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6. Market Issues 

 Summary 

This ‘Market Issues’ chapter explores the implications of integrating high capacities of offshore 

wind (OSW) in the power system for market design, policy and regulation taking a whole energy 

system perspective. 

To achieve the Government’s target of Net Zero by 2050, supply and demand must be 

decarbonised at the needed scale and pace.  It is clear that OSW will be a major contributor to any 

Net Zero energy system, following its extraordinary success in reducing costs over the past 10 

years.  Such a significant increase in variable sources of power, such as OSW, will place new 

challenges on the system and require the new systems to become much more flexible.  Flexible 

energy resources must also be decarbonised and all energy resources, including OSW, need to be 

incentivised to contribute to system integration. 

As the OSW sector moves into the next stage of its development, well-coordinated and sensitive 

evolution of the policy and regulatory framework in parallel with market design reforms is crucially 

important.  Contracts for Difference (CfDs) have been highly successful in driving down the costs of 

OSW, removing risk for investors and reducing the cost of capital, so bringing benefits for 

consumers.  Consequently, the technology is rapidly approaching maturity and grid parity such that 

subsidies may no longer be needed.  However, in the absence of CfD support, high growth in OSW 

potentially threatens its own long-term economic viability under current market conditions – due 

to the reduction in future average wholesale electricity prices and erosion of its own average 

capture prices. 

The pace at which OSW can transition away from policy support is dependent on evolving 

the wider market and investment conditions for OSW and for the energy system more 

generally.  Crucially, it depends on developing the market arrangements that can unlock the 

potential of complementary assets and business models to provide greater flexibility in 

supply and particularly demand. 

Nevertheless, consideration should be given to how CfD design could be adapted in the near-term 

to better incentivise OSW to respond to power system needs and to gradually expose OSW 

generators to electricity and financial markets.  In parallel, the market and investment conditions 

can be improved and prepared for merchant deployment and a Net Zero future. 

A key challenge relates to uncertainty around the mix of future technologies, market disrupters, 

business models and consumer response, which will emerge over time.  This underlines the 

importance of defining market outcomes rather than inputs, and of taking a strategic approach to 

early stage innovation.  For regulators and government, such uncertainty calls for a more agile and 

re-focussed approach1. 

  

 

1 Sandys et al, 2018, ReDesigning Regulation: Powering from the future. 

http://www.challenging-ideas.com/wp-content/uploads/2018/12/ReDESIGNING_REGULATION-final-report.pdf
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Summary of recommendations: 

• Develop and communicate a new vision for evolution of the future energy market framework 

for Net Zero based on an evaluation of the Electricity Market Reform.  In the near term, improve 

the current market model by improving price signals of the electricity markets, particularly 

their granularity and reflection of system value, and through measures to deepen the futures 

markets. 

• In the near-term, as a stepping stone to the above-mentioned new vision, evolve CfD design 

for future auctions to minimise market distortions and gradually expose OSW to markets 

without negatively impacting the rate of build and flow of finance.  

• In the near-term, there is a very urgent need to increase the flexibility of energy demand and 

to enable storage to counter the trend of increasing erosion of OSW’s capture prices.  This 

deserves visible political commitment and market improvements to ensure time-shifting 

flexibility keeps pace with OSW growth.  Attention needs to be given to a) accelerating 

electrification of heat and mobility, ensuring policies proactively support flexibility, and b) 

rapidly scaling up participation of demand response and storage in the wholesale electricity 

markets. 

• Review and explore non-regulatory interventions with stakeholders to support greater diversity 

in the sources of private financing of OSW and flexibility solutions and to develop the futures 

markets, with a view to enabling investment for projects without CfD-backing. 

• If minimising total system costs and maximising socio-economic welfare are key objectives for 

Government, then whole systems modelling and value-for-money analysis, supported by high 

quality monitoring of innovation progress, could usefully inform innovation support policy 

decisions.  This will enable targeting of support to technologies across different energy vectors 

and sectors with the attributes needed by an energy system with a high share of OSW, as it 

evolves towards Net Zero.  Early action is needed to drive down costs, giving time to adapt to 

the emerging technology mix, but a level-playing field that avoids or minimises market 

distortions is needed as technologies mature. 

• In the near-term, establish coherent carbon price signals across different energy vectors and 

sectors by adapting existing taxes, levies and mechanisms.  For the longer term, consider 

options to drive carbon reduction in a way that is sufficiently visible and credible for investors, 

taking account of the changing role and effectiveness of the carbon price, the changing market 

conditions and readiness of technologies to move away from CfD support.  Carbon intensity 

performance obligations or standards could be among these options for consideration.  

• The work of the OWIC working group on the transmission regime deserves strong 

Government support as it could significantly reduce costs for consumers and improve the 

industry’s competitiveness.  Government’s facilitation of strategic siting of OSW farms could 

also be potentially highly beneficial as improving the geographical diversity of OSW could 

improve security of supply, mitigate price cannibalisation and enable coordination with 

industrial clusters. 

• Network charges should fairly reflect the costs that OSW generators impose on the system 

and reward them for their efforts to reduce system costs through, for example, co-location with 

complementary technologies such as storage.   
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 Introduction 

The Government’s OSW Sector Deal, launched in March 2019, aims to deliver 30GW of installed 

capacity by 2030; that is, doubling UK OSW capacity in seven years, an average of 2.2GW per year 

between 2023 and 2030.  Earlier chapters of this Workstream A report have assessed and discussed 

the opportunities and challenges arising from integrating a high capacity of Offshore Wind (OSW) 

turbines, up to 150GW, into the UK’s energy system.  An energy system based on a very high share 

of variable renewable energy (VRE), including OSW, in the resource mix has different system 

requirements, including a high level of flexibility compared with today’s energy system. 

This ‘Market Issues’ chapter explores the implications of integrating high capacities of OSW and 

other VRE sources for markets, policy and regulation.  Close attention is given to market design 

and policy that can improve power system flexibility, given its important role in integrating OSW 

and supporting OSW price capture.  

This chapter begins, in section 6.3, with a discussion of:  

• how renewable support policy has successfully enabled the growth of OSW; 

• how growth of OSW and CfD scheme design are impacting markets; and  

• how private financing of OSW is developing.  

The chapter then moves on to discussion of current and future market conditions, in sections 6.4 

and 6.5 including: 

• carbon policy and market design; and  

• the implications of a power mix with a high share of OSW for future energy market design and 

policy frameworks.  

The next section, 6.6, covers measures to incentivise system flexibility to minimise the integration 

costs of OSW, particularly measures that can increase the flexibility of energy demand. 

Section 6.7 turns to development of innovation support policy for technologies that can 

complement OSW, while the final section, 6.8, covers development of network infrastructure, 

including interconnectors and network charges. 
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 Renewable Support Policy (CfDs) and OSW 

 CfDs and Impact on OSW 

Over the last 30 years the UK Government has strongly promoted the deployment of VRE 

generators including OSW with considerable success.  This support came first in the form of the 

Non-Fossil Fuel Obligation which evolved into the Renewables Obligation (RO).  The RO scheme 

delivered 35.2GW2 of renewables-based capacity however, there were concerns it did not give 

investors sufficient certainty for the necessary levels of investment to be secured and developers 

were carrying too much market price and policy risk.3, 4  Also, the profits achieved by developers 

were to a large degree determined by the level at which Government placed different parameters 

(the number of RO Certificates/MWh for different technologies, the obligation on suppliers and the 

buy-out price).  This was a complex task which depended on both the Government ability to 

understand technology cost curves, and clarity about priorities for technology support. 

A package of reforms was introduced through the Energy Act 2013 (part of Electricity Market 

Reform (EMR)5) which included mechanisms to replace the RO in order to resolve these flaws.  

Contracts for Difference (CfDs) were introduced to support deployment for large scale renewable 

generation and remain the dominant support intervention for OSW to this day.  In the remainder of 

this section we outline the workings of the CfD scheme and why it has been successful in 

mobilising investment and finance for OSW before moving onto the next section, which discusses 

some issues arising due to the design of the scheme and its impact on the power system and 

markets. 

CfDs are contracts awarded to generators by Government which give top up payments to an 

agreed ‘strike price’ compared to a reference price index – the Intermittent Market Reference Price 

(IMRP) in the case of OSW, calculated on an hourly basis using results from the N2EX day-ahead 

auction.  This is shown in Figure 1 below.  The scheme guarantees a set ‘strike price’ for each unit of 

electricity sold for fifteen years. 

 

2 https://www.ofgem.gov.uk/system/files/docs/2020/03/ro_annual_report_2018-19.pdf 
3 Grubb, M., Newbery, D., (2017), UK Electricity March Reform and the Energy Transition: Emerging Lessons, 

Energy Journal 39(6) · March 2018, DOI: 10.5547/01956574.39.6.mgru 
4https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/65634/7

090-electricity-market-reform-policy-overview-.pdf 
5 Ibid. 

https://www.ofgem.gov.uk/system/files/docs/2020/03/ro_annual_report_2018-19.pdf
https://www.researchgate.net/journal/0195-6574_The_Energy_Journal
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5547%2F01956574.39.6.mgru
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/65634/7090-electricity-market-reform-policy-overview-.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/65634/7090-electricity-market-reform-policy-overview-.pdf
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Figure 1: Illustration of the operation of Contracts for Difference6 

The strike price is agreed via regularly held auctions, enabling competition to drive down strike 

prices reduce costs for consumers and spur innovation7.  In 2015, the CfD auction saw a strike price 

of £114-£120/MWh which at the next auction, in 2017, halved, reaching £58-£78/MWh before most 

recently, in 2019, lowering again to £40-£42/MWh8.  In total, the latest strike price is now roughly a 

third of what it was just 5 years ago (all in 2012 prices). 

This scheme guarantees and stabilises revenues and reduces risk for project developers, investors 

and financiers.  This has enabled substantial commercial investment, low weighted average cost of 

capital (WACC)9 and increased project gearing by bringing forwards more risk-averse investors.10 

By meeting the requirements of debt providers and low-risk investors, CfDs have enabled more 

projects to be refinanced after construction.  This process frees up developers’ capital enabling 

them to develop more projects using their own capital to provide equity.  It should be noted, 

though, that CfD contracts at the very low values recently seen are attracting much lower gearing 

than past CfD contracts11.  The design of the CfD scheme also provides developers with flexibility as 

they are able to phase some project deployment, so minimising project costs.12 

CfDs have enabled the deployment of 5.2GW of capacity with a further 6GW contracted for delivery 

by 2024/202513, most of which is OSW.  The reducing costs have enabled smaller Government 

budgets to contract larger capacities.  

 

6 Ibid. 
7 Welisch, M., Poudineh, R., 2019, Auctions for allocation of OSW contracts for difference in the UK 
8https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/832924/

Contracts_for_Difference_CfD_Allocation_Round_3_Results.pdf; 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/799074/

Allocation_Round_3_Allocation_Framework__2019.pdf 
9 WACC is calculated by multiplying the cost of each capital source (debt and equity) by its relevant weight, 

and then adding the products together to determine the value. 
10 Roundtable held by Energy Systems Catapult and the Energy Transition Investment project (UKERC), 

‘Solving the integration challenge for OSW: exploring the role of markets and policy’, held 1st April, 2020. 
11 Point raised by participants at UKERC/ESC roundtable discussion. Ibid. 
12 Welisch, M., Poudineh, R., 2019, Auctions for allocation of OSW contracts for difference in the UK 
13 LCCC - CfD Allocation Round Results webpage 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/832924/Contracts_for_Difference_CfD_Allocation_Round_3_Results.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/832924/Contracts_for_Difference_CfD_Allocation_Round_3_Results.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/799074/Allocation_Round_3_Allocation_Framework__2019.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/799074/Allocation_Round_3_Allocation_Framework__2019.pdf
https://www.lowcarboncontracts.uk/dashboards/cfd/levy-dashboards/interim-levy-rate-and-total-reserve-amount
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In March 2020, the Government launched a consultation with proposed changes for CfDs in 

Allocation Round 4 (AR4)14.  The Government proposes to extend the delivery years for which 

contracts can be awarded to 2030 from its previous date of 2026.  The proposals also include 

separating fixed and floating OSW, as the technologies are at different stages of maturity, so they 

may receive separate strike prices and have a separate pot for fixed OSW.  

 Impact of CfD Design on Markets 

Generators are incentivised to sell their output in the day-ahead market, which is the basis for 

setting the IMRP, as they aim to achieve a capture price as close as possible to IMRP in order that 

they can achieve their strike price.  However, generators face some price risk as the capture price 

may differ from the IMRP.  Generators are also incentivised, however, to produce when supply 

exceeds demand and prices are negative. 

Payments are capped at the strike price and the top up is made from the IMRP, which has a 

minimum level of £0/MWh.  So when IMRP is positive and exceeds the strike price, generators pay 

back the government for any excess over the strike price; and when IMRP is negative, the CfD 

revenues decline from the maximum possible amount when IMRP is zero to the negative of the 

strike price, at and after which point no payments are made (as illustrated in Figure 2 below). 

 

  

 
Figure 2: CfD revenues (left); RO revenues (right); PPA/hedging options for CfD Vs RO (below)15 

 

14 Contracts for Difference amendment consultation webpage 
15 Cornwall Insight, May 2018, Wholesale Power Price Cannibalisation 

https://www.gov.uk/government/consultations/contracts-for-difference-cfd-proposed-amendments-to-the-scheme-2020
https://www.cornwall-insight.com/insight-papers/wholesale-power-price-cannibalisation
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Generators with CfD contracts are much less exposed to wholesale energy market prices compared 

to those supported by the RO.  For an RO project, revenues are directly related to power prices and 

generators are incentivised to maximise their revenues from the market and beat expectations.  

When prices fall, however, generators are protected.  As subsidies are not directly linked to the 

wholesale energy markets, RO projects can exploit several routes to market, selling power using 

available market indexes, such as forward seasons, quarters and months as well the day-ahead 

index.  Typically, generators have sought revenue stability through long-term PPAs of varying 

structures ranging from 10 to 15 years.  Analysis by Cornwall Insight shows that the cannibalisation 

effect from growing levels of CfD generation will be greatest on the day-ahead index.  By contrast, 

RO supported generation selling forward can capture some value from uncertainty in wind 

forecasts (even if this results in larger discounts from off-takers or requires more active imbalance 

management).  Comparison of the RO and CfD scheme in relation to the role of the off-taker and 

routes to market is illustrated in Figure 2 above.  

It is worth noting here that concerns relating to declining liquidity of the PPA market and 

deteriorating terms of PPA providers while the RO scheme was in operation contributed to the 

evidence supporting the move to CfDs16.  The reluctance of PPA providers to take long-term risk in 

the form of a floor on the electricity price was driven by uncertainty as to the impact on wholesale 

prices of a greater penetration of intermittent renewable generation, uncertain government energy 

policy and changes to supply/demand fundamentals.  Arguably, the situation today has not 

improved with OSW growth and associated projections of reducing average wholesale prices and 

eroding average capture prices for OSW. 

When market prices are negative for more than six hours, no further payments are made to 

generators.  Recognising that this market rule does not incentivise OSW to support system 

integration and does not support a level-playing field, the UK Government is currently consulting 

on the proposal to not make CfD payments when supply exceeds demand and prices are negative 

(for new CfD contracts)17. 

As the price paid to generators is based on the day-ahead price, generators are incentivised to bid 

in the day ahead market more than they otherwise would.  In the absence of revenue stabilisation 

provided by CfDs, generators would normally do more to exploit commercial opportunities and to 

manage and mitigate risk, including participating more in the forward and hedging/insurance 

markets18.  This would create demand for innovative financial services and products from the 

private sector. 

While CfDs bring forward substantial capacity, the growth in OSW weakens the economics for 

potential merchant renewable generation by putting downward pressure on average wholesale 

prices and average capture prices for OSW (see section 6.5.5).  This, combined with the advantages 

of having a CfD, means that subsidised generators can crowd out merchant renewable generation. 

 

 

16 Baringa (Redpoint), July 2013, Power Purchase Agreements for independent renewable generators – an 

assessment of existing and future market liquidity, commissioned by DECC 
17 Ibid. 
18 July 16, 2017, “Opinion: Contracts for difference – or for a different kind of wholesale market?”, New Power  

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/263919/Baringa_report_on_PPA_market_liquidity___July_2013.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/263919/Baringa_report_on_PPA_market_liquidity___July_2013.pdf
https://www.newpower.info/2017/07/opinion-contracts-for-difference-or-for-a-different-kind-of-wholesale-market/
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 OSW Financing and the Need for Government Support 

 Barriers / Readiness for Merchant Development 

A recent survey (Q1 2019) of 150 senior level investors, financiers, developers and independent 

power producers and utilities based across Europe identified a range of barriers holding back the 

deployment of OSW without Government support (see Figure 3, Figure 4 and Figure 5 below)19.  

Among the top three barriers identified were bankability concerns and that banks and financial 

institutions are not ready to move away from requiring projects to have long-term contracted 

revenues at the start of construction.  The survey shows there is clearly room for improvement in 

the market, policy and regulatory framework, particularly as the majority of respondents do not 

think markets are adapting sufficiently quickly.  It also suggests that Governments should also 

focus on stimulating finance sector development as well as development in the electricity sector. 

Figure 3: Question- Which of the following do you see as the biggest obstacles holding back the development of 

subsidy/support-free projects for the OSW? (deep red – Europe; light red – South East Asia) 

 

Figure 4: Question- How well do you think the financing market is adapting to a greater degree of merchant risk? 

 

19 Source: Watson Farley & Williams, The Future of Renewable Energy: Renewable power generation, 

merchant risk and the growth of corporate PPAs, 2019. Interviews conducted by Acuris. 

https://www.acuris.com/assets/Watson%20Farley%20Williams_Renewables_Report.pdf?okTiRHexDVjXoa3yRoXNUXDiJwG9TwPD
https://www.acuris.com/assets/Watson%20Farley%20Williams_Renewables_Report.pdf?okTiRHexDVjXoa3yRoXNUXDiJwG9TwPD
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Figure 5: Question- How well do you think the developer/investor market is adapting to a greater degree of merchant risk?  

 

 Private Finance and Innovative Developments 

In the UK, most electricity is traded bilaterally between parties in forward energy markets, through 

over the counter trading (OTC) and often via a broker.  Bilateral OTC contracts are favoured for 

buying large volumes of electricity for season, quarter, month-ahead timeframes while longer 

timeframes typically apply to bilateral agreements in the form of Power Purchase Agreements 

(PPAs).  In the near-term, ahead of gate closure, market participants trade in spot markets via 

power exchanges, notably N2EX and EPEX Spot, which offer day-ahead and intraday auction 

options.  Prices vary by hour or half-hour depending on the auction in question.  Forward prices 

typically reflect expectations for near-term prices and are influenced by near-term price variations.  

There is essentially a ripple effect from near-term prices through to forward prices. 

For OSW unhedged assets without CfD contracts, revenues depend on power prices at which the 

production is sold at the power exchange.  The financial risk posed by changes in the power prices 

is referred to as merchant risk20. In the absence of CfDs, project developers and investors need to 

manage merchant risk.  Exposure to merchant risk creates opportunities to make higher returns 

depending on strategies employed. 

The renewable energy investment landscape is fast changing and a proliferation of new business 

models, investment vehicles and risk mitigation approaches are emerging, which can mobilise 

different investors and finance all stages of a renewable asset’s life.  Some emerging innovations 

are outlined below. 

  

 

20 Plexapark website 

https://pexapark.com/blog/merchant-risk/#:~:text=DEFINITION%3A%20WHAT%20IS%20MERCHANT%20RISK,referred%20to%20as%20merchant%20risk.
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The rise of CPPAs and different types of PPAs 

Corporate power purchase agreements (PPAs) are a risk management tool that can contract a fixed 

offtake price over a long period.  The risks associated with power purchasing and how they can be 

incorporated into a PPA are quite complex, as illustrated in Figure 6 below. 

 

Figure 6: Waterfall chart for breakdown of PPAs – revenues and risk adjustments21 

Through CPPAs, a corporation with a large electricity demand contracts to pay for a volume of 

electricity from a generation site for a set period of time, typically of fairly long duration.  These 

contracts stabilise revenues for generators and electricity prices for corporations hence reducing 

future risk for both parties.  CPPAs are applicable to various business models and CPPA contract 

structures vary based on volume, price, profile and liquidity risk allocations22.  The Nordic area 

dominates the CPPA market and has a well-functioning spot market and financial market available 

for long-term hedging23.  Nevertheless, CPPAs for OSW are emerging in the UK; for example, 

Nestlé UK signed a 15 year indexed fixed price CPPA to buy the output of 31 MW from Ørsted’s 

Race Bank OSW farm, located offshore North Norfolk24. 

CPPAs suffer some limitations and analysts question how much finance can be brought forward 

through them.  For example, due to their long time-horizon, CPPAs cannot be issued with 

companies which do not have exemplary credit ratings and eligible companies also need a large 

electricity demand.  Based on such constraints, Aurora estimated that across the EU only 30% of 

the newbuild capacity needed to reach Net Zero could be supported by the current approach to 

CPPAs.25  It can also be more difficult to use CPPAs to underpin new investments relative to existing 

investments as corporates may be unwilling to commit to contracts beyond 7-10 years in duration 

 

21 Ibid. 
22 RE-Source, March 2020, Risk mitigation for corporate PPAs 
23 Ibid. 
24 27 April 2020, Nestlé UK and Ørsted sign offshore wind PPA 
25 https://www.auroraer.com/wp-content/uploads/2019/06/Mateusz-Wronski-beyond-corporate-PPAs.pdf 

https://www.offshorewind.biz/2020/04/27/nestle-uk-and-orsted-sign-offshore-wind-ppa/#:~:text=In%20December%202019%2C%20%C3%98rsted%20signed,Water%2C%20signed%20in%20February%202019.
https://www.auroraer.com/wp-content/uploads/2019/06/Mateusz-Wronski-beyond-corporate-PPAs.pdf


OWIC ‘Solving the Integration Challenge’ Task Force 

 

 

15 

 

and lenders seek longer term buyer commitments.  That said, contracts are often of much shorter 

timeframes in other sectors for investments in major assets e.g. food sector.  

PPAs are also beginning to emerge in the public sector with institutions clubbing together to strike 

PPA deals.  In October 2019, twenty universities – aggregated through a contracting authority, TEC 

– struck a deal with onshore windfarms26. 

PPAs, aggregation and intermediaries 

Aggregators and utilities can act as intermediaries, buying PPAs from renewable power plants to 

allow them to get rid of some volume risk, or to get a price premium on a pre-defined profile 

contract.  The utilities and aggregators then sell it on to the corporate buyer as a baseload PPA.  

This approach allows both parties to get rid of the liquidity risk they would face in the financial 

market, or a stand-alone financial hedge, which could be significant for long term contracts27.  

Aggregation is expected to give SMEs access to PPAs. 

With the move away from subsidies, renewable energy project developers and parties who offtake 

risk must learn how to develop risk management strategies, including use of new financial 

products.  Market participants need to stay up to speed and adapt.  Some may seek to exploit the 

new opportunities while others may prefer to use third parties.  The UK government and relevant 

institutions are facilitating knowledge exchange and learning for market participants concerning 

new developments28. 

PPAs and financing of flexibility / storage and co-location 

It is not just OSW that is challenged by uncertainties and risks associated with wholesale electricity 

prices.  Flexibility providers, particularly those seeking to finance high capex technologies for 

provision of long duration storage, also face revenue uncertainty given volatile carbon prices and 

the need to stack revenues and exploit energy arbitrage. 

PPAs with storage are an emerging solution for buyers looking at baseload output with a low risk 

profile.  Baseload PPAs can be used for OSW and co-location with storage, whereby VRE 

generation is turned into a baseload block and the balancing responsibility risk is allocated to the 

producer29.  Such baseload PPAs are priced higher to cover this risk and so returns for the 

developer are higher.  The profitability of PPAs with storage depends on arbitrage potential and so 

the investment in storage should be less than what the buyer would have spent in sleeving fees (i.e. 

fees to the utility)30. 

Examples of these PPAs can be found for solar located in the US:  EDF Renewables North America 

signed a PPA with local utility NV Energy for its 200MW solar PV plus 75MW five-hour storage 

system in June 2019;  Portuguese IPP EDPR signed a 20-year PPA with California-based utility East 

Bay Community Energy for its 100MW solar PV plus 30MW storage project31.  For these particular 

examples there are issues with profitability but as costs come down, barriers to storage are 

 

26 October 2019, UK universities in landmark deal to buy energy direct from windfarms. 
27 Kjetil Holm and Cathrine Torvestad, AXPO as published in RE-Source (European Platform for Corporate 

Renewable Energy Sourcing), March 2020, Risk mitigation for corporate renewable PPAs. 
28 See Re-Source Renewable Energy Buyers’ Toolkit; and EEX, February 2020, Renewable Energy Price Risk 

Management at the Energy Exchange. 
29 DLA PIPER, Inspiratia (2019), Europe’s Subsidy-free Transition – the road to grid parity. 
30 Ibid. 
31 Ibid. 

https://www.theguardian.com/business/2019/oct/07/uk-universities-in-landmark-deal-to-buy-energy-direct-from-windfarms
http://resource-platform.eu/toolkit/
https://www.eex.com/blob/99774/b2fdd8b7fff44b0517039894cdaaf0d3/190612-eex-price-risk-management-data.pdf
https://www.eex.com/blob/99774/b2fdd8b7fff44b0517039894cdaaf0d3/190612-eex-price-risk-management-data.pdf
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removed and long-term storage technology becomes more economically viable, it is expected that 

this model will be replicated globally. 

Insurance and hedging 

Volume Firming Agreements (VFAs) can be used to help mitigate volume, profile and 

cannibalisation risks;  the VFA transfers the financial risks of a renewable power plant’s over- or 

under- production from the corporate buyer to an insurer, who can diversify that risk across a 

portfolio of weather-linked exposures32.. 

Hedging products can be used to mitigate price risk – either stand alone or to cover risk not 

covered by PPAs – and power exchanges are moving in the direction of offering hedging products 

of longer duration33.  For example, the European Energy Exchange (EEX) has introduced 

standardised exchange traded renewables derivatives – such as Wind Power Futures34 – to enable 

the dedicated hedging of risk of variable renewable generation. EEX is in the process of listing 

further calendar futures with much longer expiries, up to 9 or 10 years ahead.35  

Portfolio diversification 

Portfolio diversification by investing in different energy sector assets (e.g. wind/solar/storage) and 

across different countries is an approach to hedging against both long-term risks affecting returns, 

and short-term cash-flow volatility affecting debt repayments36. 

 

 Non-Regulatory Measures to Facilitate Private Finance 

CfDs have efficiently de-risked the financing of low-carbon investment, which is important given 

the capital intensity of OSW.  Consumers have benefited not only from the technology cost 

reductions but also the reduced WACC.  While the UK’s CfD scheme has performed well in reducing 

risks for OSW investment and enabling the supply of low cost finance, it is necessary to consider 

whether the policy instrument needs to be adapted given the maturity of OSW, the massive scale-

up planned as well as the evolving market and investment conditions.  Furthermore, Government 

can intervene in a number of ways to facilitate the flow of private finance for renewables by using a 

combination of innovative policies, tools and instruments to help reduce risks, remove barriers and 

mobilise finance at large scale, well summarised by IRENA in Figure 7 below37. 

 

32 RE-Source, March 2020, Risk mitigation for corporate PPAs. 
33 Ibid. 
34 https://www.eex.com/blob/26950/03663f2f88188c593521a95e7f6157db/flyer-wind-power-en-data.pdf 
35 EEX, February 2020, Renewable Energy Price Risk Management at the Energy Exchange. 
36 https://www.auroraer.com/wp-content/uploads/2019/06/Mateusz-Wronski-beyond-corporate-PPAs.pdf; 

The Renewables Infrastructure Group (TRIG) provides an example of a company providing a diversified 

exposure to renewable energy assets. 
37 See: BNEF/Chatham House/FS-UNEP, 2016, “Finance Guide for Policy-Makers: Renewable Energy, Green 

Infrastructure” and various IRENA briefings: https://www.irena.org/financeinvestment  

https://www.eex.com/blob/26950/03663f2f88188c593521a95e7f6157db/flyer-wind-power-en-data.pdf
https://www.eex.com/blob/99774/b2fdd8b7fff44b0517039894cdaaf0d3/190612-eex-price-risk-management-data.pdf
https://www.auroraer.com/wp-content/uploads/2019/06/Mateusz-Wronski-beyond-corporate-PPAs.pdf
https://www.trustintelligence.co.uk/articles/the-renewables-infrastructure-group-mar-2019?view_all=true
https://www.irena.org/financeinvestment
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Figure 7: Policies, tools and instruments that reduce renewable energy barriers and mitigate risks38 

In the first instance, enabling policies are needed to create stable and predictable investment 

environments, overcome barriers and ensure predictable project revenue streams, as the UK is 

achieving through CfDs.  Government support for OSW must also focus on non-regulatory 

interventions that could facilitate the supply of private finance in the absence of reduced 

Government support (i.e. no CfD or amended instrument transferring more risk to 

developer/investor).  This requires detailed analysis of the risk profile of OSW and analysis of 

options in consultation with key stakeholders in both the power and finance sectors. 

 

 Options for Evolving CfD Support for OSW 

OSW technology is maturing and CfDs have successfully driven down costs to the extent that OSW 

is near grid parity, such that subsidies may no longer be needed.  Ideally, renewable support policy 

needs to be evolved in order that generators are incentivised to participate rationally in the 

electricity and financial markets just like any other market player.  This must be achieved, however, 

without risking a slowdown in investment and financing at needed pace to reach the Government’s 

decarbonisation targets.  

As explained in sections 6.5.5 and 6.5.6 below, current market conditions could potentially threaten 

the long-term economic viability of OSW if they do not improve and energy demand and storage 

remain relatively inelastic.  At present, the foreseeable trend is increasing price risk for OSW and 

this might cause increase in CfD payments despite falling costs for OSW.  In addition, whether 

merchant deployment can be successful is also reliant on how carbon policy evolves (discussed in 

section 6.4).  

 

38 Source of Figure: IRENA (2016), Unlocking Renewable Energy Investment: The Role of Risk Mitigation and 

Structured Finance, IRENA, Abu Dhabi. 
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Nevertheless, consideration should be given to how CfD design could be adapted in the near-term 

to better incentivise OSW to respond to power system needs and to gradually expose OSW 

generators to markets.  In parallel, the market and investment conditions can be improved and 

prepared for merchant deployment and a Net Zero future. 

The revised EU Renewable Energy Directive39 sets out provisions to direct adaptation of renewables 

support schemes in order that they: minimise unnecessary distortions of electricity markets; take 

account of possible system integration costs and grid stability; maximise integration of VRE into the 

electricity market; and ensure that renewable energy producers are responding to market price 

signals.  In alignment with the Directive, Government is proposing to stop CfD payments when 

supply exceeds demand and market prices are negative, and BEIS is launching a call for evidence 

on whether and how amendments to the CfD scheme could better incentivise generators to 

respond to the power system’s needs40.  Assessment of the impact of different options on the 

electricity and financial markets is necessary, in addition to impact on power system integration. 

Cornwall Insight propose the idea of a Government supported CfD floor price41, which could 

potentially be a subsidy-free CfD.  Similar to the current CfD design, Government would award top-

up payments to generators to ensure they receive a minimum for each MWh of electricity 

generated.  The difference comes when the wholesale market price is higher than the CfD strike 

price.  If there has been a net payment from Government to the generator, the generator pays the 

Government the difference.  This continues until the generator fully pays back the Government, 

after which point the generator can keep the upside.  This could provide generators with a much 

stronger incentive to exploit commercial opportunities through strategic participation in the short-

term and forward electricity markets.  Significant benefits of this scheme are that it is not a radical 

departure from the current CfD model, so providing continued policy stability that is important for 

investor confidence and from the regulator’s perspective, consumers remain protected against 

rising levy costs and lower costs of capital. 

According to Cornwall Insight, the CfD floor could deliver the following benefits: 

Lower strike prices Upside means lower floors. Developers will instead focus on the level 

of floor necessary to raise viable debt levels. 

No subsidy (i.e. 

LCCC/Government 

payments) 

Low floors will fall under long-run wholesale power prices 

(c£30/MWh). Rebate model means it is “working capital”. No impact 

under low carbon levies. 

Attracts low cost of 

capital investors 

Removes revenue volatility. Floor acts like the RO as guaranteed 

bankable revenue. 

No material changes of 

CfD structure 

Can be auctioned – people just bid floors not two way strike prices. 

CfD contract changes not extensive. 

Deliver capacity at scale Absence of subsidy cost means no financial limit to the scale of 

capacity that can be supported. 

 

Emphasising the need for support payments to work in the context of the wholesale electricity 

market, as well as for the investor, Pöyry suggests that revenue support should not be based on 

output and instead be based on the difference between revenue requirements and anticipated 

 

39 EU Directive 2018/2001 (see Article 4) on the promotion and use of energy from renewable sources 

(recast), 11 December 2018.  
40 p47, Ibid. 
41 https://www.cornwall-insight.com/newsroom/all-news/the-case-for-a-floor-price-cfd 

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://www.cornwall-insight.com/newsroom/all-news/the-case-for-a-floor-price-cfd
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wholesale revenue42.  This would remove any incentive to bid below short-run marginal cost 

(SRMC) with consequent dispatch reflecting true short-run costs, and should incentivise generators 

to beat expectations in markets. 

It is necessary to assess current and future market and investment conditions in relation to whether 

they could support OSW in the absence of CfDs, or with significant reform.  The market and 

investment conditions are discussed in the next four sections of this chapter; they cover carbon 

policy, market design, flexibility and networks, with consideration for the impacts of OSW scale-up. 

 

 

42 Poyry, November 2013, “From ambition to reality? Decarbonisation of the European electricity sector” 
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 Carbon Policy 

The value of reducing carbon emissions in the power system is currently signalled by the EU 

Emissions Trading Scheme (EU ETS) and the Carbon Price Support (CPS) scheme.  On their own 

these have proved insufficient to drive renewables deployment at sufficient pace, hence the EMR 

reforms and the strengthening of renewable support policies through the introduction of CfDs.  

The UK Government recently confirmed its preference of establishing a UK ETS scheme post-Brexit 

that will run from 2021 to 203043.  The scheme could operate with a direct link to the EU ETS 

scheme or as a standalone system.  Failing this, the Government will implement a Carbon Emission 

Tax as a fallback option. 

An important side effect of CfDs is due to the allocation of CfD costs to consumers’ bills.  This has 

the effect of allocating more carbon related costs to electricity compared to other energy vectors 

such as gas, so reducing the incentive for consumers to switch from gas to electricity for heating or 

from petroleum to electricity for mobility services.  One option could be to socialise the renewable 

policy support costs in general taxation as part of a wider carbon policy to levelise the effective 

carbon price across the economy and multiple vectors44.  Alternatively, or in addition, low carbon 

policy support costs could be recovered through levies applied across a broader set of energy 

carriers.  Levelising the effective carbon price signal across the different energy vectors, such as 

electricity, gas, oil and green, blue or grey hydrogen, is crucial for driving efficient decarbonisation 

choices through vector switching. 

A carbon price is also likely to be too low and volatile on its own to drive investment in zero carbon 

generation at the pace required on its own.  Furthermore, fossil-based generation has a natural 

hedge against price risk as it is generally a price maker and, assuming it is ‘in merit’ and cleared in 

the market, can pass through fuel and carbon costs to consumers while OSW is generally a price 

taker and its costs do not include carbon emission allowances or fossil fuels, so it must therefore 

take the price risk of both fossil fuel and carbon price uncertainties. 

Analysis by Pöyry45 has identified a potential ‘divergence point’ at some point from 2030 linked to 

diminishing returns from incremental carbon price increases as the carbon intensity of the power 

mix declines, which may eventually impair the effectiveness of carbon pricing.  A broad range of 

potential carbon price trajectories may be possible depending on the power mix and its level of 

demand flexibility, with potentially very high carbon prices if technologies such as CCS dominate at 

the margin and if demand flexibility is low.  While higher carbon prices may improve OSW’s 

average capture prices, the consumer perspective should also be considered as the inframarginal 

rent paid by consumers through their electricity bills per tonne of carbon reduced can be many 

multiples higher than the carbon price paid by generators per tonne CO2 reduced46.. 

In the longer run, once the system is decarbonised, a carbon price may only very rarely (or 

potentially never) be internalised in market clearing prices, so any future market design for a 

largely decarbonised electricity system must be sustainable without it. 

If OSW is to move away from CfDs during the transition to Net Zero, not only must the market 

conditions be supportive and sustainable (see section 6.5.6) but an explicit carbon reduction driver 

 

43 June 2020, The Future of Carbon Pricing: UK Government and Devolved Administrations’ Response. 
44 ESC, 2019, Rethinking Decarbonisation Incentives: Future Carbon Policy for Clean Growth  
45 Poyry (November 2013), From ambition to reality? Decarbonisation of the European electricity sector 
46 Regulatory Assistance Project, 2015, Carbon caps and efficiency resources: Launching a virtuous circle for 

Europe – see page 14. 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/889037/Government_Response_to_Consultation_on_Future_of_UK_Carbon_Pricing.pdf
https://es.catapult.org.uk/wp-content/uploads/2019/07/Rethinking-Decarbonisation-Incentives-Future-Carbon-Policy-for-Clean-Growth.pdf
https://www.poyry.com/news/articles/ambition-reality-decarbonisation-european-electricity-sector
http://www.raponline.org/wp-content/uploads/2016/05/rap-carboncapsefficiencylaunchingvirtuouscircle-2015-jan.pdf
http://www.raponline.org/wp-content/uploads/2016/05/rap-carboncapsefficiencylaunchingvirtuouscircle-2015-jan.pdf
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would be needed to complement or replace carbon pricing.  The driver in any market is demand, 

which can be shaped by rules and regulation to drive the desired type of investment, such as 

carbon intensity performance standards, obligations or targets that could be tradable and applied 

to retailers’ resource portfolios47.  The latter has the potential to create much greater investor 

certainty compared to volatile carbon prices if it is linked to a clear decarbonisation trajectory for 

the sector, which fits transparently with carbon budget legislation and analysis of what is required 

from the various sectors.  The low take-up and prices of green electricity through the voluntary 

Renewable Energy Guarantees of Origin (REGOs) illustrates that firmer measures will be needed to 

drive demand for zero carbon energy products and services, including electricity, at the needed 

pace. 

 

47 Buchan, D. and Keay, M. (2015) Europe’s Long Energy Journey: Towards an Energy Union?, OIES/OUP. 
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 Evolving Market Design for VRE 

UK legislation is strongly influenced by EU law.  The extent to which this will continue to be the 

case post-Brexit48 remains to be seen but at present the UK is part of the EU’s single energy market 

that is evolving in accordance with its Target Electricity Model49, which is in theory based on an 

energy-only market (EOM) design.  The UK moved away from the EOM model when it introduced 

the EMR in 2013, which incorporated a capacity market.  The latter combined with the CfD scheme 

means the government currently has a strong decision-making role regarding how much and what 

type of capacity is built, as well as when it should be built. 

The EU’s current Target Electricity Model is incomplete, particularly as prices are insufficiently 

granular by time and space, carbon emissions remain under-priced and market integration is not 

complete at balancing timescales.  Nevertheless, the recently adopted Clean Energy Package for All 

Europeans50 further evolves the framework and introduces improvements in the direction a single 

decarbonised energy market.  This legislative package updates the Renewable Directive51, the 

Electricity Directive52 and the Electricity Regulation53, bringing together the EU’s efforts to 

decarbonise energy systems and cost-effectively integrate VRE while further integrating energy 

markets across the EU.  Key objectives are to adapt VRE support policy to better complement the 

single energy market and to adapt market design for VRE. 

It is worth mentioning here that National Grid ESO aims to be able to operate a zero-

carbon electricity system safely and securely by 2025, whenever there is sufficient renewable 

generation online and available to meet the total national load54. 

 

 OSW Impacts on the Power System and Implications for Markets 

OSW, along with other VRE sources, differs from traditional power plant in several ways which 

cause it to interact differently with today’s electricity markets compared with conventional 

generation.  This has implications for market design and policy, discussed in more detail in the 

sections that follow and summarised in Table 1 below. 

 

48 The UK withdrew from the EU as of 1 February 2020 and the transition period will end on 31 December 

2020. During the transition period, EU law, with a few exceptions, is applicable to the UK. 
49 See FSR/EUI, February 2018, The EU Electricity Network Codes 
50 https://ec.europa.eu/energy/topics/energy-strategy/clean-energy-all-europeans_en 
51 EU Directive 2018/2001 on promotion of the use of energy from renewable sources 
52 EU Directive 2019/944 on common rules for the internal market for electricity – transpose by 31/12/2020. 
53 EU Regulation 2019/943 on the internal market for electricity – takes direct effect in Member States.  
54 National Grid ESO, Zero Carbon Operation 2025  

file:///C:/Users/sarah.keay-bright/Downloads/FSR_Energy_2018_Feb.pdf
https://ec.europa.eu/energy/topics/energy-strategy/clean-energy-all-europeans_en
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019L0944&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0943&from=EN
https://www.nationalgrideso.com/document/141031/download
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Table 1: OSW characteristics/impacts and implications for markets, policies and regulations 

OSW characteristics and power system impacts Market design and policy implications for high OSW 

• OSW has high capital costs initially but then very low short-run marginal 

costs (SRMC) for generation 

• The very low marginal costs places OSW high in the merit order stack of the 

wholesale energy market, influencing how/when revenues are recovered. 

Whether the current market design is sustainable is debated. (sections 6.5.5 

and 6.5.6) 

• As OSW is weather-dependent, it has limited ability to provide 

dispatchable power and flexibility services, but it can make a limited 

contribution. If OSW is combined with storage and/or hydrogen 

electrolysis, the contribution could be much more significant.  

• Modelling (in Workstream A Tasks 1 and 2) shows that cost-effective 

integration of OSW will likely involve extensive deployment of demand-

side flexibility, initially through building-level and district-level heat 

storage and subsequently through hydrogen production and storage. The 

modelling also shows the dominant role of hydrogen gas turbines and 

thermal CCS plant in managing intermittency by supporting system 

margin and peaking. 

• Ancillary service and capacity markets are currently being adapted to allow 

OSW participation (sections 6.5.3 and 6.5.4).  

• CfD support can be adapted to incentivise system integration (section 6.3.5). 

• Market design and policies to better reveal and capture value of flexibility to 

the system (sections 6.5.6 and 6.6) 

• Faster short-term markets based on more granular time signals to internalise 

the value of flexibility in the market price (section 6.5.2).  

• Innovation policy for new flexible technologies, including those based on 

green hydrogen and CCUS (section 6.7).  

• ESO/TSO/DNO regulation to accelerate modernisation of networks so 

digitalisation, data and smart grid technologies can be exploited (section 6.7). 

• A least cost decarbonised energy system may entail very high OSW 

curtailment. Hydrogen could play an important role in optimising a 

decarbonised energy system, providing flexibility (both demand and 

supply) for the power system while helping to decarbonise other sectors, 

by consuming excess/cheap energy and minimising curtailment.  

• Future market design and enabling flexibility (sections 6.5.6 and 6.6) 

• Coherent carbon price across all energy vectors of the economy (section 6.4)  

• Coordinated network planning and effective regulation (section 6.8).  

• Innovation policy for early deployment and risk/cost reduction (section 6.7). 

• Growth in OSW will likely increase need for reserves due to increasing 

uncertainty in the supply for any given period, with potentially significant 

increase in both positive and negative replacement reserves by 2050. This 

need is significantly impacted by changes in the power mix. 

• OSW could provide reserves in conjunction with storage or electrolysis 

production (interrupting electrolysis plant to reduce demand). Innovative 

techniques such as pitch adjustment of wind turbine blades can 

contribute. 

• OSW load factors are improving and predictability improves closer to real-time 

and with improved forecasting.  

• Faster, more granular and digitised short-term markets reduces fast reserves 

required (section 6.5.2). 

• Efficient market design would ensure reserves are accurately valued, providers 

compete and are properly remunerated and that OSW maximises output 

rather than holding back to provide reserves (section 6.5.6).  

• Innovation support policy should consider system/reserve needs (section 6.7). 
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OSW characteristics and power system impacts Market design and policy implications for high OSW 

• Synchronous plant currently provide system services such as inertia, black 

start and voltage quality control as well as fault infeed and control 

characteristics important for reliability, but this will decrease with 

tightening carbon reduction and as OSW growth displaces such plant. 

Entry of CCUS and/or more nuclear may change this. OSW does not 

naturally provide inertia (though synthetic inertia solutions are being 

proposed). OSW could provide some services in conjunction with 

supporting technologies such as storage, depending on siting.  

• Faster, more granular and digitised short-term markets reduces system 

services required (section 6.5.2). 

• Different system services must be competitively procured and providers must 

be remunerated for full value (section 6.5.3).  

• System reliability can be maintained using new control paradigms, non-

generating assets and smart grid solutions if right incentives in place, system 

requirements properly valued and resources/actors can access value (6.5.3). 

• Growth of OSW in the power mix will reduce the load factors of or 

displace some plant that may still be needed to provide system security. 

• The economic viability of some plant needed to ensure system security may be 

threatened if solely reliant on revenues of the wholesale energy market, 

though measures to improve market performance (as recommended in this 

report) would ensure efficient entry-exit of plant and reduce ‘missing money’. 

If the market cannot deliver, this may require resources to be competitively 

procured through ESO using an out-of-market mechanism and should be a 

consideration for future market design (section 6.5.6). 

• OSW must be sited offshore in appropriate locations with favourable 

resource conditions though respecting environmental and physical 

constraints, which often means it is located away from population centres 

and demand. 

• Development of OSW has implications for interconnection strategy and 

development of the electricity grid that needs strategic coordination and can 

be influenced through regulation of network planning/investment as well as 

network charges (section 6.8). 



OWIC ‘Solving the Integration Challenge’ Task Force 

 

 

25 

 

 

 VRE Growth Requires Faster Markets and Accurate Price Signals 

Faster and more dynamic short-term markets with more accurate and granular prices reflecting the 

status of the power system are needed to ensure cost-efficient integration of VRE delivered 

through greater power system flexibility55.  By using shorter market time units, the value of 

flexibility will be better internalised in the market price.  The more reflective the prices are of the 

short-term market conditions, the better the price signals sent to generators and consumers, which 

can quickly alter their output or demand as appropriate.  Faster short-term markets based on more 

granular time signals will help achieve the following outcomes: 

• increased flexibility in system operation, reduced short-duration reserve requirements and 

enabling integration of more VRE in the grid; 

• optimised capacity planning, incentivising investments in flexible generators; and 

• ultimately reduce costs to consumers. 

Shortening dispatch/scheduling time intervals, the pricing of market time units, financial settlement 

periods, and the time span between gate closure and real time delivery of power would all support 

more efficient operation of a system with high shares of VRE.  The current status for the UK in 

relation to these aspects and comparison with best practices is captured in Table 2 below. 

Measures have been recently introduced to improve real time price formation in the GB electricity 

market: 

• move to single imbalance price, based, from 1 November 2018, on marginal 1MWh energy 

balancing action; 

• improvement in the way reserve costs are reflected in imbalance prices, introduction of reserve 

scarcity pricing function (RSP) which places a value on when it is used based on system 

tightness at the time; and 

• pricing disconnections and voltage reductions at, from 1 November 2018, £6000/MWh. 

It is necessary to keep building on this progress, increasing the ability for the market to undertake 

more balancing actions closer to or potentially in real-time.  Further focus should be on: 

o further sharpening the balancing incentives (e.g. raise price cap); and 

o reducing gate closure timescales and increasing the granularity of trading periods to 

better align with real-time balancing needs. 

  

 

55 IRENA (2017), Adapting market design to high shares of variable renewable energy. International Renewable 

Energy Agency, Abu Dhabi. 
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Table 2: Faster and more accurate short-term markets for VRE: status of the UK. 

What Why Best practices UK 

Market Time Units 

and 

Dispatch/Scheduling 

Time Interval: 

 

Power generation 

schedule is changed 

more frequently, 

enabling generation to 

follow actual load more 

closely and vice versa 

New Zealand – nodal prices, 5 minutes; 

USA FERC Order No. 764 – 15 minutes; 

EPEX – 15 minute contracts in intraday 

market and 15-minute auction @3pm 

in day-ahead market; EU’s XBID (cross-

border intraday) supports 15 minute 

and 30 minute contracts 

Half-hourly 

products are traded 

in the continuous 

intraday markets. 

Time Span Between 

Gate Closure and 

Real Time Delivery 

of Power: 

 

When gate closure is 

closer to real time, 

OSW generators can 

adjust their positions 

with increased certainty 

about forecasted 

generation enabling 

them to minimise 

imbalances 

ACER Decision No. 04/2018 harmonised 

gate closure time to maximum 60 

minutes though promotes shorter 

timeframes (e.g. 30 minutes for Estonia-

Finland border). In some TSO areas of 

Austria, Belgium and 

Germany/Luxembourg, the local 

intraday gate closure time is 5 minutes 

before physical delivery.  

 

Gate closure to 

delivery in real-

time is 60 minutes. 

Financial Settlement 

Periods: 

Shorter time settlement 

periods reduce volatility 

within a settlement 

period and so reduce 

actions the ESO may 

need to take to balance 

the system. 

The EU’s EBGL harmonises the 

imbalance settlement period to 15 

minutes in all scheduling areas of 

Europe, applicable by the end of 2020 

and all boundaries of the market time 

unit must also coincide with boundaries 

of the imbalance settlement period. 

UK proposing 30 

minute financial 

settlement period. 

UK obtained 

derogation from EU 

law based on 

CBA56. 

 

 OSW and Ancillary Services 

As outlined in Table 1 above, growth in OSW is driving demand for some ancillary services, 

including the need for new products or services.  At the same time, OSW generators can provide a 

limited contribution to ancillary services, though their ability to forecast and control their 

availability improves closer to real-time and so NGESO is moving procurement closer to real time.  

NGESO has also taken steps to increase the extent to which assets can access and stack multiple 

revenue streams at certain points in time57.  More transparent and closer to real-time procurement 

of these products and services along with improved inclusion of all energy resources (including 

OSW) in these markets, will drive down total system costs.  The sub-sections below outline some of 

the reforms underway. 

While extra revenues from market mechanisms outside of the wholesale market can improve the 

economics of OSW, these revenues are likely to be fairly low while volumes and prices are very 

uncertain.  Analysis by Aurora58 indicates that such ‘revenue-stacking’ could increase revenues in 

the range of 9-14% versus a wholesale-only model, (even after accounting for the loss of wholesale 

revenue required to provide power in the Balancing Mechanism and ancillary service markets). 

 

56 EU Regulation 2017/2195 establishing a guideline on electricity balancing; note that derogations to the 15 

minute rule can be requested under certain conditions; the UK obtained a derogation, announced May 2020. 
57 NGESO, December 2018, A guide to contracting, tendering and providing ESO balancing services 
58 Aurora Energy Research, ‘The New Economics of OSW’, January 2018. 

https://www.ofgem.gov.uk/system/files/docs/2020/05/decision_to_grant_an_exemption_to_applying_a_15_minute_imbalance_settlement_period_in_the_gb_synchronous_area.pdf
https://www.nationalgrideso.com/sites/eso/files/documents/ESO%20Balancing%20Services%20Guidance%20Document%20V1.pdf
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 OSW, the Balancing Mechanism and Reserves 

The balancing mechanism, which begins operation at gate closure and ends at the end of the 30 

minute settlement period, is a tool that NGESO uses to balance supply and demand in each half 

hour trading period.  Where NGESO predicts that there will be a discrepancy between the amount 

of electricity produced and that which will be consumed during a certain time period, they may 

accept a bid or offer to increase or decrease generation or consumption59; and providers often 

receive an availability payment as well as a use of service payment. 

The UK has made significant progress in revealing the true value of balancing actions through 

reforms to its imbalance price settlement methodology.60  At the end of a settlement period, a 

party’s contracted (traded) volume is compared with the metered volume of energy used and if a 

party is in imbalance of its contracted volume, then it will be subject to imbalance charges. 

The imbalance price applied is that which is the greater of the most expensive utilisation price for 

actions or the Reserve Scarcity Price (RSVP), which is based on the prevailing system scarcity, and is 

calculated as the product of the Value of Lost Load (VoLL – set at £6,000/MWh, raised from 

£3,000/MWh, which essentially reflects the cost of disconnections)) and the Loss of Load 

Probability (LoLP – now based on a dynamic function, instead of static) for each settlement period.  

The RSVP mechanism has only affected prices five times over five years up to a maximum price of 

£2242/MWh on 4th March 202061.  Further improvements, however, could be made to sharpen 

imbalance prices (see section 6.5.2). 

The costs of the actions NGESO takes to balance the electricity system, reflected in Balancing 

Services Use of System (BSUoS) charges, are currently a substantial value stream, valued at 

1.3bn/year last year62, 63.  Half of this, however, is for constraint management payments that have 

been steadily increasing over the last 10 years with growth in VRE in locations without sufficient 

existing network capacity.64  

Improvements for frequency response and reserve, introduced by NGESO to help integrate VRE, 

include introducing a set of faster-acting response products and closer to real time procurement 

using pay-as-clear.  NGESO’s Power Responsive programme is also making progress with 

mobilising energy storage and demand response in ancillary services markets.65   

 

 

59 https://www.elexon.co.uk/knowledgebase/what-is-the-balancing-mechanism/ 
60 https://www.elexon.co.uk/operations-settlement/balancing-and-settlement/imbalance-pricing/ 
61 Elexon, 6 March 2020, Elexon Insight: Highest system price in 19 years. 
62 See Cornwall Insight, 17th July 2019, Constrained development: Scottish wind and the issues of network 

charging 
63 Monthly balancing services summaries- data, National Grid ESO, 2019/2020 
64 https://www.nao.org.uk/wp-content/uploads/2014/05/Electricity-Balancing-Services.pdf and Monthly 

balancing services summaries- data, National Grid ESO, 2019/2020 
65 National Grid ESO, 2019, Power Responsive Demand Side Flexibility Annual Report 2019 

https://www.elexon.co.uk/article/elexon-insight-highest-system-price-in-19-years/
https://www.cornwall-insight.com/newsroom/all-news/constrained-development-scottish-wind-and-the-issues-of-network-charging
https://www.cornwall-insight.com/newsroom/all-news/constrained-development-scottish-wind-and-the-issues-of-network-charging
https://www.nao.org.uk/wp-content/uploads/2014/05/Electricity-Balancing-Services.pdf
http://powerresponsive.com/wp-content/uploads/2020/04/Power-Responsive-Annual-Report-2019.pdf?utm_source=PR_Stakerholder_List&utm_medium=email&utm_campaign=Annual%20Report%202019
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 OSW and Non-Frequency Ancillary Services 

Increasing OSW and, just as importantly, decreasing synchronous generation, will increase the need 

for inertia, reactive power, black start and other non-frequency ancillary services.  These new 

ancillary service requirements are driving demand for new products and services in the ancillary 

services markets. 

National Grid ESO’s Product Roadmap for Restoration66 sets out a mid-2020s vision to run a fully 

competitive Black Start procurement process involving: improved transparency around Black Start 

services; removal of barriers to entry to wind, interconnectors, DER, storage; and alternative 

methods for procurement to enable a flexible approach. 

National Grid ESO’s Product Roadmap for Reactive Power67 sets out numerous milestones to 2022 

including: review of products and methods for procuring reactive power and working with industry 

to develop better shorter-term market; improved transparency about ESO products and what is 

needed from industry; improved Balancing Services Use of System charges information and 

Monthly Balancing Services Summary. 

 

 OSW and the Capacity Market 

The capacity market was introduced in 2014 as part of the Electricity Market Reform package.  

Renewables that receive subsidies are excluded from the capacity market as this would otherwise 

not be compliant with EU State Aid rules.  Since 2019, renewables that are not receiving subsidies 

are allowed to participate.  For the participation of OSW in the capacity market, the following de-

rating factors68 are applied:  14.45% for 2019 T-1 for delivery year 2020/21;  12.43% for 2019 T-3 for 

delivery year 2022/23;  10.55% for 2019 T-4 for delivery year 2023/24.69  Allowing OSW to compete 

in the capacity market is expected to reduce total system costs, depressing both wholesale and 

capacity market costs.70  Revenues for OSW, however, would be very limited considering low de-

rating factors.  In future, to better reflect the value that OSW can contribute, the de-rating factors 

for OSW could be decoupled from onshore wind to reflect OSW’s higher average load factors. 

With very high shares of OSW in the power mix, modelling conducted for this study highlights that 

the load factors of some existing generation will be reduced and could threaten the economic 

viability of plant still needed for security of supply.  The issue is less likely to arise with market 

design where wholesale energy prices are free of distortions, properly reflect reserve scarcity and 

where bids are based on opportunity costs (see section 6.5.6).  A critical question will be whether or 

not this plant needs to exit the power system at some point anyway because it is too carbon 

intensive, old and/or inflexible.  A well-functioning market would provide efficient entry and exit 

signals.  High quality market monitoring combined with holistic resource adequacy assessments 

can help guide decision-making on market design adjustments or interventions that may be 

needed as the energy system evolves. 

 

66 National Grid ESO Product Roadmap for Restoration Services  
67 National Grid ESO Product Roadmap for Reactive Power 
68 De-rating factors, which are determined by National Grid, reflect technology-specific plant availability. 
69 De-rating factors available at: National Grid ESO Electricity Capacity Market Report, 2019 
70 Aurora, 2017, Capacity Market 2018: Results, implications and potential policy reforms.  

https://www.nationalgrideso.com/sites/eso/files/documents/National%20Grid%20SO%20Product%20Roadmap%20for%20Restoration.pdf
https://www.nationalgrideso.com/sites/eso/files/documents/National%20Grid%20SO%20Product%20Roadmap%20for%20Reactive%20Power.pdf
https://www.emrdeliverybody.com/Capacity%20Markets%20Document%20Library/Electricity%20Capacity%20Report%202019.pdf
https://www.auroraer.com/wp-content/uploads/2018/03/Capacity-Market-2018-Public-Report-1-1.pdf
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 OSW and Wholesale Energy Market Interactions 

Growth in OSW is currently having a downward impact on average prices in the wholesale 

electricity market for two reasons.  First, renewable support policies (ROCs, FiTs, CfDs) combined 

with the capacity market increase generation capacity of the system and this results in lower prices 

in the wholesale electricity market than would otherwise be the case, reflecting a looser market.  

Second, with no fuel costs and low operating costs, OSW has low short run marginal costs (SRMC) 

and is higher in the merit order than thermal plant.  When it is windy, and particularly when 

demand is low, increasing volumes of low SRMC plant push some of the more expensive thermal 

plant out of merit (often referred to as the merit order effect).  This has a depressive impact on the 

wholesale electricity price (during these windy times, but also on average prices in the longer run) 

and the greater the fraction of VRE output on the system to meet demand at any given time, the 

greater this effect becomes (often referred to as ‘price cannibalisation’) though it varies by season 

and in relation to the shape of demand. 

Additionally, this can lead to negative prices due to the following: 

• some inflexible thermal plant will continue to run during these times (depending on duration) 

of oversupply as it would cost more to turn/shut down and restart/ramp-up during the period;  

• the design of the CfD scheme incentivises VRE to produce (up to a maximum of 6 hours), so 

long as the sum of the negative market reference price and strike price is positive.  The 

Renewable Obligation (RO) also incentivises negative bidding behaviour.  Considering that 

OSW plant is all supported by either CfDs or RO, the impact is significant; and  

• energy demand is relatively inelastic. 

As OSW capacity and output increases under current market conditions, not only will the price 

cannibalisation effect increase but OSW’s average capture prices71 will be increasingly eroded.  

Modelling by Cornwall Insight72 illustrates the potential impact of price cannibalisation up to 2030, 

projecting that capture prices of OSW could potentially be around 25% of average wholesale 

electricity prices by 2030/31 (see  below).  

Figure 8: Modelled capture prices for wind and solar, UK (2018 money) 73 

 

71 The capture price refers to the price an asset or technology achieves in the market 
72 Cornwall Insight, May 2018, Wholesale Power Price Cannibalisation 
73 Ibid 

https://www.cornwall-insight.com/insight-papers/wholesale-power-price-cannibalisation
https://www.cornwall-insight.com/insight-papers/wholesale-power-price-cannibalisation
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It should be noted that another significant contributor to the lower average wholesale prices 

currently being witnessed in GB power markets is the dampening effect of the capacity market on 

scarcity pricing. 

Several studies show that wholesale electricity market price volatility is expected to increase with 

growth in the share of OSW, and VRE more widely74, 75.  Furthermore, the extreme prices, both 

positive and negative, are projected to increase too.  While this might increase the price risk that 

needs to be managed by OSW when seeking finance, price volatility presents price arbitrage 

opportunities for investors in flexibility solutions whose activity in the wholesale electricity market 

has the potential to significantly improve OSW’s average capture prices. 

 

 Is the Current Market Design Model Fit for Net Zero with High OSW? 

Integrating very large shares of VRE into electricity markets under the current market design and 

policy framework has raised concerns about the economic viability of OSW in the longer run for 

new subsidy-free projects and existing capacity no longer supported by CfDs (e.g. such as those at 

the end of their 15 year contracts).  Concerns also relate to the wider energy system, particularly 

the ability of the current market design to bring forward investment in the energy resources 

needed to complement VRE in order to maintain acceptable system security and reliability.  

Some experts argue that the EU’s EOM model could be successful if effectively implemented and 

complemented with well-designed interventions that support and do not negatively impact on the 

functioning of the wholesale electricity market.  Other experts argue that a fundamental rethink of 

power market design is required76 as structural failures exist due to the fact that electricity markets 

are designed to reflect and optimise the cost structures of conventional technologies such as coal 

and gas plant and are not suited to the new energy systems based on variable renewable energy 

with high capex and very low SRMC. 

It is not within scope of this study to discuss alternative options for future power market design.  

However, to help inform understanding of this issue, we briefly set out below key aspects of the 

current EOM-based market design and implications for implementation if it is to be sustainable in 

the longer run with very high shares of OSW in the power mix. 

 

74 “The costs and impacts of intermittency - 2016 update” UKERC, 2017 
75 “GB Distributed and Flexible Energy Subscriber Group: H1 2020 Group Meeting”, Aurora, 2020 
76 See: Thompson, P. (2019). What do we do when energy is free? IAEE Energy Forum, 2019(2):31{33;  

Edenhofer, O., Hirth, L., Knopf, B., Pahle, M., Schlomer, S., Schmid, E., and Ueckerdt, F. (2013). On the 

economics of renewable energy sources. Energy Economics, 40:S12{S23;  Helm, D. (2019). The cost of energy 

review and its implementation. Oxford Review of Economic Policy, 35(2):244{259.;  Keay, M., (2016). Electricity 

markets are broken  - can they be fixed?. The Oxford Institute of Energy Studies. 
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The importance of elastic demand 

Foundational to the reasoning in support of the EOM model being appropriate for a Net Zero 

future is that change in the technology mix does not change the fundamental economic principles 

behind market design77.  Markets for any product that has zero marginal cost of production but 

elastic demand have an average market clearing price greater than zero (as explained in Box 1 

below). 

 

Based on this reasoning, it is not problematic that OSW has near zero marginal costs and high 

capital costs, it is that demand is relatively inelastic.  That UK power demand is currently relatively 

inelastic is well demonstrated by the increasing occurrence of negative prices in recent years and 

the particularly extended period of negative prices during the unusual conditions of low energy 

demand during the COVID-19 induced lockdown. 

 

77 Leslie, G.W., Stern, D., Shanker, A. and Hogan, M. (2020), Designing Electricity Markets for High Penetrations of Zero or 

Low Marginal Cost Intermittent Energy Solutions. Electronic copy available at http://ssm.com/abstract=3601485 

 

Box 1 - Markets for any product that has zero marginal cost of production but 

elastic demand have an average market clearing price greater than zero.  

Consider a stylized wholesale electricity market with no network constraints, elastic demand and 
a 100% intermittent renewable energy supply. The Figure below, representing a stylized 

wholesale electricity market with elastic demand and no network constraints, outlines the market 

where p is the price of  electricity, Qt is its quantity, Dt is the demand curve (which will fluctuate 
with weather conditions, time of day etc), and Rt is the supply of intermittent renewable power. 
This supply curve (which will move from left to right with changes in weather conditions) is 
vertical because all available power is supplied to the market regardless of price, as the marginal 
cost of generation is zero and operators cannot schedule generation. The market clearing price is 
determined at B. Only if the Rt curve is to the right of the point where Dt is zero (at point Zt) will 
the price of electricity will be zero or negative. If average prices do not cover total costs then it 
would be expected in the long run for generation capacity to exit the market and prices to rise. 

 

Source of text and graphic: Leslie, G.W., Stern, D., Shanker, A. and Hogan, M. (2020), Designing Electricity 

Markets for High Penetrations of Zero or Low Marginal Cost Intermittent Energy Solutions. Electronic copy 

available at http://ssm.com/abstract=3601485 
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The experience has highlighted the cost savings that could be delivered through increased 

flexibility at the domestic level.  During the summer of 2019, the balancing costs were 

approximately £333m whereas these costs are expected to increase to £500m for the same period 

in 202078.  Growth in VRE combined with inelastic energy demand will push up system balancing 

costs and erode OSW’s average capture prices. 

Barriers to enabling demand response and storage are briefly discussed in section 6.6.2.  It can be 

emphasised here, however, that explicit demand response, where consumption is explicitly sold 

into the wholesale energy and balancing markets, would have much greater impact on price 

formation in the wholesale energy market (both upward when prices are low, and downward when 

prices are high) compared with implicit demand response where consumers directly respond to 

prices, such as time-of-use tariffs, perhaps with the help of a controller/timer on the load.  The 

comparison between explicit DR and implicit DR and their impact on price formation is illustrated 

in Figure 9Figure 9 below (with stylized demand curves).  The significant difference in impact on 

price formation is explained by the fact that explicit DR typically involves a third party or 

aggregator acting on behalf of the consumer to optimally control their load(s), aggregated with 

other energy resources, in order to maximise revenues from multiple sources/opportunities.  The 

resulting benefits will be passed on to the consumer through simple energy bill discounts or 

payments, potentially as part of an attractive energy/lifestyle service proposition. 

 
Figure 9: Explicit DR has greater impact on price formation than implicit DR 

Sources: EUI/FSR, The EU Clean Energy Package 2019 ed., October 2019. ACER 2017, Encouraging Flexibility in 

Electricity Market Design.  ACER, CEER, 2016. ACER/CEER Annual Report on the Results of Monitoring the Internal 

Electricity and Gas Markets in 2015. The Regulatory Assistance Project – https://www.raponline.org/blog/proposed-

electricity-directive-step-right-direction-customers-demand-response/ 

  

 

78 National Grid ESO, May 2020, BSUoS Forecast Update. 

https://www.raponline.org/blog/proposed-electricity-directive-step-right-direction-customers-demand-response/
https://www.raponline.org/blog/proposed-electricity-directive-step-right-direction-customers-demand-response/
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In a well-functioning EOM market, scarcity pricing plays an important role, indicating to market 

participants that the system is tight79.  At times of resource scarcity, plant will more likely bid based 

on opportunity costs not their SRMC.  This is also the case for energy resources with very low 

marginal costs.  For example, hydro sets prices in markets where it dominates as a provider of 

peaking and balancing services.  The generators’ bids are based on the opportunity cost of 

releasing water now versus in the future80.  In the future, it can be foreseen that other high capex 

resources with very low marginal costs, such as grid-scale batteries, would provide peaking and 

balancing services and the prices they would set would be based on opportunity costs. 

Volatility in equilibrium prices is not necessarily always increasing with VRE penetration.  In the long 

run, it is possible that storage adoption or demand elasticity might develop such that price 

volatility decreases.  While it might seem that this will lead to price cannibalisation for flexibility 

providers, an efficient market outcome would be that a socially optimal level of investment will be 

reached81. 

  

 

79 Scarcity pricing is the principle of pricing electricity at a value above the marginal cost of the marginal unit 

during conditions of high system stress, according to the incremental value that flexible capacity offers to the 

system in terms of keeping the loss of load probability in check. 
80 Footnote 79. 
81 Krishnamurthy, C. K., Shanker, A., and Stern, D. (2020). Zero-carbon electricity markets 

with grid-scale electricity storage. Unpublished manuscript, pages 1{25}. 
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Interactions between the wholesale energy market and the capacity market 

Central to EU guidance and legislation relating to capacity remuneration mechanisms is the 

objective of minimising their impact on the functioning and performance of wholesale energy 

markets.  Strategic reserves82 are promoted by the European Commission, in accordance with strict 

criteria83 (including that such reserves should not receive revenues from the wholesale energy 

markets or balancing markets).  Strategic reserves are the Commission’s capacity remuneration 

mechanism of first choice though it should be noted that the Commission recently approved the 

UK CRM design as compatible with State Aid rules.  While strategic reserves have various pros and 

cons, a significant advantage is that they do not impact on the functioning of the wholesale energy 

market and price formation, but a significant disadvantage is that they do not address the issue of 

underdeveloped futures/insurance markets. 

The UK’s capacity market auctions have successfully procured capacity to ensure security of supply 

with market participants benefiting from long-term contracts and securing low cost finance.  

However, the scheme has been criticised for: 

• favouring generation over non-generation; 

• insufficient attention to the carbon content and capability of resources procured; 

• over-procuring capacity; and 

• negatively impacting wholesale energy market prices84. 

With regard to impacts on wholesale energy market prices: 

• if generators do not pass on capacity payments in reduced wholesale prices, they gain windfall 

profits; 

• if generators do pass on the capacity payments then the lower wholesale price (at times of 

system peak/stress): 

o drives up the capacity payments and CfD payments required; 

o reduces the value that could be captured by flexibility providers through energy 

arbitrage; 

o does not help OSW to improve its average capture prices 85; and 

o does not mean lower average prices for consumers86. 

 

  

 

82  A 'strategic reserve' is a capacity mechanism in which resources are only dispatched in case day-ahead and 

intraday markets have failed to clear, transmission system operators have exhausted their balancing 

resources to establish an equilibrium between demand and supply, and imbalances in the market during 

periods where the reserves were dispatched are settled at the value of lost load. 
83 Article 22 of the EU Electricity Regulation 2019/943  
84 See: Grubb, M., Newbery, D., (2017), UK Electricity March Reform and the Energy Transition: Emerging 

Lessons, Energy Journal 39(6) · March 2018, DOI: 10.5547/01956574.39.6.mgru; Hogan, M., September 2016, 

Hitting the Mark on Missing Money, The Regulatory Assistance Project. 
85 Ibid. 
86 For deeper explanation of these Figures, see “Hitting the Mark on Missing Money: How to ensure reliability 

at least cost to consumers”, by Michael Hogan, The Regulatory Assistance Project (RAP) 

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0943&from=EN
https://www.researchgate.net/journal/0195-6574_The_Energy_Journal
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5547%2F01956574.39.6.mgru
https://www.raponline.org/wp-content/uploads/2016/09/rap-hogan-hitting-mark-missing-money-2016-september.pdf
https://www.raponline.org/wp-content/uploads/2016/09/rap-hogan-hitting-mark-missing-money-2016-september.pdf
https://www.raponline.org/wp-content/uploads/2016/09/rap-hogan-hitting-mark-missing-money-2016-september.pdf
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What is needed from future market design? 

The main sources of value of the UK’s power system are commodity, capacity, congestion, 

capability and carbon – the 5Cs as illustrated in Figure 10 – though co-benefits that are less easy to 

monetise can be added and are important, particularly when looking at the energy system as a 

whole across all energy vectors and sectors. 

The UK’s current framework for providing price signals involves numerous policy and regulatory 

mechanisms, which fragment the value, do not fully reveal the true value and sometimes prevent 

access to the value.  In addition, these mechanisms interact, sometimes with undesirable 

consequences leading to the need for more intervention.  There is a strong case in favour of 

streamlining and improving the mechanisms that reveal the value that energy resources can 

provide to the power system. 

If left unaddressed, the current market design threatens the future economic viability of OSW.  If 

the price signals of the UK’s current market design model are to be improved so that more of the 

5Cs value could be revealed in the wholesale energy market and ancillary services, better enabling 

the business case for storage and demand response, the UK government would need to introduce 

reforms to adapt the model.  The reforms would move the market design model towards those 

found in, for example, the markets of the island of Ireland (SEM), Texas (Ercot) and Australia (NEM).  

Or, a more radical move away from the EOM-based market design could be pursued. 

A key objective of any future market design is to minimise the costs of decarbonising the whole 

energy system.  This is more likely to be achieved by taking a whole systems approach to unlock 

innovation across all energy vectors and sectors of the economy and on both the demand and 

supply sides.  To unleash innovation, the future market design and policy frameworks would also 

need to provide a highly competitive environment and with clearly defined market outcomes for 

market participants.  Any new model would need to produce a coherent, efficient set of incentives 

for efficient operation and investment, remunerating energy resource providers and providing 

effective price signals for consumers, which work across different timescales, market participants, 

energy vectors and technologies. 

 

 

Figure 10: Value components of the power system87 

 

 

87 Energy Systems Catapult (2019), Towards a new framework for electricity markets. 
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• Local flexibility markets

•Constraint payments

https://es.catapult.org.uk/reports/towards-a-new-framework-for-electricity-markets/?download=true
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 OSW and Flexibility 

Improved flexibility of the power system, and energy system more broadly, can achieve cost 

effective integration of OSW and improve OSW’s average capture prices.  Flexibility can be 

provided by several different technologies and energy resources which all fulfil different system 

requirements.  Figure 11 below is helpful in illustrating the drivers of flexibility and the broad range 

of flexibility options across different timescales, ranging from seconds to years.  Each of these 

services can be provided by different market participants with some technologies or solutions 

being better suited to particular timescales and operator requirements.  The potential solutions can 

be broadly categorised into DR, storage, interconnectors and low carbon flexible generation (i.e. 

CCGTs fitted with Carbon Capture Utilisation and Storage (CCUS) or hydrogen peaking plant) but 

resources in these categories can work more effectively in combination. 

Figure 11: Timescales for flexibility needs in the electricity system7, including principal flexibility options88 

Section 6.6.1 below begins with how OSW can be combined with storage to provide flexibility.  

Section 6.6.2 then highlights the urgent need to increase the flexibility of energy demand, including 

storage, in order to improve OSW’s economic viability under current market arrangements. 

 

 Co-Location of OSW and Storage 

Co-location of storage with OSW, including hydrogen production and hydrogen storage, can bring 

extra revenues and wider benefits such as diversification of revenue streams and establishing a 

market position.  It can enable OSW to mitigate curtailment while also participating in the 

wholesale electricity market at times of high system stress, capturing high prices, so improving 

OSW’s overall business case.  It is also possible that increased opportunities for flexibility may 

enable OSW operators to diversify revenue streams and technology portfolios thereby reducing 

 

88 DNV GL (2020) Group Technology & Technology & Research, Position Paper 2020 – The promise of 

seasonal storage  

https://www.dnvgl.com/publications/the-promise-of-seasonal-storage-168761
https://www.dnvgl.com/publications/the-promise-of-seasonal-storage-168761
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risk and helping to secure low cost financing.  Various regulatory barriers to storage still exist, 

however, and flexibility is not yet fully rewarded for the value it provides to the system, as 

discussed in section 6.5.6 earlier and in section 6.6.2 below. 

Generators holding Contracts for Difference can co-locate with storage, subject to requirements for 

separate metering and registration89.  Government is consulting on whether current arrangements 

present any barriers to co-locating with storage, with the intention of trying to remove barriers if 

they exist.90  

OWIC91 has identified the need for a co-location framework for OSW, similar to that for onshore 

wind.  Opportunities reside with development of NGESO’s RIIO-2 business plan, licence condition 

clarifications and reviews of planning frameworks.  There could also be collaboration opportunities 

with maritime and industrial sectors, which could help increase the uptake of clean energy and 

multi-vector solutions in those sectors.  Any incentives employed should encourage the most 

efficient solutions from a market-wide perspective.  

 

 Mobilising Time-Shifting Flexibility  

Flexible energy demand and storage participating directly in the wholesale electricity markets will 

improve OSW’s average capture prices and is key for cost-effective integration of OSW. 

OSW growth outpacing flexibility progress, particularly for domestic energy demand 

In the UK, the occurrence of negative prices is increasing each year and, if the trend continues, 

Cornwall Insight projects that by 2034, 14% of half-hourly settlement periods could outturn at 

negative prices, rising from less than 1% today92.  A slump in demand as a result of the Covid-19 

pandemic has dramatically increased the occurrence and duration of negative prices and it has 

highlighted the inelasticity of domestic energy demand - though the extreme negative prices of 

Sunday 24 March 2019, occurring before the pandemic, was already a clear warning sign93. 

It could be argued that growth in OSW should be held back in order to wait for the supply/demand 

imbalance to improve or, as Dieter Helm suggests94, that OSW should pay the costs it imposes on 

the system.  However, this would not be a least cost approach, it would risk the timely delivery of 

Net Zero and furthermore, consumers have the right to be empowered to flex their demand and to 

be fairly remunerated for it, as clearly stated in Chapter III ‘Consumer empowerment and 

protection’ of the EU Directive 2019/94495.  This EU law covers entitlement to a dynamic electricity 

price contract, aggregation contracts, demand response through aggregation and entitlement to a 

smart meter.  The current situation reflects the stark contrast between the rate of CO2 emissions 

 

89 Ofgem (2018). Guidance for generators: Co-location of electricity storage facilities with renewable 

generation supported under the Renewables Obligation or Feed-in Tariff schemes (Version 2).  

BEIS (2019). The future of small-scale low-carbon generation 
90 BEIS, March 2020, Contracts for Difference for Low Carbon Electricity Generation  
91 OWIC, 2019 ,”Enabling efficient development of transmission networks for offshore wind targets”, 

produced by OWIC’s Offshore Transmission Working Group to support delivery of the OSW Sector Deal. 
92 Cornwall Insight, March 2019, Imbalance prices turn negative for six straight hours 
93 Ibid. 
94 Watt-Logic, 1 November 2017, The Helm Review: some good ideas but lacking in detail. 
95 EU Directive 2019/944 on common rules for the internal market for electricity – transpose by 31/12/2020. 

https://www.ofgem.gov.uk/system/files/docs/2018/12/storage_guidance_final_v2.pdf
https://www.ofgem.gov.uk/system/files/docs/2018/12/storage_guidance_final_v2.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/807393/smart-export-guarantee-government-response.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/869778/cfd-ar4-proposed-amendments-consultation.pdf
https://www.ofgem.gov.uk/ofgem-publications/161477
https://www.cornwall-insight.com/newsroom/all-news/imbalance-prices-turn-negative-for-six-straight-hours
http://watt-logic.com/2017/11/01/helm-review/
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019L0944&from=EN
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reductions in the power sector compared with the end-use sectors96.  The latter urgently needs to 

catch up with the former. 

Efforts underway to remove barriers to flexibility 

The EU’s Electricity Directive and Electricity Regulation, adopted in 2019, target removal of many of 

the main barriers to demand response and storage97.  Key objectives are equal treatment of 

different energy resources, open and competitive markets, fair access to markets for aggregators, 

open data access and effective price signals (dynamic; removal of price caps in retail and wholesale 

markets (i.e. imbalance price cap)).  NGESO’s Wider Access98 Balancing Mechanism initiative 

includes actions to improve existing routes to market by removing barriers to aggregation and 

improvements to systems and processes including the dispatch experience for small and 

aggregated units99. 

In 2017, Ofgem and BEIS co-produced the Smart Systems and Flexibility Plan which aims to remove 

barriers to smart technologies (including storage), enable smart homes and businesses, and make 

markets work for flexibility100.  Considerable progress has been achieved over the three years since 

the plan’s publication though challenges remain in all areas101,102. In relation to barriers that 

hamper flexibility, stakeholders attending a recent BEIS/Ofgem workshop have highlighted lack of 

locational and carbon value in prices, manual dispatch and systems favouring large units, 

significant time commitment and long lead times to obtain access to the market, too much 

discretion for NGESO, and need for greater transparency, long gate closure time and an 

insufficiently competitive market103.  The scope of the plan is limited to incrementally improving 

current market arrangements; as alternative market arrangements could potentially unlock zero 

carbon DSF and significantly mobilise time-shifting flexibility, it could be argued that the scope 

should be changed. 

The Future Energy Retail Market Review104, launched in 2018, recognised that fundamental change 

to the design of the market is required for consumers to fully benefit from a smart, digital system 

but the review is yet to be followed up with strategy and actions.  In 2019, the Government issued a 

consultation concerning challenges to resolve in order to deliver a flexible and responsible energy 

retail market and the conclusions are yet to be published.  In the meantime, important industry 

codes that could help drive competition in providing demand response and storage progress very 

 

96 Committee on Climate Change, July 2019, Reducing UK emissions: 2019 Progress Report to Parliament 
97 For example, see SEDC, 2017, Explicit Demand Response in Europe: Mapping the Markets and University of 

Exeter, Barriers to Independent Aggregators in Europe, EPG Working Paper: EPG1901. 
98 National Grid ESO Wider Access to the Balancing Mechanism Roadmap  
99 CURRENT +-, 23 January 2019, National Grid adds ‘distributed resource desk’ to control room to boost 

flexibility. 
100 Ofgem/BEIS, “Upgrading Our Energy System: Smart Systems and Flexibility Plan”, July 2017. 
101 Ofgem/BEIS, “Upgrading Our Energy System: Smart Systems and Flexibility Plan Progress Update’, October 

2018. 
102 Presented in a powerpoint at joint BEIS/Ofgem “Rewarding flexibility for the value it provides the 

electricity system” workshop, held 7th February 2020 in London. 
103 Ibid. 
104https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/78368

0/future-energy-retail-market-review.pdf; see also https://www.gov.uk/government/consultations/flexible-

and-responsive-energy-retail-markets 

https://www.theccc.org.uk/wp-content/uploads/2019/07/CCC-2019-Progress-in-reducing-UK-emissions.pdf
https://www.smarten.eu/wp-content/uploads/2017/04/SEDC-Explicit-Demand-Response-in-Europe-Mapping-the-Markets-2017.pdf
https://www.nationalgrideso.com/sites/eso/files/documents/Wider%20BM%20Access%20Roadmap_FINAL.pdf
https://www.current-news.co.uk/news/national-grid-adds-distributed-resource-desk-to-control-room-to-boost-flexibility
https://www.current-news.co.uk/news/national-grid-adds-distributed-resource-desk-to-control-room-to-boost-flexibility
https://www.ofgem.gov.uk/system/files/docs/2017/07/upgrading_our_energy_system_-_smart_systems_and_flexibility_plan.pdf
https://www.ofgem.gov.uk/system/files/docs/2018/10/smart_systems_and_flexibility_plan_progress_update.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/783680/future-energy-retail-market-review.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/783680/future-energy-retail-market-review.pdf
https://www.gov.uk/government/consultations/flexible-and-responsive-energy-retail-markets
https://www.gov.uk/government/consultations/flexible-and-responsive-energy-retail-markets
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slowly (i.e. P375105, P379106).  Strategy and measures to accelerate reform of retail markets and to 

improve competition are urgently needed. 

Options to ensure scale up of zero carbon DSF and storage better aligns with OSW growth 

Stronger commitment and action is urgently needed to increase the flexibility of energy demand 

and the use of storage.  Measures are also needed to drive the decarbonisation of energy demand, 

particularly electric vehicles and electric heat pumps and to encourage their flexibility.  The 

Government could provide much greater clarity on expectations and ambitions, for near and longer 

term timescales, relating to driving decarbonisation of energy demand through electricity and on 

enabling zero carbon DSF. 

Interim targets, key performance indicators and metrics would be needed for monitoring progress 

towards the targeted outcomes.  This should include, for example, information on volumes of new 

demand, participation of zero carbon DSF in markets and contribution to price formation, as well as 

detailed strategies and actions plans for how the various targets or outcomes would be met.  In 

relation to demand response participation in markets, a best practice example is provided by the 

independent market monitor of the US PJM market, which issues quarterly reports with coverage of 

demand response107.  Monitoring of targets can be transparently linked to conditions under which 

the government would decide to intervene if rate of progress would turn out to be insufficient.  

Clear commitment to mobilising zero carbon DSF and uptake of storage has the potential to 

improve OSW investors’ confidence in the wholesale electricity markets. 

Policy measures can be used to rapidly decarbonise energy demand through electrification (e.g. 

industry, transport, heat) and these policy measures can be designed to ensure new demand is 

incentivised to be flexible and is met with zero carbon generation.  For example, see 

recommendations issued by the Electric Vehicle Energy Task Force108. 

On heat, the UK Government is currently developing a heat strategy for Net Zero.  Much stronger 

demand drivers for optimised decarbonised energy solutions are clearly needed to enable rapid 

growth in heat pumps alongside optimal demand reduction through improved energy efficiency of 

buildings.  Levelising the effective carbon price signals across energy vectors and sectors would 

accelerate decarbonisation of vectors (e.g. from grey to blue to green hydrogen) and electrification 

of other sectors (see section 6.4). 

Innovation support policy and mechanisms should target commercialisation of flexible energy 

resources, including non-generation and hydrogen.  Measures are also needed to promote the use 

of hydrogen as a means to decarbonise energy demand (see Workstream B, OREC). 

 

 

105 P375 Settlement of Secondary BM Units using metering behind the site Boundary Point - will allow 

balancing-related services on-site to be separated from imbalance-related activities so that imbalance 

charges can be more accurately allocated, which is important when there are multiple providers. 
106 P379 Enabling consumers to buy and sell electricity from/to multiple providers through Meter Splitting - 

will facilitate more competition and facilitate access for new entrants. 
107 See demand response section of latest quarterly report by Monitoring Analytics. 
108 https://www.lowcvp.org.uk/projects/electric-vehicle-energy-taskforce.htm 

https://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2020/2020q1-som-pjm-sec6.pdf
https://www.lowcvp.org.uk/projects/electric-vehicle-energy-taskforce.htm
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 Locational Value and Flexibility 

Locational value is to a large extent absent in price signals for the UK’s power system with 

consequent network congestion across the UK.  Yet this value is important for the business case for 

flexible energy demand resources that can complement OSW. 

The UK Government recognises this, as it is experimenting with local market models and trading 

platforms in order to reveal the locational value of flexibility and to understand how markets could 

be coordinated109.  For example, BEIS has recently launched the TraDER project, which involves 

price-driven collaborative trading of flexibility products through a flexibility exchange, including a 

demand-turn-up product in Orkney using aggregated loads to help absorb OSW110.  NGESO is also 

exploring options through its Pathfinder projects111, and has increased procurement of demand 

turn up112.  For DNOs, the Open Networks Project113 established by the Energy Networks 

Association explores and develops different models, processes and standards relating to flexibility. 

EU legislation sets out provisions for zonal energy pricing114.  More granular options such as nodal 

pricing and locational marginal pricing (LMP) are used in other jurisdictions.  These approaches 

allow for better locational differentiation in pricing at wholesale level and typically rely on financial 

tools to enable risk hedging for market participants.  These approaches reduce the need for 

comparatively expensive balancing/congestion services and would influence capacity value in 

different locations.  Where these approaches are applied, centralised algorithms tend to be used 

for decisions about dispatch and trade, which is at odds with current GB practices.  There are also 

numerous trade-offs to consider. 

The various options for revealing locational value will need to be assessed in order to determine 

the best approach for the GB power market. 

 

109 See https://www.ukri.org/innovation/industrial-strategy-challenge-fund/prospering-from-the-energy-

revolution/ ; and https://www.gov.uk/government/publications/flexibility-exchange-demonstration-projects-

flex-competition  
110 Project TraDER will trial trading of demand turn-up in Orkney 
111 National Grid ESO (2020). Transmission constraint management overview.  
112 https://www.nationalgrideso.com/balancing-services/reserve-services/demand-turn 
113 https://www.energynetworks.org/electricity/futures/open-networks-project/ 
114 The EU CACM Network Code sets out requirements and methodology for establishing price zones 

https://www.gov.uk/government/publications/flexibility-exchange-demonstration-projects-flex-competition
https://www.gov.uk/government/publications/flexibility-exchange-demonstration-projects-flex-competition
https://www.gov.uk/government/publications/flexibility-exchange-demonstration-competition-flex-winning-projects/flex-competition-winning-projects
https://www.nationalgrideso.com/balancing-services/system-security-services/transmission-constraint-management?overview
https://www.nationalgrideso.com/balancing-services/reserve-services/demand-turn
https://www.energynetworks.org/electricity/futures/open-networks-project/
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 Innovation Support Policy for Complementary Technologies 

Modelling conducted for this study revealed a preference for a diverse mixture of energy supply 

technologies, rather than any single dominant technology (whether OSW or any other).  This 

mitigates some of the starker features in terms of supply and demand balance.  For example, solar 

and wind naturally complement each other.  The more imbalanced the power mix, the more 

difficult and expensive system integration can become.  Furthermore, cost can be significantly 

reduced by coordinating innovation support across sectors and vectors.  All this needs to be borne 

in mind when developing innovation support policies and whole system models can helpfully 

inform decision-making. 

With this in mind, consideration of using CfDs or alternatives to support non-generation and zero 

carbon energy technologies, which may or may not be powered by renewables, is necessary for 

early stage development of these technologies.  The capabilities of energy resources are 

particularly important because a power mix with very high OSW will need to be complemented 

with a high level of dispatchable, flexible energy resources.  The operational dimension of security 

of supply is becoming increasingly important.  Well-functioning markets should reward resources 

with the capabilities needed by the power system in operational timescales; it is much more 

difficult for CfDs or the CM to do this.  The capabilities of a power mix determined by market price 

signals will be different and more optimal to one shaped by government-led contracting.  It is 

important, therefore, that innovation support policies are ‘out of market’ as much as possible.  If in-

market, minimising distorting impacts on markets should be an objective of their design. 

New ideas on how to adapt CfDs in order to take account of these wider needs are starting to 

emerge and need to be carefully assessed against clear criteria.  For example, the idea of a Carbon 

CfD (CCfD) has been proposed by Onward115 and IDDRI116.  In the UK, support models for CCUS are 

being explored117, which includes a Dispatchable CfD whereby payments to the CCUS facility could 

consist of a fixed payment, a variable payment, and the fee payable to the transport and storage 

operator.  It would be important to ensure that, for gas plant with CCUS participating in power 

markets, as much revenue comes from the wholesale energy market as possible and that it be 

dispatched ahead of unabated plant. 

Later this year, the Netherlands launches a new scheme, called SDE++118 , which will allow the 

participation of non-generation assets and move the focus away from increasing renewable 

generation to reduction in the CO2 (or GHG) impact of operational assets.  Projects will compete on 

the basis of expected subsidy requirements per avoided ton of CO2 equivalent;  for electricity 

generation the CO2 reduction is calculated on the basis of replacing the average CO2 emissions of 

an efficient modern gas-fired power station.  Technologies in the industrial sector will compete 

with renewable generation technologies in the same scheme under one budget and technologies 

will include electric boilers, large scale heat pumps, industrial waste heat, hydrogen through 

electrolysis and CCS. 

As highlighted by the modelling conducted for this study, demand response, various forms of 

storage, hydrogen, CCUS and new generation nuclear (e.g. Generation IV nuclear deployed with co-

generation; Small Modular Reactors for flexible power and heat) have the potential to play major 

 

115 Onward Research, November 2019, Costing the Earth 
116 IDDRI, October 2019, Decarbonising basic materials in Europe 
117 BEIS, July 2019, Business models for carbon capture, usage and storage: A consultation seeking views on 

potential business models for carbon capture, usage and storage.  
118 https://www.pbl.nl/sde 

https://www.ukonward.com/wp-content/uploads/2019/11/ONWJ7711-Net-Zero-report-191127-WEB.pdf
https://www.iddri.org/en/publications-and-events/study/decarbonising-basic-materials-europe
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/819648/ccus-business-models-consultation.pdf
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roles in the UK’s future energy system.  Technologies not yet deployed at commercial scale need to 

be given the same opportunity that wind, solar and others have had to demonstrate cost 

reductions and economic impact.  The design of the innovation support policy should reflect the 

level of maturity of the technology and minimise distorting impacts on markets. 

If, despite concerted efforts, the costs for some of these key technologies do not fall sufficiently, 

this clearly has implications for other technologies where costs have already fallen.  This underlines 

the importance for early action in supporting innovation and for effective monitoring of progress 

taking a whole systems perspective. 

Different technologies receive implicit subsidies under current market arrangements that need to 

be taken into account when developing innovation support policies if they are to be cost-optimal 

for consumers.  In 2016, an illustrative analysis of this type was conducted for the ETI by Frontier 

Economics.119  It provides in-depth analysis of the indirect support that mechanisms, such as CfDs, 

provide to various technologies including offshore wind.  The analysis adjusts strike prices to take 

account of the indirect support (which includes unpriced externalities) that technologies receive.  

The ‘strike price equivalents’ reveal the net costs that consumers actually pay, put different 

technologies on a level-playing field and enable more accurate value-for-money ranking of 

different technologies.  Wider economic benefits should also be considered. 

 

Figure 12: Equivalent strike prices for different technologies (2016) 

Note:  The results in this chart are illustrative of the principle that rankings of technologies based on ‘current 

market arrangements’ differ from those based on ‘level playing field’ calculations. The chart is illustrative only 

and does not reflect today’s costs/situation. 

 

 

119 Frontier Economics, “Assessing the value for money of electricity technologies”: Appendix 3 – Assessing 

technology support requirements”, January 2018, commissioned by the Energy Technologies Institute.   
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 Network Infrastructure 

OWIC has set up an Offshore Transmission Working Group to support delivery of the Offshore 

Wind Sector Deal, which recently published an assessment of barriers and issues presented by the 

current transmission regime to delivering the offshore wind targets for 2030 and 2050120.  Key 

issues identified include, among others: constrained physical space and onshore grid capacity; 

negative community impacts; insufficiently integrated transmission system planning and design; 

lack of frameworks to integrate OSW, transmission and interconnectors between TSO areas and to 

support co-location of technologies.  The assessment highlights that a more integrated approach 

and better coordination could help address many of the barriers and drive down costs, providing 

better value for money for consumers.  OWIC’s working group proposes a schedule of work and 

multi-stakeholder process to take forward the recommendations. 

Consideration of other vectors such as gas and associated infrastructure needs, particularly in 

relation to hydrogen, may facilitate exploitation of multi-vector opportunities and yield further cost 

reductions.  A coordinated approach across energy vectors coupled with scenario-based planning 

can be the foundation of avoiding congestion across different energy networks.  Furthermore, 

NGESO and transmission/distribution network operators can also be regulated and incentivised 

through the RIIO framework to accelerate modernisation of the networks so that digitalisation, data 

and smart grid technologies are exploited to reduce costs and achieve public policy objectives. 

 Interconnectors 

Britain currently has 5.4GW of interconnector capacity.  Roughly an additional 3.6GW of 

interconnection is currently under construction and a further 5.6GW awaits consents121.  At present, 

the UK’s interconnectors are entirely separate to offshore wind farms and offshore transmission 

systems.  It is recognised that synergies between the two are technically possible and could deliver 

significant benefits, though there are various legal and regulatory challenges to consider122.  

EU law and the EU Network Codes are continually being developed and implemented to further 

integrate the EU’s energy markets, including electricity market integration in balancing timescales, 

towards the vision of a single energy market that is interconnected with neighbouring countries of 

other continents.  If balancing can be undertaken over very large geographic areas, it would be 

possible to exploit access to hydro reserves in Scandinavia, large amounts of predictable solar 

power in the south of Europe, and the often negative correlation between wind speeds at locations 

that are far apart (e.g. 1000 miles) as weather fronts move across Europe. 

Looking beyond 2030 and considering very high shares of OSW, further investment in 

interconnection may be attractive, depending on the consequences of the Brexit negotiations this 

year123, how the energy systems change in neighbouring markets and how the EU single energy 

market develops. 

 

120 OWIC, 2019 ,”Enabling efficient development of transmission networks for offshore wind targets”, 

produced by OWIC’s Offshore Transmission Working Group to support delivery of the Offshore Wind Sector 

Deal. 
121 See https://www.nationalgrid.com/group/about-us/what-we-do/national-grid-ventures/interconnectors-

connecting-cleaner-future and https://www.ofgem.gov.uk/electricity/transmission-networks/electricity-

interconnectors 
122 Ibid. 
123  Fieldfisher, Impact of Brexit for Interconnectors 

https://www.ofgem.gov.uk/ofgem-publications/161477
https://www.nationalgrid.com/group/about-us/what-we-do/national-grid-ventures/interconnectors-connecting-cleaner-future
https://www.nationalgrid.com/group/about-us/what-we-do/national-grid-ventures/interconnectors-connecting-cleaner-future
https://www.ofgem.gov.uk/electricity/transmission-networks/electricity-interconnectors
https://www.ofgem.gov.uk/electricity/transmission-networks/electricity-interconnectors
https://res.cloudinary.com/fieldfisher/image/upload/v1576152835/PDF-Files/PDFs%20from%20old%20website/interconnectors-brexit_bg5i6q.pdf
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While increased interconnection brings substantial overall (net) benefits, these are not necessarily 

shared evenly across countries or regions and so a high quality market-driven cost/benefit analysis 

is typically required for each interconnection, though the assessment should consider the whole 

energy system124.  An important consideration will be differences in or interactions between UK 

policies (e.g. carbon pricing policy, capacity market, CfDs) and those in the connecting markets.  

Energy system planning should also consider the various energy vectors and policy distortions that 

can be addressed to enable shifting between energy vectors to alleviate network congestion and 

capacity issues in other vectors. 

 

 Network Charges for OSW 

Transmission Network Use of System Charges (TNUoS) recover the allowed revenue for 

Transmission Owners for the cost of building and maintaining the transmission infrastructure.  

These charges are designed to be cost-reflective to influence network users to make efficient 

decisions about where and when to use the network.  The TNUoS tariff consists of a wider tariff for 

use of the wider system and local tariffs for use of local assets.  The wider tariff includes ‘year-

round shared’ and ‘year-round not shared’ elements that represent the proportion of transmission 

network costs shared with other zones, and those specific to each particular zone, respectively.  An 

annual load factor (ALF), which is 48.32% for wind, is applied to the ‘year-round shared’ element 

and the wider tariff also includes a residual element. 

The locational dimension of TNUoS has a significant financial impact on OSW.  The TNUoS charge 

for a typical VRE generator in zone 1 in North Scotland for 2019-20 is £19.03/kW, compared to -

£2.50/kW in zone 24, Essex and Kent i.e. negative sign indicates a payment125.  Scottish zones are 

relatively more expensive as the network is generally more stressed by generation in these zones. 

NGESO often needs to pay Scottish wind generators (largely onshore wind) a constraint payment 

to reduce or stop output and instruct another assets closer to the source of demand to turn up; the 

costs, reflected in BSUoS charges, have recently been rising each year and are close to £3.0/MWh 

as a monthly average and for the year 2019 were just under £140 million126.  

The locational element of the TNUoS sends a signal to generators to locate near demand but with 

minimal impact on OSW as it is constrained and influenced by other more significant 

considerations for siting.  Strategic siting/planning is potentially highly beneficial as it could 

improve the geographical diversity of OSW around the coast of the UK, improve security of supply, 

mitigate price cannibalisation and enable coordination with industrial centres.  

Nevertheless, network charges should fairly reflect the costs that OSW generators impose on the 

system and reward them for their efforts to reduce system costs through, for example, co-location 

with complementary technologies such as storage.  While the locational dimension of the TNUoS is 

substantial, it can be noted that the tariff has no temporal dimension, which is necessary to signal 

when local congestion is occurring and when it may be best to store rather than export energy.  

 

124 NGESO’s Network Options Analysis and Future Energy Scenarios are highly relevant for such assessments 

and NGESO’s latest thinking can be found here. 
125 https://www.cornwall-insight.com/newsroom/all-news/constrained-development-scottish-wind-and-the-

issues-of-network-charging 
126 See Cornwall Insight, 17th July 2019, Constrained development: Scottish wind and the issues of network 

charging 

https://www.nationalgrideso.com/document/169271/download
https://www.cornwall-insight.com/newsroom/all-news/constrained-development-scottish-wind-and-the-issues-of-network-charging
https://www.cornwall-insight.com/newsroom/all-news/constrained-development-scottish-wind-and-the-issues-of-network-charging
https://www.cornwall-insight.com/newsroom/all-news/constrained-development-scottish-wind-and-the-issues-of-network-charging
https://www.cornwall-insight.com/newsroom/all-news/constrained-development-scottish-wind-and-the-issues-of-network-charging
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 Conclusions and Recommendations 

As the OSW sector moves into the next stage of its development, well-coordinated and sensitive 

evolution of the policy and regulatory framework in parallel with market design reforms is crucially 

important.  CfDs have been highly successful in driving down the costs of OSW, removing risk for 

investors and reducing the cost of capital, so bringing benefits for consumers.  Consequently, the 

technology is rapidly approaching maturity and grid parity such that subsidies may no longer be 

needed.  However, in the absence of CfD support, high growth in OSW potentially threatens its 

own long-term economic viability under current market conditions – due to the reduction in future 

average wholesale electricity prices and erosion of its own average capture prices. 

The pace at which OSW can transition away from policy support is dependent on evolving 

the wider market and investment conditions for OSW and for the energy system more 

generally.  Crucially, it depends on developing the market arrangements that can unlock the 

potential of complementary assets and business models to provide greater flexibility in 

supply and particularly demand.   

Nevertheless, consideration should be given to how CfD design could be adapted in the near-term 

to better incentivise OSW to respond to power system needs and to gradually expose OSW 

generators to electricity and financial markets. In parallel, the market and investment conditions 

can be improved and prepared for merchant deployment and a Net Zero future. 

A key objective is to minimise the costs of decarbonising the whole energy system and this can 

more easily be achieved through innovation and by taking a whole systems approach that covers 

all energy vectors and sectors of the economy.  Value-for-money analysis, whole systems 

modelling and high quality monitoring of innovation progress can usefully inform decision-making 

relating to innovation support.  

A key challenge relates to the uncertainty around future technologies, market disrupters, business 

models and consumer response.  This underlines the importance of defining market outcomes 

rather than inputs, and of exploiting open and competitive markets to drive innovation, while 

progressing early stage innovation as far as possible outside of markets.  Use of in-market policy 

(e.g. CfDs) plays a key role to drive down costs in early years, but careful policy design is needed to 

minimise distortive impacts on markets and prepare technologies for their eventual exposure to 

markets.  For regulators and ministries, dealing with such uncertainties and change requires a much 

more agile and re-focussed approach127. 

Investors and financiers already need more visibility and confidence to enable the refinancing of 

many existing assets from the mid-2020s.  This supports the case for a more fundamental review of 

the UK’s energy market framework and how it should be evolved for a Net Zero future.  Change to 

market rules and policies is inevitable for the journey to Net Zero and brings with it considerable 

risk.  Investors can better manage such risk if they have good visibility of the evolution of the 

Government’s vision and strategy as well as the performance of policies and markets.  This requires 

improvements to the timeliness and quality of monitoring, analysis and communications. 

  

 

127 Sandys et al, 2018, ReDesigning Regulation: Powering from the future. 

http://www.challenging-ideas.com/wp-content/uploads/2018/12/ReDESIGNING_REGULATION-final-report.pdf
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The key recommendations of this chapter are as follows: 

 

Recommendation 1:  Develop and communicate a new vision for evolution of the future 

energy market framework 

If left unaddressed, the current market design threatens the future economic viability of OSW.  

Evaluation of the EMR is needed along with an updated vision and strategy.  With reforms, the role 

of the wholesale energy market could be improved to reveal much more value and improve the 

business case for storage and demand response – or an alternative market design could be 

pursued.  To manage risk effectively, investors need good visibility of the Government’s vision and 

strategy for development of the energy market.  

 

Recommendation 2:  In the near term, evolve CfD design for future auctions as a stepping 

stone to new vision 

In parallel with implementation of reforms to improve market conditions, consideration should be 

given to how CfD design could be adapted for future auctions to better incentivise OSW to 

respond to power system needs and to minimise market distortions.  Whatever amendments are 

introduced, however, it should be a priority that the scheme continues to deliver OSW capacity at 

needed scale and pace in accordance with the Government's decarbonisation targets. 

 

Recommendation 3:  Ensure time-shifting flexibility keeps pace with OSW growth, with 

attention to demand response and storage 

While various Government initiatives to enable demand response and storage are underway, 

current market outcomes reveal a step change is needed to elasticize energy demand so that it can 

catch up and keep pace with OSW growth.  This is key to improving OSW’s capture prices ahead of 

hydrogen’s entry into the energy market and minimising system integration costs.  There also exist 

opportunities with decarbonising energy demand, particularly heat and mobility, as this new 

electricity demand can be encouraged to be flexible.   

Given the current level of demand inelasticity, an urgent and comprehensive set of measures are 

needed in the short-term.  Clear commitment to these measures has the potential to improve OSW 

investors’ confidence in the wholesale energy market.  The Government should therefore commit 

to achieve ambitious targeted outcomes and plans in the near/medium-term future for: 

• Accelerating decarbonisation of energy demand though electrification where appropriate (e.g. 

heat pumps, electric vehicles, industry).  Policy interventions used to support electrification of 

demand should incentivise the new demand to be flexible and to use zero carbon energy; 

• Scaling up zero carbon DSF and storage.  This should be supported by a comprehensive set of 

measures, KPIs/metrics and high quality monitoring.  This requires further development of the 

BEIS/Ofgem joint Smart Systems and Flexibility Plan and its scope should be expanded to 

include market design and EMR reforms. 

The UK government would need to commit to intervene if actual outcomes would fall short. 
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In addition, there is an urgent need to expedite:  roll out of smart meters; implementation of half-

hourly settlement reform; development/implementation of industry codes P375 and P379; and 

development of retail market reforms. 

Innovation support policy is needed to promote production and use of hydrogen and other 

technologies that can decarbonise energy demand and provide flexibility to the power system (see 

hydrogen roadmap recommendations in the Workstream B report from OREC). 

 

Recommendation 4:  In the near-term, establish coherent carbon price signals across 

vectors/sectors and consider longer term policy options to drive carbon reduction 

In the near-term, levelising the effective carbon price signal across the different sectors and energy 

vectors – such as electricity, gas, oil and hydrogen (green, blue or grey) – by adapting existing 

taxes, levies and mechanisms is crucial for driving decarbonisation through vector switching. 

For the longer term, consider options to drive carbon reduction in a way that is sufficiently visible 

and credible for investors, taking account of the changing role and effectiveness of the carbon 

price, the changing market conditions and readiness of technologies to move away from CfD 

support.  Carbon intensity performance obligations or standards could be among these options for 

consideration. 

 

Recommendation 5:  Review and explore non-regulatory interventions with stakeholders to 

support greater diversity in the sources of private financing of OSW and to develop the 

forward/hedging/insurance markets, with a view to enabling investment in projects without 

CfD-backing 

Non-regulatory interventions could help facilitate the supply of private finance for both OSW and 

flexibility providers.  This requires detailed analysis of technology risk profiles, issues and options 

that could be discussed in consultation with key stakeholders in both the power and finance 

sectors – OWIC could initiate and lead a suitable process.  Attention needs to be given to options 

that can help address the market failure of under-developed forward, hedging and insurance 

markets and the need for longer term financial products or alternatives. 

 

Recommendation 6:  Adopt a highly strategic approach to innovation support policy and 

early action for technologies that complement OSW 

If minimising total system costs and maximising socio-economic welfare are key objectives for 

Government, then whole systems modelling and value-for-money analysis, supported by high 

quality monitoring of innovation progress, could usefully inform innovation support policy 

decisions. 

Use of CfDs or alternatives to support non-generation technologies and zero carbon energy 

technologies, which may or may not be powered by renewables and that reside in other sectors but 

can support the power sector, should be considered.  The design of support policies should reflect 

the technology’s readiness level (TRL).  Power system needs/requirements and technologies’ 

capabilities to meet these requirements should also be considered when designing innovation 

support programmes. 
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The design of innovation support for flexibility and storage solutions, including hydrogen / 

electrolysis, should avoid distorting market signals and strongly incentivise these technologies to 

participate rationally in markets so that they respond to price signals reflecting the energy system’s 

needs. 

 

Recommendation 7:  Reduce costs for OSW infrastructure through a strategic, whole systems 

approach 

The work of the OWIC working group on the transmission regime, which the Government could 

strongly support in order to reduce costs for consumers and improve the industry’s 

competitiveness, could include consideration of energy system planning and opportunities for 

shifting between energy vectors to alleviate network congestion and capacity issues. 

Strategic siting of OSW farms is potentially highly beneficial as it could improve the geographical 

diversity of OSW around the coast of the UK, improve security of supply, mitigate price 

cannibalisation and enable coordination with industrial clusters.  The Government could facilitate or 

support this. 

Network charges should fairly reflect the costs that OSW generators impose on the system and 

reward them for their efforts to reduce system costs through for example, co-location with 

complementary technologies such as storage. 
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