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

• Element Energy is a specialist energy consultancy, with an excellent reputation for rigorous and 
insightful analysis in the area of low carbon energy. We consult on both technical and strategic issues –
our technical and engineering understanding of the real-world challenges support our strategic work 
and vice versa

• We cover all major low carbon energy sectors and now have expertise in the full hydrogen chain, from 
production & transport, to use in Heat, Industry, Power and Transport.

Smart Electricity and Gas 
Networks

Energy Storage
CCUS and industrial 

decarbonisation

Hydrogen Low Carbon Transport Built Environment
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Opportunities for hydrogen – is it enough?

There are many opportunities and benefits associated with hydrogen as a fuel

• Wide range of applications: heat, transport, 
storage, power

• Similarity with natural gas, but zero CO2

emissions at end-use

• Potentially the most cost effective 
decarbonisation pathway, especially for heat –
electric, biomass, hydrogen

• System flexibility and storage

• Reduced consumer behaviour impact

• UK could develop world leading technologies 
and expertise

Element report for NIC on cost of heat 
decarbonisation:
Additional system cost to 2050 over 
status quo and CO2 emissions in 2050

However, currently there is 
considerable uncertainty and 
challenges around many aspects, so 
more evidence is required to 
determine if the benefits outweigh 
the challenges and drawbacks
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Hy4Heat Programme

Context and key objectives

• The Hy4Heat programme aims to demonstrate and de-risk the use of hydrogen for heating in GB homes and 
businesses, establishing if it is technically possible and safe to replace methane with hydrogen in commercial 
and residential buildings and gas appliances. This will enable the Government to determine whether to 
proceed to a community trial. 
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Hy4Heat WP2: Hydrogen purity standards

Context and key objectives

• The aim of this study, is to investigate a hydrogen gas standard for hydrogen used in the gas 
grid.

• It includes reviews of current gas standards, hydrogen production, clean-up technologies, end 
users, network requirements and impurities picked up in the grid.

• We are currently undertaking a cost benefit analysis of the purity considered.

• Reformers: CO, CO2, CH4, H2O, N2, Ar, S

• Electrolysis (TSA): O2, H2O

• (Note current odorant contains sulphur)

What impurities could be present without a PSA?

Purification

H2

Feedstock Production

Currently a PSA is 
standard

Pipes Clean-up End-use

ATR
SMR

Electrolysis

Sulphur
Particulates

Combustion
PEMFC 

(transport + CHP)
SOFC
(CHP)

De-sulphuriser
Membranes
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Hy4Heat WP2: Hydrogen purity standards

Content or characteristic Value* Rationale

Hydrogen fuel index 
(minimum mole fraction)

98 cmol mol-1
This value is a good compromise 
between hydrogen cost and 
effects on boiler. 

Carbon monoxide 200 µmol mol-1 To meet health and safety limits

Hydrogen sulphide content
≤ 5 mg m-3 (3.5 µmol 

mol-1)
These values are taken from 
GSMR1996 as the detrimental 
effects would be similar.

Total sulphur content (including 
H2S)

≤ 50 mg m-3 (35 µmol 
mol-1)

Oxygen content ≤ 0.2 cmol mol-1

Hydrocarbon dewpoint -2 oC
Complies with GSMR1996 and 
EASEE-gas

Water dewpoint -10 oC

Sum of methane, carbon dioxide 
and total hydrocarbons

≤ 1 cmol mol-1
No detrimental effects to boiler, 
this limit is to reduce carbon 
content of the exhaust

Sum of argon, nitrogen and 
helium

≤ 2 cmol mol-1
To avoid inerting the hydrogen 
gas (in agreement with ISO/FDIS 
14687)

Other impurities

The gas shall not contain solid, liquid or gaseous material that might 
interfere with the integrity or operation of pipes or any gas appliance, 
within the meaning of regulation 2(1) of the Gas Safety (Installation and 
Use) Regulations 1998, that a consumer could reasonably be expected to 
operate

FC 0.2 ppm 

FC 0.004 ppm 

• A safe standard (right) is significantly less pure 
than that for PEMFC.

• A purification step is required to meet this 
standard. Cost to reduce CO beyond this level 
may only marginal.

How (or can?) we quantify this additional safety 
benefit

• There difficulties associated with purifying 
hydrogen to the fuel cell standard at the point 
of use.

– May have to remove and then 
reintroduce odorant.

– Technologies are fairly new.

Cost benefit analysis notes + challenges

PurificationFeedstock Production Pipes Clean-up End-use
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Industrial fuel switching study for BEIS to understand the technical 
and economic potential for electricity, H2 and biomass / waste

Key finding:

Hydrogen has the highest technical 
potential of the 3 fuel options 
considered, but is not cost 
competitive and considerable 
equipment development work is 
required in the 2020s.
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Hy4Heat WP6: Understanding industrial appliances and the potential 
and barriers for industrial hydrogen conversion

Source: ECUK and DUKES

Context and key objectives

• The aim of this study is to investigate issues relating to potential future conversion of industry from 
natural gas to 100% hydrogen for heat only.

Factors:
Feasibility

Safety
Efficiency

Functionality
Cost…

Sectors:
Food and drink

Chemicals
Vehicles

Basic metals
Glass…

Equipment:
Boilers
Kilns

Furnaces
Ovens
CHP…

Engagement:
Gas networks

Equipment vendors
Industry

Workshop
Survey…

Natural gas usage 
annually TWh/yr
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Who should pay for hydrogen and CCS?

6 business models for CCS and hydrogen were recommended for further development

So who should pay for CCS, 
hydrogen production and 
transmission and how?

• Various business models 
are available to 
incentivise hydrogen + 
CCS

• This study was on 
“Industrial carbon capture 
business models” and 
informed the BEIS CCUS 
action plan / deployment 
pathway.
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Discussion points

Hydrogen for Heat

1. What should the key criteria be to decide on a decarbonisation pathway for heat (e.g. cost, risk, long-
term system ‘optimisation’, energy security, deliverability, consumer factors)?

– What are the longer term considerations of hydrogen vs electrification?

2. What are the synergies between hydrogen for heat and hydrogen for transport, energy storage…?

Hydrogen purity standards
1. What balance should be struck between the safety and cost of impurities?

– Should a purity standard be set at the loosest requirement possible or at a level minimizes overall 
cost (including fuel cells)?

Hydrogen in industry and funding

1. How should hydrogen for heat be funded? Who should pay?

2. How can we protect the competitiveness of industry (grants, border tariffs, end-use regulation etc)?

3. What should be the first step – cluster, region, power, individual users?

Thank you for listening

Questions Welcome
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Agenda

• Appendix
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Industrial fuel switching – suitable options

For each cross-sectoral process, a number of options were identified and their cost-
effectiveness assessed.
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Hy4 Heat Cost Benefit Analysis Framework – Back-up

SMR: steam methane reforming, ATR: autothermal reforming, GHR: gas heated reformer, PEM: proton exchange 
membrane, SOE: solid oxide electrolyser, FC: fuel cell

CO 

level 

(ppm)

End Use Productio

n Route

Pipes Boilers Cookers
Stationar

y PEMFC

Vehicle 

PEMFC
A B C

0.2   ✓

10 Catalyst poison  ✓ ✓

100  ✓ ✓

1000 15 min exposure limit ≈ ✓ ✓

>1000 Dangerous in single breath ✓ ✓ ✓
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Business model development and selection process

Step 1 Acceptability to industry

• Build additional elements and instruments 
around revenue model to mitigate risks not 
addressed by revenue model itself eg capital 
availability or cost uncertainties.

• Assess complete business model using step 1 
criteria for acceptability to industry.

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 Acceptability to government

Step 2 criteria: 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

• Applicability to industrial sectors

• Applicability to CCS phases

The following process was developed to progress the business models and assess them under 
the defined criteria, from industry and government perspective.

• Assess business model policies from 
government perspective using step 2 criteria.

• Also outline the applicability and specificity of 
the business model.

1 2 3 4 Ratings are given against each of the criteria based on how well the 
business model addresses the challenge or performs against the criterion.

Remove or 
skip? 
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Business model summary (1/6) – CfDC 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

• CfDC on strike price £/tCO2 for abated 
CO2, via tradeable CO2 certificates

• Offered contract fixed for duration but 
set annually for new joiners1

Risk mitigation

• Capital loan guarantee in scale-up

• Long term contract on strike price2

• ICC cost backstops/pain-gain sharing

Description & discussion

• The emitter is paid the difference between the CO2 strike price contractually agreed 
and the prevailing CO2 market price. For early projects, strike price may need to be 
high due to higher risks, or risks can be further shared with government in scale-up.

• Cost 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.

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

• Adaptation of power CfD may allow quicker and more efficient policy development & 
implementation, although sector or site specific CfD’s would add complexity.

Funding source options Capital

• Government: general taxation or levies 
eg fossil fuel suppliers

• Roll-out: Emitter equity & low-cost 
loans

• Scale 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?
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Business model summary (3/6) – Regulated Asset Base RAB (Hydrogen)

Revenue

• Product price regulated to recover 
capital and operational costs, likely 
through consumer bills.

Risk mitigation

• H2 demand guarantees / contracts.

• Consumer affordability protection1

• Requires efficiency incentive to drive 
down costs*

Description & discussion

• All investments made by site are valued and costs recovered through consumer bills, 
so equity risk transferred to consumers.

• Mechanisms provides a solid incentive for industry as ICC costs are fully covered 
under regulated model making it low risk. Likely low returns may deter some 
investment; *efficiency could be incentivised by allowing value of cost reductions to 
increase investor returns. Requires robust selection. The mechanisms is transparent.

• Cost to government is low as costs are directly passed to energy consumers.

• Policy track record & acceptability is high as successfully functioning in UK energy 
market. Implementation requires creation / repurposing of regulatory body & 
administration may be relatively complex due to need to evaluate every project 
annually.

Funding source options Capital

• Energy consumers, either direct H2

consumers or spread to all gas 
consumers. Government may contribute 
to protect affordability.

• Roll-out: RAB recovery of capital 
funded by emitter equity/debt

• Scale-up: likely grant support

Industry criteria

Capital availability

Revenue strength

Competitiveness NA

Opex uncertainty

CO2 price

Simplicity

Government criteria

Cost: efficiency

Cost: pass on

Track record

Implementation

Administration

Sectors H2

Phases

CCS specific?

1 eg compensation for fuel poor consumers; government backstops on gas price
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We provide insights and analysis across the “CCUS” chain and other 
industrial decarbonisation routes 

CO2 capture

• ICC business models for BEIS (2018)

• CCS readiness analysis for DG CLIMA (2016)

• CO2 capture and utilisation in the UK 

industry for the UK government (2014)

• Due diligence on capture costs for CCS 

commercialisation proposal in the UK (2013)

CO2 transport, storage & utilisation

• CO2 shipping cost modelling for BEIS (2018)

• T&S techno-economic model for CO2Stored 

database (2015)

• Infrastructure in a low-carbon energy system 

for the Committee on Climate Change (2014)

• Tax Incentives for CO2-EOR, SCCS JIP (2014) 

• CO2 utilisation technologies, UK govt (2014)

Industrial decarbonisation

• Hy4Heat – industrial Hydrogen appliances, 
Hy4Heat (2019)

• Industrial emissions net zero, CCC (2019)
• Industrial fuel switching market 

engagement, BEIS (2018)
• Cost analysis of future heat infrastructure 

options, NIC (2017)
• H2 supply chain modelling tool, BEIS (2017)

H2

production
Industrial fuel 
switching: H2, 

electric, 
biomass

Infrastructure 
and supply 

chains

CO2

shipping

CCUS hub

Full CCS chain

• Global CCS market mechanisms, OGCI (2018)

• Enabling private investment in industrial CCS clusters globally, IEAGHG (2018)

• European funds & financing options for an industrial CCUS cluster, ECF (2017)

• Building the UK CCS sector by 2030 – Scenarios and actions, ETI (2015)

• Development of a roadmap for a Scottish CCS-EOR hub for Scottish Enterprise (2014)
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Element Energy has initiated most of the major hydrogen transport projects 
in Europe and is coordinating many of these initiatives

HyTransit+HyVLoCity: budget €48m

• 15 fuel cell buses in San                             
Remo, Aberdeen, Antwerp 

• New HRS in each city

SWARM: budget €17m

• 90 small FCEVs in the UK,            Belgium and 
Germany

• New HRS in each location

• 1,000 micro-CHP units from nine 
manufacturers

• Units in 12 European countries

• 26 fuel cell buses in Aargau,                           
Bozen, London, Milan, Oslo 

• New HRS in each city

CHIC: budget €82m

HyFIVE: budget €38m

• 185 FCEVs (from five OEMs)
• 6 new HRS, linking with 12

existing stations in 3 clusters

Ene.field: budget €53m

Hydrogen Mobility Europe: budget €68m

• 200 FC cars + 125 FC range extender vans
• 29 new HRS across German, France, 

Scandinavia, and the UK

JIVE: budget €127m

• 139 FC buses + new HRS in nine                 
cities across five countries 

• New HRS in each city
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Element Energy is providing the evidence for the UK’s strategy on using 
hydrogen for heat

There is growing interest in using hydrogen to decarbonise heat in the UK –
we are supporting the UK Government in developing a detailed evidence 
base and modelling tools to assess hydrogen’s potential role in this area.

Hydrogen for heat model – network schematic

SMR: steam methane reforming, ATR: autothermal reforming, GHR: gas heated reformer, PEM: proton exchange 
membrane, SOE: solid oxide electrolyser, FC: fuel cell


