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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.  

I have resisted such pressures to the best of my ability. I 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. I have actively participated in the debates and 

discussions on all of these and published numerous papers and books, including most recently: The 

/ŀǊōƻƴ /ǊǳƴŎƘΥ Iƻǿ ²ŜΩǊŜ DŜǘǘƛƴƎ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ²ǊƻƴƎ ς 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 I 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 I am responsible for all and any errors that they may contain. This disclaimer applies especially to 

Aurora Energy Research Ltd, which I 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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I 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 ς a lack of 

storage and passive demand ς 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. 

I have had the benefits of the Competition & Markets Authority (CMA) ǊŜǇƻǊǘΣ Ψ9ƴŜǊƎȅ aŀǊƪŜǘ 

LƴǾŜǎǘƛƎŀǘƛƻƴΥ Cƛƴŀƭ wŜǇƻǊǘΩ (June 2016); several reports by the Committee on Climate Change (CCC) ς 

most notablyΣ Ψ9ƴŜǊƎȅ tǊƛŎŜǎ ŀƴŘ .ƛƭƭǎΥ LƳǇŀŎǘǎ ƻŦ aŜŜǘƛƴƎ /ŀǊōƻƴ .ǳŘƎŜǘǎΩ όaŀǊŎƘ нлмтύΣ ŀƴŘ Ψ¢ƘŜ 

Fifth Carbon Budget: The Next Step Towards a Low-ŎŀǊōƻƴ 9ŎƻƴƻƳȅΩ όbƻǾŜƳōŜǊ нлмрύΤ and the Clean 

Growth Strategy by the Department for Business, Energy & Industrial Strategy (BEIS) (October 2017). I 

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 I 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. I 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.  

I 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: ¢ƘŜ aŀƴǳŦŀŎǘǳǊŜǊǎΩ hǊƎŀƴƛǎŀǘƛƻƴ); 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. I 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 I 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. 

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

households and businesses. 

2. 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 2028ς32, at a 57% reduction on 1990 levels. 

3. 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. 

4. 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. 

5. 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. 

6. 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. 

7. 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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8. 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. 

9. The review will focus on system issues and will not comment on the status of individual projects. 

10. 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. 

11. The review will report at the end of October 2017. 
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Abbreviations  

AI 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) 
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LOLE Loss of load expectation 

LOLP Loss of load probability 

LPG Liquefied petroleum gas 

NETA New Electricity Trading Arrangements 

NIC National Infrastructure Commission 

NSO National system operator 

OCGT Open-cycle gas turbine  

OFFER Office of Electricity Regulation 

Ofgem Office of Gas and Electricity Markets 

OFTO Offshore transmission owner 

OPEX  Operational expenditure 

PES Public Electricity Supplier 

PFC Perfluorocarbons 

PPM Prepayment meter 

PV Photovoltaics 

PWR Pressurised water reactor 

RAB Regulatory asset base 

RIIO Revenue = Incentives + Innovation + Outputs 

RMR  Retail Market Review 

RO Renewables Obligation 

ROC Renewables Obligation Certificate 

RoRE Return on regulatory equity 

RPI Retail Price Index 

RSO Regional system operator 

SCC Social cost of carbon 

SMc Smart Metering consumption 

SMP System marginal price 

SRMC Short-run marginal cost  

ssFiT Small-scale feed-in tariff 

SVT  Standard Variable Tariff  

TDCV Typical domestic consumption values 

TOTEX Total expenditure 

USO Universal service obligation 

VOLL Value of lost load 

WTO World Trade Organization 
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Key Findings and Recommendations  

1. 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. 

2. 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. 

3. 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. 

4. 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-ŦŜƴŎŜŘΣ ŀƴŘ ǇƭŀŎŜŘ ƛƴ ŀ Ψlegacy bankΩ. 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. 

5. 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. 

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

carbon production target. 

7. 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 
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invest in the demand side, storage and back-up plants. The balancing and flexibility of markets should 

be significantly encouraged. 

8. 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. 

9. The current RIIO (Revenue = Incentives + Innovation + Outputs) periodic review price caps for the 

transmission and distribution companies are already being significantly outperformed ς in part 

because of mistakes in the assumptions ς 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. 

10. 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 eightςten years hence is impractical. 

11. 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. 

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

by a simpler, single licence. 

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

diminished. 

14. 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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15. 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. 

16. 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  

1. This review has two main findings. The first is that the cost of energy is significantly higher than it needs 

ǘƻ ōŜ ǘƻ ƳŜŜǘ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ, 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. 

2. 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. 

3. 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. 

4. 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. 

5. 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 20ς25% higher in 2017 
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(assuming no sharp fall in GDP in the immediate aftermath of the crash and 2ς3% 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. 

6. 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 Ψpicking winnersΩ. 

Unfortunately, losers are good at picking governments, and inevitably ς as in most such picking-

winners strategies ς the results end up being vulnerable to lobbying, to the general detriment of 

household and industrial customers. 

7. 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 ς 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. 

8. 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.  

9. 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. 

10. 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. 

11. 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. 

12. 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. 

13. 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. 

14. 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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15. 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. 

16. 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. 

17. 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. 

18. 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. 

19. 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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20. 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. 

21. 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. 

22. 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.  

23. OfgemΩǎ ǊƻƭŜ ƛƴ ǊŜƎǳƭŀǘƛƻƴ ǎƘƻǳƭŘ ōŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǊŜŘǳŎŜŘ ŀǎ ǘƘŜ b{h ŀnd 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. 

24. 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. 

25. 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. 

26. 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  

1. 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 ς and when it tries, unsurprisingly, it often does it very 

badly. 

2. 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 ς and in particular the objectives, market 

design, regulatory frameworks, subsidies and the taxes ς and it should bear down on the market 

power.  

3. Part I 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. 

4. The governmentΩǎ ŎǳǊǊŜƴǘ 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. 

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

follows. 



| Cost of Energy Review |  

2 
 

  

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

6. 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. 

7. 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? 

8. 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.  

9. 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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10. 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 ς and whether the objective of having the lowest bills in 

Europe is properly defined. 

11. 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 

ǎǳǇǇƭȅ ǇǊƛŎŜǎ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ǎƻƳŜ ŜȄǇƭƛŎƛǘ ŀƴŘ ƭƻǘǎ ƻŦ ƛƳǇƭƛŎƛǘ ŎƻƴǘǊƻƭǎΦ ¢ƘŜǊŜ ƛǎ ƴƻ ΨŦǊŜŜ ƳŀǊƪŜǘΩ ƛƴ 

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.  

12. 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 ς and not 

the consumer ς 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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13. 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. 

14. 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 (AI). 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.  

15. 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. 

16. Generation is changing too. There have been radical breakthroughs in new materials. Among the 

main low-carbon technologies ς solar (including wind), nuclear, geothermal and gravity (mainly 

hydro) ς 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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17. 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.  

18. With the building blocks in place, Part II 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. 

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

this transformation.  

20. 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 II 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. 

21. To get from here to there, major new investment will be required ς 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.  

22. 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 
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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.  

23. 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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PART I 

THE BUILDING BLOCKS 
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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 

  
1. 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.  

2. 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.  

3. 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. 

4. 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. 

5. An absolute objective of reducing costs is not necessarily compatible with the other objectives. It 

Ƙŀǎ ǘƻ ōŜ ΨǎǳōƧŜŎǘ ǘƻ ƳŜŜǘƛƴƎ ǘƘŜ ǎŜŎǳǊƛǘȅ ŀƴŘ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ƻōƧŜŎǘƛǾŜǎΩΣ ōŜŎŀǳǎŜ ǎŜŎǳǊƛǘȅ ŀƴŘ 

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.   

6. 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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7. 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.  

8. hƴ ǎŜŎǳǊƛǘȅ ƻŦ ǎǳǇǇƭȅΣ ǘƘŜǊŜ ƛǎ ƴƻ ǇŀǊŀƭƭŜƭ Ψ{ŜŎǳǊƛǘȅ ƻŦ {ǳǇǇƭȅ !ŎǘΩΣ ŀƭǘƘƻǳƎƘ 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. 

9. The conclusion that follows is that we face a two-part energy challenge ς 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.   

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

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

11. The UK has a binding unilateral carbon production target set out in the CCA ς 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. 

12. 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 

ǘŀǊƎŜǘǎΥ ǘƘŜ ¦YΩǎ ŎƭƛƳŀǘŜ ǘŀǊƎŜǘǎ ŀǊŜ ŀƭǊŜŀŘȅ ǳƴƛƭŀǘŜǊŀƭΦ 
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COMMITTEE ON CLIMATE CHANGE CARBON BUDGETS 

FIGURE 1: UK CARBON BUDGETS AND THE COST-EFFECTIVE PATH TO THE 2050 TARGET 

 

Source: Figure 1.1 from Committee on ClimatŜ /ƘŀƴƎŜ όнлмсύΣ Ψ¦Y Climate Action Following the Paris 
!ƎǊŜŜƳŜƴǘΩΣ ǇΦ мтΦ 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.  

NotesΥ IƛǎǘƻǊƛŎŀƭ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ƻƴ ŀ ΨƎǊƻǎǎΩ ōŀǎƛǎ όƛŜΣ ŀŎǘǳŀƭ ŜƳƛǎǎƛƻƴǎύΦ /ŀǊōƻƴ ōǳŘƎŜǘǎ ŀǊŜ ƻƴ ǘƘŜ ŎǳǊǊŜƴǘ 
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 

 

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 MtCO2e. This is on the basis of the current net carbon account scope. 

https://www.theccc.org.uk/wp-content/uploads/2016/10/UK-climate-action-following-the-Paris-Agreement-Committee-on-Climate-Change-October-2016.pdf
https://www.theccc.org.uk/wp-content/uploads/2016/10/UK-climate-action-following-the-Paris-Agreement-Committee-on-Climate-Change-October-2016.pdf
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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 

 

 



| Cost of Energy Review |  

12 
 

 

Source: Committee on Climate Change (2015), Advice on the Fifth Carbon Budget. 

Notes: OCGT, open-cycle gas turbine; CCGT, closed-cycle gas turbine. 

14. 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 

ǘƘŜƳΣ ŀƴŘ ǘƘŜ ΨǿƛƴƴŜǊǎΩ that this intervention would create. The risks of relying on this sort of 

planning are highlighted in section 4. 

15. 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.  

16. 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.  

17. 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 

ǇŀǘƘ ǘƻ нлрл ǿƛƭƭ ōŜ ƭƛǘǘŜǊŜŘ ǿƛǘƘ ΨǎǳǊǇǊƛǎŜǎΩΦ .ǳǘ ƛǘ ƛǎ Ƴƻǎǘ ƭƛƪŜƭȅ ǘƘŀǘ ŀǎ ǘŜŎƘƴƻƭƻƎȅ ƳƻǾŜǎ ƻƴΣ ǘƘŜ 

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.  

18. 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. 

19. 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 

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

ҍ Once a new carbon budget is set, the government is required to present to Parliament its 
ǇǊƻǇƻǎŀƭǎ ŀƴŘ ǇƻƭƛŎƛŜǎ ŦƻǊ ƳŜŜǘƛƴƎ ŎŀǊōƻƴ ōǳŘƎŜǘǎ ǳǇ ǘƻ ŀƴŘ ƛƴŎƭǳŘƛƴƎ ǘƘŀǘ ǇŜǊƛƻŘ Ψŀǎ ǎƻƻƴ 
ŀǎ ƛǎ ǊŜŀǎƻƴŀōƭȅ ǇǊŀŎǘƛŎŀōƭŜΩΦ 

ҍ 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. 

ҍ 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.  

ҍ The government has to report on progress each year to Parliament, and to submit a final 
ǎǘŀǘŜƳŜƴǘ ƻŦ ǘƘŜ ¦YΩǎ ŎŀǊōƻƴ ŀŎŎƻǳƴǘ ŦƻǊ ŜŀŎƘ ōǳŘƎŜǘŀǊȅ ǇŜǊƛƻŘΦ LŦ ǘƘŜ Ŧƛƴŀƭ ǎǘŀǘŜƳŜƴǘ 
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.  

ҍ 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. 

20. 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 

ҍ ¢ƘŜ ƴŜŜŘ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ǘƘŜǊŜ Ƙŀǎ ōŜŜƴ ŀ ΨǎƛƎƴƛŦƛŎŀƴǘ ŎƘŀƴƎŜΩ ƛƴ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ǎƛƴŎŜ 
the budget was set and take ƛƴǘƻ ŀŎŎƻǳƴǘ ƴƛƴŜ ΨƳŀǘǘŜǊǎΩ ǎŜǘ ƻǳǘ ƛƴ ǘƘŜ //! όǊŀƴƎƛƴƎ ŦǊƻƳ 
economic circumstances to international/EU developments). 

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

ҍ 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 ς so government needs to win 
votes on the floor of both Houses of Parliament. 

Source: BEIS. 
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21. The government has already reviewed the Fourth Carbon Budget (covering the period 2023ς27). 

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

22. Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ŎƘŀƴƎƛƴƎ ǘƘŜ ŀŎǘǳŀƭ ōǳŘƎŜǘ ƭŜǾŜƭΣ ǘƘŜ //! ƎƛǾŜǎ ǘƘŜ /// ŀ ƴǳƳōŜǊ ƻŦ ΨŦƭŜȄƛōƛƭƛǘƛŜǎΩ ƻƴ 

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 

ҍ 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.  

ҍ ¢ƘŜ ¦Y Ŏŀƴ ΨōƻǊǊƻǿΩ ŦǊƻƳ ƭŀǘŜǊ ŎŀǊōƻƴ ōǳŘƎŜǘǎ. The CCA allows for the government to 
increase the carbon budget in one period with a corresponding tightening in the next carbon 
ōǳŘƎŜǘΦ ¢Ƙƛǎ ΨōƻǊǊƻǿƛƴƎΩ ƛǎ ƭƛƳƛǘŜŘ ǘƻ м҈ ƻŦ ǘƘŜ ƭŀǘŜǊ ŎŀǊōƻƴ ōǳŘƎŜǘΦ  

ҍ 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. 

23. Lƴ ǳǎƛƴƎ ŀƴȅ ƻŦ ǘƘŜǎŜ ΨŦƭŜȄƛōƛƭƛǘƛŜǎΩ, the government must always have regard to the need for UK 

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

24. 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 

 

   

 MtCO2e % 

Business & industry 123 25 

Transport 120 24 

Power 104 21 

   

Homes 64 13 

Agriculture 49 10 

Other natural resources 27 5 

Public sector 8 2 

   

Source: BEIS (2017), Final UK greenhouse gas emissions national statistics, 1990ς2015, 

https://www.gov.uk/government/statistics/final-uk-greenhouse-gas-emissions-national-statistics-1990-

2015. 

Note: ΨhǘƘŜǊ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΩ covers land use, forestry, waste and fluorinated gases. 

https://www.gov.uk/government/statistics/final-uk-greenhouse-gas-emissions-national-statistics-1990-2015
https://www.gov.uk/government/statistics/final-uk-greenhouse-gas-emissions-national-statistics-1990-2015
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25. 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 ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ōǳǎƛƴŜǎǎ-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 

 

Source: CCC analysis. 

26. 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 ǎŜŎǘƻǊΩǎ 

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.  

27. There would also be significant additional benefits from both reducing emissions and increasing 

sequestration in agriculture, theǊŜōȅ ŜƴƘŀƴŎƛƴƎ ƴŀǘǳǊŀƭ ŎŀǇƛǘŀƭΣ ǿƘƛŎƘ ǳƴŘŜǊǇƛƴǎ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ 

25 Year Environment Plan. 
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28. 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. 

29. 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. 

30. In section 10 I 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. 

31. 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. 

32. 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 ς 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. I return to these issues and their possible remedies in sections 3 and 10. 
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Objective (ii): Energy security 

33. In the energy sector, security of supply has been an objective for most of the history of the industry 

ς ŀƴŘ ƻƴŜ ǘƘŀǘ Ƙŀǎ ƎŀƛƴŜŘ ƛƴ ǎƛƎƴƛŦƛŎŀƴŎŜ ŀǎ ǘƘŜ ŜŎƻƴƻƳȅΩǎ ǊŜƭƛŀƴŎŜ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅ Ƙŀǎ ƎǊƻǿƴ. Its 

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

34. 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.  

35. 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. 

36. 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. 

37. 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.  

38. 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. 

39. 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.  

40. 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.  

41. 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 I make recommendations for addressing these costs more effectively, and incentivising 

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

42. 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 ς and has been ς 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. 

43. 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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44. 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, I explain how system operators should take these into account. 

45. 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. 

46. The policy question is: how much security and of what type? In this review I 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 

47. 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. 

48. 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.  

49. 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 ς 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.  

50. 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. 

51. 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. 

52. 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. I 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. 

53. 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 

ҍ 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. 

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

should be integrated into the 25 Year Environment Plan. 

ҍ 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.  

ҍ 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 ς 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 

 

1. 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 

 

2. 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 

 

Source: Eurostat database. 
























































































































































































































































































































































































