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Element Energy is a consultancy focused on low-carbon energy and net zero

Energy Networks Smart Energy Systems
CCUS & industrial 
decarbonisation
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• ERM - world’s largest independent sustainability consultancy, 
expanding in the energy transition space by key acquisitions 

• Working with industrials across a range of services – e.g.
industrial decarbonisation roadmaps, EHS management and 
compliance, and corporate sustainability and climate change.

• At the forefront of blue and green hydrogen: ERM Dolphyn
Project, Liquid Organic Hydro-Carbon (LOHC) options in 
Scotland, and involvement in H100

• Leading company supporting CCS projects: for example
Peterhead and White Rose projects, and recently, the Acorn 
cluster.

We are now part of the ERM group, which gives us greater reach into developing projects

• Element Energy - leading net-zero energy consultancy, 
focusing on all aspects of the energy transition, incl. industry, 
hydrogen, transport, and energy networks

• Over 15 years of activity in the hydrogen and CCS sectors, 
providing techno-economic assessments and strategy 
development for large scale emitters

• Excellent knowledge of the UK industrial decarbonisation, 
with working with UK Gov., CCC, clusters and industry.

• Extensive experience in project development, helping 
consortia secure over £500m in funding in recent years from 
H2020, EU Commission, Innovate UK and BEIS.

• Dedicated project management team for low-carbon 
demonstration projects

• E4tech is a strategic energy consulting firm working at the 
interface of business, sustainability, and policy. 

• The E4tech team has significant experience in the refining, 
chemicals, and low carbon fuels sector and in-depth 
knowledge of sustainable chemical value chains.

• Extensive experience in synthetic fuels, including bio-fuels and 
e-fuels. 

• Conducted work for the world’s leading oil and gas, and 
petrochemicals majors across the low carbon fuels  and 
sustainable chemicals space

• Team has deep industry experience in both the refining and 
petrochemicals sectors

Environmental Resources Management

Technologies covered across the team:

DACBECCS CCUCCSShipping Electrification
CO2/H2

Transport
Green H2 Liquid Organic H2 CarriersAmmoniaBiofuels
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ILLUSTRATIVE CLIENTS

The last 12 months saw an uptick in interest for CO2 shipping, reflecting the sector’s shift 
from “concept” to “real life” projects

• CO2 shipping market assessments for UK/Europe.

• CO2 shipping solution optioneering.

• Shipping techno-economics.

• Onshore & offshore infrastructure requirements.

• Business case modelling and policy assessment

• Diversification and investment strategy.

CO2 shipping demand mapping 

Market assessment

Factors we consider in our analysis:

• Emitting sector – different sectors present different emissions profiles that may affect shipping

• Geography – which regions are more/least likely to require shipping?

• CO2 transport condition – how do different transport conditions affect shipping economics?

• Partners – who can provide the required shipping service?

• Infrastructure – what additional infrastructure (onshore / offshore) would be required?

What we’ve been working on

CBA D G

Shipping fees to potential UK storage site (£/tCO2)
Techno-economic assessment / Optioneering

+ Infrastructure investors and emitters 
considering CO2 shipping in the UK and Europe
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The CCUS value chain

CO2 transport in “real life”

Multimodal transport

Life-cycle emissions with CCS

Contents
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Load factors1 (%, left) and seasonal gas consumption2 (TWh, right) for 
CCGT generators in the UK

Variability in CO2 volumes should be expected and adequately managed

1Statista – Plant Load Factors 2National Statistics Energy Trends – UK Gas 3Watson et al, 2019, Decarbonising domestic heating

Seasonality and other variations in CO2 volumes would adversely affect ship
utilisation and/or the size of the required interim storage

• The load factors for thermal power generation in the UK oscillate around 40%,
Higher load factors for power CCS are unlikely without changes to merit-order
priority rules.

• Likewise, demand for heat – and for gas via the transmission grid is significantly
lower in the summer months. This could affect shipping logistics for blue H2

producers targeting grid injection.
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producers targeting grid injection.

In the long term, competition may force a reduction in CO2 volumes from individual
assets

• Increased deployment of low-cost renewables + storage could reduce the need for
dispatchable power CCS.

• Advancements in the development of green hydrogen production via electrolysis
could similarly reduce demand for blue hydrogen.
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➢ What does this imply for the cost of CO2 transport? 
➢ What commercial arrangements can be put in place to mitigate the impact of 

unplanned variations in CO2 volumes? Could these be deal breakers?

https://www.statista.com/statistics/548794/plant-load-factor-combined-cycle-gas-turbine-stations-uk/
https://www.gov.uk/government/statistics/gas-section-4-energy-trends
https://www.sciencedirect.com/science/article/pii/S0301421518307249
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The shipping chain must either be sized for peak demand or substantial amounts of buffer 
storage may be required

There is a need to budget for peak demand for CO2 transport

• Peak demand is expected to occur in winter for both power CCS and 
blue H2 (if used for heat). 

• Rougher winter seas may further increase shipping demand.

• However, short-term peaks may happen throughout the year, 
especially for power CCS (low wind/solar power days).

• Hence, all infrastructure assets – including the fleet of CO2 ships –
must be able to handle peak throughput at short notice.

• This implies there may be a need for significant spare capacity sitting 
idle. 

• Alternatively, buffer storage may be required.
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Element Energy analysis, illustrative example

➢ How can shipping fleets be optimized given the underlying 
uncertainty?

➢ What size of buffer storage reduces the full-chain costs? 
➢ Would it be acceptable to not capture all emissions? If not, what is 

the marginal cost of CCS for those last ?
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CO2 transport in “real life”

Multimodal transport

Life-cycle emissions with CCS

The CCUS value chainContents
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We need to better understand how CO2 transport will work for those without direct link to 
CCS clusters

CO2 transport may look different for different emitters

• Large emitters within clusters are likely to benefit from 
direct connection to trunk pipelines.

CO2

Large anchor project
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We need to better understand how CO2 transport will work for those without direct link to 
CCS clusters

CO2 transport may look different for different emitters

• Large emitters within clusters are likely to benefit from 
direct connection to trunk pipelines.

• Smaller, more remote plants may not be so lucky.

– A mix of transport options may be required, 
depending on geography.

– This adds complexity and cost, requiring more 
developed markets and business models.

CO2

Large anchor project

CO2

Small remote emitters



14

We need to better understand how CO2 transport will work for those without direct link to 
CCS clusters

CO2 transport may look different for different emitters

• Large emitters within clusters are likely to benefit from 
direct connection to trunk pipelines.

• Smaller, more remote plants may not be so lucky.

– A mix of transport options may be required, 
depending on geography.

– This adds complexity and cost, requiring more 
developed markets and business models.

CO2

Large anchor project

CO2

Small remote emitters

➢ What is the true cost of CCS for small-scale and/or remote emitters?
➢ How does that compare to alternative decarbonisation pathways for 

the same sites?
➢ Will there be viable business models to decarbonise these sites?
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A sharper focus on supply chains and “Scope 3” emissions may raise questions about the 
viability of CCS for certain projects

People are starting to care about net zero

• The last few years have seen a succession of previously niche topics land on the 
public net zero agenda (hydrogen, carbon capture, CO2 shipping).

• “Scope 3” emissions have been the last trend to clearly emerge, leading to strong 
pressures on supply chains to decarbonized.
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public net zero agenda (hydrogen, carbon capture, CO2 shipping).

• “Scope 3” emissions have been the last trend to clearly emerge, leading to strong 
pressures on supply chains to decarbonized.

CCS must be compatible with net zero

• Commercially viable projects require an operating life >20 years, hence they need to 
be designed with 2045 in mind.

• It may be insufficient to erase scope 1 and 2 emissions, if the bulk of CO2 is released 
up or downstream. 

– This includes supply chains for CCS equipment and infrastructure as well as for 
the products and markets where CCS is deployed.
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People are starting to care about net zero

• The last few years have seen a succession of previously niche topics land on the 
public net zero agenda (hydrogen, carbon capture, CO2 shipping).

• “Scope 3” emissions have been the last trend to clearly emerge, leading to strong 
pressures on supply chains to decarbonized.

CCS must be compatible with net zero

• Commercially viable projects require an operating life >20 years, hence they need to 
be designed with 2045 in mind.

• It may be insufficient to erase scope 1 and 2 emissions, if the bulk of CO2 is released 
up or downstream. 

– This includes supply chains for CCS equipment and infrastructure as well as for 
the products and markets where CCS is deployed.

➢ What will the demand for products made with CCS be like in 2045?
➢ Does CCS reduce life-cycle emissions sufficiently when also including Scope 3? Is it compatible with a net-zero demands in the upstream 

and downstream markets?
➢ What does it take to make the CCS value chain truly net zero? What are the cost implications?



THANK YOU!

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

elian.pusceddu@element-energy.co.uk

www.element-energy.co.uk
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