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Preface and Acknowledgements

This review comes at a time of considerable public debate and concern about the increases in energy
bills to customers, and about the ability to pay and the impacts on industrial competitiveness. It also
comes at a time of huge technological opportunities and change, on a scale not seen in electricity since
the late-19th century, which offers considerable optimism about the speed of decarbonisation and

about the process being less costly than many have feared.

The review is not, and was never intended to be, a comprehensive summary of the views of the
experts, professionals, energy businesses, customers, and the many vested interests that have grown
up around the electricity industry. As in other heavily subsidised sectors, such as agriculture,

interventions have become multiple, and with them has come a highly effective growth in lobbying.

| have resisted such pressures to the best of my ability. | have the great advantage of having worked
with governments, companies and customers for over 30 years, from the initial liberalisation measures
introduced back in 1982 through to the great privatisations, the reform of the wholesale markets in
2000, and Electricity Market Reform (EMR) in 2013. | have actively participated in the debates and
discussions on all of these and published numerous papers and books, including most recently: The
Carbon Crunch: How We’re Getting Climate Change Wrong — and How to Fix It (2015), and Burn Out:
The Endgame for Fossil Fuels (2017). The experience that comes from combining research with advising
all the facets of the industry over this long period has yielded a deep knowledge base on how the

industry and the government and the other parties work.

It is very important to point out that none of the companies or organisations | have had the privilege
to work with is in any way responsible for the content and recommendations of this review, and this
review does not advance any private interests. The analyses and recommendations are mine alone,
and | am responsible for all and any errors that they may contain. This disclaimer applies especially to
Aurora Energy Research Ltd, which | helped to found with a view to bringing the highest quality of
energy research and analysis to the energy market. The views presented herein are not those of
Aurora, and none of the many talented people in Aurora is responsible for, or has been privy to, this

review.
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| have set out a long-term framework for the electricity industry which will provide a stable and least-
cost way to achieve the twin goals of meeting the Climate Change Act (CCA) and security of supply.
This task is urgent not just because of the many failures of the current market, but also because of the
pressing need to meet the new and exciting challenges ahead which will come with the digitalisation
of the economy, electric transport, new storage, demand-side opportunities, and the development of
decentralised energy systems. This new world stands on their head the current assumptions on which
the industry is structured: the new world is likely to be more zero marginal cost and capacity-driven,
rather than a marginal cost-driven wholesale energy market world; it will be dominated by a
cornucopia of new data; and the old problems which have defined the industry structures — a lack of

storage and passive demand — will gradually fade away. This is a fundamental break with the past.

In taking on this task it has been a great advantage to have had a limited period in which to produce
this report. There are no new facts to discover. All the content presented is based on information in
the public domain. With this mass of information available to me, it would therefore be extremely
surprising, and indeed very worrying, if there were new crucial facts to discover. In any event, energy
policy is not about facts: it is about setting objectives and targets and designing regulation and markets

to achieve them.

| have had the benefits of the Competition & Markets Authority (CMA) report, ‘Energy Market
Investigation: Final Report’ (June 2016); several reports by the Committee on Climate Change (CCC) —
most notably, ‘Energy Prices and Bills: Impacts of Meeting Carbon Budgets’ (March 2017), and ‘The
Fifth Carbon Budget: The Next Step Towards a Low-carbon Economy’ (November 2015); and the Clean
Growth Strategy by the Department for Business, Energy & Industrial Strategy (BEIS) (October 2017). |
have further had the advantage of the many publications of Ofgem, and BEIS (and its predecessor, the
Department of Energy & Climate Change, DECC) has produced a wealth of material for me to draw

upon.

In preparing this review | have been extremely well assisted by a BEIS team, led by Jeremy Allen. He
has been a great help and support, and his team have displayed all that is great in the British civil
service. Particular thanks go to Harriet Arscott, Thomas Willems, Adam Bell, Andrew Robertson,
Charlotte Fleetwood, and officials across the Department. | have also received enormous support,

from the CCC and Ofgem. Data and background information, set out in the boxes, charts and tables,
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all of which is in the public domain, has been provided by BEIS, the CCC and Ofgem, as indicated

throughout. None of these organisations has been privy to drafts of the review.

| have benefited greatly from an excellent group of advisers: Richard Nourse (Managing Partner,
Greencoat Capital LLP); Laura Sandys (Chief Executive, Challenging Ideas); Terry Scuoler CBE (Chief
Executive, EEF: The Manufacturers’ Organisation); Isobel Sheldon (Engineering & Technology Director,
Johnson Matthey Battery Systems Automotive); and Nick Winser CBE (Chairman, Energy Systems
Catapult). They have provided expert advice and have been a sounding board for a number of the ideas
developed in this review. It is hard to think of an advisory panel better suited to this task. | should
stress that they are not responsible for any of the content of the review, or its recommendations, and
should not be assumed to have agreed with all or any of what is presented. Again, none has been privy

to drafts of the review.

Finally, my intention has been to highlight what | regard as the failings of the current market

framework and structures, and should not be seen as a criticism of any individuals or institutions.
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Terms of Reference
The Terms of Reference of the review are set out below.

The government has the ambition for the UK to have the lowest energy costs in Europe, for both

households and businesses.

The UK was the first country in the world to set a long-term, legally binding target for emission
reduction. The Climate Change Act commits the UK to reduce emissions by at least 80% by 2050, and
sets a framework for the setting of rolling five-year carbon budgets. Parliament has recently approved

the Fifth Carbon Budget, for the period 2028-32, at a 57% reduction on 1990 levels.

The carbon targets need to be met, while concurrently ensuring security of supplies of energy, in the
most cost-effective way. The rapid closure of coal, the ageing of the existing nuclear fleet, the
intermittency of some renewables, the scope for demand management and new storage, the coming
of electric vehicles and the timing of future nuclear capacity coming on stream will be taken into

account in considering how best to meet the overall objective of system security of supply.

The specific aim of this review is to report and make recommendations on how these objectives can
be met in the power sector at minimum cost and without imposing further costs on the exchequer. In
that context the review will consider the implications of the changing demand for power, including

from industry, heat and transport.

The review will report on the full supply chain of electricity generation, transmission, distribution and
supply, and consider the opportunities to reduce costs in each part, taking into account the roll-out of

smart meters and the work already under way to underpin the transition to a smarter energy system.

The review will set out options for a long-term road map for the power sector, and consider how
technological change in the wider economy, as well as in the energy sector, may transform the power
sector, and how energy policy can best facilitate and encourage such developments, consistent with

the overall objectives of decarbonisation and security of supply, and with its Industrial Strategy.

The review will consider the options for enhancing and extending the scope for auctions and other
competitive mechanisms, and for reducing the complexity across the full supply chain of electricity

generation.
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The review will consider the key factors affecting energy bills, including but not limited to energy and
carbon pricing, energy efficiency, distributed generation, regulation of the networks, and innovation

and R&D. The review will not propose detailed tax changes.
The review will focus on system issues and will not comment on the status of individual projects.

The review will provide recommendations as to how best to minimise the costs of energy consistent
with the overarching objectives, taking account of the costs and benefits of the recommendations. It
will set out options for developing and enhancing energy policy. Where the issues the review covers
fall to other players, for example Ofgem, it will make recommendations about how government can

best work with them to reduce costs.

The review will report at the end of October 2017.



| Cost of Energy Review

Abbreviations
Al Artificial intelligence
BAT Best Available Techniques
BEIS Department for Business, Energy & Industrial Strategy
BETTA British Electricity Trading and Transmission Arrangements
CAP Common Agricultural Policy
CAPEX Capital expenditure
CCA Climate Change Act
Ccc Committee on Climate Change
CCGT Closed-cycle gas turbine
CCL Climate Change Levy
CCs Carbon capture and storage
CEGB Central Electricity Generating Board
CEGE Civil, Environmental and Geomatic Engineering
CfD Contract for difference
CHP Combined heat and power
CMA Competition & Markets Authority
cmu Capacity market unit
CPF Carbon Price Floor
CPI Consumer Price Index
CPS Carbon Price Support
CRC Carbon Reduction Commitment
CSCF Cross-Sectoral Correction Factor
DECC Department of Energy & Climate Change
DNO Distribution network operator
DSR Demand-side response
EBIT Earnings before interest and tax
EBITDA Earnings before interest, tax, depreciation and amortisation
EFP Equivalent firm power
EMR Electricity Market Reform
ETI Energy Technologies Institute
ETS Emissions Trading System
EUA EU Allowance
EV Electric vehicle
FIDeR Final Investment Decision enabling for Renewables
FiT Feed-in tariff
GHG Greenhouse gas
IED Industrial Emissions Directive
LCCC Low Carbon Contracts Company
LCF Levy Control Framework (umbrella term for all schemes: the LCF refers to low-carbon

electricity levy-funded schemes covering CfD, RO and ssFiT)

Vi
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LOLE
LOLP
LPG
NETA
NIC
NSO
OCGT
OFFER
Ofgem
OFTO
OPEX
PES
PFC
PPM
PV
PWR
RAB
RIO
RMR
RO
ROC
RoRE
RPI
RSO
SCC
SMc
SMP
SRMC
ssFIiT
SVT
TDCV
TOTEX
uso
VOLL
WTO

Loss of load expectation

Loss of load probability

Liquefied petroleum gas

New Electricity Trading Arrangements
National Infrastructure Commission
National system operator
Open-cycle gas turbine

Office of Electricity Regulation
Office of Gas and Electricity Markets
Offshore transmission owner
Operational expenditure

Public Electricity Supplier
Perfluorocarbons

Prepayment meter

Photovoltaics

Pressurised water reactor
Regulatory asset base

Revenue = Incentives + Innovation + Outputs
Retail Market Review

Renewables Obligation

Renewables Obligation Certificate
Return on regulatory equity

Retail Price Index

Regional system operator

Social cost of carbon

Smart Metering consumption
System marginal price

Short-run marginal cost

Small-scale feed-in tariff

Standard Variable Tariff

Typical domestic consumption values
Total expenditure

Universal service obligation

Value of lost load

World Trade Organization

vii
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Key Findings and Recommendations

The cost of energy is too high, and higher than necessary to meet the Climate Change Act (CCA) target
and the carbon budgets. Households and businesses have not fully benefited from the falling costs of
gas and coal, the rapidly falling costs of renewables, or from the efficiency gains to network and supply
costs which come from smart technologies. Prices should be falling, and they should go on falling into

the medium and longer terms.

Households and businesses have not benefited as much as they should because of legacy costs, policies

and regulation, and the continued exercise of market power.

The scale of the multiple interventions in the electricity market is now so great that few if any could
even list them all, and their interactions are poorly understood. Complexity is itself a major cause of
rising costs, and tinkering with policies and regulations is unlikely to reduce costs. Indeed, each
successive intervention layers on new costs and unintended consequences. It should be a central aim
of government to radically simplify the interventions, and to get government back out of many of its

current detailed roles. This review explains how to do this.

The legacy costs from the Renewables Obligation Certificates (ROCs), the feed-in tariffs (FiTs) and low-
carbon contracts for difference (CfDs) are a major contributor to rising final prices, and should be
separated out, ring-fenced, and placed in a ‘legacy bank’. They should be charged separately and
explicitly on customer bills. Industrial customers should be exempt. Once taken out of the market, the

underlying prices should then be falling.

The most efficient way to meet the CCA target and the carbon budget is to set a universal carbon price
on a common basis across the whole economy, harmonising the multiple carbon taxes and prices
currently in place. This price should vary so as to meet the carbon targets. It would be significantly

lower than the cost of the current multiple interventions.

There should be a border carbon price to address the consequences of the UK adopting a unilateral

carbon production target.

The FiTs and other low-carbon CfDs should be gradually phased out, and merged into a unified
equivalent firm power (EFP) capacity auction. The costs of intermittency will then rest with those who

cause them, and there will be a major incentive for the intermittent generators to contract with and

viii
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invest in the demand side, storage and back-up plants. The balancing and flexibility of markets should

be significantly encouraged.

After all existing commitments in respect of FiTs and low-carbon CfDs have been fully honoured, and
in the transition to a proper, uniform carbon price and an EFP auction, they should be split into three
parts: the construction and project-development phase; the operation of the plant; and
decommissioning. The first should have a higher cost of capital, reflecting the equity risks; the second
should be more akin to a regulatory asset base (RAB) in the utilities and closer to the cost of debt; and
the third should be a charge to operating costs. The customers should benefit from the refinancing

when the project comes into operation.

The current RIIO (Revenue = Incentives + Innovation + Outputs) periodic review price caps for the
transmission and distribution companies are already being significantly outperformed — in part
because of mistakes in the assumptions — and have resulted in higher prices than need to be charged

for the efficient delivery of their functions. Ofgem should consider what actions should be taken now.

For the networks, going forward, there should be no more periodic reviews in the current RIIO

framework. Technical change is so fast that predicting costs eight—ten years hence is impractical.

The government should establish an independent national system operator (NSO) and regional system
operators (RSOs) in the public sector, with relevant duties to supply, and take on some of the
obligations in the relevant licences from the regulated transmission and distribution companies. The
NSO and the RSOs should, where practical, open up the various functions and enhancements to the
networks to competitive auctions and, at the local level, invite bids for network enhancements,

generation and storage, and demand-side response (DSR) from energy service companies.

The separate generation, supply and distribution licences, at least at the local level, should be replaced

by a simpler, single licence.

As a result of the above changes, the role of Ofgem in network regulation should be significantly

diminished.

There should be a default tariff to replace the Standard Variable Tariff (SVT), based on the index of

wholesale costs, the fixed cost pass-throughs, levies and taxes, and a published supply margin.
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Capping the margin would be the best way to meet the objectives of the new draft legislation. By

focusing on the margin within the default tariff structure, competition would be enhanced, thereby

encouraging new entrants.

The government should issue an annual statement to Parliament, setting out the required capacity

margins and providing guidance to the NSO and RSOs.
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Executive Summary

This review has two main findings. The first is that the cost of energy is significantly higher than it needs
to be to meet the government’s objectives and, in particular, to be consistent with the Climate Change
Act (CCA) and to ensure security of supply. The second is that energy policy, regulation and market
design are not fit for the purposes of the emerging low-carbon energy market, as it undergoes

profound technical change.

Since late-2014, the prices of oil, gas and coal have fallen significantly, contrary to the modelling and
forecasting of both the Department of Energy & Climate Change (DECC) and the Committee on Climate
Change (CCC). Since then, the price of renewables has been coming down fast too, as have the costs
of addressing intermittency, as a host of new battery and other storage and demand-side options
become available. Productivity increases should have been putting further downward pressure on the
costs of transmission, distribution and supply. New technologies should mean lower, not higher, costs
and much greater scope for energy efficiency. Margins should be falling as competition should be
increasing. Yet in this period, households and industry have seen limited benefits from these cost

reductions. Prices have gone up, not down, for many customers.

These excessive costs are not only an unnecessary burden on households and businesses, they also
risk undermining the broader democratic support for decarbonisation. In electricity, the costs of
decarbonisation are already estimated by the CCC to be around 20% of typical electricity bills. These
legacy costs will amount to well over £100 billion by 2030. Much more decarbonisation could have

been achieved for less; costs should be lower, and they should be falling further.

Many of these excessive costs are locked in for a decade or more, given the contractual and other legal
commitments governments have made. These include Renewables Obligation Certificates (ROCs),
feed-in tariffs (FiTs), and low-carbon contracts for difference (CfDs) granted to early-stage wind and
solar, larger-scale nuclear, biomass, and offshore wind. Since the ROCs, FiTs and low-carbon CfDs are
formal contracts, they are taken as given in this review. The task is to find ways of minimising the
burden these impose, and making them transparent, ring-fenced, and separated out from the market,

where costs should be coming down.

The burden on households and businesses would have been even greater had there not been a
financial crisis in 2007/08 which held down demand, and a parallel continued decline of the energy-

intensive industries. Had the crash not happened, GDP would be perhaps 20-25% higher in 2017

Xi
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(assuming no sharp fall in GDP in the immediate aftermath of the crash and 2-3% GDP growth since
then). There would then have been a serious capacity crunch and much higher prices. As it is, the UK
has flirted with dangerously low capacity margins despite the GDP effect, and this drives up prices as

the more expensive marginal plant is drawn onto the system to match demand.

In the current decade, the government has moved from mainly market-determined investments to a
new context in which almost all new electricity investments are determined by the state through direct
and often technology-specific contracts. Government has got into the business of ‘picking winners’.
Unfortunately, losers are good at picking governments, and inevitably — as in most such picking-
winners strategies — the results end up being vulnerable to lobbying, to the general detriment of

household and industrial customers.

As a consequence of Electricity Market Reform (EMR), the government now determines the level and
mix of generation to a degree not witnessed since these were determined by the nationalised
industries — notably the Central Electricity Generating Board (CEGB). Investment decision-making has
been effectively quasi-renationalised. This is a direct consequence of EMR. The government, not the

customer, has become the client.

In determining not just the level of new capacity, but also the composition of the low-carbon portfolio,
the government started out with some of the most expensive technologies first, and it could be argued
that since then it has at times been exploring even more expensive options. The result is that British
households and businesses are locked into higher renewables and other low-carbon generation costs

than they need be to achieve the decarbonisation objectives for decades to come.

These state-backed contracts have been supported by the return to formal modelling and forecasting
by DECC (now BEIS, the Department for Business, Energy & Industrial Strategy) and the CCC. In the
case of DECC, the results have at times been spectacularly bad. In particular, in the first half of this
decade, DECC focused on its forecasts of high, rising and volatile gas prices, and therefore it could
conclude that the wholesale price of electricity would rise to over £92/MWh by the early 2020s. It was
confident that because fossil fuel prices (and particularly gas) were going up, households would be

relatively better off as a result of its policies by around 7% by 2020.

The EU Renewables Directive and its particular definition of renewables has been a major contributor

to raising the costs above those necessary to reduce carbon emissions to meet the CCA. A further
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contributor is the inefficient way in which the carbon budgets have been addressed, notably by not

moving against coal earlier.

The overwhelming focus on electricity rather than agriculture, buildings and transport has added to
the cost. Agriculture in particular contributes 10% greenhouse gas (GHG) emissions, and the costs of
reducing these emissions are much lower than many of the chosen options because the economic
consequences of a loss of output in agriculture are small. Agriculture comprises just 0.7% GDP and at
least half its output is uneconomic in the absence of subsidies. With the development of electric
vehicles (EVs) it is apparent that transport can contribute more. The CCC could have paid more

attention to the lower marginal cost of abatement in these sectors.

Keeping costs down is all the more important as the electricity system faces a series of major
challenges over the next decade. Not only does it need to meet the carbon budgets, it needs to do this
in the context of major retirement of existing capacity, the investment requirements to handle the
intermittent renewables, the coming of electric transport, and the wider demands of a digitalising
economy. These challenges are on a scale and magnitude not witnessed since the reconstruction of

the electricity industry immediately after the Second World War.

The energy sector is going through a technological transformation as electricity becomes an
increasingly dominant form of energy. Previous structural breaks have come from single technologies,
like the coal-fired power station, the gas turbine, and the civil nuclear power stations. This time there
are structural breaks which span the whole economy as it digitalises, the transport sector as it
electrifies, and the generation, transmission, distribution, supply and the demand for electricity. We
are moving towards a decarbonised, digital, smart electric energy world, offering the prospect of ever-

lower costs from cleaner energy.

The CCC neglects some of the opportunities of these technology impacts in its time horizon to 2050,
arguing that any new technologies will have to be deployed before 2030 if they are to make much
impact before 2050. This, together with the assumption that gas prices will rise by 30% by 2030, is a
key rationale for the roughly linear profile of emissions reductions from now through to 2030. If the
objective is limited to the CCA 2050 target, then the carbon budgets overegg the early stages, and
make the trajectory between now and 2050 more expensive than it needs to be. Indeed, with such

early action in the linear trajectory, it may turn out that decarbonisation is achieved much faster.
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Tempting though it is to many observers to predict how this transformation is going to take place, and
profitable to many lobbyists to persuade government that their specific technologies and projects are
the right answers, the design of energy policy and the interventions to achieve the objectives should
be driven by the uncertainty about the detailed shape of the decarbonisation path. In order to achieve
the prize, it is important not to try to pick winners, and to focus on the framework within which the
private sector brings new ideas, new technologies and new products to the end-user. Avoiding detailed

intervention is a key to keeping down the cost of energy.

Since 2015, a number of reforms have begun to reverse some of the more grossly inefficient
dimensions of current policies. The greater use of auctions has begun to bear down on excessive costs,
but there is a long way to go. The decision to exit coal by 2025 is a belated but welcome step to
recognise that switching away from coal is the cheapest way to decarbonise. It should have been the

first option.

Notwithstanding the significant cost reductions from the auctions so far, existing energy policy is not
fit for these new purposes. It remains complex and expensive, and it is slowing down the transition to

a decarbonised economy.

The measures necessary to reduce the costs include: the unification of the capacity and FiTs and CfDs
auctions on the basis of equivalent firm power (EFP); the gradual reforms of the structure of FiTs and
CfDs in the transition to their eventual abolition; and further enhancements to competition in the
wholesale and balancing markets. There should be significant reforms of the regulation of transmission
and distribution focused on the role of system operators at the national and local levels, and the
replacement of the specific licences for distribution, supply and decentralised generation with a
general licence. A default supply tariff should be required and the margins published. Finally, carbon

prices and energy taxes should be harmonised.

This package of measures is a major shift from the original market design and regulation model at
privatisation, and moves on from EMR. It would create a simpler, more competitive structure fit for
the new purposes. Instead of low-carbon technologies being grafted onto the fossil fuel-based system,
the new world is radically different, backed up by new smart technologies, data and smart energy
networks and services. A common carbon price would significantly lower the cost of decarbonisation

and greatly enhance incentives.
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As the fixed system costs gain an increased share of total costs, it will be government that ultimately
decides the allocation between customer classes of these fixed costs. The legacy costs are also fixed.
The scope for protecting the poorest customers will be increased, and the government should consider

a universal basic allocation of fixed costs.

The fixed costs also permit a more efficient allocation to the industrial sector, and particularly to those
companies facing international competition. In addition to exemptions from the legacy costs,
consideration should be given to the relative burdens on industry and households from the rising

proportion of fixed costs. However, neither should be exempt from the carbon price.

These measures require significant institutional reform. The system operator model should be further
developed, with an independent national system operator (NSO) and a series of regional system

operators (RSOs) playing a bigger part.

Ofgem’s role in regulation should be significantly reduced as the NSO and RSOs assume some of the
duties currently placed on distribution network operators (DNOs) and Ofgem, with much greater use
being made of competitive tenders and auctions. The licensing regime at the local level should be
simplified, abolishing the increasingly anachronistic distinctions between generation, supply and

distribution, which are being overtaken by the new technologies that are emerging.

The comprehensive long-term framework set out in this review is a practical and evolutionary package,
and will deliver benefits not only over the coming decades, but in the immediate future too. Immediate
benefits would come from revisiting the transmission and distribution price reviews, introducing a
default tariff for supply focused on the margins, and reforms to the FiTs to capture the refinancing

gains after existing commitments have been fully met.

This long-term framework, coupled with these immediate measures, is the least-cost way of achieving
the objectives, with the prospect that the 2050 carbon target could be met at lower cost, and could

even be met early, to the benefit of households and industry.

Not to implement these recommendations is likely to perpetuate the crisis mentality of the industry,
and these crises are likely to get worse, challenging the security of supply, undermining the transition
to electric transport, and weakening the delivery of the carbon budgets. It will continue the
unnecessary high costs of the British energy system, and as a result perpetuate fuel poverty, weaken

industrial competitiveness, and undermine public support for decarbonisation. We can, and should,
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do much better, and open up a period of falling prices as households and industry benefit from the

great technological opportunities over the coming decades.
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1. Introduction

The cost of energy is not something the government can directly fix. It is the outcome of a myriad
of decisions by companies and organisations around the world. Governments cannot fix the price
of coal, gas or oil, the technologies, the price of cables, of IT, of labour, or of data. Nor can
government predict the price of energy — and when it tries, unsurprisingly, it often does it very

badly.

The price of energy is the outcome of the auctions and competitive activities, of the decisions of
numerous businesses and households and industrial users, and of the exercise of market power.
What government can and should do is set the framework within which the cost of energy is
efficiently determined by the interaction of all these forces —and in particular the objectives, market
design, regulatory frameworks, subsidies and the taxes — and it should bear down on the market

power.

Part | sets out the key objectives (decarbonisation and security of supply) and the constraints (the
bills to households and industry); the complexities of current policies, levies, subsidies and
regulations; the legacy costs; and the scale of technological change and the opportunities this

presents.

The government’s current roles go much further to include defining carbon and security of supply
objectives; setting levies; granting subsidies; designing and letting contracts; and taxing, procuring
and regulating networks. Whether it needs to undertake all these functions, and how cost-

effectively it does this, will have a significant impact on the cost and price of energy.

The components of the cost of electricity are easy to state, but harder to explain. They are as

follows.
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The cost of electricity =

+ + + + +

The The cost of The cost of The cost of The cost of Energy and
wholesale capacity, CfDs transmission distribution supply carbon taxes
cost and FiT and levies
payments
. Taxes and
Generation Networks Supply .
levies

Note: CfD, contract for difference; FiT, feed-in tariff.

In each segment of this value chain there is a mix of fundamental underlying economic costs, the

costs of policy, interventions, levies and regulation, and the exercise of market power.

The lowest costs that can be achieved are those that meet the overarching policy objectives,
without the exercise of market power. This is the exam question for the electricity sector: does it

meet the objectives at least cost?

Like the costs, these objectives are easy to state but hard to define. At the high level there are just
two: the 2050 climate change target in the Climate Change Act (2008) (CCA), and the provision of
adequate security of supply. While the carbon target is well defined, security of supply is more
complex, including the level of capacity margin, the composition of that capacity, the flexibility

options, and the extent to which resilience should be built into the electricity system.

There are a host of other targets added on, frequently without considering the full consequences
for these high-level objectives. These include: air quality, industrial emissions, transport emissions
regulations for vehicles, building regulations and agricultural subsidies and their impacts. The EU
adds to all these targets specific ones for its particular definition of renewables and for energy
efficiency. This complexity comes at a significant price. Section 2 considers both the high-level
objectives and the plethora of ancillary targets and policy objectives, and their consequences for

the cost of energy.
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It is not particularly difficult to set out what an efficient energy system might look like which meets
the twin objectives of the climate change targets and security of supply. There would, however,
remain a binding constraint: the willingness and ability to pay for it. There have to be sufficient
resources available, and there has in a democracy to be a majority who are both willing to pay and
willing to force the population as a whole to pay. This constraint featured prominently in the last
three general elections, and it has not gone away. Indeed, without the reforms proposed in this
review, it may tighten. As well as looking at the problems of resource allocation from the
perspective of the twin objectives, it is also necessary to look at this constraint. In willing the ends
(the objectives), the government must also will the means, and be able to convince the electorate
that they should pay for them. Section 3 looks at household incomes, fuel poverty and energy costs,
industrial energy costs, and ability to pay — and whether the objective of having the lowest bills in

Europe is properly defined.

The cost of energy is profoundly influenced by the detail of energy policy. There are multiple energy
policy interventions across the full supply chain. These include taxes on inputs and outputs, VAT,
and the tax treatment of investments and R&D. The planning system influences the type and timing
of investments. Capacity auctions and feed-in tariffs (FiTs) and contracts for difference (CfDs) are
determined by government. The government provides guarantees. The networks are regulated, and
supply prices are subject to some explicit and lots of implicit controls. There is no ‘free market’ in
electricity; nor will the industry ever approximate a free competitive market. Rather the challenge
is to maximise competition within a policy framework. The cost of energy is determined by the
interaction between markets and the state, and the challenge for energy policy is to get this mix

right.

A mass of interventions, and especially technology-specific contracts, in turn attracts vested
interests. The implication of the state determining almost all investments is that the state — and not
the consumer —is now the major client. Energy policy has been partly captured, with the result that
our decarbonisation is slower and more costly than it need be; our security of supply is weaker than
it should be; and households and industry pay too much for their energy. Section 4 considers the
main current policy interventions and how they do (and do not) fit together, along with a look at
the forecasting record that informs them. It considers the problem of capture and how the redesign

of energy policy can mitigate these rent-seeking activities, which have driven up the cost of energy.
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No energy system is optimal. Assets with long lives have been developed according to the
assumptions made at the time. We start with what we have, not what we would like to have. This
includes the coal assets and the existing nuclear fleet, and the first-generation renewables. Section
5 sets out the current asset legacy, the likely retirements, and the legacy costs which have arisen
from the EU Renewables Directive and other government contracts. It proposes a way of taking
some of these costs out of the market in order to minimise the distortions to the emerging new

energy markets.

The cost of energy depends on the specific historical circumstances and, in particular, the
technological conditions and the costs that they dictate. The optimal structure of the industry
should broadly reflect these costs, as should regulation. When these change fundamentally, so too
should the industry and the regulatory structures. There can be little doubt that the energy market
is going through a period of profound technical change, on a scale not seen since at least the late-
19th century. Indeed, it needs to if there is to be a successful decarbonisation. The economy that
the energy sector serves is digitalising, bringing profound changes through robotics, 3D printing and
artificial intelligence (Al). This emerging digital economy is overwhelmingly an electric one and
driven by data. It is a world of increasing relative demand for electricity, and of increasing demand
for security of supply. In an interconnected digital economy, interruptions of supply may be more
costly, but there is a plethora of new ways in which the market, if allowed to do its work, can

mitigate these.

Technological change within the energy sector is profound. Fracking and shale oil and shale gas have
already changed global energy markets. Within electricity, the traditional characteristics of passive
demand and little storage have shaped the vertically integrated companies that have served us for
the last century. This is changing: batteries, storage and smart systems are transforming both
demand and supply, driving down the cost of intermittency and increasing energy efficiency through
smart energy services. The whole-system costs are being transformed. The corporate structures and

policies designed for the 20th-century world no longer work well.

Generation is changing too. There have been radical breakthroughs in new materials. Among the
main low-carbon technologies — solar (including wind), nuclear, geothermal and gravity (mainly
hydro) — there are exciting new opportunities, especially in next-generation solar, and potentially
over a longer time span for nuclear too. The speed and success with which these are developed is

core to industrial strategy.
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In this digital and new-generation technologies world, transport is electrifying. The government has
set a new target that no new petrol or diesel cars (excluding hybrids) will be sold after 2040. This is
a new constraint, with profound implications for the electricity industry and its costs. The electricity
industry is becoming part of the transport sector and vice versa. Section 6 considers the
transforming technology context and how it should shape the longer-term architecture of energy

markets and policies.

With the building blocks in place, Part Il turns to the key components of the energy supply chain.
Sections 7, 8, 9 and 10 look at generation costs, capacity and FiTs costs; transmission and
distribution costs; supply margins; and energy taxes and levies, respectively, and set out practical

measures to reduce many of these, both now and over the longer term.

Part Il sets out a long-term framework, and a road map with the immediate actions to facilitate

this transformation.

Energy policy needs to provide a framework, rather than intervening in the actual decisions and
making direct investment decisions. It should in particular avoid choosing specific technologies
wherever possible. This is especially important in a time of rapid technological change, changing
cost structures, and given the uncertainty that characterises these changes. Where technologically
specific decisions are unavoidable, for example in nuclear, it is imperative to use bidding processes
and competitive auctions as far as possible. Section 11 brings the reforms proposed for each part
of the electricity supply chain in Part Il into a coherent overarching longer-term framework,
including reforms of the energy policy and regulatory institutions. It sets out a new framework, with
a national system operator (NSO), and new regional system operators (RSOs) at its core, built for
and upon the new challenges and opportunities which digital, active demand, storage and zero

marginal cost technologies bring.

To get from here to there, major new investment will be required — to replace the retiring coal-fired
power stations and the ageing nuclear fleet, bring in new customers (notably for transport), develop
new energy products and services, and innovate through the entire supply chain. In any normal
market, investment is an opportunity to earn profits in the future. Prices do not have to go up to

finance this. That is what balance sheets, equity and debt are for.

This review sets out a road map of immediate actions to get from the current unsatisfactory state
of affairs towards the decarbonised world, and to facilitate the investment opportunities in a way

that maintains and enhances security of supply, at the lowest cost. There is no reason why this

5
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cannot be a world of gradually falling energy costs for both households and industry, though there
will be decisions to be made in terms of allocating the burden. Section 12 recommends the

immediate actions to ensure that the price of energy better reflects the costs of energy.

Some will argue that more change is bad, and that it increases uncertainty. This is often a poor
disguise for vested interests, especially when it comes to addressing market power. To maintain the
status quo is to condemn the UK to relatively expensive energy; undermine the decarbonisation
transition; allow the security of supply position to remain at best precarious; and erode public trust
and therefore democratic support for cleaner energy. This resistance to change is not without
significant costs to households and companies: continue with business-as-usual and prices will most
likely go on rising until there is a crisis big enough to bring the structures tumbling down. It is a price
we do not need to pay. The status quo is not going to be a good place to be in the medium and
longer term. It is not sustainable, and therefore it will not be sustained. The conclusions are

presented in section 13.
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2. The Objectives

This section addresses:

— the key objectives

— reducing the costs of meeting the 2050 target

— spreading the carbon reduction burden across other sectors
— sorting out the role of government in security of supply

— addressing other overlapping objectives

The lowest cost of energy is an outcome of an efficient energy sector, and an efficient energy sector

is one that best meets the overarching objectives.

There is no shortage of objectives. There is nothing new in this, and nothing wrong with multiple
objectives, provided there are at least as many policy instruments as there are objectives, and

provided the trade-offs are defined.

With the coming of the climate change imperative to decarbonise the economy, the objectives have
shifted from primarily focusing on security of supply to including decarbonisation. The two have to
be achieved simultaneously. This is the high-level energy dilemma, but solving this dilemma is
perfectly achievable. One objective is about the amount of carbon, and hence the price and costs
of carbon; the other is about the capacity margin, and hence the investment in sufficient capacity

to meet demand.

There has always been in the background an additional concern about costs and prices. Adding
considerations of the level of costs to the security and decarbonisation objectives is what creates

the trilemma on which government has focused.

An absolute objective of reducing costs is not necessarily compatible with the other objectives. It
has to be ‘subject to meeting the security and decarbonisation objectives’, because security and
decarbonisation have costs. Reducing the cost of energy cannot be an absolute objective. It is a

relative one: it is about achieving the other two objectives efficiently.

Customers do have to be able to pay. The ability to pay, and the willingness to vote to be forced to
pay are binding constraints (not objectives). Businesses can opt out by relocating overseas or
reducing production, so this is also a constraint. Section 3 explores these constraints in greater

detail.
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Some argue that there are trade-offs with the other objectives: that we could have lower bills if we
decarbonised more slowly, or even abandoned the decarbonisation objectives and associated
policies. While this is broadly true at least in the short term, it is also true that Parliament legislated
to decarbonise and passed the CCA by an overwhelming majority. It has also approved the Fifth
Carbon Budget. In this review, and in line with the Terms of Reference, these are taken as a given.
The issue is not whether to water down the climate change targets, but rather to consider how they

can be achieved at lowest cost.

On security of supply, there is no parallel ‘Security of Supply Act’, although the objective is
embedded in energy legislation. All political parties understand that security of supply is a clear
necessity in a modern economy. The question is not whether security of supply should be traded
off against costs, but rather how it can be achieved at lowest cost. Therefore, this review similarly

takes the overall security of supply objective as given.

The conclusion that follows is that we face a two-part energy challenge — how to meet security of
supply and climate change objectives simultaneously; and how to do this at the lowest cost possible.
Costs are not an objective like the other two: they are an outcome, and the ability to pay is a binding

constraint. So, strictly speaking, there is no trilemma of energy objectives.

It is a core part of energy policy to provide clarity on objectives.

Obijective (i): Decarbonisation, climate change and the Climate Change Act

The UK has a binding unilateral carbon production target set out in the CCA — to reduce greenhouse
gas (GHG) emissions in the UK by at least 80% by 2050, compared with 1990 levels. Although the
UK is a signatory to the Paris Agreement, and is bound until at least March 2019 by the relevant EU

directives, none of these (except the Renewables Directive) is strictly binding.

The 2050 carbon target is embedded in carbon budgets set out on a five-year rolling basis. The UK
has set five carbon budgets covering successive five-year periods up to 2032. The path to 2050 and
the five carbon budgets are set out in the charts below. Brexit will make no difference to the carbon

targets: the UK’s climate targets are already unilateral.
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COMMITTEE ON CLIMATE CHANGE CARBON BUDGETS

FIGURE 1: UK CARBON BUDGETS AND THE COST-EFFECTIVE PATH TO THE 2050 TARGET
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Source: Figure 1.1 from Committee on Climate Change (2016), ‘UK Climate Action Following the Paris
Agreement’, p. 17. Available at https://www.theccc.org.uk/wp-content/uploads/2016/10/UK-climate-
action-following-the-Paris-Agreement-Committee-on-Climate-Change-October-2016.pdf.

Notes: Historical emissions are on a ‘gross’ basis (ie, actual emissions). Carbon budgets are on the current
budget accounting basis, excluding international aviation and shipping (IAS), but allowing for IAS in the
2050 target.

FIGURE 2: ACTUAL AND FORECAST EMISSIONS AND PERFORMANCE AGAINST CARBON BUDGETS
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Source: BEIS (2017), Energy and emissions projections.

Notes: Horizontal lines represent the levels of legislated carbon budgets. Vertical bars are
actuals/projections of the UK Net Carbon Account based on policies that exist or that are at an advanced
stage of planning. The vertical bar in 2050 indicates that emissions need to be at least 80% lower than in
1990, equivalent to around 160 MtCOze. This is on the basis of the current net carbon account scope.
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13. The Committee on Climate Change (CCC) provides detailed electricity sector scenarios for the Fifth

Carbon Budget. These are set out below for capacity and generation, and the assumptions about

demand.

FIGURE 3: ELECTRICITY SECTOR SCENARIOS FOR THE FIFTH CARBON BUDGET
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Source: Committee on Climate Change (2015), Advice on the Fifth Carbon Budget.
Notes: OCGT, open-cycle gas turbine; CCGT, closed-cycle gas turbine.

These scenarios illustrate the opportunities, but also the scale of uncertainty. They illustrate the
importance of energy efficiency in holding down demand, and also the role of carbon capture and
storage (CCS) options, and what happens if these do not materialise. The world will turn out
differently, and the great risk with these scenarios is that government is encouraged to pick one of
them, and the ‘winners’ that this intervention would create. The risks of relying on this sort of

planning are highlighted in section 4.

The Committee on Climate Change (CCC) has considerable flexibility in how it defines carbon
budgets. The CCA does not require any particular linear trajectory to meet the 2050 target as set
out in the chart above. We could act much faster now, and then cruise or go beyond the target in

the 2030s and 2040s. Or we could slow down now and accelerate later.

The CCC chose its preferred path partly on the basis of two assumptions. The first is that gas prices
will rise, and here the CCC uses the Department for Business, Energy & Industrial Strategy (BEIS)
range of scenarios for gas prices to 2030, all of which imply rises from the current levels. The central
assumption is a 30% rise in gas prices by 2030. The second is that new low-carbon technologies with
potential for a significant impact by 2050 are likely to require some deployment prior to 2030.
Looking at the scenarios above, this is seen in terms of CCS. Given the uncertainties about CCS and
in particular meeting the deployment requirement by 2030, one way of interpreting this is that we

are stuck with nuclear, wind, current solar and biomass. The good news for the cost of energy is
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that both of these are doubtful assumptions, and hence the cost of achieving the 2050 target may
be lower, and we may even reach it early. There is no obvious reason why gas prices should go up,
and in any event the sheer scale and speed of technological progress may transform our options

after 2030. The coming technological opportunities are discussed in section 6.

Different trajectories would obviously have different costs. It is important to note that we cannot
have certainty about what the costs of the alternative paths might be, since we do not know all the
future technologies, and we do not know how the efficiencies of the supply chain will change. The
path to 2050 will be littered with ‘surprises’. But it is most likely that as technology moves on, the
costs of meeting the overall target will fall, and perhaps very significantly. In other words, it will be

cheaper to reduce carbon tomorrow than today. Indeed it has to be.

We do know the current costs of the alternative low-carbon options now, but even in this case it
turns out that the costs are not quite what they seem. All generation technologies impose costs on
the electricity system, of which the Renewables Obligation Certificates (ROCs), FiTs and low-carbon
CfDs are only a part. Genuine subsidy-free renewables should be defined after the explicit or implicit
carbon price necessary to reach the CCA target and the carbon budgets, and after also taking into

account system capacity and network costs.

The carbon budgets are already defined until 2032. Parliament has approved them all, and 15 years
is a long time in the electricity sector in terms of predictability. Beyond 2032, any detailed forecasts
of costs are likely to turn out wrong, and perhaps by orders of magnitude. This is a key lesson from

the attempts at forecasting so far, as discussed in section 4.
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THE CLIMATE CHANGE ACT SETS OUT HOW GOVERNMENT MUST SET AND MANAGE CARBON BUDGETS

- There is a legal duty to ensure that the UK carbon account does not exceed the carbon
budget for a given budgetary period.

- Once a new carbon budget is set, the government is required to present to Parliament its
proposals and policies for meeting carbon budgets up to and including that period ‘as soon
as is reasonably practicable’.

- There is a general duty for the Secretary of State for BEIS to prepare proposals and policies
that will enable carbon budgets to be met; it is therefore implicit that where there is a policy
gap BEIS is required to develop policies or proposals to address this gap.

- The government can plan to meet a carbon budget using flexibilities (eg, carrying forward
over-achievement from one budget to another or using international credits) as long as this
is consistent with keeping on track to meet the target for 2050, and bearing in mind the duty
to have regard to the need for UK domestic action on climate change.

- The government has to report on progress each year to Parliament, and to submit a final
statement of the UK’s carbon account for each budgetary period. If the final statement
shows that the carbon budget for a budgetary period has not been met, the statement must
explain why it has not been met and, as soon as is reasonably practical, the Secretary of State
must lay before Parliament a report setting out proposals and policies to compensate in
future periods for the excess emissions.

- There are no financial penalties for missing a carbon budget. Government decisions which
are likely to lead to missing a budget could be subject to judicial review.

Source: BEIS.

There are provisions under the CCA to change a budget level once it has been set. The bar for change

is set high and the process is lengthy. In particular, the following hurdles are in place.

HURDLES TO REVISING CARBON BUDGETS

- The need to demonstrate that there has been a ‘significant change’ in circumstances since
the budget was set and take into account nine ‘matters’ set out in the CCA (ranging from
economic circumstances to international/EU developments).

- The CCC must provide advice. Ministers must take this into account but they do not have to
agree.

- The devolved administrations must be able to consider the advice (a minimum three-month
period). UK ministers must take into account representations of the devolved
administrations before coming to a decision.

Once these processes have been completed, the carbon budgets can be changed only through
secondary legislation. This is subject to the affirmative procedure — so government needs to win
votes on the floor of both Houses of Parliament.

Source: BEIS.

14



21.

22.

23.

24.

| Cost of Energy Review

The government has already reviewed the Fourth Carbon Budget (covering the period 2023-27).

This concluded in 2014 with the decision not to amend the budget level.

In addition to changing the actual budget level, the CCA gives the CCC a number of ‘flexibilities’ on
when and how to reduce UK emissions en route to 2050 (similar to changing budget levels, the
government still needs to seek advice from the CCC and consult the devolved administrations before

employing them). These flexibilities are as follows.

FLEXIBILITIES ON THE PATH TO 2050

- The UK can carry forward over-achievement from earlier carbon budgets. The CCA allows for
government to roll forward over-achievement from one carbon budget to the next, so that
early action to reduce emissions can count towards the following budget.

- The UK can ‘borrow’ from later carbon budgets. The CCA allows for the government to
increase the carbon budget in one period with a corresponding tightening in the next carbon
budget. This ‘borrowing’ is limited to 1% of the later carbon budget.

— The UK can buy international carbon credits. A limit on the use of credits must be set, with
Parliamentary approval, 18 months in advance of the relevant carbon budget period starting.

Source: BEIS.

In using any of these ‘flexibilities’, the government must always have regard to the need for UK

domestic action on climate change (ie, implying that domestic action should take priority).

The CCA target is one for the UK as a whole, and not for any specific sector. The sectoral emissions

are set out below.

FIGURE 4: UK GHG EMISSIONS BY SECTOR IN 2015

Other Natural  Public Sector

Resgoroes, 1 % MtCOze %
Business & industry 123 25
Transport 120 24
Power 104 21
Homes 64 13
Agriculture 49 10
Other natural resources 27 5
Public sector 8

Source: BEIS (2017), Final UK greenhouse gas emissions national statistics, 1990-2015,
https://www.gov.uk/government/statistics/final-uk-greenhouse-gas-emissions-national-statistics-1990-
2015.

Note: ‘Other natural resources’ covers land use, forestry, waste and fluorinated gases.
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The CCC has set out the 2050 scenario for each of the main sectors of the economy as presented in
Figure 4. These start with a baseline, take the government’s business-as-usual projections, add in
existing policies, take account of the rising carbon price assumption, and ensure that it all adds up

to meet the 2050 target.

FIGURE 5: CENTRAL SCENARIO EMISSIONS PATHS TO 2050
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Source: CCC analysis.

If the overall objective is to meet the target at lowest cost, there is no a priori reason for the degree
of concentration on electricity. In particular, agriculture contributes 10% of total emissions. This is
only for the emissions that are actually measured, however. This sector has an annual output value
of around £9 billion, and is subsidised in a variety of ways, including the Common Agricultural Policy
(CAP) to the tune of roughly £3 billion, tax benefits, and exemptions from payments for the sector’s
multiple associated pollution. In total, the level of agricultural support is possibly of the order of
half the value of its output, or more. Put another way, the economic costs of bearing down on
agricultural carbon emissions are very low compared with those of the other sectors, and it has
considerable sequestration options too. At the margin, this would probably be a lowest-cost sector

for reducing the overall costs of meeting the carbon budgets.

There would also be significant additional benefits from both reducing emissions and increasing
sequestration in agriculture, thereby enhancing natural capital, which underpins the government’s

25 Year Environment Plan.
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Transport is the largest source of emissions (24%), and its decarbonisation will be significant for
electricity, as discussed in section 6. The electrification of transport is happening faster than the
CCC and others expected, which could accelerate its potential to contribute more to the carbon

budgets.

The decarbonisation of electricity will still be required, and indeed is essential since so much of the
economy is likely to be electric by 2050. But the contribution of other sectors does impact on the
trajectory for the electricity sector in the carbon budgets to 2050. The failure to exploit cheaper

options now has increased the total costs of achieving the 2050 target.

In section 10 | recommend the harmonisation of carbon prices across the economy to reduce the
overall costs, and in particular the extension of carbon pricing to agriculture, and a longer-term
general transitioning from fuel duty to a more explicit carbon component in transport taxation. A
common carbon price across the whole economy (and not just electricity) helps to minimise the
costs of the overall CCA target between the sectors. This, rather than the sectoral planning implicit
in the CCC sector scenarios, is the first-best route to minimising the costs of the decarbonisation

transition.

The CCA raises serious issues about the allocation of costs between different types of customer. It
is a unilateral carbon production target, and therefore can be met by reducing the emissions of
current activities, or by switching home production for imports. Most other countries with which

the UK trades are not subject to such a unilateral target of this form or ambition.

As a result, to avoid the perverse impacts on UK industry through a unilateral policy-induced
reduction in competitiveness in export sectors, the efficient outcome involves compensating the
traded sectors or using a common border carbon price. A second-best unilateral target requires a
second-best intervention to address the impacts on international competitiveness. Some
considerable adjustments already occur. On the other hand, some costs are borne by industry and
not households — eg, the Carbon Price Floor (CPF) and the Climate Change Levy (CCL). In both cases
these have been developed in an ad hoc way, and the result is an inefficient allocation of costs in

respect of industry. | return to these issues and their possible remedies in sections 3 and 10.
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Objective (ii): Energy security
In the energy sector, security of supply has been an objective for most of the history of the industry
— and one that has gained in significance as the economy’s reliance on electricity has grown. Its

relevance may increase further with digitalisation and as the economy decarbonises.

Security will not be met purely by private sector incentives and private markets because of
uncertainty about both demand and the availability of supplies (including the physical reliability),
the lack of storage and passive demand. The uncertainty creates risks to the system rather than to
individual generators; the lack of storage means that demand must be instantaneously met; and
passive demand means that there cannot be instantaneous demand-side responses (DSRs). All of

these are system characteristics.

An excess capacity margin for firm power depresses the wholesale price of electricity to a level
below that necessary to recover the full costs of power station investments. No rational capitalist
will deliberately encourage excess supply, except as a strategic means of entry deterrence. This is
over and above the depressing effect on wholesale prices caused by non-firm zero marginal cost

renewables.

The nature of the security of supply problem evolves with changes in technology. For the last
century, security of supply has been a simple equation of demand forecasts, met by enough coal
and nuclear power stations to provide a comfortable security of supply margin. As the economy
digitalises, and as the share of electricity grows, security may be of greater economic significance.
In some cases, this will lead consumers, both industry and households, to install their own storage
for back-up. Batteries may contribute to these measures. They are both a route to ensuring security
of supply in firm power and an opportunity to use the flexibility of non-firm demands, especially for
EV charging. It may be that eventually decentralised energy systems internalise these problems
without greater need for additional large-scale power stations. Digitalisation may make security

more important, and at the same time cheaper to provide.

The economics of system requirements and individual incentives are not automatically reconciled
without intervention. In particular, there is a risk that people opt out, leaving the burden of system

costs to others. These opt-out incentives are reinforced by taxes and levies applied to system users.

The coming of new and enhanced storage technologies and the development of smart technologies

for managing energy demand will change the resilience of the system and the required capacity
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margins. These exciting new opportunities are discussed in sections 6 and 7. Their impacts are highly
uncertain, and for this reason some discretion in auctioning firm power is required for system

operators, as discussed in section 8.

While all these factors will change the nature of the security of supply problem in the coming decade
and beyond, the security problem is not likely to go away, and there will continue to be a need for
a significant capacity margin on the system for the foreseeable future. The scale of the capacity

requirements as coal plant come off the system are set out in section 5.

To these basic firm power security requirements, new dimensions are being added by technical
change. The coming of electric vehicles (EVs) and the contribution of zero marginal cost intermittent

renewables, plus smart meters and apps, all open up further markets for non-firm power.

These costs of intermittency are significant, but will change over time as storage and demand-side
management services and other new technologies develop. They should be on a downward path,
and will require a mix of technologies that meet the specific characteristics of the intermittency. An
important feature of these costs is that they are not currently borne by those who cause them, and
in section 7 | make recommendations for addressing these costs more effectively, and incentivising

the management of the current and emerging back-up technologies.

Most discussion about security of supply focuses on the physical risk of interruptions. This is of
course important, but there are also price effects as the margin tightens towards zero. There is
always a price that will match supply and demand. The tighter the margin, the higher up the supply
cost curve the system is driven in order to balance supply and demand. Tighter margins mean higher
prices, and this will be — and has been — reflected in the wholesale price. It is an issue about the
level of the security capacity margin for firm power. The government, in setting the margin, should
take account of these price effects alongside physical threats to security of supply. This is discussed

further in section 7.

There are other dimensions of security of supply beyond the capacity margin. Some technologies
raise special issues. For example, nuclear power requires a supply of both new and reprocessed
fuels, and this material needs to be protected for both defence and environmental reasons. Gas
storage is an issue, especially with the closure of Rough and the running-down of the North Sea

production, where fields once absorbed some demand variations.
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Cyber-attacks could disable energy assets, from transmission to power stations. No major country
can consider energy security independent of its military security. A disabled electricity system might
bring a country to its knees in a matter of hours. These are extra costs to the system, which require
cost-recovery mechanisms. In principle, these may be addressed in part through the capacity
auctions and also through the allowed revenues for transmission and distribution. In sections 8 and

11, | explain how system operators should take these into account.

The inescapable conclusion is that the wider public and economic interest is best served by an over-
supplied electricity system. The costs of too little firm power are asymmetrically greater than those
of too much. Resilience is a system property and will not be solved by the disaggregated profit-
maximising decisions of individual energy companies. More investment may lower rather than raise
the overall costs, once the price impacts on customers are fully taken into account, including the

impacts on the wholesale market.

The policy question is: how much security and of what type? In this review | recommend a way of
dealing with the intermittency implications for security of supply. It still remains to set the overall
supply margin, and to regularly review this over time and to take account of the growth of specific
types of non-firm power demands. Although it is tempting to try to model this in detail, the actual
margin will be determined by a host of exogenous factors, from the economic growth rate and
macroeconomic circumstances, through to the shape of domestic demand and behavioural

changes.

The other objectives
It is a tough ask to get government to define any trade-offs between the two high-level objectives
on the one hand, and the cost of energy constraint on the other. To this problem is added a host of

ancillary objectives, which can conflict with all of the above.

The government has environmental policy objectives for all the main sectors of the economy
including the main sources of carbon emissions. These include air quality, agriculture, transport,
and water. Although there have been white papers and EU directives on integrated pollution
control, in practice much of this environmental policy operates in sectoral silos, and almost all of it

was developed before climate change assumed its central role.

On other environmental objectives and targets, air quality is directly related to carbon and GHGs.

The water pollution from agriculture is caused in part by land use, and the use of energy-intensive
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fertilisers and other chemicals, and these in turn affect the ability to sequestrate carbon. On
transport there are mobility objectives, road-building programmes, airport runways, and high-
speed trains, all with impacts on carbon. A key reason why our cities have violated the EU air quality
requirement is that the government (and the EU) encouraged a switch from petrol to diesel. This is
a way of meeting the climate change objective. But it turns out to be a bad way to meet the air
quality objective — another example of non-integrated pollution policies. The absence of an
environment protection agency to bring consistency to these diverse environmental challenges is a

significant obstacle.

The government also has broader economic policy objectives, notably the Industrial Strategy
objectives. It has identified a number of sectors which it is minded to promote, and it has an R&D
and innovation set of objectives. There are also employment objectives. The Green Deal was, for

example, promoted as a way to create 250,000 jobs.

There are social and welfare objectives, including the elimination of fuel poverty, and one way to
alleviate poverty is to increase consumption of energy by poor households, net of energy efficiency
measures. There are a number of energy efficiency objectives and there is the EU Energy Efficiency

Directive (2012). Some of these fuel poverty issues are addressed in sections 3 and 10.

As noted, there is nothing wrong with having multiple objectives. They do, however, require
government to clarify what its security of supply objectives and targets are in addition to the carbon
ones, and it needs to address the trade-off between all the other multiple objectives. The political
challenge should not be underestimated: every trade-off creates losers as well as winners. But
failure to address these issues results in higher costs to households and industry. | recommend in
section 12 a simple annual statement of objectives to Parliament, building on the climate change
statement already required. This is a key government role in energy policy, leaving the detailed
implementation to the system operators and the regulators in the new institutional structure set

out in sections 8 and 11.

In considering other objectives, the government should conduct not only the conventional policy
assessments, but have in mind an aggregate carbon constraint. As and when other objectives lead
to higher emissions, consideration should be given to offsetting carbon reduction elsewhere, so the

overall carbon budgets pathway is not undermined.
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MAIN FINDINGS AND RECOMMENDATIONS

The CCC should give greater weight to the prospect of rapid technical progress in future

carbon budgets and take into account the possibility of falling gas prices.

The CCC should consider in more detail greater contributions from agriculture, and these

should be integrated into the 25 Year Environment Plan.

The government should consider how to develop and enhance integrated pollution control

to bring greater consistency between the CCA targets and the other policy objectives.

The government should set out in a formal annual statement its position on the security of
supply margin, and this statement should constitute formal guidance to the system

operators.
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3. Constraints: Household and Industry Bills, the USO and the Ability
to Pay

This section addresses:

— the bills — what households and businesses pay

— the European comparators

— the universal service obligation and other non-price considerations

— fuel poverty

— options for allocating the fixed costs between different consumer groups and
between customers and businesses

The government has a commitment to the UK having the lowest-cost electricity in the EU. As
discussed in section 2, this is subject to the achievement of the high-level objectives of climate
change and security of supply. It is a constraint.

Our ambition is that the UK should have the lowest energy costs in Europe, both for households
and businesses.

Conservative Party manifesto, 2017

The current position in the Eurostat numbers is shown in the following charts comparing electricity

price components among major European countries.

FIGURE 6: ELECTRICITY PRICE COMPONENTS: SMALL INDUSTRIAL CONSUMERS
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Source: Eurostat database.
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FIGURE 7: ELECTRICITY PRICE COMPONENTS: MEDIUM INDUSTRIAL CONSUMERS
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Source: Eurostat database.

FIGURE 8: ELECTRICITY PRICE COMPONENTS: EXTRA-LARGE INDUSTRIAL CONSUMERS
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24



| Cost of Energy Review

FIGURE 9: ELECTRICITY PRICE COMPONENTS: HOUSEHOLD CONSUMERS
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Source: Eurostat database.

Comparing the costs faced by households and businesses with those of other EU member states is
an important check on the costs of energy and competitiveness. These particular Eurostat numbers
should be treated with caution: like all such rankings, this is a function of which costs are included,

how they are measured, and especially how they are reported.

It is the responsibility of the reporting authorities to provide timely, complete, and correct national
electricity and natural gas prices to Eurostat. Since it might be advantageous for each member state
to appear towards the bottom of the price rankings, there is a natural incentive to report and

measure in a way that best represents each country.

Even putting these reporting problems aside, it is important to recognise that there is no single price
of electricity, and there is no single right answer. It depends on how fixed costs are accounted for;
whether the electricity system is pay-as-you-go or pay-when-delivered; and how issues like
depreciation and capital maintenance are dealt with — including capitalisation. There is no fully
common accounting framework for EU transmission and distribution assets; there is no common
valuation for regulatory asset bases (RABs); and the reported wholesale prices and payments for
capacity and FiTs vary from country to country. | set out some of these accounting issues in the box

below.
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KEY ACCOUNTING ISSUES IN COMPARING ELECTRICITY PRICES

- Current cost versus historic cost.

- Modern equivalent assets versus construction costs.

- Capital maintenance versus depreciation.

- Privatisation values rolled forward versus market values.

- Treatment of quoted and unquoted companies.

- Treatment of publicly owned assets.

- Regulatory accounting rules.

- Capitalisation policies, operating expenditure (OPEX) and capital expenditure (CAPEX)

definitions.

The Eurostat numbers should therefore to be treated as one limited indicator. If the government
wishes to keep to its aim of being the cheapest in Europe, | recommend that it should create a more

sophisticated set of comparators.

Price is only one dimension: the USO

The demand for energy is a derived demand. We want energy not for its own sake, but for what it
can do for us. Energy is a primary good: without it, citizens will not have the capability to participate
in society. Companies, government and other organisations similarly cannot function in the

economy without good energy supplies at reasonable costs.

It is for this reason that energy has never been a purely private market commodity. Contrary to
many claims at privatisation, energy was never going to become just another commodity. This was
a basic mistake at privatisation. It, like access to clean water and sewerage, broadband, roads and
railways, is always going to be special. As a primary good, the electricity system comprises one of

the core primary assets in the economy.

For normal commodities, demand represents the willingness and ability to pay for the services. This
simple approach is complicated in electricity by a number of considerations, but most importantly
that the inability to pay for at least some level of service cannot in a civilised society result in the
denial of access to electricity. Similarly, if companies cannot access supplies at reasonable cost, they

may go bust, and the economy as a whole suffers.
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The requirement for access to the services is a universal service obligation (USO) — something that
no private market would commit to without intervention. The development of electricity networks
and supplies over the 20th century was a process of extending electricity to the more remote parts
of the economy, on the very good grounds that this is what a decent society and a modern economy

necessitates. Competition and markets are means to this end, not the end in themselves.

The challenge is to modernise the USO for the energy transition, and to consider two specific

qguestions: what should the services include? And who should pay what for them?

The USO is an entitlement to access to a supply of electricity. Access means not just connections
but the ability to pay. There are a host of special arrangements for poorer consumers. As technology

changes, so too does the USO.

In particular, as transport electrifies, universal access to charging facilities will become increasingly
important. In a mid-21st-century world without petrol and diesel cars, access to transport will
require access to charging facilities. As the line between generation, distribution and supply blurs,
the right of access to decentralised systems may become important. Section 6 looks at the specific

needs of an electric transport world, and some of the implications for the cost of energy.

The government has effectively made the right to the offer of a smart meter a new USO. This is part

of the digitalisation of energy services also described in section 6.

The coming of smart technology means that the electricity industry requires the information
infrastructure to support smart meters, and to enable all customers to take advantage of the new
apps and opportunities for smart appliances and smart buildings. A related USO is for broadband
access, although this is not yet a legal requirement. In order for the cost of energy to be optimised
in this new smart world, broadband needs to be capable of supporting these options, and at the

same time support the other USOs.

With a modernised USO, and one that is flexibly changing as the technologies change, a key question
is: who should pay what contributions to the fixed costs of the emerging electricity systems? As
section 6 describes, the new digital world is one of increasing zero marginal cost, and in a zero
marginal cost world, the charges to extract the required fixed-cost revenues on different classes of

consumer are a matter of choice.

In a perfectly competitive ideal, and if efficiency is the only objective, economic theory suggests

that these charges should follow the Ramsey rule: the price charged to different consumers should

27



18.

19.

20.

21.

| Cost of Energy Review

be inversely related to their demand elasticities. This means that the more important the supply is
to you, the greater the contribution you should pay towards the fixed costs (which will become an
increasing proportion of the total costs). Put simply, the more committed and loyal a customer, the
more they should pay. This is indeed what has been happening with the Standard Variable Tariff

(SVT) discussed in section 9.

We do not live in a world where all that matters is efficiency. The concept of rewarding the more
elastic switchers, while loyal customers face higher prices, is not only going to get more difficult in
a situation where there is little to switch from (since the costs will increasingly be fixed), but also
undermines the importance of citizenship, capabilities, functions, and inclusion. For the wider
economy, this approach is also found wanting. The added risk of subjecting loyal customers to
higher charges is that the principle of fairness is undermined, not only reducing trust, but also

threatening the commitment to decarbonisation among the wider public.

In section 9 | recommend the adoption of a default tariff which transparently passes through the
fixed costs, including the legacy costs | identify in section 5. This default tariff leaves open how to

allocate the pass-throughs between the customer classes.

The current allocation of fixed costs, and the current total electricity costs faced by households and
industrial customers, have been the subject of much debate and controversy in recent years. All
main political parties have proposed interventions for reasons other than pure efficiency. They have
been right to be concerned, although some of the many proposed interventions have been

confused.

Current household and industry costs

The starting point is to establish the impact of energy costs on household budgets and, in particular,
the household budgets of two groups: the average and the least well-off. The former is a statistical
exercise focused on the mean and the medium households, and is the one typically quoted, and
typically too for dual-fuel bills. Other measures could try to disaggregate to an individual level, and
take a broader perspective on incomes to define this category. All customers are in one sense
unique, but there needs to be an aggregation to get at the detriments from market power and to
come up with remedies. The average household’s total income before tax is just over £40,000 and

after tax around £33,000. Electricity bills comprise 1.78% (about £600) of after-tax income.
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Defining which households are poor is an altogether more complex task. Poverty has both absolute
and relative dimensions, and the definition used for fuel poverty is particularly contentious.
Nevertheless, we have to start from somewhere, and asking a simple question about how many
households spend more than 5% or 10% of their incomes on electricity has some merit. For what
the policy is concerned with is working out who will be hit hardest by price increases, and who will
benefit if and when prices fall. The application of a price cap to a specifically identified group
requires a definition and the data to support it. The more general the price cap, the less important

this question.

The chart below indicates which cost increases have contributed to the bills over the period from
2004 to 2016. The wholesale costs have fallen sharply since 2014 as oil, gas and coal prices fell back,
but the benefit which customers might have expected has been swallowed up by policy costs,
networks and margins. Many of these are what will be described as legacy costs, and in section 5 |

set out how these might be ring-fenced.

FIGURE 10: CHANGES IN DUAL-FUEL HOUSEHOLD ELECTRICITY BILLS (2004—2008—-2016)
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Source: CCC analysis, Figure A2.1, available at https://www.theccc.org.uk/wp-
content/uploads/2017/03/Energy-Prices-and-Bills-Committee-on-Climate-Change-March-2017-Annex.pdf.
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FIGURE 11: CHANGES IN DUAL-FUEL HOUSEHOLD ELECTRICITY BILLS (2016—2020—-2030)
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Source: CCC analysis, Figure A2.3, available at https://www.theccc.org.uk/wp-
content/uploads/2017/03/Energy-Prices-and-Bills-Committee-on-Climate-Change-March-2017-Annex.pdf.

Most discussion about the impacts of increases in electricity bills is only about electricity bills. But
for households, electricity bills are just one among many outgoings, alongside other utility bills,
transport, food, Council Tax and other taxes, and the cost of housing. The ability to pay is a general

problem for households, as well as specifically in respect of electricity.

In the coming years, it would be reasonable to assume that the extraordinary monetary
interventions following the crash in 2007/08 may gradually come to an end, and that would mean
a return to normal interest rates. For the purposes of this discussion, we can consider these to be
around 1-2% above the inflation rate. Add in the level of credit card debt, car finance debt and
mortgage debt, together with a subdued position for wages and income growth, and it is apparent
that many households will struggle to absorb this interest rate increase. This matters because it
leaves less room for households to pay for electricity, and as a result less willingness and ability to
pay for decarbonisation measures. It makes the cost of energy more likely to become a binding

constraint.

In this review | look at the costs of each part of the supply chain which makes up the electricity bill
(sections 7, 8, 9, and 10). | note the scale of the policy costs, levies and other direct interventions,

and what they mean for customers’ bills, when set against the household budgets.
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What this tells us is that if the costs of current and future interventions are maintained or increased,
it is likely that some customers will struggle. Some simply will not be able to pay, and if they can,
they may not be willing do so. There is only so much of a premium that can be put on top of the
current bills in a democracy. | recommend below and in sections 5 and 10 ways that this might be

addressed.

Industrial bills are harder to calculate since they are heterogeneous, and have a wider variety of

strategies and choices available to them. There is no ‘typical’ business.

The following charts illustrate the breakdown of the costs of electricity by size and by other

characteristics.

FIGURE 12: CHANGES IN ELECTRICITY PRICES FOR ILLUSTRATIVE BUSINESSES (PURCHASED VIA A SUPPLIER, 2004—2010—
2016)
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Source: CCC analysis, Figure 2.7, https://www.theccc.org.uk/publication/energy-prices-and-bills-report-
2017/.

Notes: ‘Cost of low-carbon generation’ is the net cost of policies to support low-carbon generation, which
include costs under the Renewables Obligation (RO), FiTs and CfDs and intermittency costs, offset by the
merit order effect (which reduces the wholesale price, but is considered as a low-carbon policy benefit).
CRC, Carbon Reduction Commitment.

The chart above indicates how the cost to industry has risen — again to a significant degree because
of the policy costs. Only extra-large manufacturing has received some significant protection. Facing
low policy costs and low carbon costs, US companies continue to benefit from lower electricity costs

compared with the other competitor countries in the projected period in the chart below. Higher
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relative wholesale prices also drive an increase in the overall price and, again, US industries benefit
from a lower wholesale gas price and, therefore, lower wholesale electricity prices. As the chart
below illustrates, industrial electricity prices in the UK remain the highest among the competitor

countries.

In sections 5 and 10 | recommend that industrial customers should be exempt from legacy costs,
and a number of other complex mechanisms which have built up in the energy taxes and levies that
industry pays — but not from paying the cost of carbon. This should be applied both domestically

and at the border, and in this way its impact on competitiveness is neutralised.

FIGURE 13: 2030 ELECTRICITY PRICES FOR INDUSTRIES CONSUMING >50GWH OF ELECTRICITY PA WITH EU EMISSIONS
TRADING SYSTEM COMPENSATION
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Source: Figure 2.8 of Cambridge Econometrics, (2017), ‘Competitiveness Impacts of Carbon Policies on UK
Energy-intensive Industrial Sectors to 2030°, March. Available at https://www.theccc.org.uk/wp-
content/uploads/2017/04/Competitiveness-impacts-on-energy-intensive-industries-Cambridge-
Econometrics-March-2017.pdf.

Notes: Dashed red lines show minimum and maximum electricity prices faced by Profile 3 industries across all
countries considered. The table under the chart shows, for each sub-sector, the share of total imports and
total exports to the UK that is attributable to each partner country.

Alternative ways of allocating the fixed system costs across retail and wholesale
customers

Section 6 describes how the variable costs diminish over the technological transition. There will be

increasing choice about the allocation of the fixed system costs (in addition to the issues in relation
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to legacy costs dealt with in section 5). The first step is to define an appropriate accounting base, to
sort out depreciation, capital maintenance, capitalisation and asset lives. This then allows the total
fixed system costs to be charged to the various classes of customer to be identified. It is not a

competition issue, and is not addressed by switching: the system costs are fixed.

The next step is to decide the charging principle. Since no one can escape the system costs, except
possibly by opting out of the system entirely, there is a choice, and it is necessarily political. The

government needs to give urgent consideration to how charging will develop.

There are at least six options (not all mutually exclusive), as follows:

(i) Charge according to the economic efficiency criterion set out by Ramsey. Ramsey pricing
allocates fixed costs inversely to the demand elasticity. The aim is to recover the costs in ways
that minimise the resulting efficiency distortions. It is, for example, the rationale that might
be offered for charging loyal customers more through the SVT than those who switch, and
less to internationally competitive companies.

(ii)  Recover on a purely volume-of-consumption basis. The problem with this approach is that it
confuses the price of capacity and systems with the marginal incentives to consume extra
units of energy.

(iii)  Recover the costs through a fixed charge, like a standing charge — a capacity or access charge.

(iv)  Charge according to ability to pay. This is the option in which fuel poverty could be taken
directly into account, and could work in several ways. It could apply a reduction to the poorest
customers (the 5% or 10% category); be linked to some other income indicator; or employed
as a rising block tariff as volumes rise (see below), thereby increasing the price as the
consumption goes up.

(v)  Use industrial policy. This could explicitly apply short-run marginal cost (SRMC) pricing to
large industrial companies, and the average costs to the rest of the customer base.

(vi)  Charge an initial minimum block, followed by demand-related charges.

These issues will become urgent in the next decade, as new systems are developed at a more local
level, and as new network provisions are required — for example, the transport charging network.

Again, the general default tariff | recommend in section 9 is relevant.

The implication of this shift towards fixed costs is that switching is going to apply to an increasingly
narrow section of the cost base. Smart meters will be useful for the system operators to coordinate

and manage demands, for the new and emerging energy service businesses, and with a view to
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saving system costs, but they will be less and less relevant to switching on the basis of wholesale
costs — because these will be an ever-diminishing part of total costs. Competition will focus instead
on capacity and capacity packages, defined on the basis of maximum volumes. This might more

closely resemble the current broadband and mobile pricing packages.

The main elements of competition — discussed in this review — will increasingly focus on delivering

the capacity, not the energy. | make recommendations on this in section 7.

With a capacity package approach, one option to address part of the fuel poverty problem is to
provide a basic block of energy to all households, with the rest of the system fixed costs passed
through to consumers above this basic level — option (vi) above. It is possible to consider the basic
provision and its pricing as part of the USO and hence as a universal entitlement. This could take
the form of an exemption from the legacy costs (as with industry) and a discount on other fixed
elements. | recommend that government should review the options set out above and, in particular,

a basic block approach and exemptions approach.

MAIN FINDINGS AND RECOMMENDATIONS
- The government should create and monitor a more sophisticated set of price and cost

comparators beyond the Eurostat approach.

- The broadband USO requirements should be assessed alongside the smart meter roll-out.
BEIS and the Department for Digital, Culture, Media & Sport should coordinate the timings

and scales of these investments.

- The government should consider the allocation of the system costs and, in particular, the
option of providing for a basic block of electricity capacity at a lower fixed cost to address

fuel poverty.
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4. Current Policy Interventions and Forecasting

This section addresses:

— the mass of interventions

— why complexity is expensive

— why conventional cost—-benefit assessments are misleading

— policy and regulatory capture and its link to complexity

— why simplification is a key priority if the cost of energy is to come down
— why a piecemeal intervention-by-intervention retreat is not optimal

— the limits and failures of DECC and BEIS forecasting

Just as there is no shortage of objectives, there is similarly no shortage of policy interventions. As
with objectives, in principle, there is nothing wrong in having lots of interventions, provided they
are consistent with the objectives and do not create unintended negative consequences, and are
not perverse. In practice, the complexity and inconsistency of current interventions that has built
up as a result of a sequence of ad hoc policies is a major source of inefficiency and has created
excessive costs. It will be hard to reduce the costs of energy without a radical simplification of the

multiple interventions.

The sheer number of interventions in the UK energy market is so great that few if any participants
in the markets, few regulators, ministers or civil servants can have grasped them all. The inability of
the market participants to grasp all these interventions is in itself likely to increase the cost of

energy.

In addition, it is highly unlikely that many of them are optimal, although it is hard to form firm
judgements because the myriad interventions interact with each other in ways that stretch any
policy analysis or cost—benefit test. The result is that it is not possible to make a cost-effectiveness
assessment of almost any of the specific policies, despite numerous claims in particular cases. Each
partial silo analysis typically leaves out the impacts on all the rest of the energy sector, and indeed

other parts of the economy too.

Complexity has significant additional costs for energy, because the greater the complexity, the
greater the scope for capture by rent-seeking lobbyists and interest groups. Each intervention
changes returns. Once gained, they tend to get capitalised. As a result, any moves to reform and
change arrangements — for example, by phasing out particular subsidies — creates losers, and often

capital losses. Understandably these are resisted, and the complexity makes it much easier to
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protect specific interests, while at the same time reducing the ability of households and industrial
users to defend their general interests in general efficiency. It is no accident that the growth of
complexity has been closely matched by a growth in lobbying (and vice versa), and that much of the

debate about subsidies has become toxic.

To get a handle on the complexity, | asked BEIS to provide me with a list of all the main current

interventions. It runs to several pages, and is almost certainly incomplete. The main current

interventions BEIS listed are as follows.

TABLE 1: CURRENT POLICIES AND INTERVENTIONS

Small-scale feed-in tariff (ssFiT) — introduced in 2010 under the
Energy Act 2008 to encourage deployment of small-scale low-carbon
electricity generation by households and organisations not
traditionally involved in energy production. Technologies supported
are: solar photovoltaics (PV), onshore wind, hydropower, anaerobic
digestion, and micro-combined heat and power (CHP).

Renewables Obligation (RO) — an obligation on UK electricity
suppliers to source a specified proportion, set each year for the year
ahead, of the electricity they supply to customers from renewable
sources. Administered by Ofgem, which issues ROCs to generators in
relation to the renewable electricity they generate. Closed to new
entrants on 31st March 2017 with limited grace periods.

Contracts for difference (CfDs) — introduced in 2014 under the
Energy Act (2013), this is a private law contract between a low-
carbon electricity generator and the Low Carbon Contracts
Company, a government-owned company. A generator is paid the
difference between the strike price and the reference price; the cost
is met by consumers via a levy on electricity suppliers. To date, CfDs
have been allocated through:

- Final Investment Decision enabling Round;

- Pot 1 auction for established technologies;

- Two Pot 2 auctions for less established technologies;

- Bilateral negotiations for Hinkley Point C.

Carbon Price Floor (CPF) — price charged on COz emissions. UK prices
are determined by the EU Emissions Trading System (ETS) and
Carbon Price Support (CPS). Starting in 2021-22, the government
will target a total carbon price and set the specific tax rate at a later
date, giving businesses greater clarity on the total price they will pay.

Capacity market — BEIS establishes security of electricity supply by

ensuring that regular payments are available to reliable sources of
capacity, so that energy is reliably delivered when needed
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Environmental regulations — various environmental regulations also
cover installations in the power sector, such as the Large
Combustion Plant Directive and the Industrial Emissions Directive

Emissions Performance Standard — a regulatory backstop to the
National Planning policy, and ensuring that not only are new coal
plant built with carbon capture and storage, but are operated in
accordance with emissions requirements.

Connections — the Connect and Manage policy allows new
generation to connect to the grid faster, with wider network
reinforcement carried out after they have been connected.

Third Energy Package — EU legislation that provides the basis for the
European internal energy market.

Smart Metering Implementation Programme — a mandate on
energy suppliers to take all reasonable steps to roll out electricity
and gas smart meters to all homes and small businesses in Great
Britain by the end of 2020; to provide accurate bills, increased
consumer engagement with energy consumption, and a smarter
energy system.

Current RIIO (Revenue = Incentives + Innovation + Outputs) price
controls — Ofgem’s framework for determining the allowed
expenditure and associated revenues, for the monopoly electricity
and gas network companies.

Interconnection — BEIS promotes interconnection where it is in the
interest of consumers. Ofgem provides a ‘cap and floor’ system,
which facilitates a predictable rate of return for interconnectors.

Market liquidity — Ofgem’s Secure and Promote measures to
improve liquidity and access to the wholesale electricity market by
requiring the largest generating companies to follow a set of
‘Supplier Market Access’ rules when trading with small independent
suppliers.

Sharper market signals — making wholesale prices more responsive

to scarcity by ensuring that cash-out prices are reformed, creating
the correct signals for the market to balance.
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Reform of the System Operator: Ofgem is working with National
Grid to make the electricity system operator a legally separate
company within National Grid.

Locational pricing — Ofgem has confirmed implementation of the
Competition & Markets Authority’s (CMA) recommendation for
location pricing for network losses.

Codes and licences — many activities in energy require a licence from
Ofgem as well as compliance with industry-led codes.

Source: BEIS.

TABLE 2: POLICY DEVELOPMENT

Industry Code Governance reform - Ofgem is leading
implementation of CMA recommendations to support strategic
industry change.

Coal power and clean growth — end use of coal for electricity
generation by 2025.

RIIO-2 price control — Ofgem’s planning for the next round of price
controls, for monopoly electricity and gas network companies.

Industry technical standards — standards across electricity and gas
were designed many years ago and may be encouraging
overinvestment given improvements in technology. For example,
P2-6 electricity standards, or British gas quality specifications.

Switching — BEIS is working with Ofgem to take forward a number
of initiatives designed to make it easier for customers to switch
energy suppliers. This includes proposals by Ofgem for delivering
next-day switching, published in its consultation on 21st September
2017.

Network charging — Ofgem is responsible for making changes to the
way that network costs are recovered to ensure recovery is cost-
reflective. Ofgem’s targeted charging review has set out options for
residual network cost recovery.

Locational signals — Ofgem will publish a working paper in autumn
2017 on how to provide users with improved signals about the
incremental costs and benefits of their network usage, either
through charging signals, changes to market design, or market
access reform
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Smart Energy — BEIS is working with Ofgem to manage the transition
to a smarter system, where the department’s role is to establish the
policy and legal framework, enabling Ofgem to regulate the sector
accordingly. (BEIS and Ofgem (2016), ‘A Smart, Flexible Energy
System: Call for Evidence’, November; BEIS and Ofgem (2017), ‘A
Smart, Flexible Energy System: Question Summaries and Response
from Government and Ofgem’, July; BEIS and Ofgem (2017),
‘Upgrading Our Energy System: Smart Systems and Flexibility Plan’,
July.

See summary of the plan below:

- Removing barriers to smart technologies — providing
regulatory clarity and a fairer charging system to encourage
growth of the sector, particularly for energy storage.

- Smart homes and businesses — delivering the necessary
infrastructure and system enablers for further growth in this
sector, such as time-of-use pricing and appliance standards to
enable automation and ensure cyber security.

- Markets that work for flexibility —improving access to markets
(eg, capacity market, balancing mechanism, ancillary services)
for the sector to improve the revenue-stacking potential for
smart technologies, and to enable access to new markets such
as at a local network level.

The government’s Clean Growth Strategy, announced in October
2017, sets out a series of low-carbon policies to encourage
economic growth while meeting environmental commitments.

Source: BEIS.

BEIS’s initial list of policies and interventions has been kept to a high level in the first instance. It is

the tip of the iceberg. In addition, there are numerous regulatory rules, codes, licences, and other

interventions.

Understanding, compliance and lobbying have created numerous costs on companies (consumers
do not really have the opportunity to significantly influence the details). Every main energy company
and every main energy-consuming company has its own regulatory team, and a number of
significant and in some cases highly effective trade bodies have emerged. Most of this is deadweight
welfare loss, both directly in the administrative costs and more seriously in the resulting allocative
distortions. My proposals for a long-term framework are designed to sharply reduce this burden. It

is intended to be as lobby-proof as possible. As a result, many vested interests will not welcome

reduction in their scope for lobbying and capture.
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There are lots of major official bodies and organisations running this mass of interventions. The
short list includes:

- BEIS

- HM Treasury (energy and carbon taxation, and public expenditure)
- Carbon Trust

- Committee on Climate Change

- Committee on Fuel Poverty

- Crown Estate

- Defra

- Department for the Economy (Northern Ireland)

- Electricity Market Reform Settlement Limited

- Electricity Settlement Company

- Environment Agency

- European Commission

- Health & Safety Executive

- Low Carbon Contracts Company

- National Grid

- Office for Nuclear Regulation

- Ofgem

For each intervention there is a long list of policies, regulations and strategies —to add to the three
pages above from BEIS. It would be beyond the comprehension of any civil servant, minister or
participant in these markets. A classic feature of capture holds: the particular interested party would
have superior information. Asymmetric information between the government and regulators on the
one hand, and the vested interest on the other, is a bigger problem, the more complex the
interventions. Yet almost every measure on the long list would have some party who would want
to defend and protect it. The opposition to piecemeal reform is likely, therefore, to be tortuous,
and this is why it is imperative to go back to first principles, which is what the long-term framework

| set out in section 11 does.

A further example of complexity is illustrated by the multiple interventions to address energy

efficiency. The short list is set out below.
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TABLE 3: ENERGY EFFICIENCY SCHEMES

Scheme

Public Sector Energy

Efficiency Loans Scheme

Re:Fit

Products policy

Green Government
Commitment

Climate Change Levy
Climate Change
Agreements

CRC Energy Efficiency
Scheme

Energy Saving
Opportunity Scheme

Smart Metering

Energy Company
Obligation

Private Rented Sector
Regulations

Building Regulations

Description

Interest-free loans to public sector bodies in England to undertake energy
efficiency works

Procurement framework for public bodies undertaking energy efficiency and
generation works

UK implementation of EU directive on energy performance of energy-using
products

Targets for government departments and agencies to reduce their
environmental impact, including carbon emissions

Tax on energy supply to business and public sector consumers

Voluntary agreements undertaken by organisations subject to the CCL to
reduce emissions, thus qualifying for a reduced CCL rate

Requirement on large energy consumers to buy emission allowances and
provide evidence on their energy consumption

Requirement on businesses and public sector organisations to undertake
quadrennial energy use audits and identify measures that could improve
energy efficiency

Programme to roll out smart meters to all domestic and small business
consumers

Requirement on large domestic energy suppliers to achieve carbon and bill
savings through the installation of energy-saving measures in domestic
properties

Requirement that from 1st April 2018 any properties rented out in the
domestic and non-domestic private rented sector must have a minimum
energy performance rating of E on an Energy Performance Certificate

The Building Regulations set minimum energy performance standards for
new buildings and when building work is carried out to existing properties

Source: UK National Energy Efficiency Action Plan, 28th April 2017, available at
https://ec.europa.eu/energy/sites/ener/files/documents/uk neeap 2017.pdf.

Notes: More comprehensive information is available in Annex A of the UK’s National Energy Efficiency

Action Plan.

Forecasting and modelling to support the interventions

To support the various interventions, and especially the ROCs, FiTs and the low-carbon CfDs, BEIS,

and the Department of Energy and Climate Change (DECC) before it, produces fossil fuel price

assumptions and from these the wholesale price assumptions. But assumptions do not come out of

thin air: they are in reality forecasts, and | shall treat them as such in this review.

If the government is going to get deeply involved in being the central contractor, to contract on a

technology-by-technology basis, and run multiple policy interventions, it needs to try to second-

guess the results the market would otherwise have produced. It needs to forecast the future.
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Conversely, if the government gets out of many of these activities, it does not need to be in the

forecasting and modelling business.

Those forecasts made between 2010 and 2015 have been particularly poor, and have led to some
unsatisfactory decisions. The beliefs held by DECC and its various ministers, particularly as regards
peak oil and ever-rising oil, gas and coal prices, led to its 2014 prediction that by 2020 electricity
prices would be 7% lower than they would have been without the renewables investments and
other policy interventions, including energy efficiency measures. This prediction was based on the

assumption of rising and volatile gas prices.

DECC could not, however, hold out the prospect of lower electricity prices by 2030, as the legacy
costs of its policies kept adding to the bills. The box and chart below set out its analysis and

projections through to 2030.
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PRICES AND BILLS REPORT 2014 — IMPACT OF POLICIES

The 2014 prices and bills report analysis was based on the 2014 fossil fuel price assumptions. It
concluded that by 2020 the average net impact of policies on household energy bills is estimated
to be a saving of around £92, or 7% (see table and chart below). This is because although the
cost (and resulting impact on bills) of supporting investment in low-carbon technologies is
expected to increase, the savings from energy efficiency policies are also expected to increase.

FIGURE 14: IMPACT OF POLICIES ON HOUSEHOLD ENERGY BILLS

Table 2: Summary of estimated average impact of policies on household gas and electricity

bills (inc. VAT)
. 2030% (See

Real 2014 prices 2014 2020 footnote)
Average gas bill without policies £832 £778 £897
Average gas bill with policies £783 £713 £795
Impact of policies on average gas bill G 09 210

S 9e g (-6%) (-8%) (11%)
Average electricity bill without policies £627 £633 £689
Average electricity bill with policies £586 £606 £729
Impact of policies on average electricity -£41 -£27 £40
bill (-7%) (-4%) (6%)
Average energy bill without policies £1,459 £1,411 £1,586
Average energy bill with policies £1,369 £1,319 £1,524
Impact of policies on average energy -£90 -£92 -£62
(gas plus electricity) bill (-6%) (-7%) (-4%)

Source: BEIS.

Chart 7: Estimated household energy bills with and without policies® (See footnote for 2030)

Total bill £1,459 £1,369 £1,411 £1,319 £1,586 £1,524 i
e
£1,800 - ;
Saving of £90 . Saving of £62
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o
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£1,400 B lights on
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w Other Supplier Costs and |
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£400 -
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2014
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Source: DECC (2014). Figures may not sum due to rounding.
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BEIS is still in the business of producing forecasts with rising fossil fuel prices in the revisions it has
subsequently made. The graphs below show the 2016 projections for oil prices, and the 2014 and

2016 projections for gas and coal prices.

FIGURE 15: BEIS 2016 OIL PRICE ASSUMPTIONS
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FIGURE 16: BEIS 2014 AND 2016 GAS PRICE ASSUMPTIONS COMPARED
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FIGURE 17: BEIS 2014 AND 2016 COAL PRICE ASSUMPTIONS COMPARED
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Source: DECC and BEIS (2014, 2016), Fossil fuel price assumptions.

These projections jump around a lot. The changes are big, and in themselves illustrate not only the
scale of the mistakes, but the risks of relying on them for the purposes of informing BEIS's

interventions.

What matters is what these projections/assumptions/forecasts are used for. In the electricity
sector, the central planning functions that DECC took on with Electricity Market Reform (EMR)
necessitated it adjudicating on value for money in granting ROCs, FiTs and low-carbon CfD contracts,
and especially once the FiTs (like the ROCs) are banded. In considering whether the CfD for Hinkley
or for offshore wind passes the test, in the context of the carbon budgets, a high assumption for gas
and coal prices pushes up the predicted wholesale costs (driven by gas and coal prices), and this in
turn pushes up the level of the FiT which would be expected to be ‘in the money’ in respect of the

CfD with the wholesale cost. Auctions subsequently showed how wrong these projections were.

With this in mind, let us consider the latest BEIS wholesale electricity assumptions. The chart below
shows how these have fallen with lower gas price projections, but still shows the wholesale price

rising.
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DECC/BEIS projections and outcomes

FIGURE 18: DECC/BEIS WHOLESALE ELECTRICITY PRICE PROJECTIONS
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Source: DECC and BEIS (2012-16), Fossil fuel price assumptions; BEIS (2017), Energy and emissions projections
2016; HM Treasury (2017), GDP deflators at market prices, and money GDP: March 2017 (Spring Budget 2017).

What is remarkable about these assumptions is that they do not factor in falling fossil fuel prices
through to 2030 and beyond. Had assumptions of falling wholesale prices been used instead of the
‘ever-rising’ scenarios, then the question arises as to whether the policy decisions would have been
different and the costs of energy correspondingly lower. Lower fossil fuel projections would have:
- increased the importance of switching from coal to gas early on in the decarbonisation process;
- increased the relative costs of renewables in the early period;

- raised the total estimated costs of subsidies to renewables.

Lower fossil fuel prices may also have changed the slope of the transition path from the outset to
the 2050 target. In section 2 | noted this link to the linear decarbonisation profile in the CCC path to
the 2050 target in the CCA.

While the private sector has to forecast, and its investment decisions reflect companies’ assessment
of the net present value of projects, it is important to recognise that this is not necessary for
government, except in some specific and difficult cases. In a competitive electricity industry, prices
are the outcomes of a competitive process, and they are revealed in the wholesale and capacity

markets. They are not assumptions. It is the absence of markets that leads to the need to forecast.
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A more market-based approach reduces the need for direct intervention, and hence the need for

forecasts.

The obvious way to reveal prices in a central-buyer context of capacity and FiTs contracts is to
auction the requirements for capacity and for the decarbonising investments. In section 7 |
recommend a single unified equivalent firm power (EFP) auction. This would generalise the
capacity- and technology-specific auctions held so far, and further downgrade the need for BEIS to

model the energy system and to conduct economic appraisals on the basis of these assumptions.

As was recognised in the early 1980s, the then Department of Energy needed to undertake
extensive modelling because the industries were nationalised and planned. There were no
competitive markets. At this time the planned systems produced some stunning mistakes, revealing
a capacity margin of around 40% in the early 1980s. It was the combination of the Plan for Coal, the
nuclear programme, and the Central Electricity Generating Board’s (CEGB) coal power stations
investments which produced so much capacity to make any further investment in the 1980s
unnecessary. This did not, however, stop the CEGB forecasting ever-higher fossil fuel prices at the
Sizewell and Hinkley Inquiries in the 1980s, and in the latter case to comprehensively ignore the

possibility that the alternative to the Hinkley proposal at the time might be gas and not coal.

With the abolition of the Department of Energy in 1992, forecasting and detailed modelling ceased
since it was no longer relevant. From privatisation in 1990 and the creation of the electricity Pool

and capacity mechanisms, investment decisions were passed from the CEGB to the private sector.

The exceptional cases where the government explicitly or implicitly may have to make assumptions
about fossil fuel prices concern those investments that cannot be subjected to competitive market

tendering. These fall into two categories: nuclear; and emerging and immature technologies.

In the case of nuclear, the nature of the costs, the time horizons, and the societal decisions about
risk and waste make these investments always a matter for the state. Unless there is a market belief
that fossil fuel prices will rise very sharply, and the markets are prepared to offer long-term
contracts to match such projections, nuclear will not be developed by the competitive markets. The

government therefore needs to decide whether and how to proceed.

Even where the state decides to proceed, there are a number of ways in which costs can be revealed
through auctions and competitive tendering. The nuclear sites can be auctioned, and if the state is

directly involved in projects (as it is in most countries), the contracts for the components of nuclear
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power stations can be auctioned too. There is then only a residual question as to whether the overall
outlook for fossil fuel prices, and the alternative ways of achieving the carbon budgets, merit the

investments.

In any event, over time horizons which extend to or beyond 30 years, the only way to form a view
of the likely fossil fuel prices is qualitatively, not quantitatively. By 2050, the speed of technical
change and the decarbonisation policies around the world, following the Paris Agreement, imply
that the market for fossil fuels may be in steep decline, and producers will be competing for a
diminishing market and diminishing value for their reserves. Indeed, they have to be if
decarbonisation is to be achieved. There are good qualitative reasons for assuming that this is a
world of falling oil, gas and coal prices. This is not what BEIS assumes, and it is not what the long-

run oil supply curve presented in the BEIS 2016 assumptions suggests.

This is not just an interesting academic argument. The mindset that goes with ever-higher fossil fuel
prices is at odds with a host of technological developments described in section 6, and has led to
serious and fundamental mistakes in energy policy, with serious cost implications. These legacy
costs will continue to overhang the costs of energy up to 2030 and beyond. Poorly thought-through
assumptions tend to justify preconceived policies: they can be examples of policy-driven evidence,
whereas it should be evidence-based policies. There is a risk that these assumptions could serve to

justify decisions which ministers might have been already minded to make.

Since the assumptions impact on the policy interventions, they are also a focus for lobbying. There
are deep vested interests in the numbers. There is a long track record of using forecasts and
assumptions as part of lobbying activities. It is a way in which an apparently ‘technical analysis’ can

lead to capture.

There are two possible strategies to cope with this complexity of intervention and the forecasting
that supports it. The first is to try to refine and improve each intervention and to forecast better.
The second is to reduce the cause of capture — the complexity itself. This requires a fundamental
reappraisal, and a focus on the minimum interventions necessary to achieve the two overarching
objectives — decarbonisation and security of supply. It is instructive to compare the simple optimal
policy instruments — a carbon price and a capacity auction to meet the carbon budgets and the
security of supply margin, respectively — with the sheer scale of interventions described above. In

sections 11 and 12 | recommend some radical simplifications.
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MAIN FINDINGS AND RECOMMENDATIONS

The detailed mass of interventions is beyond the capacity of officials, regulators and

companies to comprehend.
Complexity encourages lobbying by vested interests in each intervention.
Piecemeal reforms will almost certainly fail.

BEIS should consider qualitative analysis of the long-run future of fossil fuels and fossil fuel

demands as demand falls with decarbonisation.

BEIS (and CCC), to the extent that it continues to use assumptions for the residual
non-auctioned contracts, should consider a much wider range of scenarios, including a low

and falling one for oil, gas and coal prices.

The government should carry out a comprehensive review of statistical, scenario and

forecasting activities in BEIS.
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5. The Legacy Costs

This section addresses:

— the capacity shortfalls as coal closes

— the legacy contracts for ROCs, FiTs and low-carbon CfDs
— the ‘legacy bank’ concept

— how the legacy costs could be securitised

— options for recovering the costs of the legacy assets

The pre-2000 legacy assets

Energy systems comprise assets created in the past in the context of the expectations of the time.
In the British case, that past is in some cases a long way away. The last coal station built was DRAX
in the 1970s, and the nuclear fleet is mostly getting towards the end of its life. Even the first
generation of closed-cycle gas turbines (CCGTs) is ageing. The cost of energy is therefore, in
significant part, about paying for past investment and operating plant that are suboptimal by

today’s standards.

The inherited power stations have broadly served us well, because until very recently the electricity
sector has seen a noticeable absence of much technical progress. The coal power station is 19th-
century technology; the combined cycle is part of the turbine advances made during the Second
World War; and the PWR (pressurised water reactor) nuclear reactor is 1950s vintage. Most of the
transmission and distribution cables have seen only small incremental improvements. Indeed, 19th-

century cables that are oil-filled for cooling can still be found in London.

The dramatic fall in the share of coal in recent years is illustrated in the box below, followed by a

table and bar chart showing the main technologies in the capacity mix going back to 1990.
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THE SHARE OF COAL AND THE SHIFT IN THE CAPACITY MIX
FIGURE 19: COAL SHARE OF GENERATION
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Source: BEIS (2017), Energy trends.

TABLE 4: HISTORICAL PLANT CAPACITY (GW)

1990 2000 2010 2016
Coal 343 24.8 23.1 134
Oil 11.9 2.9 3.6 0.0
Other conventional steam stations? 8.2 10.6 8.5 33
CCGT 0.0 21.1 34.0 31.8
Gas turbines and oil engines 3.1 1.3 1.8 1.4
Nuclear 11.4 12.5 10.9 9.5
Hydro? 4.2 4.3 4.3 4.4
Wind? 0.0 0.2 24 7.0
Solar? 0.0 0.0 0.0 2.0
Other renewables? 0.0 0.8 1.9 5.5
Total 73.1 78.5 90.4 78.3

Source: Digest of UK Energy Statistics, various editions.

Notes: Data before 2006 is based on declared net capacity. * Includes gas-fired stations that are not CCGTs,
or have some CCGT capability but mainly operate as conventional thermal stations. 2 Small-scale hydro,
wind and solar PV capacity is shown on declared net capability basis, and is de-rated to account for
intermittency, by factors of 0.365, 0.43 and 0.17 respectively. 3 Includes bioenergy, wave and tidal.
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FIGURE 20: HISTORICAL PLANT CAPACITY (GW)
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Source: Digest of UK Energy Statistics, various editions.

The table below sets out all the coal plants currently operating in the UK. In BEIS’s latest projection,

all coal plants will have closed by 2025.

TABLE 5: EXISTING COAL PLANTS

Company

Drax Power Ltd

EDF Energy
EDF Energy

Eggborough Power
Ltd

RWE npower plc

Scottish & Southern:
Thermal

Scottish & Southern:
Thermal

SIMEC

Uniper UK Limited

Station

Drax —
coal units

Cottam
West Burton
Eggborough

Aberthaw B
Fiddler’s Ferry

Slough

Uskmouth
Power

Ratcliffe

Fuel

Coal

Coal
Coal

Coal

Coal

Coal/
biomass?!

Coal/
biomass/
gas/waste-
derived
fuel?

Coal

Coal

Installed
capacity
(Mw)

1,980

2,008
2,012
1,960

1,586
1,961

35

230

2,000

Source: Digest of UK Energy Statistics (July 2017), Table 5.11.

Year of
commission or
first generation

1974

1969
1967
1967

1971
1971

1918

1966

1968

Location

Yorkshire and the
Humber

East Midlands
East Midlands

Yorkshire and the
Humber

Wales
North West

South East

Wales

East Midlands

Notes: ! These plants would not be able to run as coal after 2027. Their support payments will stop, but the

decision to close would be their own.
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Table 6 sets out the nuclear plants which are due to retire by 2035, followed by a chart showing the

overall closures through to 2030.

TABLE 6: NUCLEAR PLANTS DUE TO RETIRE BY 2035

Installed capacity Year of commission or Expected
Station (MW) first generation Location: shutdown
Dungeness B 1,050 1983 South East 2028
Hartlepool 1,180 1984 North East 2024
Heysham 1 1,155 1984 North West 2024
Heysham 2 1,230 1988 North West 2030
Hinkley Point B 955 1976 South West 2023
Hunterston B 965 1976 Scotland 2023
Sizewell B 1,198 1995 East 2035
Torness 1,185 1988 Scotland 2030

Source: Digest of UK Energy Statistics (July 2017), Table 5.11; World Nuclear Association website:

http://www.world-nuclear.org/information-library/country-profiles/countries-t-z/united-kingdom.aspx;

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/604271/Nuclear Capacity
in_the UK.pdf.

FIGURE 21: PROJECTED CAPACITY CLOSURES, 2016—30
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Source: BEIS (2017), Energy and emissions projections 2016.

It is only recently that the energy mix has been open to technical change. It was illegal in Europe
(and the US) to burn gas in power stations until 1990, for fear that a precious fuel might be depleted

too quickly instead of being reserved for the higher-value petrochemicals industry.

With the exception of the ageing nuclear power stations, and before the coming of the capacity

contracts, these older assets do not come with legacy costs that impact on the costs of energy going
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forward. They are legacy assets but not legacy costs. Most of those assets built by the CEGB were
paid for on a pay-as-you-go basis, and have been depreciated. They have been paid for by
consumers already. Their current value is determined by the expected revenues which come from
the wholesale market and any new capacity contracts they can attract, minus the costs of carbon
and complying with other emissions regulations. This balance determines whether the stations

should be closed.

The coming of capacity contracts adds a new dimension to the cost of energy from these older
stations going forward. As the capacity market has tightened, and as more intermittent renewables
have come onto the system, some of these stations have been offered limited fixed-price contracts
over a forward period to have their capacity available. There is then a forward cost over and above
the returns from the wholesale market. In a further twist, as the wholesale price has fallen, for
reasons which will be explained in section 7, the closure decisions have in some cases been brought
forward (and reinforced by the CPF and environmental regulation). Finally, there are a number of

balancing and ancillary services these old stations may be able to provide and get paid for.

The post-2000 renewables and their legacy costs
Since 2000, the pace of change has accelerated with the coming of renewables which have been
grafted onto a system designed with ever-larger baseload power stations in mind. So far, these have

added quite a lot of capacity, but less energy.

The UK embarked on a dash to meet the EU Renewables Directive target, which was one for energy

rather than electricity.

The EU has adopted a definition of renewables which excludes low-carbon nuclear, but includes
biomass. Indeed, biomass makes up a significant proportion of all the renewables in the EU in
meeting the Renewables Directive. Large-scale biomass can lead to significantly higher-carbon

pollution than nuclear.

The EU proposes a new EU-wide renewables target from 2020 to 2030, backed up by national plans

scrutinised by the Commission to determine whether they are consistent with the overall EU target.

A post-Brexit UK can avoid these additional technology constraints, and there is in any event scope
to come up with a better definition of renewables and what qualifies for FiT and low-carbon CfD
support. Given that the target in the CCA is in carbon, it should be a low-carbon generation measure

and not an arbitrary renewables one. As the costs of renewables fall, the special treatment can
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wither away over the next decade. | set out proposals on how to do this, and how to manage the

transition in Part .

There have been a series of mechanisms for subsidies beginning with the ROCs, then the FiTs and

the CfDs. In section 7 | set out the various support mechanisms.

The current renewables have significant legacy costs, which will contribute to electricity bills going
forward. They should be clearly separated from the costs of future renewables, which are likely to
be much lower. If the full avoided carbon costs are factored in, and with new battery storage and
demand-side technologies and options, they should be able to compete with the conventional fossil
fuels, once they too pay their full carbon costs. The cost of capital will also be important, especially

in respect of some of the securitisation options | advance in section 7.

Calculating the legacy costs of all the renewables contracts already signed for the coming years
depends on a number of underlying assumptions, and in particular the expected wholesale costs,
and in turn the underlying assumptions about gas prices. It also requires that the carbon price is
factored in. There is no obvious ‘right answer’, because there are no obvious ‘right assumptions’.
But the exact calculation, and the particular assumptions, are less important that getting the broad
numbers for the legacy roughly right. | recommend that the government should carry out a series

of calculations based on a range of assumptions.

The Levy Control Framework (LCF) was designed to control the costs of supporting low-carbon
electricity, paid for through consumers’ energy bills. It sets an annual budget for projected costs of
all BEIS’s low carbon electricity levy-funded schemes until 2020/21, rising to £7.6 billion in 2020/21
(2011/12 prices).

The LCF includes the costs of the CfDs, the RO, and the FiTs, as well as early CfDs awarded under

the Final Investment Decision enabling for Renewables (FIDeR) process.

The CCC has produced estimates of the LCF cost to 2030. They are estimates of support payments
only, and ignore intermittency, merit order effects, and other costs. It is in the nature of systems
that costs cannot be assigned on a marginal basis: that is what follows from having an integrated

system. These extra legacy costs are therefore open to debate.

The table below sets out the CCC numbers, followed by a chart of how the LCF grows over the

period.
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TABLE 7: THE CCC’S ESTIMATES OF LCF COSTS

£ million

Committed renewables to 2020

Small-scale FiTs (eg, rooftop solar)
Renewables Obligation

First CfD auction round

FIDeR CfD projects

Announced low-carbon projects beyond 2020
September 2017 offshore wind auctions
Further funding announced for offshore wind

Hinkley Point C

Additional low-carbon generation in CCC’s Fifth Carbon Budget scenarios

Offshore wind

CCs

Hinkley

Mature renewables (onshore, solar)

Marine

Low Carbon Contracts Company (LCCC) administration

costs
Total LCF costs
% of total that is already committed

% of total that is required for Fifth Carbon Budget
Source: CCC.
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2016
5,511
1,123
4,017

370

5511
100%
0%

2020
8,832
1,207
5,395
511

1,719

17

8849
100%
0%

2030
7,298
1,207
4,483
301
1,307
1282
307
465
510
864
317
797

-559
310

17

9461
91%
9%
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FIGURE 22: LEVY CONTROL FRAMEWORK AND PROJECTIONS
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Source: BEIS (2016), ‘Consumer-funded Policies Report’,
https://www.gov.uk/government/publications/consumer-funded-policies-report; Office of Budget
Responsibility (2017), ‘Economic and Fiscal Outlook — March 2017/, available at
http://budgetresponsibility.org.uk/efo/economic-fiscal-outlook-march-2017/.

Notes: Spend up to and including 2015/16 is actual data as published by BEIS (2016); spend from 2016/17 is
projected as published the Office of Budget Responsibility (2017) and converted to real 2011/12 prices using
RPI and CPI forecasts published by the Office of Budget Responsibility in March 2017; ‘Contracts for
Difference’ is the sum of CfDs, investment contracts, and LCCC operating costs.

The LCF costs qualify for the legacy cost category, but they may need adjustment to take into
account the appropriate cost of carbon and other assumptions which | have recommended should

form part of the government’s analysis.

There are three main points which emerge from the CCC calculations and the forward-looking chart.
First, the sheer scale of the numbers gives an indication of how expensive the ROCs and EMR
contracts have been so far. It is hard to imagine that more carbon reductions could not have been
achieved for a total cost which will exceed £100 billion by 2030 — or that the same could not have
been achieved for significantly less. Second, the numbers are around 90% already determined.
Falling costs for future renewables will not result in lower legacy costs. Third, the falling costs of

intermittency will not feed through to a lower LCF because these costs are excluded.

It would be wrong, however, to assume that all the LCF costs could have been avoided. The glaring
omission in this calculation is the cost of carbon. From the broader economic perspective, the

renewables and nuclear are part of the ways in which the carbon budgets are being met. If the
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carbon price that would be necessary to meet the carbon budgets is deducted from the LCF, the

measure would be a better estimate.

Whatever the ‘right’ answer, the key fact is that these LCF costs are sunk. There is no escape, and
this is why they should be treated as legacy costs and taken out of the market. Sunk costs should
not impact on future behaviour — even if they have to be paid for. The challenge is to isolate them
out so as to limit the impacts on future behaviours to ensure that the money raised to pay for them

is as least-distorting as possible, and to minimise them.

The legacy costs can be grouped into a ‘legacy bank’. This would contain the liabilities that
customers and industry face from past ROCs, FiTs and CfD contracts that are out of the market,
however calculated, and the liabilities for future contracts that are out of the market, for as long as
the FiTs and low-carbon CfDs persist. There is a parallel with the out-of-the-market loans included

in ‘bad banks’ after the financial crisis.

These legacy costs cannot be avoided: they are legal contracts that are backed by the government.
Part Il sets out how these costs might be reduced by more efficient approaches to financing, as well

as some of the opportunities to renegotiate them.

The merit of their separate identification is that they can be taken out of the market, leaving the
future market to reflect the expected falling prices for renewables, for batteries and storage, for
the demand side, and decentralised electricity systems. They would represent a transparent charge,
and be open to government to choose between the alternative bases — between household and
industrial customers and other options. As set out in section 10, there is a good case for exemption
of industry from these legacy costs. This would have the merit of regularising the many and varied
exemptions, and put industry on a common footing, and a common harmonised carbon price which

| recommend in section 10.
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MAIN FINDINGS AND RECOMMENDATIONS

The government should adopt a low-carbon definition to replace the narrow EU renewables
definition as a temporary measure for the renewables transition towards subsidy-free

status.

Legacy contracts should be grouped into a legacy bank. The bank should include all the
outstanding ROCs, FiTs and low-carbon CfD contracts. These should be ring-fenced and
separated, distinguishing between the competitive price of electricity going forward and

what is in effect a tax on customers.

Government should consider how it wants to allocate legacy costs between customers. This

should be explicit and transparent in customer bills.

It is likely that further nuclear projects will add to the legacy bank liabilities, as will Hinkley

beyond 2030.
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6. Technical Change

This section addresses:

— the potential of the technical changes coming

— the impacts of the digitalisation of the whole economy and what this means for
electricity

— the next generation of renewables

— the electric transport opportunities and impacts

— theinherent uncertainty and how policy and regulation should take it into account

— the role of R&D, innovation, and industrial strategy and policies

Technical change not only reduces costs and creates new products and services, but also changes
the cost structure of the energy industries. While many focus on trying to predict how the
technologies will evolve, the main concern for the cost of energy is how the generic characteristics
of the coming technologies change underlying cost structures and therefore the structure of th