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Prefaceand Acknowledgements

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

about the process beinigss 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 Yigfiective 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 y&ams, the initial liberalisatiomeasures
introduced back ir1982 through to the great privatisations, the reform of the wholesale markets in

2000, andElectricityMarket Reform (KHIR) in 2013. | have actively participated in the debates and
discussions on all of these and publishmdnerous papers and books, incladimost recently:The

/' ND2Yy [/ Ndzy OKY |1 2¢ 2 SQNB ¢an8 HavroyFa I2016)andBuinOut! K| y 3
The Endgame for Fossil FU2IB17). The experience that comes fraombining research withdvising

all the facets of the industry ovehis 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 companiasorganisationd have ha the privilege

to work with isin anyway responsite for the contentand 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 appligalsizec
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 vieesented hereinare not those of
Aurora, and none of the many talented people in Aards responsible foior has been privy tahis

review.
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| have set out a lorterm 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 securiplyof sup
This task is urgent not just because of the many failures of the current market, bidesisose of the
pressing needo meet the new and exciting challenges ahead whithcome withthe digitalisation

of the economy, electric transport, new stoglemandside opportunitiesand the development of
decentralised energy systems. This new world stamdtheir head the current assumptioias which

the industry is structured: the new world is likely to be more zero marginal cost and cageeén,
rather than a marginal cosiriven wholesale energy market worldt will be dominated by a
comucopia of new dataand the old problems which have defined the industry structgeslack of

storage and passive demanadvill gradually fade away. This i$tamdamental break with the past.

In taking on this task it has been a great advantage to hada limited periodin whichto produce

this report. There are no new facts tasdover. All the content presented is based on information in
the public domainWith 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 targetdasiyning regulation and markets

to achieve them.

| have had the benefitef the Competition& Markets Authority (CMANBS L2 NI = W9y SNH @
Ly@Saidaal (A 2yn¥ 2006)severdl repodsihi? thelCOmmittee on Climate Change (€CC)

most notablz W9y SNH& t NAOSa FyR . Affay LYLIOGA 2F af
Fifth Carbon Budget: The Next Step Towards aQdwND 2y 9 02y 2 Y& QandtheEl@® Y 6 S NJ
GrowthStrategyby the Department for Business, Energy & Industrial Sgsat8EISJOctober 2017)I

have further had the advantage of tlmeanypublications ofOfgem,and BEIS (and its predecessor, the
Department of Energy & Climate Change, DECEproaluced a wealth of material for me to draw

upon.

In preparing this reiew | 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 BetewAiRobertson,

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 Ineprovided 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 advis®ishard NourséManaging Partner,
Greencoat Capital L);R.aua SandygChief Executive, Challenging Idgd%rry Scuoler CBEhief
Executive, EEE KS a I y dzF I O dzNJsokil ShelddiEhdingeridg & dTecknglogy Director,
Johnson Matthey Battery Systems Automojivand Nick Winser CBEChairman, Energgystems
Catapul}. 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 famaof 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 thiéndgs 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 Referencd the review are set out below.

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

households and businesses.

The UK was the firstountry in the world to set a longerm, legally binding target for emission
reduction. The Climate Change Act commits the UK to reduce emissions by &0Raby 2050, and
sets a framework for the setting of rolling fiyear carbon budgets. Parliament has recently approved

the Fifth CarbonBudget, for the period 20282, at a 57% reduction on 1990 levels.

The carbon targets need to be met, véhdoncurently ensuring security of supplies of energy, in the
most costeffective way. The rapid closure of coal, theeiag of the existing nuclear fleet, the
intermittency of some renewables, the scope for demand management and new storage, the coming
of electrc 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 recommendatiori®anthese 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 transpar

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 tbatrofl

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

The reviewwill set out options for a longerm road map for the power sector, and consider how
technological change in the wider economy, as well as in the energy sector, may transform #re pow
sector, and how energy policy can best facilitate and encourage such developments, consistent with

the overall objectives of decarbonisation anasgty of supply, and with itxdustrialSrategy.

The review will consider the options for enhanciangd 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 limiexketgy 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 atlumali projects.

The review will provide recommendations as to how lestinimise 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 developingnd 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.
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Abbreviations
Al Artificial intelligence
BAT Best Available Techniques
BEIS Department for Business, Energyi@ustrial Strategy
BETTA British Electricity Trading and Transmission Arrangements
CAP Common Agricultural Policy
CAPEX Capitalexpenditure
QCA Climate Change Act
CCC Committee on Climate Change
CCGT Closedcycle gas turbine
CCL Climate Change Levy
CCs Carbon capture and storage
CEGB Central Electricity Generating Board
CEGE Civil, Environmental and Geomatic Engineering
CD Contract fordifference
CHP Combined heat and power
CMA Competition& Markets Authority
CMU Capacitymarketunit
CPF Carbon Price Floor
CPI Consumer Price Index
CPS Carbon Price Support
CRC Carbon Reduction Commitment
CSCF CrossSectoral Correction Factor
DECC Department of Energ§ Climate Change
DNO Distribution retwork operator
DSR Demandside response
EBIT Earnings before interest and tax
EBITDA Earnings before interest, tax, depreciation and amortisation
EFP Equivalent firm power
EMR Electricity Markt Reform
ETI Energy Technologies Institute
ETS Emissions Trading System
EUA EU Allowance
EV Electric vehicle
FIDeR Final Investment Decision enabling for Renewables
FiT Feedin tariff
GHG Greenhouse gas
IED Industrial Emissions Directive
LCCC Lowv Carbon Contracts Company
LCF Levy Control Framewofkmbrella term for all schemeshe LCF refers ttmw-carbon

electricity levyfunded schemesovering @, RO and ssHi

Vi
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LOLE Loss ofoadexpectation

LOLP Loss ofoad probability

LPG Liquefied p&roleum gas

NETA New Hectricity TradingArrangements
NIC National Infrastructure Commission
NSO National system perator

OCGT Opencyclegasturbine
OFFER Office of Electricity Regulation
Ofgem Office of Gas and Electricity Markets

OFTO Offshore tansmission owner
OPEX Operational expenditure

PES Public Electricity Supplier

PFC Perfluorocarbons

PPM Prepayment meter

PV Photovoltaics

PWR Pressurised water reactor

RAB Regulatory assetdse

RIIO Revenue = Incentives + Innovation atfiits
RMR Retail Market Review

RO Renewables Obligation

ROC Renewables Obligation Certificate
RoRE Return on regulatory equity

RPI Retail Price Index

RSO Regional systemperator

SCC Social cost of carbon

SMc Smart Metering consumption
SMP System margingirice

SRMC Shortrun marginalcost

ssFIT Smallscale feedn tariff

SVT Standard Variable Tariff

TDCV Typical domestic consumption values
TOTEX Total expenditure

uso Universal service obligation
VOLL Value of lostdad

WTO World Trade Organizatn

Vil
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KeyFindings anéRecommendations

The cost of energigtoo high, and higher than necessary to meet @lanate Change Act (8Qarget

and the carbon budgets. Households and businesses have not fully benefited from the falling costs of
gas and coathe rapidly falling costof renewablesor from the efficiency gains to network and supply
costs which come from smart technologies. Psiglgould be falling, and they should go on falling into

the medium and longer terms.

Households and businesses hanat 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 alland their interactions are poorly understood. Complexdtitdelf a major cause of
rising costs, and tinkering with policies and regulatiomsinlikely to reduce costs. Indeg@ach
successive intervention layers on new costs and unintended consequéinsiesuld be a central aim

of government to radically simify 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 thiRenewables Obligation Certificaté®dC9, the feedin tariffs (FiTs) and low
carbon contracts for difference (CfDs) are a major contributor to rising final pacesshould be
separated out ringF SY OS RX | vy Regacy blar® $HRy shoyild e chérged separately and
explicitly on custorar 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 téole economy, harmonising the multiple carbon taxes and prices
currently in place. This price should vary so as to meet the carbon tatgetsuld be significantly

lower than the cost of the current multiple interventions.

There should be a border carb priceto address the consequences of the UK adopting a unilateral

carbon production target.

The FiTs and other leearbon CfDs should bgraduallyphased out, and merged into a unified
equivalent firm powe(EFPtapacity auctionThe costs of intermitency willthen rest with those who

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

viii
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invest inthe demandside, storage and baalkp plants. The balancing and flexibilitiimarkets should

be significantlyencouraged.

After all existing commitments in respect of FiTs and-éanbon CfDs have been fully honoured, and

in the transition to a properuniform carbon price and aBFP auction, theshould be split into three
parts the construction and projeadevdopment phase the operation of the plant and
decommissioningThe first should have a higher cost of capitflecting the equity riskethe second
should be more akin to megulabry asset lase(RAB)n the utilities and closer to the cost of delaind

the third should be a charge to operating costs. The customers should benefit from the refinancing

when the project comes into operation.

The currentRIIO(Revenue = Incentives + Innovation tit@its) periodic review price caps for the
transmission and idtribution companiesare already being significantly outperformedin part
because of mistakes in the assumptianand have resulted in higher prices than need to be charged

for the efficient delivery of thie functions. Ofgem should consider what acigoshould be taken now

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

framework. Technical change is so fast that predicting auigtsicten years hence is impractical.

The governmenthsould establish an ingeendent rationalsystem operator (NS@ndregional system
operators (RSOdn 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 shaguihere practicalopen up the various functions and enhancements to the
networks to competitive auctions and, at the local level, invite bids for network enhancements,

generation and storageanddemandside responsel{SRfrom energ service companies.

Theseparategeneration, supply and distribution licences, at least at the local level, shouéplzeed
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 pabsoughs, levies and taxes, and a published supply margin.
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Capping the margin would be the best way toah¢he 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 ouethered capacity

margins and provitg guidance to the NSO and RSOs.
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Executive @nmary

This review has two main findingehefirst is that thecost of energy is significantly higher than it needs
G2 0SS (2 YSSi (KS 3 aAnpsricibyts hecddsistedt vith B TimateEhande y R
Act (CCARNd to ensure security of supplyhe second is that energy policy, regulation and market
design are not fit for the wrposes of the emerging lowarbon energy market, as it undergoes

profound technicachange.

Since late2014, the prices of oil, gas and coal have fallen significantly, contrary to the modelling and
forecasting of bothhe Department of Energ& Climate Chang@d®ECTand theCommittee on Climate
Change (CCC3ince then, the price of rewables has been coming down fast t@s, havehe costs

of addressing intermittency, as a host wew battery and other storagand demaneside options
become availableProductivity increases should have been putting further downward pressure on the
costs of transmission, distribution and supply. New technologies should mean lower, not lighisr

and much greater scope for energy efficiendargins should be falling as competition should be
increasing. Yet in this period, househoklisd industry haveseenlimited benefits from these cost

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

These excessive costs are not only an unnecessary burdaouseholds and businessdhgy also
risk undermining the broader democratic support for decarisation. In electricity, the costs of
decarbonisatiorare already estimated by the CCC to be around 20% of typical electricityTtdse
legacy cogtwill amount to well over £100 billion by 203Much more decarbonisation could have

been achieved foless;costs should béower, and they should be fallinfyirther.

Many of these excessive costs are locked in for a decade or more, given the contractual and other legal
commitments governmersthave made. These includeenewables Obligation CertificateROCS,

feedin tariffs iT$, and lowcarboncontracts for difference@fD$ granted to earlstage wind and

solar, largetscale nucleghiomass and offshore windSince thdROCskFiTsand lowcarbon CfDare

formal contracts, they are taken a@gvenin this review. The task is to find ways of minimising the
burden these imposeard making them transparent, rinfgnced and separated out from the market,

where costs should be coming down.

The burden on households and bussses would have been even greatead there not been a
financial crisis in 2007/08 which held down demand, and a pa@iginued decline of the energy

intensive industries. Had the crash noappened, GDP would be perhap6¢25% higher in 2017

Xi
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(assuming no sharp fall in GDP in the iedliate aftermath of the crash and;3% GDP growth since
then). There would then have been a serious capacity crunch and much higher prices, ths Ii§
has flirted with dangeroug low capacity margins despite th@DP effect, and thidrives upprices as

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

In the currentdecade the government has moved from nmdy marketdetermined investments to a
new context in whiclalmostall new electricity investments are determined by #gtate through direct
and often technologyspecific contracts. Government has got into the businesgioking winnerg
Unfortunately, losers are good at picking governments, and inevitaldg in most such picking
winners strategies; the results end p beingvulnerable tolobbying,to the general detment of

householdand industrial customers

As a consequence of Electricity Market Reform (EMiR)gbvernment now determines the level and
mix of generation to a degree not witnessed since these wererdeéned by thenationalised
industriesc notably theCentral Electricity Generating Bog@EGB Investment decisiomaking has
been effectivelyquasirenationalised. This is a direct consequence of EMiR.government, not the

customer, has become thdient.

In determining not just the level of new capacity, but also the compositidineoiow-carbon portfolio,

the government started out with some of the most expensive technologies first, and it could be argued
that since then it hasit timesbeen exploing even more expensive options. The result is that British
households and businesses are locked into higher renewablesthrdlow-carbon generation costs

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

These statdbaded contracts have been supported by the returnadonfial modelling and forecasting
by DECC (now BEtBe Department for Business, Energy & Industrial Strgtagg the CCC. In the
case of DECC, the results hatdimesbeen spectaculdy bad. In particlar, in the first half of this
decade DECGQocused on its forecasts of high, rising and volatile gas prexed therefore it could
conclude that the wholesale price of electty would rise to over E9MWh by the early 2020# was
confident that becase fossil fuel prices (and particulalgas) were going up, householsuld be

relatively betteroff as a result oits policies by around% by 2020.

The EU Renewables Directive ancpasticulardefinition of renewables has been a major contributor

to raising the costs above those necessary to reduce carbon emigsionset the CCA A further
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contributor is the inefficientway in which the carbon budgets have been addressed, notably by not

moving against coal earlier.

The overwhelming focus on eleciticrather than agriculturebuildingsand transport has added to
the cost. Agriculturen particularcontributes10%greenhouse gaéGHGemissionsand the costs of
reducing these emissi@nare much lower than many of the chosen optidiexause the ecomuic
conseaiences of a loss of outpiurt agricultureare small. Agriculturecomprises just 0.7% GDP and at
least half its output is uneconomic in the absence of subsiéth the development ofelectric
vehicles (EVs) it is apparent that transport cantdbnte 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 thlectricity system faces a serieé major
challenges over the next decade. Not only doeméd to meet the carbon budgets, it needs to do this
in the context ofmajor retirement of existing capacity, the investment requirenstat handle the
intermittent renewables the coming of electric transparand the wider demands of a digitalising
econany. These challenges are on a scale and magnitude not witnessedtisnceconstruction of

the electricity industnimmediately after the Second World War.

The energy sector is going through a technological transformation as electbedgmes an
increasngly dominant form oénergy Previous structural breaks have come from single technologies,
like the coaffired power station, the gas turbinand the civil nuclear power stations. This time there
are structural breaks which span the whole economy adigttalises, the transport sector as it
electrifies, and the generatigriransmission, distributiorsupplyand the demand foelectricity. We

are moving towards a decarbonised, didjitsmart electric energy worldffering the prospect of ever

lower cogs from cleaner energy.

The CCC neglecdsme of the opportunities athese technology impacts in its time horizon to 2050,
arguing thatany new technologies will have to be deployed before 2030 if they are to make much
impact before 2050. This, togetheiitlv the assumption that gas prices will rise by 30% by 2338,

key rationale for the roughly linear profile of emissions reductions from now through to 208
objective is limited to theCCA 2050 target, then thearban budgets overegg the earlyages, and
make the trajectory between now and 2050 meoexpensive than it needs to be. Indeed, with such

early action in the linear trajectoryt, may turn out that decarbonisation is achieved much faster.
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Tempting though it is to many observers to pradiow 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 acthewebjectives shoul

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 technologiad new products to thend-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
dimensons of current policiesThe greater use of ations 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 switchingway fromcoal is the cheapest way to decarbonieshould have been the

first option.

Notwithstanding the significant cost reductions from the auctions sogf@gting energy policy is not
fit for these new purposes. It remaigemplex and expensive, and it is slowing down the transition to

a decarbonised economy.

The measures nessay to reduce the costgclude the unification of the capacity and Biand CfDs
auctions on the basis @quivalent frm power (EFP); the gradual reforms of the structure of FiTs and
CfDs in the transition to their eventual abolition; and furtherhancenents to competition in the
wholesale and balancing markets. There shouldigeificant reforms of the regulaticsf transmission

and distribution focged on the role of system operators at the national and local leeld the
replacementof the specift licences for distribution, supply ad decentralised generation with a
general licenceA default supply tariff should be required and the margins published. Finally, carbon

prices and energy taxes should be harmonised.

Thispackage of measurdas a majorshift from the original market design and regulation model at
privatisation,and moves on from EMR. It would createsimpler, more competitive structure fit for
the new purposes. Instead of legarbon technologies beg grafted onto the fossil fuddasedsystem,

the new world is radically different, backed up by new smart technefgata and smart energy
networks and serviceA common carbon price would significantly lower the cost of decarbonisation

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

auniversalbasicallocation of fixed costs

The fixed costalsopermit a more efficient allocation to the industrial sectand particulaly to those
companies facing international competition addition to exemptionsirom 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 institutiondbren. Thesystemoperator model should be further
developed, with a independentnational system operator (NSO) and a series i&gional system

operators (RSOs) pliamg a bigger part

OfgemDa NRfS Ay NBIdzZA I GA2Y &K2 dzZnRRS® Sssuing sdyichoFtheO | v (i f
duties currently placed odistribution network operators@NO3$ and Ofgemwith much greater use

being madeof competitive tenders and auction¥he licensing regime at the local level should be
simplified, abolishing the incremgly anachronistic distinctions between generation, supply and

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

The comprehensiviengterm framework set out in tisreview is goractical and evolutionargackage
and wil deliver benefits not only over the coming decades, but in the immediate futurdriooediate
benefitswould come fom revisting the transmission and distribution price reviews, introducing a
default tariff for supply focused on the margins, and referto the FiTs to capture the refinancing

gainsafter existing commitments have been fully met

Thislong-term framework, coupled with these immediate measurieghe leastcost wayof achieving
the objectives, with the prospect that the 2050 carbon targetild be met at lower cost, antbuld

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 liketo get worse, challengirte security of supply, undermining the tratien

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 peeprielapoverty weaken

industrial competitivenessand undermine public support for decarbonisatidie can, and should,
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do much better, and open up a period of falling priceshasseholds and industrigenefit from the

great technological opportunities over the coming decades.
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1. Introducion

The cost of energy is not something the government diaectly 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 pricecables, oflT, of labour or of data. Nor can
government predict the price of energyand when it tries unsurprisinglyit often does it very
badly.

The price of energy is theutcomeof the auctions and competitive activities, of the decisions of
numeraus businesses and households and industrial usersphttte exercise of market power.
What governmentcan and shoulddo is set the framework within which the cost of energy is
efficiently determined by the interaction of all these foregand in particlar theobjectivesmarket
design, regulatory fraeworks, subsidies and the taxesand it should bear down on the market

power.

Partl sets out thekey objectives(decarbonisation and security of supplgnhdthe constraints (the
bills to households andnidustry); the complexities of current policies, iges, subsidies and
regulations;the legacy costsandthe scale oftechnological changeand the opportunities ths

present.

Thegovernmenf2 & O dald\gb yhuich further to includeefining carbon and sririty of supply
objectives;setting leviesgranting subsidiesdesigning and letting contragtandtaxing, procuring
and regulating networks. Whether it neede undertake all these functions, and howost

effectivelyit does thiswill have a signifiaat impact on thecost andprice of energy.

The components of the cost of electricity are easy to statg, harder to explain. Theare as

follows.
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The cost of electricity =

+  + o+ o+ o+

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

Note: CfDcontract fordifference; FiT, feeth tariff.

In each segment of this value chain there isia af 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 rarket power. This is the exam question for the electricity sector: does it

meet the objectives at least cost?

Like the cats, these objectives amasy to statébut hardto define. At the high level there are just
two: the 2050climate change targein the Climate Change Act (2008) (CCA), and the provision of
adequatesecurity of supplyWhile the carbon target is well defined, security of supply is more
complex, including the level of capacity margin, the composition of that capaogyflexibility

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 higHevel objectives. These include: air quality, industrialssions, transport emissions
regulations for vehicles, building regulations and agricultural subsidies and their impacts. The EU
adds to all these targetspecific ones for its particular definition of renewables and for energy
efficiency. This complexitpomes at a significant pric&ection 2considers both the higlevel
objectives and the plethorafancillary targets and poliogbjectives, and their consequences for

the cost of energy.
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It is not particularly difficult to set out what an efficient engrgystem 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, drthere 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 reforomoped 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 alsdlvihe means, and be able to convince the electorate
that they should pay for thenSection3 looks at household incomes, fuel poverty and energy costs,
industrial energy costs, and ability to payand whether the objective of having the lowest bills in

Europe is properly defined.

The cost of energy is profoundhfluencedby the detail of energy policy. There are multiple energy

policy interventions acrosshé full supply chain. Theseclude taxes on inputs and outputs, VAT,

and the tax treatment of imestments and R&D. The planning system influences the type and timing

of investments. Capacity auctions afebd-in tariffs (iT$ and contracts for differenceCfD$ are

determined by government. The government provides guarantees. The networks areeegalad

adzLJLX & LINAOSa NB adzoeSOiG G2 a2vy$S SELXAOAG | yR
electricity; nor willthe industryever approximate a free competitive market. Rather the challenge

is to maximise competitiomvithin a policy famework. The cost of energy is determined by the
interaction between marketsaind the state, and the challenge for energy policy is to get this mix

right.

A mass of interventions, and especially technolsggcific contracts, in turn attracts vested
interests. The implication of the state determinialgnostall investments is that the stateand not

the consumer; is now the major client. Energy policy has been partly captured, with the result that
our decarbonisabn is slower and more costllzan it nead be; our security of supply is weaker than

it should be; and households and industry pay too much for their en&ggtion4 considers the
main current policy interventions and how they do (and do not) fit together, along with a look at
the forecasting ecord that informs them. It considers the problem of capture and how the redesign

of energy policy can mitigate these resegeking activities, which have driven up the cost of energy.
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No energy system is optimal. Assets with long lives have been devekxmuding 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, aaditst-generation renewablesSection

5 sets out the current asset legacy, tlieely 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 costout of the market in ordeto minimise the distortions to the emerging new

energy makets.

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. Whese 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. Indeedit needs to if there is to ba 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 overwhelynany 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 thereis a plethora ¢ 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 traditiomatacteristics 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 thest of intermittency and increasing energy efficiency through
smart energy services. The whedgstem costs are being transformed. The corporate structures and

policies designed for the 20ttentury world no longer work well.

Generation is changing tooh&re have been radical breakthroughs in new materials. Among the
main lowcarbon technologieg solar (including wind), nuclear, geothermal and gravity (mainly
hydro) ¢ there are exciting new opportunities, especially in nggheration solarand potentidly

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 nevgeneration technologies world, transport is electrifying. The government has
set a new target that naew 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 velSacton6 considers the
transformingtechnology context and how it shild shape the longeterm architecture of energy

markets and policies.

With the building blocks in placeRart Ilturns to the keycomponentsof the energy supply chain.
Sections7, 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 reduceany ofthese both now andoverthe longer term.

Partlll setsout a longterm framework, anda road map withthe 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 patae avoid choosingpecifictechnologies
wherever possible. This is especially important in a time of rapid technological change, changing
cost structures, andiventhe uncertainty that characterises these changes. Where technologically
specific decisiomare 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 ifart 1l into a coherent overarching ngerterm framework,
including reforms of the energy policy and regulatory institutions.tk eat a new framework, with

a national system gerator (NSO) and newregionalsystemoperators(RSOsat its core, built for

and upon the new challenges and aptunities which digital, active demand, storage and zero

marginal cost technologies bring.

To get from here to there, major new investment will be requicgd replace the retiring codired
powerstations and the aging nuclear fleet, brintp new cusbmers (ndably for transport), develop
new energy prodats and services, and innovatierough 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 vai balance skets, equity and debt are for.

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

that maintainsand 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. Sedibrecommends the

immediate actions to ensure that thariceof energy better reflects theostsof 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 esrto addressing market power. To maintain the
status quo is to condemthe UKTto relatively expensive energyndermine the decarbonisation
transition; allow the security of supply position to remain at best precari@ml erodepublic trust

and therefoe democratic support for cleaner energy. This resistance to change is not without
significant costs to households andhgpanies: continue with business-usual and prices will most

likely go on rising until there is a crisis big enough to bring the strestumbling down. It is a price

we donot need to pay. The status quo is not going to be a good plabe to the medium and
longer term. It is not sustainable, and therefore it will not be sustained. The conclusions are

presented in ection13.



PART

THEBUILDING BLOCKS



| Cost of EnergRReview |

2. The Objectives

This sectionaddresses

- the key objectives

- reducing the costs of meeting the 2050 target

- spreading the carbomeduction burdenacrossother sectors
- sorting outthe role of government irsecurity of supply

- addressing otler 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 objectivefhere is nothing new ithis, and nohing wrong with multiple
objectives, provided there are at least as many policy instruments as therebjeetives and

provided the tradeoffs are defined.

With the coming of the climate change imperative to decarbonise the economy, the objectives have
shiftedfrom primaiily focusngon security of supply to inclilg decarbonisation. The two have to

be achieved simultaneously. This is the HigNel energy dilemmabut solving thisdilemma is
perfectly achievable. Onebjectiveis about the amount of chon, 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
consideratims of the level of costs to the security and decarbonisation objectives is what creates

the trilemma on which governmenhas focused.

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

KFa G2 0SYSRidaoyes OiKSi2aSOdzNAGé FyR RSOFNb2yAal 07

decarbonisation have costs. Reducing the cost of energy cannot be an absolute objective. It is a

relativeone: it is about achieving the other two objectives efficiently.

Customes do have to be able to pay. The ability to pay, and the wikiagto 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 explirese constraints in greater

detail.
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Some argue that there are trae#fs 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 badly 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, thesaken as @iven

The issue is navhetherto water down the climate change targets, but rather to consiuawvthey

can be achieved at lowest cost.

hy &aSOdaNAGe 2F adzlllX ez GKSNBE Aa the objedtivhis f f St
embeddedin energylegislation. All political parties understand that security of supply is a clear
necessity in a modern economy. The question iswloéther security of supply should be traded

off against costs, but rathdrow it can be achieved at lowest co3therefore, this review similarly

takes the overall security of supply objectivegagen

The conclusion that follows is that we face a tpart energy challenge how to meet security of
supply and climate change objectives simultaneousigthow to do hisat the lowest cost possible.
Costs are not an objective like the other two: they are an outc@nd the ability to pay is a binding

constraint.So, strictly speakinghére is no trilerma ofenergyobjectives.

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

Objective(i): Decarbonisatiortlimate change and the Climate Change Act

The UK has a bindingpilateralcarbonproductiontarget set out in the CCAto reduce greenhouse

gas (GHG) emissions in the UK by at least 80% by 26&pared with 1990 levelalthough 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 embedtlen carbon budgets set out on a fiyear rolling basisThe UK
has set five carbon budgets covering successiveytae periods up to 2032. The path to 2050 and
the five carbon budgets are set out in the charts belBvexit will make no difference tdé carbon
GFrNBSGay (GKS !'YQa OftAYIFGS GFrNBSGa NB |t NBIFR2
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COMMITTEE ORLIMATECHANGE CARBON BUDGETS
HGURH: UKCARBON BUDGETS ANB COSEFFECTIVE PATH TE20D0TARGET
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13. TheCommittee on Climate Chang€C{provides detailed electricity sector scenarios tioe Rfth
Carbon Budget. These are set out below for capacity and generation, and the assumptions about

demand.

AGURE: ELECTRICITY SECTEGR&RIOS FOR THETHCARBONBUDGET
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demand (e.g. due to heat(e.g.
energy electricvehicles
efficiencyin  &heat pumps)
buildings and
industry)

SourceCommittee ondimate Change (205), Advice on the-ifth Carbon Budget.
Notes OCGTopencycle gas turbine; CCGT, closgdle 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 encalitaggck one of
0KSYZ | yR ihat$his HiérkeyitigrovbBldcreateThe risks of relying on this sort of
planning are highlighteth section 4

The Committee on Climate Change (CCC) has considerable flexibility in how it defines carbon
budgets. The CCdoes not require any particuldinear trajectory to meet the 2050 targesaset
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. Tiseliastgas prices

will rise, and here the CCC ggke Department for Business, Energy & Industrial Strat&pi$

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 gaEps by 2030. The second is that new-oavbon 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 Stanud CC

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

12
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that both of these are doubtful assumptions, and hetioce 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 comintechnological 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 kndw all t

future technologies, and we do not know how the efficiencies of the supply chain will change. The

LI 6K G2 wnpn gAft 0SS tAGGSNBR 6AGK WadzNLINK &S3aQc

costs of meeting the overall target will fall, andrpaps 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 lwarbon options now, but even in this case it
turns out that the costs are not g@twhat they seem. All generation technologies impose costs on
the electricity system, of which tHeenewables Obligation Certificaté®@Cp FiTsand lowcarbon
CfDs are only a part. Genuine subsdiighe renewables should be definadter the explicit orimplicit
carbon price necessary to reach the CCA target and the carbon budgetftanalso 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 lory 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, discussedn sectim 4.

13
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THEQLIMATECHANGEACT SETS OUT HOW GRNKEENT MUST SET ANENAGE CARBON BULSSET

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

b Once a new carbon budget is set, the governine required topresent to Parliamenits
LINP L2 &l fa FyR LR2ftAOASA T2N) YSSiAy3a OIN
a4 A& NBlLazylofte LINIYOGAOFKOESQD

b There is a general duty for the Secretary of State for BEIS to prepare proposals aed |
that will enable carbon budgets to be met; it is therefore implicit that where there is a pc
gap BEIS is required to develop policies or proposals to addisggafh

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

b The government has to report on progress each year to Parliament, and to submit &
aldl aSYSyid 2F GKS !'yYQa OFNb2y | 002dzy/i
shows that the carbon budget for a budgetary period has not been thetstatement must
explain why it has not been met ajas soon as is reasonably practical, the Secretary of S
must lay before Parliament a report setting out proposals and policies to compensa
future periods for the excess emissions.

b There are ndinancial penalties for missing a carbon budget. Government decisions w
are likelyto 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 fdhehasmge

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

HURDLES TO REVISINRBON BUDGETS

L ¢KS ySSR (2 RSY2yadNldS GKFd GKSNB KI a
the budget was setandtakey 12 | OO02dzy i yAyS WYLl (04SN
economic circumstances to international/EU developments).

b  The CCC must provide advice. Ministers must take this into account but they Have to
agree.

b The devolved administrations must bkelato consider the advice (a minimum thresonth
period). UK ministers must take into account representations of thevolved
administrationsbefore coming to a decision.

Once these processes have been completed, the carbon budgets can be changedaudi t
secondary legislation. This is subject to the affirmative proceq@@government needs to wir
votes on the floor of both Houses of Parliament.

Source BEIS.
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The government has already reviewed the Fourth Carbon Budget (covering the pericg22P23

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

Ly

government still needs to seek adeittom the CCC and consult themdlvedadministrations before

FRRAGAZ2Y (2 OKFIy3IAy3d GKS I Oddd t o0dR3ISE

when and how to reduce UK emissions en route to 2050 (similar to changing Hedghks, the

employing them). These flexibilities are as follows.

FLEXIBILITIES ON PAEH T@050

b

The UK can carry forward ovachievement from earlieracbon budgetsThe CCA allows fo
government to roll forward oveachievement from one carbon budget to the next, so th
early action to reduce emissions can count towards the following budget.

¢tKS 'Y Oly WOo2NNRgQ .THRETA didsvioStin g@dériider? b
increase the carbon budget in one period with a corresponding tightening in the next ce
0dzZRISHTd® ¢KAA Wo2NNRgAYy3IAQ A& fAYAGSR (2

The UK can buy international carbon creditdimit on the use of edits must be setwith
Parliamentary approval8 months in advance of the relevant carbon budget period starti

Source BEIS.

Ly

dza& Ay 3 | yeé& 2 Fhe dovelmedt must dlviays hava redarnd to $he feed for UK

domestic action on climatehange @, implying that domestic action should take priority).

The CCA target is one for the UK as a whole, and not for any specific $aetsectoral emissions

are set out below.

AGURHE: UKGHGEMISSIONS BY SEQRAR15

Other Natural  Public Sector

Resources | 2%

% MtCOe %
Busines & 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 emissadingal statistics, 1992015,

https:

[Iwww.gov.uk/government/statistics/finaluk-greenhousegasemissionsnationakstatistics 1990

2015

Note:

Wh i KSNI yI (i dzdiers landlissdipgesizi bt nd fluorinated gases
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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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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 baseliteke i KS 32 @S Ny Y Ssusufd frojectitnds AagdSira &
existing policiestake account of the rising carbon price assumptiand ensure that it all adds up

to meet the 2050 target.

HGURB: CENTRAL SCENARIO EMISS PATHS 2060

120

P ower

= ndustry

= Buildings

100)

Transport

e Agriculture

=W aste and F-gases

Index (2014

O r—rrrrrrTTr T T T T T T T T T T T T T T T T T

2015 2020 2025 2030 2035 2040 2045 2050
Source CCC analysis.

If the overall objective is tmeet the target at lowest costhere is 0 a priorireasonfor the degree

of concentration on electricityln particularagriculture contributesl0% of total emissionghis is

only for the emissions that are actually measurbdwever This sector has an annual output value

of around £9 billion and is subsidised in a variety of ways, including tirar@on Agricultural Policy

(CAP to the tune of roughe3 billion, tax benefitsand exemptions from payments for tieS O (i 2 N &
multiple associated pollution. In totalhe level of agricultural suppbis possiblyof the order of

half the value of its outpytor more. Put another way, the economic costs of bearing down on
agricultural carbon emissions are very low conguhwith those of the other sectors, and it has
considerable sequestration optiomso. At the margin, his wouldprobablybe 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, thé56 & Sy KFyOAy 3 y I GdzNF £ OF LIAGE =

25 Year Environment Plan.
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Transportis the largest source of emissions (24%), and its decarbonisation will be significant for
electricity, as discussed in sectionThe electrification of tnsport 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 idikely to be electric by 2050. Btlie contribution of other sectorgloes 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 205@targ

In section 10 recommend the harmonisation of carbon prices across the economy to reduce the
overall costs, and in particular the extension of carlpoiting to agriculture, and a longégrm
generaltransitioning from fuel duty to a more explicit da@m component in transport taxatior
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 CCGector scaarios, is the firsbest 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, atiterefore can be meé by reducing the emissions of
current activities, or by switchgnhome production for imports. Mosttber countries with which

the UKtradesare not subject to such anilateraltarget of this form or ambition.

As a result, to avoid the perverse impacts OK industry through a unilateral polieywduced
reduction in competitiveness in export sectors, the efficient outcome involves compensating the
traded sectorsor using a common border carbon price.seconebest unilateral target requires a
secondbest ntervention to address the impacts on internat@ competitiveness Some
considerableadjustments already occur. On the other hasdme costs are borne by industry and
not householdg; eg, the Carbon Price Floo@®PF and the Climate Change Levy (Clalhoth cases
these have been developed in ad hocway, and the result is an inefficient allocatiohamsts in

respect of industryl return to these issues and their possible remediesections 3 and 10
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Obijective (ii): Bergy security
In the energy sector, security of supply has been an objective for most of the history of the industry
¢clyR 2yS GKIG KFa 3JFAYSR Ay aA3ayAFAOLyOS® | a

relevance may increadarther with digitalisation and as the econondgcarbonises.

Security will not be met purely by private sectorcentives and private markets because of
uncertainty aboutboth demand and the availability of supplies (including the physical reliability)
the lack of storage and passive demand. The uaag#dy creates risks to the system rather than to
individual generators; the lack of storage medhat demand musibe instantaneously met; and
passive demand means that there cannot be instantaneous dersafedresponse§DSRSs)AIl of

these are system @racteristics.

An excess capacity margin for firm power depresseswhelesale price of electricitjo a level
below that necessary to recover the full cosfspower station investmentdNo rational capitalist
will deliberately encourage excess supm@ycept as a strategic means of entry deterrence. This is
over and above the depressing effect on wholesale prices caused bffrmorero marginal cost

renewables.

The nature of the security of supply probleswolveswith changes in technology. For the tlas
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 ashe share of electricity growsecurity maybe of greater economic significance.

In some cases, this will le@adnsumers, both industry and households, to install their own storage
for backup. Batteries may contribute to these measurg&ieyare both a route to ensuring security

of supply in firm pwer and an opportunity to use the flexibility of néinm demands, especially for
EVcharging.lt may be that eventually decentralised energy systems internalise these problems
without greater need for additional largecale power stations. Digitalisationay make security

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

The economics of systerequirementsand individual incentives are notittomaticallyreconciled
without intervention. In particular, there is a risk that people opt out, leavirgtibrden of system

costs to others. These ojiut 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 chandee tresilience of the system and the required capacity
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margins. These exciting new opportunities are discussedctions 6 and.Their impacts are highly
uncertain, and for this reason some discretion in auctioning firm power is required for system

operaors, as discussed in section 8.

While all these factors will changbe nature of the security afupply problem in the coming decade
and beyond, the security problem is not likely to go away, and there will continbe a need for
a significant capagitmargin on the systerfor the foreseeable futureThe 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. Theoming ofelectric vehiclesEV$and the contribution of zero marginal cost intermittent

renewables, plus smart meters and apps, all open up further markets fofimorpower.

These costs of intermittency are significant, but will chaoger time as sirage and demandide
management services and other new technologies develop. They should bdawnavard path,

and will require a mix of technologies that meet the specific characteristics of the intermittency. An
important feature of these costs is thttey are not currently borne by those who cause them, and
in section 7 | make recommendatiofts addresingthese costsnore effectively and incentivimg

the management of the current and emerging bagktechnologies.

Most discussion about securityf 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 sppply

cost curve the system is driven in order to balance supply and demand. Tighter margins mean higher
prices, and this will be and has beer reflected in the wholesale price. It is an issue about the
levelof the security capacity margin for firm per. 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 margine ®chnologies

raise special issues. For example, nuclear power requires a supply of both new and reprocessed
fuels, and this material needs to be protected for balfenceand environmental reasons. Gas
storage is an issue, especially witretclosure ® Rough and the runnindown of the North Sea

production, where field®nceabsorbed some demand variations.
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Cyberattacks could disable energy assets, from transmission to power stablmmsajor country
can consider energy security independent of iifitary security. A disabled electricity system might
bring acountryto its knees in a matter of hour§heseare extra costs tahe system, which require
costrecovery mechanisms. In principlthese may be addresseith part through the capacity
auctionsand also through the allowed revenues for transmission and distribuitmosections8 and

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

The inescapable conclusion is that the wider public and economic interest is best served byan ov
supplied electricity system. The costs of too little firm power are asytricadly greater than those

of too much.Resilience is a system property and will not bevesdlby the disaggregated profit
maximising decisions of individugalergycompanies. Mee investment may lower rather than raise
the overall costs, once the price impacts on custonagesfully taken into accountincluding the

impacts on the wholesale market.

The policy question is: how much security aridvbat type? In this review | recamenda 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 norfirm power demandsAlthough 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 circumstanceshrough to the shape of domestic demand and behavioural

changes.

The othe objectives
It is a tough ask to gejovernment to define any tradeffs between the two highevel 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 vall of the above.

The government hagnvironmentalpolicy 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 therehave been white paps and EU idectives 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 targetir quality is directly related to carbon a@GiHGs

The water pollution from agriculturss causedn partby land useand the use of energintensive
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fertilisers and other chemicals, artiese in turn affect the ability to sequestrate carbon. On
trangport there are mobility objectives, roaduilding progranmes, airport runways, and high
speed trains, all with impacts on carbon. A key reasonauingities have violated the EU air quality
requirement is that the governmerfand the EUgncouraged a swih 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 notintegrated pollution policiesThe absence of an
environment protection gency to loing consistency to these diverse environmerdahllengess a

significant obstacle.

The government also has broader economic policy objectives, notablynthestrial Srategy
objectives It has identified a number of sectors which it is minded to préenand ithas an R&D
and innovation set of objective3.here arealso employment objectives. The Green Deal M@s

example promoted as a way to create 250,000 jobs

There are social and welfare objectives, including the eliminatidoalfpoverty, and one way to
alleviate poverty is to increase consumption of energy by poor households, net of energy efficiency
measuresThere are a number of energy efficiency objectiead there is the EBnergy Efficiency

Directive (2012). Some of these fuel povasgsues 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 need® address the trad®ff between all the other multiple objectives. The political
challenge should not be underestimated: every traufé creates losers as well as winners. But
failure to address these issues results in highesteto householdsand indwstry. | 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 drthe 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 whemlojinetives lead
to higher emissions, coideration should be given toffsetting carbon reduction elsewhere, so the

overall carbon budgets pathway is not undermined.
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MAIN FINDINGS AND REMENDATIONS
b The CCC should give greater weighthe prospect ofrapid technical progress in future

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

b The CCC should consider in more detail greater contributions from agriculturehesel

shouldbe integrated into the 25 Year Environment Plan.

b The government should consider how to develop and enhance integrated pollution co

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

b The governmenshould setut in a formal annual statement its position on the ggty of
supply margin, and this statement should constitute formal guidance to the sys

operators.
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3. ConstraintsHousehold and IndustBills the US@nd the Ability
to Pay

This section addresses:

- the bills¢ what households and businesses pay

- the Euopean comparators

- the universal service obligatiomnd other nonprice considerations
- fuel poverty

- options for allocating the fixed costs between differentonsumergroups and
between customers and businesses

The government haa commitment to the UK hang the lowestcost electricity in the EU. As
discussed in section, 2his is subjectto the achievement of the higlevel objectives of climate

change and security of supplyis a constraint.

Our ambition is that the UK should have the lowest eneogys in Europe, both for household
and businesses

ConservativéParty manifesto, 2017

The current position in th&urostat numbers is shown in the following charts comparing electricity

price components among major European countries.

AGURE: ELECTRITY PRICE COMPOISEBMALL INDUSTRIAINGOMERS

Source Eurostat database
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