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Presentation summary

• Natural gas a low carbon ‘bridging fuel’

• But needs to be decarbonised

• Reform natural gas to hydrogen (with carbon capture)

• Steam methane reforming and auto-thermal reforming 

• Benefits of auto-thermal reforming, notably LCH, for carbon capture 

• Carbon ideally at elevated pressure to minimise overall cost

• Low temperature capture technology reduces OPEX by c. £150 million
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Costain overview

Integrated Smart 

Infrastructure 

Solutions

Working with our clients in their 

business and investment planning to 

develop new solutions to meet 

changing needs, leveraging our deep 

client insight, leading edge expertise 

and broad range of capabilities.
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Reduced carbon emissions via natural gas 

• Paris Agreement, and medium-term 

decarbonisation targets, need changes to 

large-scale energy supply

• Natural gas has helped reduce UK 

carbon emissions by 43.5% since 1990

• Any alternative reliable, low cost energy 

sources? For power? Heating?

• Existing infrastructure (UK has 160,000 

mile gas network) 



The UK heating challenge

• Large, variable heat demand

• 84% of homes heated by gas

• High temperature industrial heat by gas

Gas usage is large vs. electricity

Gas replacement by electricity?

But gas requires decarbonisation….

.…by large-scale carbon capture

UK half hourly gas and electricity demand



Blue hydrogen

Generate hydrogen (from natural gas)

• Burns to produce only water – ‘clean energy’

• Can repurpose existing infrastructure, with 20% H2,

with minimal impact 

‘Pure’ hydrogen as:

• Feedstock for chemicals

• Transportation fuel

• Power generation



The importance of continued low cost natural gas

UK gas fields in decline

Reliance on Norwegian piped supplies

• Liquefied Natural Gas (LNG) glut giving 

lowest prices in a decade

• Increasing supplies from Russia, USA, 

Qatar, East Africa

• In 2019 25% of UK gas via LNG

(160 shipments, 76 in 2018)

S&P Global expect 30% price fall in 2020, 

to 27p per therm



Hydrogen and carbon capture

Reforming produces 10 tonnes of CO2 per tonne H2

So carbon capture is critical:

• Easier to capture carbon from syngas than from flue gas (lower volumes) 

• Capture at point of H2 production

• Technical and cost challenges. H2 storage, transmission, CO2 infrastructure & 

storage. 

A way to meet staged emission targets whilst zero-energy solutions developed

Over £160 billion saving – UK alone – compared to electrification (KPMG, 2016)



Large-scale hydrogen generation 

• Conventionally by steam methane reforming (SMR)

• Well-established for syngas, hydrogen (e.g. refining), methanol, ammonia…..

• Over 90% of industrial H2 this way, 115 million tonnes per annum

• 6% of all natural gas consumption

Carbon dioxide removal is ‘normal’, but vented. 

H2 production thus a major emitter

Atmospheric carbon dioxide means high cost

CO2 compression / transportation



Large-scale hydrogen generation - SMR 



Large-scale hydrogen generation – SMR & carbon capture  

• Chemical / physical solvent on syngas is conventional – produces low pressure CO2

• Syngas CO2 content is low (20%), large gas volume to treat – high cost !

• 40% of gas for reformer fuel. Very expensive to extract CO2 from flue gas (very low partial 

pressure). No advantage over flue gas from power generation

• So to capture 60% of CO2 is expensive – downstream compression 

• To capture over 60% is very expensive – downstream compression & expensive capture

• There are alternative capture technologies. But SMR capture costs are inevitably high

SMR is not the answer  



Large-scale hydrogen generation – Johnson Matthey LCH 



Large-scale hydrogen generation - LCH 

• Energy efficient auto thermal reforming, ATR, with gas heated reforming (GHR)  

• ~ 15% lower gas consumption than SMR, all heat from reforming process 

• Proven for ammonia, methanol, gas to liquids (GTL)

• Can be built at (much) larger-scale than SMR, economies of scale reduces cost

• High reformer temperatures give high methane conversion to H2

• High CO2 content in syngas (40%) helps gas treatment and carbon capture

All CO2 is in syngas – unlike SMR. At elevated pressure. So much more cost-

effective carbon capture. 95%+ capture is feasible at reasonable cost

Furthermore, high CO2 partial pressure is key to capture technology & cost



Comparison of SMR, ATR and LCH 

Parameter Units SMR ATR LCH

Total Natural Gas kNm3/h 45.10 41.41 38.31

H2 Production KNm3/h 107.4 107.4 107.4

CO2 Captured tonnes/h 83.7 83.6 76.3

CO2 Emitted tonnes /h 4.4 3.1 3.7

CO2 Captured % 95.0 96.4 95.4

CAPEX (ISBL  & OSBL) Million GB£ 260 195 160



Carbon capture technologies – options & features

• Solvent, either chemical or physical

• Pressure swing adsorption (PSA) – good if minor 

contaminants, gives pure product

• Semi-permeable membrane – “rough” separation, 

selectivity & permeability are key, recycles, multi-

stage, high power & machine intensive

• Cryogenic – best energy efficiency – KEY !

All considered for SMR, including on H2 PSA tail gas, 

and hybrid schemes (combinations)  



Costain & low temperature carbon capture

• Hundreds of cryogenic gas plants

• ~ fifty H2 recovery units

• Pure CO2 production plants (gas or liquid)

• Patented capture technology for coal gasification (oxyfuel & pre-

combustion)

• Patented capture technology for syngas



Why low temperature carbon capture ?

• Easy separation, high relative volatility

• High energy efficiency leads to high CO2 

‘product’ pressure

• Easily make CO2 purity of 99.9%+

• Good economies of scale

• Produces high pressure H2



Why low temperature carbon capture ?

• All other technologies produce low pressure CO2 

• They require CO2 at c. 120 bar, so high compression cost

• Low temperature gives high CO2 pressure – less compression

• Much reduced OPEX & CAPEX



Low temperature carbon capture



Low temperature carbon capture 

• Conventional gas processing

• Reliable thermodynamic property prediction, verified by Imperial 

College

• Simple, reliable plant design

• Evaporating CO2 provides refrigeration at high efficiency

• Auto-thermal, no machinery

• High TRL



Benefits of low temperature carbon capture

• High pressure (dry) CO2

• Can produce liquid CO2 

• Can produce 99.999% CO2  

CO2 compression is lower by 50% 

For 500 kNm3/hr H2 = c. £150 million OPEX saving



Conclusion

• Decarbonisation of large-scale heating by reforming gas to hydrogen

• Carbon capture is cheaper than from flue gas

• SMR is not appropriate for carbon capture 

• Low carbon hydrogen, LCH (GHR & ATR) for lowest cost hydrogen 

• Use systems approach to evaluation and technology selection

• Energy efficient low temperature processing gives elevated pressure CO2

• Thus much reduced CO2 compression costs - by c. £150 million (500 kNm3/hr H2) 

Low cost hydrogen & low temperature carbon capture reduces cost
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Support industrial 
decarbonisation
Electrification – renewables

Fuel switching to hydrogen
Carbon capture and storage

Shut down energy 
intensive industry
Massive economic impact

Emissions will be relocated 
overseas – likely even be worse 
with less efficient production and 
increased transportation

How to decarbonise industry?

“Industry should pay” sounds easy – but in reality the majority of our major 
industries are in highly cost competitive markets
Therefore the cost burden should be shared since it is for the public good.

Confidential 3



NW is actually about 6m tpy
Each cluster developing at 

least 1 CCUS/LCH project, and 
a roadmap

- Humberside: https://www.zerocarbonhumber.co.uk

- Scotland: https://neccus.co.uk

- Teesside: https://www.netzeroteesside.co.uk

- South Wales: https://www.zero2050.co.uk

Collaboration is better than 
competition for funding!

UK Industrial Clusters Mission

Confidential 4





• CO2 capture
• Industrial fuel switching
• Blending into NG
• H2 for transport
• H2 for dispatchable power

Multi-sector 
decarbonisation

• Multiple ATR units
• Potential for electrolytic 

hydrogen production at 
scale

Hydrogen Production

• CO2 transport and 
storage

• H2 distribution
• H2 storage

Infrastructure

HyNet : a coherent regional response to Net Zero

Confidential 6



Building HyNet

Hydrogen 
Production

CO2 Transport and 
Storage 

Infrastructure

Early industrial 
conversions to 

hydrogen

Hydrogen 
Distribution & 

Network 
Blending

Early CO2

Capture 
Plants

Confidential 7

Feasibility study underway (BEIS funded)
Bid into UKRI IDC for match funding for FEED and 
consenting in the summer
Partners: Essar, CF, Eni, Peel

FEED underway, fully 
funded by BEIS
Partners: Essar, JM, SNC 
Lavalin

Feasibility study 
underway for Cadent
Bid into UKRI IDC for 
match funding for 
FEED and consenting

Funding secured for 
demonstrations at 
Unilever & 
Pilkingtons plus CHP 
FEED at Essar

£13m BEIS funding announced 18th Feb



HyNet: Minimum Viable Project

400,000 tCO2 / Yr

Fertiliser PlantHamilton

Confidential 8



HyNet: Hydrogen Production

Fertiliser Plant

Hydrogen
Production

1.0 MtCO2 / Yr

350MW
3TWh / Yr

97% CO2 Capture

Hamilton

Confidential 9



Mobility

Industry

Lennox Refinery

Fertiliser
Plant

Industry Storage

Power 
Generation

Blending

HyNet: Full NW Hydrogen Economy

10 MtCO2 / Yr inc.
Negative Emissions

Heat

Hamilton
North

Hamilton

BECCS



HyNet: A flexible, scalable approach up to 20MtCO2 / Yr

• Industrial Capture Only
• 1.2MtCO2 / yr
• Gas Phase

Phase 1Phase 1

• Industrial Capture plus 3x 
350MWth Hydrogen 
Production

• 3.0 MtCO2 / yr
• Gas Phase

Phase 2Phase 2

• Industrial Capture plus Full 
NW Regional Hydrogen 
Economy (Transport, Heat, 
Industry, Power Generation)

• 10MtCO2 / yr
• Liquid Phase

Phase 3Phase 3

Minimal incremental Transport and Storage cost as 
Phase 1 pipeline sized for 10MtCO2 / yr

Notes: 
1. Phase 4 – Development of Western 
Megacluster to include South Wales 
capture is not modelled on this slide. 
We estimate up to 20MtCO2 / yr
capture opportunity by the mid 2030s 
under this scenario
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1. Low carbon solutions >£ than 
Business As Usual

2. …. but hydrogen offers low cost 
& often only decarbonisation 
solution

3. To make this happen for the 
common good - we all need to 
support this through taxation 
and utility bills

Hydrogen Business Model Urgently Required

Natural Gas
£x/MWh

Hydrogen
£y/MWh

Natural Gas

Operating cost 

Capex

Levelised Cost of 
production

Sell Hydrogen
£x/MWh

Support
£y-x/MWh

Building on success of 
growth of offshore 

wind facilitated by CfD

Confidential 12



Real engineering and delivery

2016 2023

2016-2017
Project 

Origination 

‘Liverpool / 
Manchester 

Cluster’

2017-2018
Project 

Feasibility 

‘HyNet’ 
project

HyNet CCUS
2019-2020
Pre-FEED

2020+
CCUS FEED /Consents

HyNet Hydrogen Supply
2019

Pre-FEED
2020-2021

FEED / Consents

Construction

2025

HyNet & HyDeploy support programme

HyDeploy & Fuel Switching 
Phase 1

HyDeploy & Fuel Switching 
Phase 2

2021-23
Distribution 

consents

FID HyNet Extensions
• Hydrogen supply 
• Industry conversion
• Transport refuelling 
• CHP 
• Dispatchable Power
• BECCS
• Geographical 

2020

Confidential 13



Beyond HyNet: Science and Innovation to 
Decarbonise the Mersey Industrial Cluster

DESIGNING THE 

INDUSTRIAL ENERGY 

TRANSFORMATION 

FUND 

Informal consultation 
Closing date: 31 May 2019



Thornton Science Park: Where Academia & Industry 
come together 

Maximising the further development of the low carbon 
economy in the North West… 

Skills, Innovation and Clean Growth.



The South Mersey Industrial Cluster



Flavour of Current Related Projects
https://www.youtube.com/watch?v=kjpObPtgRHk&t=305s

https://www.youtube.com/watch?v=kjpObPtgRHk&t=305s


The Importance of UK Industrial Clusters 



Offshoring Emissions
Davos: 'Forget about net zero, we need real zero' 

Greta Thunberg (2020)



Offshoring Emissions Evidenced:
Between 1997 and 2015

Greenhouse gas emissions

• UK production: - 33%

• UK consumption: - 4%

Manufacturing share of GVA

• 1997: 17%

• 2015: 10%



Clean Growth: UK Government Pledges

• ‘Increase offshore wind capacity – offshore wind 
industry will reach 40GW by 2030…

• Invest £800m to build the first fully deployed carbon 
capture storage cluster by the mid-2020s…

• Invest £500m to help energy-intensive industries 
move to low-carbon techniques…

• Support gas for hydrogen production alongside 
increasing our commitment to renewables…

• The Conservative’s will support transformational oil 
and gas sector deal, supporting a Net Zero 
transition…



Clean Growth Strategy to Industrial Clusters Mission



Industrial Decarbonisation to be achieved by:

Reducing emissions in one cluster to 
net-zero by 2040. 

In at least one cluster, by 2030: The low-
carbon infrastructure needed to 
support industrial decarbonisation will 
be in place and operational, attracting 
new investment and innovation. 

Multiple industrial facilities will already 
have reduced their emissions, by the 
greatest possible extent. 

Positioning UK clusters as top areas for 
global inward investment and driving 
demand for low carbon products and 
technologies by harnessing the power 
of markets, the public sector, 
universities and local communities. 





South Wales: Zero 2050

• South Wales + HyNet form “West Coast cluster” 
with
• 15Mt CO2/yr injection capacity
• 1.5bt CO2 storage… sufficient for 100 years

• 5Mt CO2/yr from South Wales. 
• Low cost of carbon abatement ~ £50/t 



North West Proposition: Energy and Hydrogen Cluster
Sources:  https://hynet.co.uk/

https://nwblt.com/

https://hynet.co.uk/


Future Focus?



Industrial Decarbonisation: International



Videos

• UK GEO

https://www.youtube.com/watch
?v=kjpObPtgRHk&t=305s

• NW Hydrogen Alliance

https://www.youtube.com/watch
?v=1iq6zueosS4

https://www.youtube.com/watch?v=kjpObPtgRHk&t=305s
https://www.youtube.com/watch?v=1iq6zueosS4


Beyond HyNet: Science and Innovation to 
Decarbonise the Mersey Industrial Cluster

DESIGNING THE 

INDUSTRIAL ENERGY 

TRANSFORMATION 

FUND 

Informal consultation 
Closing date: 31 May 2019



0-100 (Mt) in 30 years:
The Opportunity and 
Challenges for CCUS and                   
Hydrogen

Chris Gent

Carbon Capture and 
Storage Association  

10th March, 2020



www.ccsassociation.org info@ccsassociation.org

Who are we

Role and objectives

• To assist policy developments in UK, EU and internationally towards 
a long-term regulatory and incentive framework for CCS

• To raise awareness of CCS as a vital tool in fighting climate change 
and delivering sustainable long-term clean growth 

• To enable the CCS industry to speak with one voice

• Focus on commercial-scale projects

• Technology neutrality (industry, power, hydrogen , BECCS, capture 
type etc) 

https://zeroemissionsplatform.eu/


www.ccsassociation.org info@ccsassociation.org

UK opportunity: Regional Growth 

 Deploying projects in regional clusters 

will drive down costs and maximise 

value by allowing multiple emitters to 

access shared infrastructure 

 Will support heavy industry as the UK 

transitions to a low carbon economy and 

help retain the almost one million jobs 

(direct and indirect) in steel, cement, 

refining, chemicals, ceramics and glass 

 Teesside, Yorkshire & the Humber, the North West, Scotland and South 

Wales suited to clusters with closely located power and industrial facilities 

and access to large offshore CO2 storage capacity



www.ccsassociation.org info@ccsassociation.org

 Geological assets, industrial infrastructure and skills capability means the UK 

has competitive advantage and could become Europe’s leader in CCUS

 The UK could replicate the success of the offshore wind industry and go even 

further by ensuring that the CCUS supply chain (and associated jobs) are kept in 

the UK

 Clean growth sector will be driven by innovation and R&D in clean technologies 

such as CCUS and hydrogen. These will be important for the UK and worldwide

Map showing the 

storage capacity in 

gigatonnes CO2 of 

the UK vs Europe 

and the Rest of the 

World 

UK opportunity: Clean Growth



www.ccsassociation.org info@ccsassociation.org

 Because CCUS reaches the harder to 

decarbonise sectors the technology 

can play a critical role in reducing 

emissions in the most cost-effective 

way

 Committee on Climate Change: UK 

may need to store at least 75 and 

potentially up to a maximum of 175 

MtCO2 each year by 2050. 
Chart showing required build out rates of CCUS 

capacity in three phases to 2050

 CCS is “a necessity not an option” for reaching net zero – accelerated 

action required first cluster mid-2020s 

UK opportunity: Decarbonisation with CCUS 



www.ccsassociation.org info@ccsassociation.org

UK opportunity: Decarbonisation with H2

27 TWh

Source: Committee on Climate Change, 2019. Net Zero Technical Report

62Mt
CO2

2016



www.ccsassociation.org info@ccsassociation.org

Recent CCUS Developments

October 2017: Clean Growth Strategy sets out ambition for UK 

to become a world leader on CCUS technologies 

July 2018: Cost Challenge Taskforce called on Government to 

establish at least two regional CCUS clusters by 2025

November 2018: Government published the CCUS Action Plan -

commits to delivering the first CCUS project by the mid-2020s

December 2018: Industrial Strategy Mission establish the world’s 

first net-zero industrial cluster by 2040 (£170m committed)

March 2019: CCUS Advisory Group established to advise on 

CCUS investment framework

April 2019: BEIS Select Committee published report calling for 

Government to commit to 3 clusters operational by 2025

September 2019: BEIS CCUS Business Model consultation 

closes

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/700496/clean-growth-strategy-correction-april-2018.pdf


www.ccsassociation.org info@ccsassociation.org

CCS in the Forthcoming Budget

CCS: 
“invest £800 

million to build 
the first fully 

deployed carbon 
capture storage 
cluster by the 
mid-2020s.”

Hydrogen:
“support gas for 

hydrogen 
production …, as 
important parts of 

the energy 
system….”

Industry: 
“invest £500 

million to help 
energy-intensive 

industries move to 
low-carbon 
techniques.”

£1.2bn funding 
is additional to 

currently 
available fundsNet-zero: 2050



www.ccsassociation.org info@ccsassociation.org

Current potential funding for CCUS

CO2 T&S 
Fund £800m ?Announced in Tory Manifesto – Expected in 2020 budget

+£500m



www.ccsassociation.org info@ccsassociation.org

CCS industry & CCGT, H2,

Teesside

UK Projects in Industrial Clusters

Low-cost, using existing 
infrastructure, H2, Scotland

Decarbonised H2 for 
industry, Merseyside

BECCS & H2, Humberside
Steel & Refining CCS, H2,  

Shipping, South Wales



www.ccsassociation.org info@ccsassociation.org

EU Projects

Map of the EU Projects

PORTHOS, ERVIA, NL, UK, ATHOS



www.ccsassociation.org info@ccsassociation.org

Challenges for CCUS deployment

CCUS has been done successfully for over 20 years – it is not a 
technical challenge!

Business Models: What do the business models for CCUS look like, for industry, 
power generation and transport & storage operators? How do they integrate?

Infrastructure Deployment: For CCUS clusters to be deployed, CO2 
infrastructure will need to unlock all the CO2 storage provinces (East Irish Sea, 
Central & Southern North Sea)

Hydrogen Strategy: A clear hydrogen strategy will give certainty for hydrogen 
projects with CCUS. Hydrogen could play a significant ‘anchor’ role for clusters

Future Challenges: 
• Public acceptance
• Industrial policy including carbon prices in global markets
• Greenhouse Gas removal policy (Bioenergy CCS and Direct Air Capture)
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Political commitment to a credible level of CCUS in the 2020s  

 Govt accept CCC advice and adopt policy of at least 10 MtCO2 stored p.a. by 2030.     

 In 2020s develop CO2 infrastructure in all key storage regions (Central & Southern North 
Sea and East Irish Sea) and neighbouring industrial clusters to underpin deep 
decarbonisation in 30s and 40s.   

Policy decisions to create a route to market for CCUS 

 1Q 2020: Announce instruments to support the investment across CCUS value chain.    

 1H 2020: Publish ‘Heads of Terms’ with key principles underpinning CCUS business models 
and respective roles / responsibilities - allows projects progress into FEED.

 1H 2020: Publish business model implementation timeline consistent with CCUS project 
timelines to enable progress to Final Investment Decision (FID).    

Funding to support CCUS project development 

 Investment ~£300 – 400 million to 2023/24 up to four projects to FID – substantial private 
sector investment if progress on political commitment & route to market.

 Funding announced for decarbonisation of industry, H2 and CCUS could provide a 
substantial proportion however must be accessible otherwise alternatives required.

Near-term priorities (6 – 9 months)



www.ccsassociation.org info@ccsassociation.org

Summary

 Net-Zero has been a game changer for 
CCUS and hydrogen

 New Tory voting areas are key for 
Government to demonstrate investment

 Government keen to take a leading 
stance on clean growth in Europe and 
Globally

 Focus now shifting to heavy industry, 
heat and transport

 2020 will be a vital year to keep the ball 
rolling



Hydrogen in the UK low 

carbon economy
Paul Henderson

Head of Hydrogen Supply, Hydrogen Economy Team

10 March 2020 
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Industrial Strategy & Clean Growth Grand Challenge

DRAFT 

• In 2019 HMG requested CCC review our 

long term emission reductions target

• CCC recommended UK legislate to 

reach net-zero GHG emissions by 2050

• Legislation passed in June 2019, amending 

2050 target to net zero – one of the first 

major economies in the world to legislate 

for a net zero target

• CCC’s report shows that this is feasible 

and deliverable – hydrogen plays key role

• We will build on the strong frameworks of 

the Clean Growth Strategy and Industrial 

Strategy to deliver this target

10 March 2020 

Legislating for Net Zero
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Clean Growth and the Industrial Strategy

10 March 2020 



• Current market is small 
and not low carbon

• Expansion can bring 
new clean growth 
opportunities to UK

• By 2050, hydrogen tech 
could yield ~£5.3bn of 
GVA and support 
around 50,000 jobs to 
meet demand in export 
and domestic markets

10 March 2020 

Moving to Net Zero – Nowhere Left to Hide

Hydrogen will be a ‘key enabler’ for the UK to meet net zero



Source: CCC’s “Future Ambition” scenario – CCC Net Zero Technical Report, May 2019 (Chapter 2: Power and H2 production)

10 March 2020 

CCC Vision for Hydrogen Economy in 2050

SOURCES OF ENERGY HOW ENERGY IS DELIVERED ENERGY AT WORK / HOME



DRAFT 10 March 2020 

Hydrogen Economy Potential

“To enable a robust UK hydrogen economy of sufficient scale 
to meet net zero ambitions, action is needed now to develop 
a safe, secure and sustainable hydrogen value chain”

Exact end use mix 
uncertain for 2050

Flexible 
energy 
carrier

Key role in 
industry

Option for 
transport, 

heat, 
power

Clear need for scale 
up in 2020s

Complete 
switch to 

low 
carbon

Need for 
hydrogen-
ready tech

Safety, 
security 

and 
standards
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Innovation across the Value Chain

BEIS: Hydrogen 

Supply (£33m)

BEIS: Hy4Heat 

(£25m)

BEIS: Industrial Fuel 

Switching (£20m)

DfT: Hydrogen for 

Transport (£23m)

Ofgem/industry: 

HyDeploy (£7.3m)

Ofgem/industry: 

H21/H100 (£10.3m)

Production Storage Distribution End-use
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Dolphyn
(£3.12m)

Clean hydrogen production through electrolysis 
on floating offshore wind turbines

HyNet
(£7.48m)

Hydrogen production facility, using low carbon 
hydrogen technology with CCUS. 

Gigastack
(£7.5m)

Developing zero-carbon hydrogen through 
gigawatt scale PEM electrolysers. 

Acorn 
(£2.7m)

Evaluating and developing an advanced 
reformation process

HyPER
(£7.44m)

Pilot scale demonstration of the sorption 
enhanced steam reforming process

Hydrogen Supply – Phase 2 Demonstration
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HyNet
(£5.24m)

Switching industrial processes from using natural 
gas to clean hydrogen

Cement 
Production 
(£3.24m)

Trials for zero-carbon fuel sources (biomass, 
hydrogen, electricity) in cement production

Glass 
Futures 
(£7.12m)

Demonstration scale glass furnace to assess 
electric, hydrogen, bio-fuel and hybrid-fuel techs

Calcium lime 
manufactur-
ing (£2.82m)

Demonstrating use of hydrogen as alternative to 
natural gas for high calcium lime manufacturing

Industrial Fuel Switching – Phase 2 Feasibility



“To establish the world’s first net-zero carbon industrial cluster 
by 2040 and at least one  low-carbon cluster by 2030”

• Up to £170m in innovation support 
for low carbon technologies & 
infrastructure

• Up to £66m to develop radical new 
technologies and establish innovation 
centres of excellence for foundation 
industries

• Position UK clusters as top areas for 
global inward investment

• Drive demand for low carbon 
products and technologies

Industrial Clusters Mission

10 March 2020 
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£100m Low Carbon Hydrogen Production Fund 

• Supporting deployment of production capacity to enable greater use 
of hydrogen as a decarbonisation option across the energy system

• Encourage future private sector investment in low carbon hydrogen 
to support scale up and market development that aligns with the 
UK’s clean growth objectives.

• Intend to consult during 2020, view to launching for bids in 2021

Business models to support hydrogen production at scale

• Investor confidence crucial to successful deployment: 2020s an 
opportunity to demonstrate sustainable business models

• Further evaluation and consultation with industry on potential 
business models for hydrogen production

Supporting Hydrogen Deployment
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Integration across Government

Strategic 
approach

Industry

CCUS Heat

Power

Transport
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Strategic case for major UK scale up

Coordination of wide ranging activity

Cost reduction pathway across value chain

Proving safety case across delivery mechanisms & end uses 

Increasing availability of low carbon hydrogen

Understanding and awareness of using hydrogen

Strategic Challenges



10 March 2020 

Any questions?

IE.Hydrogen@beis.gov.uk

mailto:IE.Hydrogen@beis.gov.uk


Beyond acceptability: current 
social science research on CCS

Clair Gough , Sarah Mander
Tyndall Centre for Climate Change Research

University of Manchester



CCS social science

1. Quick walk through recent public perceptions work on CCS

2. Industrial clusters as protective spaces: supporting the deployment 
of CCUS in the UK



Acceptability in context

C. Gough & S. Mander (2019) Beyond social acceptability: applying lessons 
from CCS social science to support deployment of BECCS, 

Current Sustainable/Renewable Reports, Section: Deep Decarbonization: 
BECCS. Mac Dowell and Patrizio (Eds) (July 2019)



Acceptability in context
• CCS is central in mitigation scenarios
• Limited deployment  globally, infrastructure not in place
• Multiple technologies, multiple contexts

• ….which are expanding with emphasis on net zero, BECCS etc
• Non-technical challenges e.g. political, governance , economic investment

Social responses shaped by many factors which affect people and their values...



Acceptability in context:
CCS is a family of technologies

• Storage: proximity, novelty, national policy contexts, local industry and 
identify, perceived risks and benefits
• Transport: different modes, multiple communities 
• Capture & CCU: potential to offset capture costs, incremental change to 

industrial processes, depends on industrial relations and local history

From fossil fuels to CCU and biomass on a path to net zero: 
framing and context make a difference



Geographical contexts:
placed based factors
• Geographical, social, psychological, economic, cultural factors affect 

views

• Research in countries :
• with operational projects e.g. Norway, Canada
• with keen policy interests e.g. UK, wider Nordic region, NZ
• where there has been opposition e.g., Netherlands, Germany



Analytical frameworks and methods
• Social licence to operate
• Media representations
• Justice and human rights
• Risk and risk communication

• Expert elicitation methods, stakeholder workshops, multi-criteria 
mapping, content analysis, focus groups, interviews…..



Social Science research at 
the UKCCSRC

1. Explore the conditions necessary for establishing a social 
license to operate (SLO) for CCUS

2. Explore the role of the five industrial clusters to enable 
CCUS deployment as part of a sustainable energy 
transition



Social license to operate
“informal permission given by the local community and broader society to 

industry to pursue technical work” (Thomson and Boutilier 2011)

Important factors:
• Social context and scale 
• Trust
• Stakeholder relationships
• SLO is a dynamic process: depends on the evolving social, industrial and political 

landscape 



Sustainability transitions

“the long-term, multi-dimensional and fundamental transformation 

processes through which established socio-technical systems shift to 

more sustainable modes of production and consumption” (Markard et al, 

2012)



Sustainability transitions
A transition takes place due to the interactions between three levels:

The landscape – external factors which place pressure on the 
existing ways of doing things, requiring them to change
The regime – the existing social-technical system (ways of doing 
something); this includes the existing actors and social networks, 
rules and institutions and associated technology and infrastructure
The niche - the space where innovation takes place, and where 
innovations are protected from dominant rules ‘protective space’



Sustainability transitions
Landscape

Regime

Niche Nurturing: 

1) Positive expectations that are shared, specific and credible

2) Broad social networks which commit substantial resources

3) Social learning which includes learning about the value of an 

innovation and it’s applications (second order learning)

Empowering:

Changing the existing regime 

e.g. re-structured markets, 

new infrastructure

Shielding:

Protects innovation from 

dominant rules and selection 

pressure to allow technologies 

to develop 

CO2 emitted by industry, low 

value of CO2,  international 

competition for manufacturing 

Low industrial CO2 emissions, 

T&S infrastructure, captured CO2

has value, UK competitive 

advantage 

Paris Agreement, UK Climate Change Act, Net zero



CCUS Cost Challenge Taskforce Report

Case studies of five CCUS Industrial 
Clusters

Protective spaces

1. Technology advocates must actively develop protective 
spaces

2. Shared and robust technology expectations and a consistent 
narrative

3. Learning initiatives - ways to value and support the 
deployment of CCUS beyond the clusters

4. Institutional reforms for whole system decarbonisation 
enabled by CCUS

5. Alignment between socio- technical narratives and socio-
political agendas



CCUS Cost Challenge Taskforce Report

Methodology
1. Documentary analysis, including 

reports, consultation document and 
print media produced by and about the 
CCUS clusters

2. Interviews with key actors within and 
external to the cluster

3. Social network analysis to map the 
advocacy networks
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