with environmental and
social goals.

In many parts of the energy industries, investors
have found that their projects have difficulty in
gaining planning permission. The attitude of
local communities to proposals for new energy
developments is important. They must continue
to have their say in the planning process, which
is one reason why it is important to engage the

public in the energy policy debate. But national
planning guidance needs to make it clear where
there is a national case for new investment in
energy-related facilities by establishing the
relevant national and regional context for each
type of development.

Next steps: a national public
debate is now needed

The review develops a radical agenda — to
enable the UK to put itself on the path to a low
carbon economy, while maintaining
competitively priced and secure energy.
Precautionary action is needed in advance of
further international agreement. Tasks that
should be undertaken within the next five years
include:

o Government should move towards a clear
rationale for the balance of policy
instruments — taxes, permits and regulation —
to create powerful incentives for long-term
carbon reduction; and

e immediate action is needed to assist
innovation and to create new options, and
also to manage risk.

But these are not matters for the UK alone.
Increasingly, policy towards energy security,
technological innovation and climate change
will be pursued in a global arena, as part of an
international effort.

The implementation of an ambitious low
carbon policy would be a demanding task.
Change of this kind takes a long time. It would
be wrong to imagine that everything can be
“win-win”: there will be some hard choices,
and there will be losers as well as winners. For
this reason the Government needs to take the
issues to the public soon. During the review,
proposals were made to the PIU for an
extensive process of public involvement. There
was insufficient time for this, but it should
constitute a central part of the implementation
of the findings of the review.
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The nation must not be lulled into inaction by
the focus of much of the expert debate on long
timescales and on energy systems in a future
which will belong mainly to our grandchildren:
the time for action is now and all players in the
energy system have a role to play. Given that
there is considerable inertia in the system, and
that the low carbon technologies are not part
of the conventional energy system, a change of
direction will be difficult to achieve. It will
require clarity of purpose in all parts of
Government.



1. INTRODUCTION

(lntroduction

1.1 Energy use is central to our lives, whether
to provide light or warmth, to drive our cars or
to fuel our services and industries. Fortunately,
the energy markets supplying UK consumers
exhibit many signs of health and there is no
energy crisis in the UK. However, debate has
been increasing about the ways in which
energy policy balances economic,
environmental and social objectives. Blackouts
and price hikes in California in late 2000 and
early 2001 raised concerns about regulatory
frameworks and investment in energy
infrastructure. The fuel protests in October
2000 illuminated how affordability and
accessibility of energy are vital to maintain a
secure and equitable society. Human induced
climate change is now being seen as a reality,
with energy use being the major contributor,
raising the question of how best to achieve a
sustainable future.

1.2 A number of countries and international
organisations have considered it timely to
review their approach to energy: for example,
the USA! and the European Commission?
published papers in 2001, and the Council of
Australian Governments has set up a review to
identify strategic issues for Australian energy
markets.

1.3 A prudent government must be sure that
long-term concerns have been addressed and
varied objectives are being balanced. In June
2001 the Prime Minister, Tony Blair, asked the
Performance and Innovation Unit (PIU) to carry

T US National Energy Policy Development Group (2001).
2 Commission for the European Union (2001d).

3 Royal Commission on Environmental Pollution (2000).
4 DTI, DEFRA (2001).

out a review of the strategic issues surrounding
energy policy for Great Britain.

(Review objectives and scope

1.4 The review had three main objectives:

o to set out the objectives of energy policy,
including the UK contribution to global
policy initiatives, to 2050;

to develop a framework for reconciling the
trade-offs among the different objectives of
energy policy; and

o to develop a vision and strategy for achieving
these objectives and to identify the practical
steps that need to be taken in the short-and
medium-term, as well as the longer-term.

1.5 A further objective of the review was to
inform the Government’s response to the Royal
Commission on Environmental Pollution’s
(RCEP) report on Energy — The Changing
Climate3; and in particular the recommendation
that: “The Government should now adopt a
strategy which puts the UK on a path to
reducing carbon dioxide emission by some 60%
from current levels by about 2050”.

1.6 The scope of the review was to cover
energy policy in Great Britain with a time
horizon of 2050. While the review analysed the
implications for fuel poverty of possible policy
changes, the review did not cover policy
towards fuel poverty. Fuel poverty has recently
been addressed by the consultation on, and
final publication of, the UK Fuel Poverty
Strategy.* In addition, while the review covered
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the role of the transport sector in future responsibilities, the Scottish Executive and
scenarios and considered potential technical National Assembly for Wales must remain fully
developments, the review did not cover involved in the development of energy policy.
transport policy instruments.

1.7 The review is being presented to the (Review process

Government. It is a consultative document and
not a statement of Government policy. 1.9 The review team, a multi-disciplinary mix

of civil servants and secondees from outside
1.8 Energy policy in England, Scotland and M e

. o Whitehall, was assembled in June 2001. Annex
Wales is the responsibility of UK Government,

2 lists the team members and their home

but responsibility is devolved in Northern o
organisations.

Ireland. However, there are areas within energy
policy in Scotland and Wales that are devolved: ~ 1.10 There were five phases to the review:

these are detailed in Box 1.1 below. The « posting scoping notes on various issues on

review’s formal recommendations should be the PIU website to stimulate discussion;

interpreted as applying only to UK Government
« taking evidence from interested parties.

Around 400 submissions were received, and

responsibilities; it is for the devolved
administrations to determine policy in relation
to devolved matters. Given their range of

While responsibility for energy policy in Great Britain is reserved to the DTI, a
number of areas relating to energy policy are devolved to Scotland and Wales.
Listed below are the key areas that impact on energy policy that are devolved in
Scotland and Wales.

many were placed on the PIU website;

Devolved in Devolved in

Area Scotland Wales
Environment policy O O
Promotion of renewable energy O O
Promotion of energy efficiency O o=
Support for innovation O O
Housing d O
Building Regulations O O
Planning (apart from the energy consents listed below) [ 0
Power station consents (over 50MW) O O
Overhead electricity line and gas pipeline consents O O

The National Assembly for Wales also has a cross-cutting duty under the
Government of Wales Act to promote sustainable development across all of its
activities. The Scottish Executive’s Ministerial Group on Sustainable Scotland
undertakes a similar role in Scotland.

* The NAW controls the budget and/or funds certain energy efficiency schemes in Wales, e.g. the Home Energy Efficiency Scheme,
the Energy Efficiency Best Practice Programme, and part of the activities of the Carbon Trust Wales.



« establishing important times and dates

within the energy industry, and creating
scenarios for possible energy systems in 2020
and 2050. These three sources of information
highlight key issues for energy policy in the

short-, medium- and long-term;

o formulating a framework for Government on

how to make choices among different
policies and how to reconcile competing
objectives; and

« setting out key Government actions in the
short-term while exposing fundamental

policy decisions for the medium- and long-

term.

1.11 In carrying out the review, the PIU team

has drawn on the expertise of the review’s
Advisory Group, made up of representatives
and stakeholders inside and outside

Government. (Annex 2 lists the membership of
the Advisory Group.) Brian Wilson, the Minister
of State (Industry and Energy), Department of

Trade and Industry, acted as the review’s
Sponsor Minister and chair to the Advisory

Group. The input and assistance of the Advisory

Group was a crucial part of the review. The

group was, however, advisory; the report does
not necessarily represent the views of all group

members.

1.12 In keeping with other PIU projects, the

review team adopted an open and consultative

approach, involving discussions with a wide
range of outside stakeholders. Several

workshops were held in England, Scotland and

Wales and the team participated in several

conferences and undertook numerous bilateral

meetings. In addition, Whitehall departments

provided invaluable support and assistance. We

are grateful to all those who have spent time
talking to us, organising and taking part in
workshops, and referring us to relevant
literature and research findings.

(Review outline

1.13 The rest of the review is structured as

1

follows:

Chapter 2 briefly describes the current state
of play in the energy system and challenges
faced;

Chapter 3 sets out the objectives for energy
policy, a framework for future decision
making and a discussion of different policy
instruments;

Chapter 4 considers the issue of security in
the energy system;

Chapter 5 presents the lessons from four
scenarios created for 2050 and 2020;

Chapter 6 discusses low carbon options;

Chapter 7 presents policies and a
programme for a low carbon future;

Chapter 8 considers the institutional changes
required to achieve a secure, low carbon
future;

Chapter 9 summarises the review’s main
conclusions and policy recommendations;
and

Chapter 10 looks at implementation of the
recommendations.

.14 Annexes then follow:

Annex 1 sets out the role of the Performance
and Innovation Unit;

Annex 2 gives details of the Project Team,
Sponsor Minister and Advisory Group;

e Annex 3 lists the organisations consulted and

submissions received;

Annex 4 presents an analysis of the potential
impact of recommendations on fuel poverty;

Annex 5 presents the basis for government
intervention in the improvement of energy
efficiency;

Annex 6 provides details of low carbon
technologies discussed in Chapter 6;
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Annex 7 discusses key future events and sets
out timelines affecting decisions;

Annex 8 presents a summary and
recommendations from the Chief Scientific
Adviser’s Energy Research Review;

Annex 9 is a glossary; and

Annex 10 lists references.

.15 A series of working papers was

commissioned or prepared by the review team
to underpin the review’s analysis and
conclusions. These are referred to in the text

and listed in Annex 10.



2. THE CHALLENGE AHEAD

Summary

The energy system would face a serious challenge if the UK were to try to
achieve large carbon reductions, while maintaining energy security and
affordable and competitive energy prices.

« The UK is currently one of only two G7 countries that are net
exporters of energy, but it will almost certainly be increasingly reliant
on imported energy over the next 10-20 years.

. Energy prices in the UK seem to be at, or even slightly below, the
OECD average.

« There is the prospect of rapid technological change in the energy
industries. Substantial change may be in prospect, but it would need
to be accommodated.

« UK carbon emissions have been falling steadily over the last 30 years.
Future emission reductions will be harder to achieve than past
reductions.

. Energy use and emissions from transport have been growing broadly
in line with GDP, until recently.

« There is a continued need to protect the fuel poor from the impact
of higher energy costs. Similarly concerns relating to industrial
competitiveness need to be addressed.

(lntroduction prices. The purpose of this chapter is to

introduce and explain those challenges, largely

2.1 The energy system would face a serious by showing how the energy system has

challenge if the UK were to try to achieve large developed. Since this review has the task of

carbon reductions, while maintaining energy looking ahead for 50 years, this chapter takes

security and affordable and competitive energy
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some glances back over the past 50 or more energy reviews is littered with failed attempts to
years, but most of the information relates to the  project or forecast the production and/or use of
last 30 years. After a brief historical review, the energy resources. This review is unlikely to
chapter gathers together some facts relating to prove an exception. The important thing is to

the major themes of this review: energy reflect this uncertainty in policy-making, so that
security, energy prices, fuel poverty, UK it is flexible in the face of new information. It
competitiveness and trends in carbon emissions.  would be wrong to try to plan the energy

It finishes by looking at some of the options system, but equally, given the often long lead
opened by recent change in energy times within the energy system, a long-term
technologies. vision is sometimes needed if we are to avoid

commitments which may be found wanting as

2.2 An examination of past trends demonstrates .
policy needs change.

that huge changes in energy systems can be
made. The energy system is made up of a series

of physical assets, for example power plants, The UK Ener Svstem in the
gas and electricity network infrastructure, and ay >y

oil refineries. These take time to build and, once Twentieth Century

in place, last for years, often decades, into the 2.4 The UK’s energy system has changed
future. It is therefore difficult to transfer out of dramatically over the last century. Similar

an energy system quickly without creating changes in technologies, fuel supplies,
stranded assets, and efficient policy should try infrastructure, management and operation of

to minimise this waste. Annex 7 gives details of  the industry and customer relationships can be
some of these “timelines”, whose importance is  expected over the next century. In 1950, as

one of the themes of this review. Figure 2.1 shows, the energy system for both
2.3 These long time horizons create a need to industry and domestic demand was fuelled by
try to look into the future. Yet the history of coal. Fifty years later that energy system looks

Figure 2.1: Change in the UK primary fuel mix from 1950 to 2000 (%)

1950 2000
Hydro Renewables
0.1% Nuclear 1%

Crude oil
10.4%

Coal

9%

89.5%

Source: Darmstadt et al (1971) and DTI (2001a).



very different. In 1965, it was not clear whether
the UK would find natural gas in the North
Sea.' Today domestic natural gas is our largest
source of energy.

2.5 A thumbnail sketch of the history is as
follows:

2.6 Before World War 2:

o coal was the dominant fuel in industry and
electricity power plants, and in houses and
businesses;

o town-gas networks existed in larger towns,
with the gas derived from coal; and

« vertically integrated, independent companies
distributed electricity to customers via
distribution networks with limited
interconnection between them.

2.7 The structure of the energy system and the
diversity of energy supplies altered considerably
in the second half of the twentieth
century:

« coal continued to be of central importance
for electricity generation, although its
importance elsewhere fell substantially;

« nuclear power plants began to be
commissioned from the mid-1950s;

 the electricity industry was combined into
state-owned monopolies, during the 1950s;

« the high voltage electricity transmission
network was created in order to transport
electricity over long distances from big
power plants;

o electricity distribution networks shrank in
importance and activity;

e during the 1960s and 1970s there was a
move to an extensive natural gas network for
heating (industry, commerce and domestic);

e demand for transport fuel increased
dramatically;

¢ gas fired central heating largely replaced
open coal fires in homes; and

¢ the use of electrical appliances in commerce
and the domestic sector increased hugely.

2.8 During the 1990s, the GB energy sector
was transformed by market liberalisation. The
privatisation of the gas and electricity supply
industries, combined with the introduction of
competitive markets, gave consumers choice
between alternative providers of gas and
electricity. These changes, which were largely
pioneered in GB, are now being adopted in
many other countries.

2.9 A longer-term shift from coal to gas was
already underway but liberalisation accelerated
it, with beneficial environmental effects. The
switch from coal to gas in electricity generation
was the result of:

« the availability of cheap gas;

e pressure on coal generators to reduce acid
rain emissions;

o the wholesale electricity market; and

« the availability of combined cycle gas turbine
technology.

2.10 The changes during the 1990s in the
energy system had a number of beneficial
impacts, both economic and environmental.
Some of the environmental improvements in
respect of carbon were incidental, although
there were direct policy measures intended to
improve efficiency. The beneficial impacts were:

« privatisation and liberalisation helped to
reduce the costs of production and
transportation;

« reductions in costs, partly also due to falling
world fossil fuel prices, have been translated
into retail fuel price reductions;

« falling real prices have helped to reduce fuel
poverty while maintaining the
competitiveness of UK industry;

T Ministry of Fuel and Power (1965) said that “... gas may be found under the British part of the Continental shelf”.
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¢ the switch from coal to gas reduced
environmental emissions, not only of acid
gases, but also of greenhouse gases; and

o the switch from coal to gas increased the
diversity and security of electricity generation
— at the start of the 1990s, coal accounted
for about two-thirds of the fuel used for
electricity generation, but it now accounts
for only one-third.

(Security

2.11 Security of the energy system is a central
concern and is examined in detail in Chapter 4.
One facet of security has always been taken to
be the diversity of fuels in use in the energy
system. Countries vary widely in their energy
supply mix. Figure 2.2 shows the different mix
of primary fuels in the G7 countries. There are
considerable differences among countries,
especially in the shares of nuclear and coal. All

countries use roughly the same proportion of
oil, reflecting its dominance in transport uses
and its phasing out in most other markets. The
differences in each country’s fuel mix largely
reflect historical circumstances, resource
endowments and different political and market
choices. A variety of very different approaches
have been adopted.

2.12 In the UK, one aspect of security concern
has been the imminent peaking of oil and gas
production from the UKCS. As Figure 2.3
shows, the UK is one of only two G7 countries
that is a net total exporter of energy. Table 2.1
shows that the UK is projected still to be a net
exporter of oil in 2010. But then total net
exports are projected to fall rapidly, so that the
UK becomes a net importer shortly after 2010.

2.13 The UK is expected to become a net
importer of gas sooner than for oil, indeed the
UK already imports natural gas during periods

Figure 2.2: Primary energy use in G7 countries and in the EU and

OECD, 2000

100 —

80 —

60 —

40 —

20 —

UK Canada France  Germany

[Hother [l Nuclear []Gas [loil [l coal

Italy Japan USA EU OECD
Average Average

Note: “Other” includes renewables and net imports of electricity. Electricity trade is less than 1% of total
energy in all cases except France, which exports 2% and Italy, which imports 2%

Source: IEA (2001a).



Figure 2.3: Energy self-sufficiency in G7 countries and in the EU and

OECD, 1999

self-sufficient

60 —

40 —

% of energy use met from local resources*
(o]
o

20 —

| |
UK Canada
*nuclear is treated as local

Source: IEA (2001a).

1973 1990
Production 0.6 95.3
Exports 20.9 76.5
Imports 136.9 65.4
Bunker use 54 2.5
Net imports 110.6 -13.6

Source: IEA (2000a).

of peak demand. Based on the current level of
reserves and prices, the Department of Trade
and Industry (DTI) forecasts that the UK will
become a net importer of gas on an annual
basis from 2005.

2.14 Other changes which may impact on
energy security are expected by 2020:

« many of the existing nuclear power stations
will have ceased production; and

e coal is likely to play a smaller role in the
energy mix, and at least some UK coal mines
will have exhausted their reserves.

I I I I
France  Germany Italy Japan USA EU

OECD
Average Average

1998 2005 2010
138.9 150.0 126.0
113.1 123.3 95.5
61.3 70.0 70.0
3.1 2.0 2.0
-54.9 -55.3 -27.5

2.15 This means that the UK is heading towards
a situation where it becomes a net importer of
oil and gas and where the two leading
electricity generating technologies of the past
century — nuclear and coal - are, on current
plans, running down. Whether this much
increased import requirement represents a
problem is discussed in Chapter 4.

2.16 In the 1970s the energy problem was
largely defined in terms of potential world-wide
shortages of resources. Energy policy was seen
by some people as a process of finding new
options to replace depleting reserves. Since the

avaHy 3J9NITIVHD) 3H]|

N
w



PERFORMANCE AND INNOVATION UNIT

THE ENERGY REVIEW:

N
N

1970 1980 1990 2000
Coal 108.1 154.5 100.0 60.27
Heavy fuel oil 91.1 245.4 100.0 122.99
Gas 158.9 166.8 100.0 58.76
Electricity 117.1 127.0 100.0 67.95

Source: DTI (2001a).

1970
Coal and smokeless fuels 89.2
Electricity 84.9
Gas 129.0
Petrol and oil 97.1

Source: DTI (2001a).

1970s, views have changed and there is no
longer a sense of urgency about future world-
wide energy resources. In large measure this is
because there has been a more systematic
search for major energy resources, and many
have been found. While in the 1970s the world
reserve to production ratio for gas was around
40 years; it is now close to 60 years, despite
substantial and rising gas use in the meantime.?
World coal reserves now stand at 200 years or
more.’ The position for oil is slightly different.
While world reserves have remained roughly
constant at around 35 years, oil has been
searched for intensively for many years, and few
large new discoveries have been made for some
time.* This means that for the 50-year period of
the current energy review, it is possible to be
confident about world-wide coal reserves, and
reasonably confident about gas availability, but
oil might become scarcer by mid-century.

2 Bp (2001).
3 UNDP and WEC (2000).
4 BP (2001).

1980 1990 2000
109.0 100.0 94.9
104.0 100.0 78.3
86.4 100.0 77.4
107.3 100.0 116.7

(Energy Prices

2.17 Table 2.2 shows that industrial energy
prices have been on a downward trend since
the early 1980s. The exception is the price of
heavy fuel oil which has fluctuated, and where
the price in 2000 was above the price in 1990
(and indeed 1970). This is a reflection of
changes in oil prices. Table 2.3 shows that, with
the exception of petrol prices, domestic energy
prices have fallen over the last decade: the falls
in gas and electricity prices have been
particularly marked.

2.18 Figure 2.4 shows that if UK average
industrial and domestic electricity prices are
compared with prices in other European and
G7 countries, the UK is slightly below average.
But average industrial prices conceal a wide
range of terms, and it can be misleading to
apply them to particular sectors. Figure 2.5



Figure 2.4: The price of electricity in G7 countries, 1999
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Source: DTI (2001f).

Figure 2.5: The price of gas in G7 countries, 1999
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Source: DTI (2001f).

shows that in 1999, UK gas prices seemed (Carbon emissions
similarly to be somewhat below the average.

The prices shown in Figures 2.4 and 2.5 include
taxes: in the UK, domestic energy taxes are low,
relative to other European and G7 countries.’

2.19 An objective of the review was to inform
the Government’s response to the Royal
Commission on Environmental Pollution 2000

5 DTI (2001).
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report on Energy — The Changing Climate.® And
in particular, the recommendation that: “The
Government should now adopt a strategy
which puts the UK on a path to reducing
carbon dioxide emission by some 60% from
current levels by about 2050”.

2.20 Because 95%’ of UK carbon dioxide
emissions result directly from fuel combustion,
the energy system will be key to any action to
reduce carbon emissions. Yet the UK contributes
only around 2%?® to global carbon dioxide
emissions. Any major move to reduce carbon
dioxide emissions would have to be in the
context of widespread international action.
Figure 2.6 shows energy consumption and
carbon emissions per unit of GDP for the UK
and other OECD countries. The UK carbon
emissions per unit GDP are roughly equal to the
OECD average, though some countries, such as

France and Japan, have much lower carbon
emissions per unit of GDP. Figures for emissions
per capita show broadly the same picture.

2.21 Figure 2.7 shows UK fossil fuel use by
sector, and the resulting carbon emissions. The
main sources of carbon dioxide emissions are
power stations (28%), industry and business’
(32%), transport (25%), and the domestic
heating sector (17%)."

2.22 Figure 2.8 illustrates the links between
GDP, energy use and carbon emissions since
1970. Despite rising energy consumption,
carbon emissions have fallen. The main reasons
are that the energy ratio has fallen due to
improvements in energy efficiency, changes in
industrial structure and saturation in demand
for some important energy needs; and that the
carbon ratio has fallen because of switching to
lower carbon fuels.

Figure 2.6: Energy consumption and CO; emissions in the EU and

OECD, 1999
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Figure 2.7: UK fossil use and CO, emissions by sector, 2000(%)
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Source: DTI (2001d).
Figure 2.8: UK GDP, energy consumption and CO, emissions,
1970-2000
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Source: DTI (2001a), ONS (2001), DEFRA (2001b).

2.23 Figure 2.9 illustrates how transport
growth, measured in terms of both passenger
kilometres and freight tonnes travelled, has
nearly doubled over the last thirty years. Unlike

Figure 2.8, which shows that GDP and carbon
dioxide emissions from energy use are
diverging, Figure 2.9 shows that carbon dioxide
emissions, transport growth and GDP continue
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Figure 2.9: UK GDP, transport growth and CO, emissions, 1970-1999
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