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Element Energy, a consultancy focused on the low carbon energy sector 

Element Energy covers all major low carbon energy sectors:

Selected clients:

Energy Networks Smart Energy Systems
CCUS & industrial 
decarbonisation

Hydrogen Low Carbon Transport Built Environment

Public sector

NGOs

Public-Private 
Partnerships

Private Sector
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The C4U Project (H2020)

EU disclaimer: The contents of this presentation are the sole responsibility of Element Energy and do not necessarily reflectthe opinion of the 
European Union.

C4U: Advanced Carbon Capture for Steel Industries Integrated in CCUS Clusters (Horizon 2020 Funded Project)

Testing and 
demonstration of 

capture technologies 
at TRL7

(WP1 & WP2)

Integrating CO2
capture in industrial 

installations and 
clusters

(WP3 & WP4)

Societal readiness, 
public policy and the 

business case
(WP5 & WP6)

Dissemination, communication and public engagement

Impact: Successful 
demonstration of 
CO2 capture from 
ƛƴŘǳǎǘǊƛŀƭ ǎƻǳǊŎŜǎ

Impact:Economic 
and safe 

demonstration of 
integrated CCUS 
ǾŀƭǳŜ ŎƘŀƛƴ

Impact:Viable 
pathways to rollout 
CCUS in areas with 
high concentrations 

of CO2 emitting 
industries and nearby 
ƎŜƻƭƻƎƛŎŀƭ ǎǘƻǊŀƎŜ

Objectives:

Å Understand the risks and 
barriers to CCUS, including those 
of stakeholders in NSP cluster.

Å Create a short-list of 
recommended CCUS business 
models for long-term integration 
of CCUS in the NSP cluster

Å Construct an effective narrative 
for CCUS in order to contribute 
to societal readiness and 
generate public support

This project has received funding from 
ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл 
research and innovation programme 
under grant agreement No 884418
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Government and society

Need decarbonisation at lowest cost 
to society and minimum 
environmental impact. Need to 
understand the benefits of CCUS.

CO2 utilisation

Need regulatory framework for CO2

accounting and verification of climate 
benefits. Need development of end-
use markets and likely financial 
support or end-use standards.

CO2 storage operators

Need certainty of CO2 volumes and 
storage fees. Early projects need 
support with CO2 leakage liability.

CO2 transport operators

Need certainty of CO2 volumes and 
transport fees, from emitters and/or 
storers (or protection from cross-
chain default risks).

CO2 capture from power emitters

Need to have certainty on future role 
in power market and a guaranteed 
revenue from services provided.

CO2 capture from industrial emitters

Need to remain financially 
competitive with sites w/o CCS ς
need strong revenue model and 
protection from some risks.

Why are policies and business models needed?

Source: Element Energy

CO2

CO2
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Identified risks, challenges & failure factors

Source: Element Energy as part of C4U WP6 - Task 6.1 [LINK]

Category Associated risks and challenges

Technical and 

operational

Technology performance uncertainty

Technologylock-in

Site-specificchallenges

Increasedoperationalcomplexity

Variationin CO2 purity grade

Maintenanceof pipelines

CO2 storagewell damage

Economic and 

market

High capital investment

Capital cost uncertainty

Opportunity cost (technology lock-in)

Poor finance opportunities

Energy cost uncertainty

Long investment timescales

Insufficient value proposition

Reduced competitiveness

Carbon leakage (offshoring of emissions)

Revenue volatility

T&S monopoly and fee uncertainty

Long-term CO2 storage liability

Political

Policy and regulatory uncertainty

Carbon leakage and employment loss risk

CO2 price level and uncertainty

Stringent conditions of government support

Complex permitting processes

Cross chain

Integration risk

Operational interface risk

Risk allocation

Cross-border

Cluster / hub coordination

C     T    U     S

C Capture Segment predominantly affected

T Transportation

U Utilisation Segment less affected

S Storage

Legend:

Recurring factors contributing to project failures

Lack of long-term economic viability

Poor risk management

Technical integration and compatibility when scaling up from 
demonstration to commercial scale

Over-reliance on Government subsidies

Additional factors specific to full-chain CCUS projects

Poor management of cross-chain liabilities and poor risk 
ownership allocation among project stakeholders

Poor coordination of construction timescales or poor integration 
design between the interfaces of each CCUS segment

https://c4u-project.eu/wp-content/uploads/2021/01/C4U_D6.1_Report_summarising_findings_from_the_literature_review_final_v1.0_0021.pdf
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Project example - Business model characterisation & assessment

Å Public loan guarantees
Å Public underwriting of 

operational risks e.g. opex
Å Stable policy / long term 

contracts
Å Insurer / buyer of last resort
Å Price floor / ceiling
Å Compensation for BAU 

disruption
Å Revenue guarantees*
Å Border adjustments

Supporting cross-chain 
requirements:
ÅContractual arrangements eg 

take-or-pay, interface 
agreements, T&S fee 
regulation
ÅPublic backstops on cross-

chain default
ÅMultiple emitters and stores

Risk Management

ÅExchequer 
(taxpayer)
ÅAll industrial 

emitters
ÅAll national 

emitters
ÅFossil fuel 

suppliers
ÅGas and/or 

electricity 
consumers
ÅPurchasers of low 

carbon products 
(price premium)

Supporting
ÅCO2 sales for 

utilisation eg EOR
ÅCO2 tax avoidance

Funding source

Main revenue model:
ÅCfD-like mechanism (or CPF)
ÅRAB-like mechanism
ÅCost plus:public operational 

payments (open book)
ÅCO2 abatement payments 

(fixed or variable)
ÅGreen productpremium or 

product CO2 taxes
ÅCCS certificates tradeable, 

obligated
ÅTax credits tradeable
ÅPublic procurement of low-

carbon products

Supporting only:
ÅCO2 price avoidance or credits
ÅCO2 utilisation & EOR
ÅEnergy performance standards
ÅObligation (CCS or industrial 

decarbonisation)

Revenue*

ÅPublic grants
ÅPublic loans
ÅPublic equity
ÅEmitter equity
ÅInvestor / JV 

equity
ÅDebt / loans (inc

Green bonds)
ÅMultilateral 

funds

Capital

ÅPrivate - emitter
ÅPrivate ςother eg 

JV
ÅPPP
ÅPublic ςdirect
ÅPublic ςthrough 

state-owned 
enterprise or SPV

Ownership

Build additional elements and 
instruments around revenue model to 
mitigate risks not addressed by revenue 
model itself. Assess complete business 
model using step 1  & 2 criteria.

Step 1 criteria: industrial acceptability

1. Capital availability or low cost financing

2. Strength of revenue incentive

3. Industry competitiveness and carbon 
leakage

4. Flexibility for operational cost 
uncertainties

5. CO2 price level and uncertainty

6. Simplicity and transparency for industry

Step 2 : government acceptability

1. Cost: efficiency promotion
2. Cost: ability to pass costs on

3. Policy track record

4. Speed and simplicity of implementation

5. Ongoing simplicity for government

Å Applicability to industrial sectors

Å Applicability to CCS phases

Source: Element Energy for BEIS, industrial carbon capture business models 2018 [LINK]

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/759286/BEIS_CCS_business_models.pdf
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Business model summary example ςCfDC CO2 certificate strike price

1: Scale-up: negotiation on site by site basis. Roll-out: competitive bidding process.

2: Annual adjustments including linked to fuel prices or CPI-linked https://lowcarboncontracts.uk/payments

Revenue

ÅCfDCon strike price £/tCO2 for abated CO2, via 
tradeable CO2 certificates

ÅOffered contract fixed for duration but set annually 
for new joiners1

Risk mitigation

ÅCapital loan guarantee in scale-up

ÅLong term contract on strike price2

ÅICC cost backstops/pain-gain sharing

Description & discussion

ÅThe emitter is paid the difference between the CO2 strike price 
contractually agreed (that needed to cover capture costs) and 
the prevailing CO2 market price(e.g. EU ETS). For early projects, 
strike price may need to be high due to higher risks.

ÅCost to government, if well designed, is only that required 
above the carbon price avoidance to compensate the emitter 
and protect competitiveness. Efficiency is incentivised, but costs 
are not passed on to consumers.

ÅPolicy track record and applicability is high, although power CfD
is on product price.

Funding source options Capital

ÅGovernment: general taxation or levies eg fossil fuel 
suppliers

ÅRoll-out: Emitter equity & low-cost loans

ÅScale up: grants or loan guarantees

Industry criteria

Capital availability

Revenue strength

Competitiveness

Opex uncertainty

CO2 price

Simplicity

Government criteria

Cost: efficiency

Cost: pass on

Track record

Implementation

Administration

Sectors

Phases

CCS specific?

Subsidy

Standard production 
costs (inc. margins)

£
/t

o
n

n
e

Industrial plant with CO2 capture

Source: Element Energy for BEIS, industrial carbon capture business models 2018 [LINK]

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/759286/BEIS_CCS_business_models.pdf
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CCUS deployment: Several promising business models were identified for industrial 

carbon capture, drawing on comparable existing policies

Contract for difference: 
CfDon CO2 price relative to 
market CO2 price (e.g. EU 
ETS) to provide guarantee 
of revenue

Cost plus: 
All properly incurred ICC 
operational costs are 
reimbursed through 
taxpayer funding

Regulated asset base: 
Public regulation allows 
costs to be recovered 
through product prices e.g. 
of Hydrogen

Tradeable tax credits: 
CCS tax credits awarded 
$/tCO2 to reduce firms tax 
liability (e.g. 45Q) or trade 
with other firms.

CCS certificates: 
Certificates representing 
tCO2 abated through CCS, 
which can be traded and 
emitters have an obligation.

Low carbon market: 
End-use regulation e.g. on 
buildings to create a low 
carbon market & achieve 
product premium

Acceptability to industry evaluation

Acceptability to government evaluation

Source: Element Energy for BEIS, Industrial carbon capture business models, 2018 [LINK]

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/759286/BEIS_CCS_business_models.pdf
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Key messages

Industrial carbon capture

Å The key challenge for industrial carbon capture is 
providing the revenue level and certainty to incentivise 
industry to decarbonise and unlock capital whilst 
protecting it from carbon intensive competition, and 
therefore prevent carbon leakage.

Å There are a number of available mechanisms to support 
the deployment of industrial carbon capture. The key to a 
successful mechanisms is balancing the private and 
public sector requirements. A number of key learnings 
can be taken from projects such as Longship, Lake 
Charles Methanoland Porthose.g. financial structure, 
CCUS value chain construction and use of existing assets.

Å Each of the revenue models requires support from a 
suite of risk management instruments to ensure risks 
are addressed where possible. This is particularly 
important for incentivising deployment of early projects 
where the private sector cannot bear these risks.

CCUS

Å In the longer term as CCUS clusters grow and costs and 
risks reduce, CCUS may be able to transition to an 
unsubsidised end-state. This assumes either global 
action on climate or border adjustments for product 
carbon intensity.

Å CCUS requires a business model for the other aspects of 
the chain, such as CO2 transport and storage or 
utilisation. The integration of these business models is 
key, with cross-chain risks significant for early or isolated 
projects.

Å The Netherlands has implemented a mechanisms in 
SDE++1 (similar to a CfD), which is likely to form part of 
the North Sea Port business models. The NSP will be 
explored in more detail in our work in the coming 2 
years.

1 the government pays the difference between the cost price of a technology and the market price of carbon abatement, expressed in euros per metric tonne of CO2. It guarantees to 
do this for 12 or 15 years.
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CO2 utilisation

Revenue from CCU products:
challenges of market uptake & enabling interventions 
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Competitiveness & Market Potential: products from CO2 utilisation need to compete 
with existing products and penetrate markets

Source: Element Energy

Challenges to successful uptake of CCU products

Demonstrating product suitability:

Å Technologies need to be demonstrated at scale to gain investor confidence

Å Products need to meet existing standards and regulations. This can be a lengthy and 
expensive process. Prescriptive standards may prevent approval.

Å Some markets are highly conservative needing further demonstrations over many years.

Developing market interest and product demand:

Å Procurers may lack awareness or engagement with their Scope 3 emissions. 

Å Procurers may not have awareness of CCU products or the benefits of CCU. There may be a 
lack of clarity on how these benefits may be realized through carbon accounting. 

Å Consumer perception could be a barrier if not managed well, or a driver. 

Å Market drivers are typically not sufficient to justify cost premiums for CCU products.

Achieving cost-competitiveness:

Å CCU products can be significantly more expensive than conventional fossil-based products 
(which may be in recite of subsidies).

Å However, a select few routes are driven by cost-savings or improving the value of products. 

Å Avoidance of fees or compliance with regulations could become a driver if more ambitious 
incentives or targets are imposed. 

Å Funding for innovation & demonstration projects.
Å Facilitating testing & approvals processes.
Å Updating of standards to be performance based.

Å Increasing awareness and reporting of lifecycle & 
Scope 3 emissions.

Å Clarifying carbon accounting for CCU products.
Å Use of mandates or standards to increase demand 

for lower emission products.

Å Funding of linked projects such as renewables, 
green hydrogen and carbon capture to lower costs.

Å Introducing policies to level the field by 
recognizing sustainability benefits (performance 
based).

Interventions to enable success
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Procurement Guidelines 

Å Standards for public infrastructure 
projects (e.g. UK BREEAM rating)

Å Tender evaluation (e.g. Netherlands 
CO2 performance ladder)

Company Monitoring & Reporting

Å Emission reporting obligations 
(government & investor driven)

Å Knowledge sharing & guideline 
development

Level Field Mechanisms & Subsidies

Å Carbon pricing (ETS or carbon tax)

Å Operational subsidies such as 
Contract for Difference (e.g. 
Netherlands SDE++)

Low Emission Fuels Standards / Targets

Å Blending obligations for road 
transport (EU RED II) and aviation 
fuels (e.g. Norway)

Å Minimum standards (e.g. Californian 
Low-Carbon Fuel Standard)

Testing, Approvals & Certifications

Å US Clearing House facilitating 
aviation fuel approvals 

Å Sustainability Certification 
Schemes & product labelling

Research & Demonstration Funding

Å Funding programmes in the EU 
(H2020, Innovation Fund), US and 
member states.

Å Private investment initiatives and 
competitions such as Carbon Xprize

Support for CCU: examples of existing or adaptable support mechanisms

Source: Element Energy
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Drivers, barriers and enablers for CCU can vary regionally. There may be local niche opportunities 
where CCU becomes favourable.

Source: Element Energy
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Thank You!

EU disclaimer: The contents of this presentation are the sole responsibility of Element Energy and do not necessarily reflectthe opinion of the 
European Union.

Thank you for your listening!

Any questions?

This project has received funding from 
ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл 
research and innovation programme 
under grant agreement No 884418



ElementEnergyis a leadinglow carbonenergyconsultancyworking in a rangeof sectorsincludingindustrialdecarbonisation,carboncapture
utilisation and storage(CCUS),hydrogen,low carbontransport, low carbonheat, renewablepower generation,energynetworks,and energy
storage. ElementEnergyworkswith a broadrangeof privateandpublicsectorclientsto addresschallengesacrossthe low carbonenergysector.

For further information please contact: 
CCUSindustry@element-energy.co.uk

www.element-energy.co.uk


