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Getting to net zero and achieving energy independence will 

require an unprecedented scale-up of technologies currently at 

the demonstration scale. The RePowerEU package plans specific 

financing for Carbon Contracts for Difference (CCfDs) under the 

Innovation Fund, to further support the switch from fossil fuel 

dependencies. 

Carbon Contracts for Difference can help scale innovative clean 

technologies on the point of commercialisation by providing 

a guaranteed carbon price over the course of a project. CCfDs 

are a high-impact use of public funds: by removing carbon price 

uncertainty, they help projects to attract additional private financ-

ing.

 

Carbon Contracts for Difference offset some operational project 

expenses. This makes them an effective tool to scale OPEX-

heavy projects, such as those using renewable hydrogen in 

industry. The tool could help finance industrial cleantech projects 

in the steel, cement and chemical industries, which are piloting 

cutting-edge technologies but have yet to commit to large-scale 

deployments.

CCfDs should be designed with the flexibility to address the next 

generation of breakthrough technologies, including alternative 

shipping and aviation fuels, waste heat recovery and upcycling 

and biochar from wastewater.
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To avoid market distortion, CCfDs should be coordinated with 

the phase out of free allowances0 and the introduction of a 

Carbon Border Adjustment Mechanism (CBAM). Appropriate 

benchmarks can also ensure support for currently excluded 

solutions such as low-clinker cement, which lies outside the EU 

Emissions Trading System (ETS).

CCfDs are not a silver bullet: they should be rolled out as a 

complement to funding for early-stage technologies, de-risking 

mechanisms for industrialisation and an ambitious green 

demand policy. They could, however, provide the predictability 

of revenue that makes projects bankable.

 

In this paper, we propose concrete ways the EU can design 

CCfDs to successfully scale innovative clean technologies. 

This includes using auctions by end-product and simplifying 

application processes so small, innovative companies can 

participate 

When conducting our research, we interviewed cleantech start- 

ups, scale-ups and venture capital investors from the Cleantech 

for Europe initiative, as well as other prominent industry actors.
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0
Free allowances are allowances for a 
share of emissions allocated for free 
to certain polluting industries.
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EU measures to transition away from Russian fossil fuel depend-

encies include the rollout of Carbon Contracts for Difference to 

support the uptake of renewable hydrogen by industry. Specific 

financing is planned under the Innovation Fund, through RePow-

erEU.

 

Carbon Contracts for Difference (CCfDs) provide a stable carbon 

price for innovative decarbonisation projects, making up the 

difference between the actual carbon price, and the pre-defined 

carbon price needed to make that low-carbon project commer- 

cially viable. They do this via a contract between the government 

and project owner, which guarantees a fixed carbon price over 

the duration of a project.

What is a Carbon 
Contract for Difference?

“Funding CAPEX-heavy projects 
would be easier if there were more 
visibility on the revenue side, for 
example with a fixed carbon price 
or long-term offtake-agreements.”  
 
Matthias Dill,  
Energy Impact Partners
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By enhancing the predictability of project returns, CCfDs play a 

similar role to renewable energy feed-in tariffs. 

But whereas feed-in tariffs have been criticised for their high 

cost to taxpayers, CCfDs have several advantages which contain 

overall costs: 

• Governments commit to covering the difference 
 between the carbon price and the pre-agreed strike  
 price (the incremental cost) rather than the full revenue 
 amount.

• CCfDs provide just enough support to tip a project into 
	 profitability,	especially	if	the	strike	price	is	set	by	tender

• Governments share in the upside if the carbon price 
 rises above the strike price 

• In subsequent auctions the strike price can be adjusted 
 downwards as the green premium reduces for that 
 technology
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ANATOMY OF A CCFD

A CCfD is a contract signed between a public body and the 

private party executing a clean technology project. 

This contract has a fixed duration and specifies a strike price, 

which is the carbon price needed to make the project profitable, 

usually determined by auction. The contract provides a guaran-

teed price for the carbon abated over the lifetime of the project.

Over the duration of the contract, if the market carbon price is 

below the strike price, the project owner is compensated. If the 

market carbon price rises above the strike price, the profits are 

shared between the two parties.

How it works

• A contract between project owner and government, 
 which guarantees a carbon price over a set time 
 period

• During the time period, the project owner may sell 
	 resulting	carbon	credits	for	a	fixed	strike	price

• The project owner is compensated if the market price 
 is lower than the strike price

• If the market price is higher than the strike price, 
 the project owner must pay back the government

Figure 1: Anatomy of a CCfD
source: Climate Friendly Materials Platform, Cleantech Group
analysis
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CCfDs are a high- 
impact use of public 
funds

CCfDs can accelerate the commercialisation of emerging clean 

technologies in emissions-intensive sectors including energy 

and heavy industry, which are unable to scale under current mar-

ket conditions. Nearly all innovative technologies incur a cost 

premium in their early stages. In the case of cleantech, this is 

referred to as the green premium. Targeted carbon price support 

for emerging technologies can speed their progress along the 

learning curve until they become price competitive with more es-

tablished technologies, or until the carbon price is high enough 

to eliminate the price advantage of polluting incumbent technol-

ogy.

The United Kingdom has operated a Contracts for Difference 

(CfD) scheme for offshore wind since 2015. CfDs are similar to 

CCfDs, but the strike price is tied to electricity price rather than 

carbon price. The UK CfD scheme has supported more than 5.2 

GW installed capacity, and the price per MWh of offshore wind 

power fell by 65% in the period from 2015 to 20191.

1
https://www.windpowermonthly.com/
article/1735661/uk-opens-landmark-
renewable-energy-cfd-auction-no-cap-
offshore-wind

https://www.gatesnotes.com/Energy/Introducing-the-Green-Premiums
https://www.windpowermonthly.com/article/1735661/uk-opens-landmark-renewable-energy-cfd-auction-no-cap-offshore-wind
https://www.windpowermonthly.com/article/1735661/uk-opens-landmark-renewable-energy-cfd-auction-no-cap-offshore-wind
https://www.windpowermonthly.com/article/1735661/uk-opens-landmark-renewable-energy-cfd-auction-no-cap-offshore-wind
https://www.windpowermonthly.com/article/1735661/uk-opens-landmark-renewable-energy-cfd-auction-no-cap-offshore-wind
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Carbon Contracts for Difference are aimed at demonstrated 

technologies which still need to reach commercial scale. These 

technologies often compete against higher-emitting, lower-price 

incumbent technologies in sectors where buyers are unwilling to 

recognise or pay a green premium for the clean product. There-

fore they face near-term challenges in getting the technology to 

market.

Figure 2 shows the technology readiness level and stage in a 

start-up lifecycle where CCfDs can be most effective. CCfDs also 

support the application of innovative technologies in established 

industries, especially ones whose cash flows cannot support 

the higher operating costs associated with switching to cleaner 

production methods. 

CCfDs and the 
technology development 
lifecycle

Figure 2: CCfDs and the start-up lifecycle
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CCfDs complement other forms of public support because they 

provide ongoing support during the operating phase (OPEX), in 

the form of regular payments compensating the carbon emis-

sions avoided by the project. In contrast, funding mechanisms 

such as grants are usually one-off payments which are best 

suited as support for investment costs (CAPEX). 

Innovative companies we interviewed do not currently factor 

CO2 price into financial projections because it cannot provide a 

stable, forecastable revenue stream. Once implemented, an ETS 

carbon price floor could bring more predictability to the carbon 

price. Early commercialisation projects for next-generation tech-

nologies may still require support over and above the ETS price 

levels if their green premium is too high for the ETS price floor to 

compensate.

For example, technologies such as Hydrogen DRI steel produc-

tion currently require a CO2 price of over €200/ton, which would 

have high social and political consequences if applied universal-

ly in the short to mid-term. 

Until carbon markets are fully developed, determining strike price 

by auction can also serve as a carbon price signal to set expec-

tations and inform sector-specific investment decision-making.

CCfDs vs carbon 
price floor
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 “CCfDs could have a huge impact on 
the market for electrolysers. If properly 
designed, they will enable our custom-
ers in industries like steel and cement 
to make the investment.”  
 
Christopher Frey, 
Sunfire

Carbon Contracts for Difference were designed as a target-

ed support to accelerate commercialisation of breakthrough 

technologies. Various technology pathways are available for 

industrial decarbonisation: it is important to support the most 

innovative technologies which will deliver step change rather 

than incremental improvements.

Industrial decarbonisation projects such as green steelmaking 

should be the initial focus of CCfDs. However later rounds could 

be extended to other technologies ready for commercialisation. 

If the scope of the ETS expands and covers transportation and 

buildings, many other technologies could become eligible for 

CCfD support. 

We believe it is crucial to embed flexibility in the early imple-

mentation of CCfDs, so they can support technologies which 

will mature over the span of the next decade of Innovation Fund 

disbursements.



Cleantech for Europe      162.    CCfDs could change the industrial decarbonisation game

Figure 3: Indicative strike prices for innovative technology pathways2 

Renewable hydrogen
The cost of producing renewable hydrogen is reducing rapidly 

as the industry scales, and a support scheme which accelerates 

the pace of scale will deliver faster cost reductions, earlier cost 

parity	with	blue	and	grey	hydrogen	and	greater	system	benefits	

to overall decarbonisation efforts.

Since renewable hydrogen OPEX is highly dependent on the cost 

of renewable electricity used to power the electrolysers, some 

producers recommend instead a CfD based on the electricity 

price. This would be similar to the mechanism used in the UK to 

support offshore wind.

Recent fossil fuel price volatility makes hydrogen-based produc-

tion in other industries more attractive, however downstream 

industries may still face difficulties in financing projects, there-

fore it may be more effective to apply CCfDs directly to down-

stream industries. The main route to decarbonise industries like 

steel, cement, refineries, chemicals and fertiliser production use 

renewable hydrogen. 

2
Cleantech Group interviews

Credit: Columbia Center on Global 
Energy Policy (Hydrogen DRI 
steelmaking), Agoraenergiewende 
(Oxyfuel CCS for cement), Clean-
tech Group interviews (green 
ammonia shipping fuel, clinker 
substitution for cement, manure 
pyrolysis)
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Steelmaking

Cement Production

Steelmaking using hydrogen direct reduction, combined with an 

electric-arc furnace, enables up to 97% reduction in CO2 emis-

sions compared to conventional methods and is a demonstrated 

technology on the point of commercialisation3. 

A Columbia study estimates the current marginal CO2 abate-

ment cost using renewable hydrogen for steelmaking at €325/

ton4, out of reach of the current EU CO2 prices. A CCfD on green 

steel production would reward the frontrunners who have al-

ready invested in innovative steel production techniques and are 

able to propose more efficient sustainable projects with a lower 

green premium. 

The best way to achieve deep decarbonisation of cement pro-

duction is to substitute clinker with alternative materials. Howev-

er this method currently lies outside the ETS and therefore would 

not be eligible for CCfD support in an ETS - Innovation Fund 

implementation. 

Basing benchmarks on concrete instead of clinker, and allowing 

low-clinker cement to compete with traditional cement, would 

also open low-clinker cement to CCfD support.3

4

Agora Energiewende: Breakthrough 
Strategies for Climate-neutral 
Industry in Europe 
 
Columbia SIPA Low-carbon 
production of iron and steel: 
Technology Options, Economic 
Assessment and Policy
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Ammonia Production

Emerging clean 
technologies

Fertiliser production via ammonia can be decarbonised by a 

straight substitution of natural gas for renewable hydrogen, 

which could potentially be supported by CCfDs. However, recent 

price volatility for conventional ammonia, driven by natural gas 

prices, makes alternative production look more attractive even 

without revenue support. 

The Fit for 55 package proposes to extend the EU ETS to the 

maritime and aviation sectors. Commercial deployment of 

alternative fuels in these sectors could be accelerated using 

CCfDs for earlier decarbonisation.

 • The maritime industry accounts for 3% of global emissions, 
 and this share may increase, as decarbonisation is not 
 keeping pace with other sectors. Alternative fuel pathways 
 include green ammonia, green methanol and green methane: 
 all of these fuels are projected to play a role in the future fuel 
 mix, although on a 2050 horizon ammonia will likely be most  
 cost-effective.

• CCfDs could support the scale-up of green ammonia and  
 green methanol either on the production or the offtake side  
 and taking leadership on this would provide an opportunity  
 for the EU to catalyse global shipping decarbonisation.

Alternative Shipping 
Fuels
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 • Alternative fuel pathways for the aviation sector include  
 bio-based fuels and synthetic e-fuels, which are produced  
 from CO2 and green hydrogen via power-to-liquid process- 
 es. Both are defined as Sustainable Aviation Fuels (SAF). 
 E-fuel production is OPEX-heavy and highly dependent on the  
 price of green hydrogen. Bio-based fuels currently have a  
 price advantage over e-fuels, but their decarbonisation poten- 
 tial is constrained by global feedstock availability. For this  
 reason it is important to scale e-fuel production as a truly  
 sustainable, long-term alternative.

• CCfDs could support the scale-up of e-fuel production either  
 on the production or the offtake side. European innovators  
 such as Ineratec aim to build first commercial-scale produc- 
 tion facilities from 2023 onwards. Revenue stability provided  
 by CCfDs could help these early commercial-scale production  
 facilities obtain debt financing as an alternative to equity,  
 which has a much higher cost of capital.

The case of technology applications which lie outside the ETS is 
more complicated, since they are not eligible for carbon credits. 
However the following examples all have potential for significant 
carbon abatement as they scale, and near-term operating costs 
which prevent them from competing commercially with other 
technologies:

• waste heat recovery and upcycling

• fertiliser production from wastewater-derived bio-
char

• innovative renewable electricity production methods 
such as floating offshore, wave power or advanced 
geothermal. Since the main sensitivity here is 
electricity price, these technologies should be better 
suited to a CfD mechanism.

E-fuels for aviation

Non-ETS sectors
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Atmonia is a cleantech scale-up developing an electro-cat-
alytic process to generate ammonia from air and water. 
The company is headquartered in Iceland and operates in 
the EU.

The company plans to produce a zero-emissions liquid 
ammonia blend ready-made fertiliser. In further projects, 
Atmonia will work with experts to purify and compress the 
ammonia produced into anhydrous ammonia form for ap-
plications as liquid fuel for shipping and other applicable 
industries. As with hydrogen electrolysis, the operational 
cost is highly dependent on the cost of electricity. 

 Atmonia’s solution is at early stage (TRL4-5) and will 
 be ready for commercialisation on a 2-4 year timeframe 
 
 

With a renewable electricity price of €28-38, Atmonia 
would not need revenue support for their fertiliser. For 
shipping fuel, the company estimates that a CO2 price of 
€94/t would allow them to compete at commercial scale 
in the EU.

Atmonia could choose to situate mass production either 
in the EU or the USA – both markets are equidistant from 
Iceland. This will be a first-of-a-kind production facility, and 
the availability of future revenue support in the form of 
CCfDs would help to give private investors the confidence 
to finance the upfront CAPEX investment. In this case, an 
EU commercialisation support scheme could incentivise 
local production of a revolutionary new product, and po-
tentially kick-start a new industry.

Case study
Commercialisation 
support as a driver of 
investment decisions
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Contracts should be awarded by tender: 

this is the most transparent way to ensure efficient use of funds 

and a competitive environment which incentivises continued 

innovation.

Tenders should include technology sub-envelopes to build a 

portfolio of decarbonisation pathways: 

less mature technology pathways cannot compete on price with 

more established technologies (see insert).

Application process should be scale-up friendly: 

past awards of the Innovation Fund have mostly gone to large 

corporates, because they have the resources to dedicate entire 

teams (and consultants) to write the applications. Making it eas-

ier for resource-strained scale-ups to apply should be a priority.

A	ten-year	contract	duration	is	sufficient	in	most	industries: 

after this time the technology should be able to compete on 

price with incumbents. We can expect the strike price to decline 

over successive CCfD award rounds.

5

https://www.offshorewind.
biz/2021/12/13/uk-opens-biggest-ev-
er-contracts-for-difference-round/ 

Key recommendations 
to make CCfDs fit for 
innovation:

Timing and certainty around payments is critical: 

for smaller innovators, monthly payments help to balance cash 

flows. For market confidence, certainty of when a payment will 

take place is as important as the timing of the payment.
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Avoiding market 
distortion

Free allowances mean that clean producers compete with sub-

sidised incumbent technologies. For CCfDs to be truly effective 

and create a level playing field, free allowances must be phased 

out. 

Another consideration is how to coordinate CCfDs with CBAM, 

and this depends on industry specificities. Application to fer-

tiliser production, for example, needs to be coordinated with 

CBAM since the EU imports most of its fertiliser, and more 

expensive production methods are at risk of being undercut by 

cheaper, higher polluting imports.

Wave and tidal energy has historically been unsuccessful in the UK’s 

Contracts for Difference programme, because it was pitched against 

offshore wind generation, a more mature technology. Wave energy 

missed out on CfD support because it could not compete on genera-

tion cost. 

However, wave energy has a different resource and generation pro-

file to offshore wind, helping to reduce system volatility. It could play 

a valuable role in a diversified future energy mix, especially important 

since more, cheaper renewable energy will be a key driver in reducing 

the cost of green hydrogen. Therefore it should be considered comple-

mentary and not competition to offshore wind power. The UK’s latest 

CfD round allocates £20 million specifically for tidal stream projects. 
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As with other projects funded through the Innovation Fund, 

CCfDs provide non-dilutive funding for projects with verifiable 

emissions reductions. Figure 4 positions CCfDs in the broader 

EU public funding landscape.

Public funding promotes the supply side of innovation. Other 

support levers work by mobilising demand for cleantech prod-

ucts and services, providing an adequate policy and regulatory 

environment and ensuring sufficient infrastructure.

Figure 4: CCfDs and the EU public funding landscape
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• Public funding can also ensure sufficient enabling infra- 
 structure, for example energy transport networks. This  
 may be funded directly, or through guarantees which  
 incentivise private investments in infrastructure pro- 
 jects, such as those provided by InvestEU.

• Access to renewably-produced energy sources is also  
 key. Governments can support this by first ensuring ad- 
 equate investment in generation capacity, and second,  
 by easing access to long term PPAs for energy supply.

Ensuring	sufficient	
infrastructure

• Public funding should be designed to maximise the  
 availability of private follow-on financing such as   
 early-stage and venture capital. As projects mature,  
 instruments such as loan guarantees work to ensure  
 availability of private debt financing.

• CAPEX Grants may still be necessary in industries such  
 as steelmaking, where producers lack the capability to  
 invest in new assets.

• Public procurement can create lead markets for green  
 products, providing on one hand a certain level of   
 demand, and on the other hand increasing market   
 confidence as the solution shows successful results.  
 Encouraging or facilitating future purchase commit 
 ments from groups of corporate offtakers who sign up  
 for certain purchase volumes, can fulfil a similar goal.

• Certification	and	labelling programmes, as for green  
 steel, can increase consumer confidence in innovative  
 technologies and companies. Additionally, they can help  
 create demand for green products by raising awareness  
 in the market that some alternatives are ‘greener’ 
 than others.

Supply-side innovation 
support

Demand-side 
innovation support
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• Carbon pricing and Carbon Border Adjustment Mech 
 anism (CBAM) are needed to ensure that the business  
 case for clean technologies reflects their environmental  
 advantage, and to avoid competition with high-polluting  
 imports.

• Quotas for recycled materials, limits on embedded  
 carbon in key high carbon-intensity products also help  
 to create lead markets for innovative products. This  
 depends on an adequate measurement and reporting  
 system for these materials.

• A regulatory framework with appropriate standards  
 which prevent market distortion is essential to create  
 a level playing field with incumbent technologies and  
 overcome market inertia by incentivising buyers to  
 consider green options. This includes harmonising 
 standards across EU member states to facilitate 
 cross-border scale-up of  new solutions.

Policy and regulatory 
environment
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We are the EU’s cleantech innovation pioneers. For the last two 
decades, we have been investing in the early-stage technologies 
that will get the world to net zero and create long-term prosper-
ity for the EU. The innovative companies we grow are high-risk, 
often capital-intensive and need significant support to scale up. 
We are on a mission to create a cleaner, fairer economy, and we 
are in it for the long run.

With the support 
of Breakthrough Energy

Established in 2015 by Bill Gates and a coalition of private 
investors concerned about the impacts of accelerating climate 
change, Breakthrough Energy supports the innovations that will 
lead the world to net-zero emissions.

We are building on the proven model of public-private partner-
ships that Gates has already used to transform health, educa-
tion, and public welfare around the world. Breakthrough Energy 
is a network of entities and initiatives, including investment 
funds, non-profit and philanthropic programs, and policy efforts 
linked by a common commitment to scale the technologies we 
need to achieve a path to net zero emissions by 2050. We are 
encouraging the development of new net-zero energy technol-
ogies, championing policies that speed innovation from lab to 
market, and bringing together governments, research institu-
tions, private companies, and investors to expand and enhance 
clean-energy investment.

About 
Cleantech for Europe
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