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Transport Building heat

Flexible clean vector across energy system

For excess renewable electricity, decarbonising gas 
streams and providing flexible electricity generation.

Feedstock for ammonia, refineries and other 
processes.  Also, decarbonising industrial 
processes such as heat.

Converting the gas networks to 
deliver hydrogen for heating.

Many hydrogen fuel cell road and 
rail options offering similar 
service to ICEs. Particularly 

opportunities for heavier vehicles.



26% of final energy consumption in 2050 could be provided by hydrogen in cost-
optimal system with an 80% GHG target.
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Hydrogen consumption by sector in 2050
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• Hydrogen can also play a role in low-emission and net-zero scenarios
• Hydrogen can complement and compete with electricity for heat provision 

through hydrogen boilers, hybrid heat pumps and CHP



White Paper 80% Scenarios
Sector Relative cost

Scenario Transport Buildings Industry Electricity Baseline No BECCS No CCS

Least cost Flexible 0% Flexible Flexible 1.0 1.8 2.0

Critical path Strategic H2 No H2 8 TWh H2 peak only 1.2 2.0 2.1

Gas Conversion Flexible No natural gas Max 30% NG Flexible 1.5 2.2 2.6

Full contribution Maximum H2 All gas to H2 Min 40% H2 H2 mid-merit 2.3 2.6 3.0

No Hydrogen No H2 No H2 No H2 No H2 1.1 2.2 2.3

Electrification No H2 No H2 No H2 No fossil fuels 7.0 7.0 7.0
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• Scenarios with substantially more 

hydrogen consumption do not 

necessarily cost substantially more

• Improved certainty of future costs 

could lead to increased projections 

of hydrogen consumption



Progress in H2FC Costs

• Substantial cost reductions already observed in domestic FCs
• Numerous studies indicate FCEV TCO costs could converge with BEVs and ICEs 

by around 2030.
• Hence drivetrain choice dictated by non-cost factors e.g. range, refuelling time



Overcoming Infrastructure Hurdles

• Early costs can be reduced using tube trailers, liquefaction and onsite 
production using existing electricity and gas infrastructure

• Centralised production and pipelines once utilisation increases



Global activities & ambitions
• 260,000 residential FCs installed in Japan, 5.3m targeted by 2030
• US has >16,000 hydrogen forklifts and 235 MW backup power
• UK: hydrogen leading option for remaining 50% of rail network.  First hydrogen trains 

expected in 2022.  UK also hosts growing bus and FCEV fleets.
• Hyundai are selling 1,000 HGVs to Switzerland by 2023. Global freight expected to double 

by 2050
• Norway: Zero emission fjords by 2026.  HFCs lighter than batteries on longer routes
• Korea aims to be No. 1 producer of hydrogen cars and fuel cells by 2030, producing 6.2m 

vehicles and 15 GW of fuel cells by 2040 (Roadmap, Jan 2019).
• China targeting 1m FCEVs and 1,000 HRS by 2030.
• Japan targeting 800,000 hydrogen vehicles, 1,200 buses and 10,000 forklifts by 2030.
• California pursuing 1m FCEVs and 1,000 HRS by 2030
• FCH Roadmap: hydrogen can provide 24% of final EU demand in 2050, 53m vehicles.
• KPMG: 79% of automotive executives think FCEVs will be the real break-through for e-

mobility



Role of H2FCs in UK Industrial Strategy
Objectives
1. Develop scenarios demonstrating the potential role of H2FCs to the UK
2. Demonstrate the UK’s research and innovation capacity in H2FC technologies
3. Explore potential economic and societal benefits of H2FC investments
4. Identify actions to encourage successful innovation
Early findings
• UK has strong R&D resources in universities but has weak policy support for H2FCs, access to 

finance and availability of skills. 
• UK public R&D support and publications lagging US, China, Japan, Germany & South Korea
• Many components of the supply chain already in place
Final report due Spring 2019
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Conclusions
• Decarbonisation, air quality, energy diversity and security, and industrial 

opportunities driving global interest in clean energy.
• Hydrogen is one of a small shortlist of options for decarbonisation and 

improving air quality in a wide range of difficult sectors.
• CCC recognises that hydrogen is a credible option to help decarbonise the UK 

energy system and that pilot projects for transport, industry and buildings 
should be developed.

• A systems perspective is needed to identify the true value of hydrogen
• HFCs accelerate decarbonisation by increasing decarbonisation options.
• Hydrogen is no longer theoretical but now gaining traction in a number of 

markets
• Significant cost reductions already realized.
• Growing numbers of governments and regions have ambitious HFC rollout plans 
• A number of opportunities exist for the UK in the burgeoning HFC sector



Next steps
• Further research and support is needed to confirm and demonstrate the role 

hydrogen can play and to enable UK rollout
• Improve current and future performance and cost data of supply-chain 

components including production, storage, distribution, compression, cleaning 
and end-usage technologies.

• CREDS Heat Challenge: improving hydrogen representation in system models.
• Address CCC concerns about costs, quantity and  efficiency of hydrogen 

production:
• Demonstrate low-emission CCS
• Investigate potential for large-scale, low-cost electrolytic hydrogen.
• Investigate international market in low-cost, low-emission hydrogen



Further Information
d.scamman@ucl.ac.uk
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