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This project aims to drive sustainable economic growth in the UK 
hydrogen and fuel cell industry in the period to 2025 and beyond
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• Public-private project steered by Innovate UK, 
the Department of Energy and Climate Change 
(DECC), Transport Scotland, Scottish 
Government, Scottish Enterprise, Scottish 
Hydrogen and Fuel Cell Association (SHFCA), 
UK Hydrogen and Fuel Cell Association 
(UKHFCA), and the Knowledge Transfer 
Network (KTN)

• Delivered by E4tech and Element Energy, in 
consultation with the Steering Board and 
wider stakeholders

• Launched in January, due to be completed in 
early June

• Consists of 11 mini roadmaps, on different 
sectors of hydrogen and fuel cell use, which 
will be brought together with an overall 
national case

Introduction
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The 11 mini roadmaps cover uses of hydrogen and fuel cells, and 
production and distribution of hydrogen 
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Today’s workshop is to get your feedback on the draft mini-
roadmap on hydrogen in industry and liquid fuel production 
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• The draft mini-roadmap shows aims for each application for 2025, barriers to achieving those 
aims, actions that need to be taken to overcome the barriers, and benefits of doing so

• Today we are interested in your views on:

• Are the aims for 2025 appropriate for each application? 

• Are the important barriers included and are they well explained? 

• Will the actions proposed be enough to overcome the barriers? If not, what else is needed? 

• Who should be responsible for these actions? How much will they cost, and how long will they 
take?

• Note that today we are focusing on actions to 2025, not the long term vision for the hydrogen 
and fuel cell sector. The longer term vision will be articulated in the overall national roadmap

• We also want your views on cross cutting issues that could affect more than one mini-roadmap

Introduction
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We welcome your views on cross cutting issues that could affect all 
mini-roadmaps
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Underpinning research
e.g. What breakthroughs could change 

the outlook for several roadmaps?

Skills
e.g. Is education and training needed 

that spans several of these areas? 

Regulations, codes and standards
e.g. What further work is needed?

Financing
e.g. are there financing mechanisms that 

could help in several sectors?

Safety
e.g. What further work is needed?

Manufacturing and supply chain
e.g. joint design, production or 

procurement of certain components

Marketing
e.g. how can one sector help another?

Joint initiatives between sectors
e.g. would these be useful? 

Regional activities
e.g. Can pioneer regions be valuable in 

deploying several HFC technologies 
together?

Market structure
e.g. ways to monetise value to grid of 

CHP could also apply to electrolysis

Introduction
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Hydrogen can be used as a feedstock for industrial processes, and 
to provide process heat in industry 
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Switching to hydrogen for process heat

• Low-temperature heat for a range of 
industries 

• Large quantities of high-temperature 
heat for industrial processes, such as in 
the iron and steel sector and cement 
sector

Increasing or decarbonising use of hydrogen 
by existing industrial users

• Fertiliser & chemical industry

• Small & medium industrial H2 use (steel, 
glass, food, electronics, …)

• Refineries

Producing synthetic methane 

• Combining hydrogen produced from 
renewable electricity via electrolysis with 
carbon dioxide to produce methane, which 
could be injected into the gas grid, or used 
in transport

Producing synthetic liquid fuels

• Combining hydrogen produced from 
renewable electricity via electrolysis 
with carbon dioxide to produce liquid 
fuels such as methanol, synthetic 
gasoline, or diesel
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This mini roadmap focuses on two of these areas: use of hydrogen 
for heating in industry and for production of renewable liquid fuels

8

• Large GHG benefits

• Will be required if the gas grid is 
converted to hydrogen

• Good range of UK burner 
manufacturers including some active in 
H2

• Substantial market potential driven by 
renewable and low carbon fuel policies

• Scale of liquid fuel demand compared to 
other possible uses implies very large 
long term benefits

• Could help to access remote renewables

Switching to hydrogen for process heat

• Low-temperature heat for a range of 
industries 

• Large quantities of high-temperature 
heat for industrial processes, such as in 
the iron and steel sector and cement 
sector

Producing synthetic liquid fuels

• Combining hydrogen produced from 
renewable electricity via electrolysis 
with carbon dioxide to produce liquid 
fuels such as methanol, synthetic 
gasoline, or diesel



Hydrogen for heating in industry
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Decarbonising industry must be a main focus for the UK to reach 
its overall carbon reduction targets
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• For the UK to meet its overall goal of 80% carbon reduction by 2050, industry is one of the sectors that 
will need to decarbonise significantly. According to the government’s 2011 Carbon Plan, industry may 
need to cut emissions by as much as 70% by 2050, relative to 2009. 

• A DECC/BIS commissioned study explored the main technology groups likely to contribute to this 
decarbonisation including CCS, biomass as fuel, electrification, energy efficiency and heat recovery and 
industrial clustering (DECC/BIS, 2015). 

• The study also highlights fuel switching to hydrogen as a viable alternative and there are already 
significant amounts of hydrogen used in industry mainly for ammonia production, chemical production 
and oil refining (E4tech, 2015).  

Source: E4tech, UCL and Kiwa Gastec for the CCC:  ‘Scenarios for deployment of hydrogen in 
contributing to meeting carbon budgets and the 2050 target‘ 2015
Parson Brinckerhoff and DNV GL for DECC and BISS: ‘Industrial Decarbonisation & Energy 
Efficiency Roadmaps to 2050’ 2015

Introduction

• In the future, hydrogen could be scaled up to supply:
• low-temperature heat in boilers and 
• significant quantities of high-temperature heat 

for industrial processes, such as in the iron and 
steel sector and cement sector, which would 
require plant redesign. 

• Hydrogen use in industry would typically displace oil 
and natural gas.

Picture Source: http://www.lindeus.com/en/innovations/hydrogen_energy/distribution_and_storage/index.html

H2 storage tanks
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Aim for industry in hydrogen in 2025: all industrial users in a city 
ready for hydrogen uptake in low temperature applications
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Hydrogen is already used today in industry for low temperature applications such as process heating and drying. High 
temperature applications are not expected before 2030. 

• There are significant differences in the uptake of hydrogen in industry for the use of low temperature and high 
temperature heat. Technologically, hydrogen burners for low-temperature heat applications  are commercially 
available and sometimes used at sites with available by-product hydrogen. 

• Technologies for high temperature applications, however, are relatively early stage (TRL 4) with public and private 
funding needed both for R&D and for commercial deployment. In key industries like iron and steel production, 
specially designed furnaces would need to be deployed. Previous scenarios do not envisage these applications being 
deployed in the UK before 2030 (E4tech, 2015).

Our base case scenario for 2025 is that all industrial users in one town where feasibility work has been done on gas 
grid conversion to hydrogen is ready for uptake of hydrogen for low temperature heat applications and a 
demonstration project for high temperature heat in one industry is ongoing. 

• This will require the town to be connected with sources of supply, either via the distribution network, on-site 
production or directly linked with industrial sources of hydrogen. Retrofits to existing natural gas burners will also 
need to have been carried out, accompanied by demonstration projects to show safe and economic operation. 

Note also that work may be needed to enable blending of 10% hydrogen by volume in the gas grid, which is not an area 
of focus for these roadmaps. The European gas turbine industry has stated that any concentration over 1-2% of 
hydrogen by volume would be of ‘major concern’ (Dodds, 2014, 41). The HYREADY joint industry project led by DNV-GL 
is assessing amongst other things the impact low blends might have on the performance and safety of end-use in 
industry.

Aim

Source: E4tech, UCL and Kiwa Gastec for the CCC:  ‘Scenarios for deployment of hydrogen in contributing to meeting carbon budgets and the 2050 target‘ 2015
Dodds, P. E. and Hawkes, A. (Eds.) (2014) The role of hydrogen and fuel cells in providing affordable, secure low-carbon heat. H2FC SUPERGEN, London, UK.
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UK has several companies active in gas engineering and hydrogen 
appliances, but it is not clear what skills existing in industry

• UK or UK based companies with expertise in gas appliances and engineering include

• Saacke – German-based industrial boiler and burner company with service offices in the UK. 

• Dunphy – UK based burner company with manufacturing site in Rochdale, UK.  

• Bosch Commercial and Industrial Heating (rebranded from Buderus UK) – UK arm of German 
company. No manufacturing or engineering facilities in the UK; products manufactured in 
Germany and Holland. 

• EOGB – UK based manufacturer and distributor of oil, gas and duel fuel burners for domestic, 
commercial and industrial applications. Manufacturing facilities in Cambridgeshire.

• Babcock-Wanson – Multi-national manufacturer of industrial burners and boilers. No 
manufacturing facilities in the UK. 

• There are also existing industrial users of hydrogen

• However, there has been no review of capabilities that are relevant to hydrogen use in industry

UK Capabilities

12
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There are few policy drivers to hydrogen use in industry. Use may 
only be driven by conversion of the distribution network

13

• Policy drivers are in place to decarbonise industry include the UK carbon tax and the EU ETS. 
Although trading at very low prices over the last years, the EU ETS price is expected to increase as 
market reforms to structurally adjust the supply of allowances to demand is implemented. 

• However, hydrogen may have a limited role in decarbonising fuel supply for heat demand in 
industry in the near term,  as a result of other abatement options being cheaper or better 
understood (E4tech, 2015). Previous studies have suggested that hydrogen is the marginal 
abatement option for decarbonisation of industry (Ricardo AEA, 2012).

• However, use in industry could be driven in cities identified as suitable for pipeline conversion, 
by the driver to decarbonise from the domestic sector. 

• This results in an opportunity for industrial decarbonisation via hydrogen, as local industry 
would have to adapt burners and other equipment to the fuel supplied. 

• However, careful assessment would be needed of the economic impacts on industry from 
conversion/new equipment and of associated downtime, as part of preparatory studies for city 
conversion (see Hydrogen in pipelines roadmap)

Aim

Source: E4tech, UCL and Kiwa Gastec for the CCC:  ‘Scenarios for deployment of hydrogen in 
contributing to meeting carbon budgets and the 2050 target‘ 2015
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High and low temperature applications have different economic 
barriers…

• Low economic barriers to conversion low temperature heat applications exist - the cost of commercial 
hydrogen burners is already level with natural gas or oil burners for industrial use. If adapting an already 
installed natural gas burner there is additional cost associated with the retrofit especially the burner head and 
seal.  As seen from the table below, due to the maturity of the technology no CAPEX or OPEX decreases are 
expected up to 2025 or beyond. There is little gain from increasing efficiencies or availability factors as these 
are already very high. The CAPEX for hydrogen burners could, however, be 30% higher than those shown below 
to pay for condensation and flue gas recycling (Ricardo AEA, 2012). 

• Overall costs would depend on the cost of the hydrogen supplied, which in turn will depend on the hydrogen 
production costs, financing options and network conversion costs (see Hydrogen in pipelines roadmap)

14

Source: E4tech, UCL and Kiwa Gastec for the CCC:  ‘Scenarios for deployment of hydrogen in contributing to meeting carbon budgets and the 2050 target‘ 2015

• Significant techno-economic uncertainty for high temperature heat - techno-economics are not well 
understood here and the technologies have not been deployed at commercial scale. It is therefore difficult to 
estimate realistic costs  (E4tech, 2015). The iron, cement and steel industries would also require investment in 
in new furnaces (as opposed to retrofits) which adds significant costs. Essentially, the low TRL level and cost 
uncertainty are key barriers to deployment of high temperature hydrogen use.    

Barriers

Source: Ricardo AEA, 2012. Potential for post 2030 emission reduction from industry. London. 
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Other barriers to uptake of heat applications in industry

• Industry appetite for retrofits – industrial users tend to place significant value on reliability as 
any plant shut down can lead to loss of production, decreased efficiency and negatively affect the 
business. While there are low costs to installing hydrogen burners, it is not yet a proven 
technology with established relationships and supply chains and industry tends to favour 
technologies with readily available replacement parts and maintenance services (Dodds et al., 
2015). Industrial users are also incentivised to run an asset for the entirety of its economic 
lifetime, which means natural windows of opportunity to replace natural gas or oil boilers with 
hydrogen may occur only every 20 or 30 years (Dodds et al., 2015) –which would be overridden 
by the need to change if there is pipeline conversoin

• Lack of skilled technicians – as of yet there are no retail channels for contracting qualified 
installers and maintenance personnel for hydrogen burners. The UK market for heating 
installations and services is fragmented and consists mostly of personnel accustomed to working 
on natural gas boilers. This market structure does not lend itself to a rapid transition within the 
next decade (Dodds et al., 2015). 

• Lack of regulatory framework – the physical properties of hydrogen are well understood. 
However, regulations, codes and standards have not been designed with hydrogen in mind and 
there are few standards and regulations that govern the safe operation of hydrogen burners. 

15

Barriers

Source: Dodds, P. E. and Hawkes, A. (Eds.) (2014) The role of hydrogen and fuel cells in providing affordable, secure low-carbon heat. H2FC SUPERGEN, London, UK.
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Actions required to overcome barriers (1)

16

• Improve understanding of potential for industrial conversion:

• A coordination programme responsible for the financing and assessment of demonstration 
projects should be implemented in cities where preparation work was underway for hydrogen 
conversion. This would generate critical learning about hydrogen burners in an industrial context 
and give positive signals to the supply chain. Industry would also gain confidence around reliability 
issues and learn which issues would be critical to address to increase reliability of installations and 
components. 

• An industry wide survey should be conducted to gather reliable data on the state and lifetime of 
existing burner stock in industry. 

• A knowledge network should be established, through the coordination programme, to disseminate 
findings from surveys and demonstration projects.   

• Develop skilled technicians: 

• Programmes for training new technicians and retraining of skilled technicians should be developed 
immediately to build further industry confidence in supply chain. This could be done through a 
government sponsored central body. Standard certification schemes would need to be developed.

Actions
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Actions required to overcome barriers (2)

17

• Develop standards for hydrogen burners:

• Standards and regulations must be developed as part existing suites of standards for gas 
burners. Standards should first be developed for testing hydrogen appliances (which includes 
safety risks) before industry standards for installation, operation and maintenance in industry 
are rolled out. These standards should be informed by learning outcomes from the 
demonstration projects.  

• Intensify RD&D efforts in high temperature heat 

• Techno-economic analysis of high temperature heat applications is required to build a clear 
picture of costs and technical performance characteristics. Efforts should therefore be made to 
participate in international knowledge networks, to benefit from work underway elsewhere 
e.g. A novel gas-solid suspension ironmaking high-temperature technology is being developed 
at the University of Utah which reduces iron ore concentrates in a gas solid suspension using 
hydrogen gas. 

• Demonstration projects in key industries (iron or steel) should be rolled out alongside 
demonstrations for low temperature heat applications to increase learning effects. The high 
capital cost of installing equipment, especially if taking place before the end of life of installed 
equipment, may require capital support from government. 

Actions
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Demonstration projects are key for both applications. However, 
continued RD&D is more important for high temperature
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temperature heat applications + 
one high temperature 

demonstration

Demonstration projects rolled 
out in three pioneering towns 

(low temp)

Dissemination of learning 
outcomes – including standards

Industry survey on 
burner stock 

H2 technicians ready to 
support roll-out

Technician training 
programmes

Industry adaptation 
for low temp
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Roadmap

Funding for high temp 
demonstration plant

Funding for RD&D in 
high-temperature heat

Cost reductions in high temp 
furnaces
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Readiness levels will depend on demonstration projects and R&D 
support between 2020 and 2025

19

Time

Readiness

High: Demonstration projects in key 
industries for low temp

Central: Demonstration projects in 
key industries for low temp

2016 2020-2025 2025 onwards

Demo projects in every industry in 
key city for low temp. R&D for high-
temp

Readiness for uptake in one town 
for low temp + demonstration 
project in one industry  for high 
temp

Low: No demonstration projects

Readiness for uptake in 3 cities of 
low temp + one industry ready for 
high temperature application

Few demo projects rolled out in 
pioneering hydrogen hubs

Demo projects still on-going but 
no expansion of demos and no 
readiness for uptake  of either low 
or high temperature

Demo projects in every industry in 
pioneering hydrogen hubs for both 
low and high temp. R&D for high-
temp

Deployment
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UK could save 0.47 million tonnes of CO2 from converting industry 
and commercial users in a major city to low carbon hydrogen

• The benefits of reaching the aim for one city will depend on what the hydrogen substitutes are and 
how the hydrogen is produced. 

• Assuming a city the size of Leeds switched low temperature process energy use in industry and 
commercial use from natural gas to hydrogen, this could lead to net GHG savings of 0.47 million 
tCO2. 

20

UK benefits

This assumes an emission factor of 450 tonnes 
CO2/GWh for natural gas, 600 tonnes CO2/GWh for 
oil and 36 tonnes CO2/GWh for hydrogen from SMR 
with CCS. Data on natural gas consumption and 
percentage constituting low-temperature heat 
taken from DECC - secondary analysis of data from 
the Office for National Statistics and Building 
Research Establishment (2014) and DECC - Total 
Sub-national Final Energy Consumption (2013) . 

Potential GHG savings from conversion to hydrogen in Leeds 
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Links to other roadmaps

Beneficial effects

Dependencies

• Bulk hydrogen production: Cost-effective supply of low carbon hydrogen

• Hydrogen in pipelines: A well-developed network of distribution pipelines is also a necessary 
condition for industry uptake, i.e. conversion of the gas grid. Preparatory work done on grid 
conversion should assess impacts on industrial users. Further utilisation of on-site by-product 
hydrogen could provide opportunities for further demonstration and trials before this was 
present. Pioneering hubs for hydrogen conversion should also have been identified. 

• Creating steady source of demand for hydrogen suppliers – this will contribute towards 
market visibility, decreasing investment costs and reducing uncertainty for developers.

• Creating synergies with domestic or commercial hydrogen use – in the form of growing 
know-how on safe burner operation, establishing a reliable supply chain for hydrogen 
components and developing the human resources needed for installation and maintenance.   

21

Links
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As liquid fuel demand is expected to persist, low carbon liquid fuel 
options are important in decarbonisation of transport 

23

• Despite a significant decrease in road 
transport fuel demand to 2030, liquid fuels 
are expected to contribute to a large 
proportion of demand – 93% of EU demand 
according to E4tech Auto-fuel study

• Efficiency gains and electrification are 
important but liquid fuel dependency 
persists

• Liquid fuels are also needed for aviation and 
shipping

Source: E4tech

• Biofuels are the main low carbon options for liquid fuels currently, and the main option being used 
by the UK to meet EU targets for renewable energy use in transport to 2020. 

• However, there is interest in alternatives to biofuels, as a result of

• Concern over the extent of competition for biomass resources with other sectors, and for use 
with CCS

• Concern over the sustainability impacts of some biofuels routes

Introduction
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Methanol
Gasoline
Diesel
DME
Jet fuel

Hydrogen can be used to produce renewable liquid fuels when 
combined with renewable electricity

24

• Hydrogen produced from renewable electricity via electrolysis can be combined with carbon dioxide to produce 
liquid fuels such as methanol, synthetic gasoline, diesel or other fuels. This requires a low cost source of renewable 
electricity to produce hydrogen from electrolysis and CO2 from a point source or from the air

• These fuels could have significant GHG savings compared with fossil fuels. For example, CRI are currently producing 
renewable methanol from hydrogen and CO2 in Iceland, with 90% GHG savings vs gasoline

• In addition, liquid fuel production could be an option for accessing and transporting energy from remote renewable 
electricity resources more cheaply than new interconnections or local hydrogen use

• Different catalysts and processes can be used but generally the conversion route can be represented as below:

Electricity

CO2

Electrolyser

Water

H2

Catalytic 
reaction

The fuels produced could 
be classified as biofuels, 
or as renewable fuels of 
non-biological origin 
(RFNBO) if the CO2 stream 
is non-biological.

Introduction

from the air, 
waste carbon 
gas streams or 
biomass

Source: 
CRI 2015 – based on ISCC certification value using EU RED methodology . Philippe Boulanger presentation within
https://ec.europa.eu/energy/en/events/workshop-using-bioenergy-energy-storage-and-balance-grid
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Several companies are involved with producing renewable 
synthetic fuels via catalysis of CO2  with H2

25

Company Fuel(s)
produced

CO2 source Energy source Process Status

Carbon 
Recycling
Initiative 
(CRI)

Methanol Geothermal 
power plant 

Geothermal 
electricity

Electrolysis of H2O
and catalytic fuel synthesis

4,000 tpa capacity plant operational in 
Iceland. Also plant in construction in Germany
using electricity from coal as an energy 
storage option. Plan to develop 100,000 
tonne per year projects in China and Europe

Sunfire,
Climeworks
and Audi

Diesel Air Renewable 
electricity

Direct air capture (Climeworks),  
high-temperature solid oxide 
steam electrolysis (Sunfire),
reverse water-gas shift reaction 
and FT synthesis

Pilot plant in Dresden opened Nov 2014, 
operating since April 2015. Capacity 160 
litres/day ‘Blue crude’, up to 80% of which 
can be converted into diesel

Air Fuel 
Synthesis 

Methanol Air or point 
sources 

Wind 
electricity

Electrolysis of H2O
and catalytic synthesis

1 tonne per day (1,200 litres/day) plant.
Current status not known

Dioxide 
materials

Synfuels Point sources Excess wind 
electricity

Electrolyser to H2 to  convert CO2 

into C1 building blocks and 
subsequent catalytic conversion to 
synfuels

Laboratory

Sandia 
National 
Labs

Methanol 
and ethanol

Air or point 
sources 

Solar heat Syngas from CO2 stream 
(concentrated solar 
thermochemical reaction to 
produce CO) and electrolysis of 
water

Experimental

Solar jet Kerosene Air Solar heat Two-step solar thermochemical 
cycle based on non-stoichiometric 
ceria redox reactions using the 
Fischer-Tropsch process

Laboratory

E4tech, 2015 Novel Low Carbon Transport Fuels and the RTFO: sustainability implications  
Scoping paper for the  UK Department for Transport 16th March 2015 
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Every tonne of renewable methanol produced could utilise 1.4 
tonnes of CO2 using CRI’s current process on Iceland 

26

5,600 t/yr CO2

800 t/yr H2

4,000 t/yr
methanol

Source: 
CRI 2015 –Philippe Boulanger presentation within
https://ec.europa.eu/energy/en/events/workshop-using-bioenergy-energy-storage-and-balance-grid
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The aim for hydrogen-based liquid fuel production in 2025 is UK 
deployment, plus enabling UK contributions to commercialisation

27

• Benefits from deployment include the uptake of a low-carbon transport liquid fuel that can 
contribute towards the UK’s 2020 targets under the Renewable Energy Directive (RED) and the 
Fuel Quality Directive (FQD). Liquid fuels are expected to continue be used in transport in 
significant quantities well beyond 2025

• However, the UK in general may not be an optimal location for siting of synthetic fuels plants, 
given that they require significant amounts of cheap hydrogen, and by extension cheap 
renewable electricity, co-located with CO2 sources. The majority of companies involved in the 
development of synthetic fuels are also based outside the UK, which makes it less likely that their 
first plants are likely to be UK based. 

• By 2025 our base case scenario is that fuels produced using hydrogen are deployed in the UK 
transport sector, contributing towards decarbonisation, but predominantly produced 
internationally. The UK can reach this aim without significant investment in infrastructure as 
existing vehicles and infrastructure for liquid fuels can be used.     

• However, there may also be opportunities to use these technologies to generate hydrogen using 
renewable power from remote areas that would otherwise be difficult to exploit, or be curtailed. 
For example, Scotland has significant renewable energy resources and sources of CO2

• At the same time, the UK should aim to support UK research and companies in this area: as 
there is as yet no leading technology globally, there is still space for new entrants

Aim for 2025
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Research and development is needed to increase conversion route 
efficiencies and economic performance

28

• Cheap electrolytic hydrogen from renewable sources will be needed for cost effective production 
of synthetic fuels. Electricity accounts for 70-90% of the cost of a kilogram of hydrogen produced 
through electrolysis (E4tech, 2015). RD&D efforts on electrolysis are needed to maintain life 
times and operating efficiencies (which are already close to theoretical maxima) while decreasing 
costs. RD&D should also focus on changing operating requirements especially in terms of 
flexibility to provide grid services.

• Apart from the electrolyser, a key area of research and development, according to Styring et al. 
(2011), is catalyst and reactor design for fuel production and in the efficient capture of CO2. 
Other work focuses on creating catalysts that can operate under moderate conditions thereby 
reducing energy inputs and costs. 

Tasks

Source: 
E4tech, Study on development of water electrolysis in the EU (2015) 
Styring. P, Daan Jensen, Heleen de Coninck, Hans Reith, Katy Armstrong, Centre for Low Carbon Futures, Carbon Capture and utilisation in the green economy (2011) 



|

The UK has limited activity in the private sector but global 
presence in RD&D via research networks and programmes

The UK does not have significant competitive strengths in synthetic fuels from hydrogen in the private sector 
compared to other countries like Germany or the US. Two companies are or have been active in the sector:

• ITM Power – manufactures integrated hydrogen PEM solutions for synthetic fuel production although 
predominantly focused on synthetic gas.

• Air Fuel Synthesis Ltd – focused on synthesising jet fuel from atmospheric CO2 and hydrogen but current 
status of this company is not known. 

The UK has a stronger presence in the RD&D space through the following organisations:

• The UK Centre for Carbon Dioxide Utilisation or CDUUK (University of Sheffield)

Coordinates key UK research programmes with the ambition of putting the UK at the forefront of international 
CO2 utilisation work. 4CU, one of its major programmes, deals with the activation of CO2 to enable fuels 
manufacturing via catalysis. Partnering organisations include University of Manchester, UCL, Queen’s Belfast 
University. Centre is sponsored by the Engineering and Physical Sciences Research Council (EPSRC). 

• CO2Chem (Engineering and Physical Sciences Research Council)

CO2Chem, connected to CDUUK, is the largest worldwide carbon dioxide utilization network with a 40% 
international membership. It focuses on eight research areas of which fuels production from CO2 (methanol, 
ethane, methane and high density liquid fuels) is one. The networks researches steps along the conversion 
route from CO2 capture to integration of catalysts such as hydrogen. 

UK Capabilities 

29
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High production costs are a barrier to deployment of these fuels in 
the UK, and to UK-based projects

Barriers

• Higher costs of production than fossil fuels and other renewable fuels

• These routes are at an early stage of development, and as a result there is little data available on their costs. 
However, they are likely to be higher cost than fossil fuels. 

• There is currently no willingness to pay for fuels with lower GHG emissions in the transport sector, and so lower 
carbon fuels are only sold when they qualify for policy support, such as helping to meet fuel suppliers’ 
obligations under the UK Renewable Transport Fuel Obligation (RTFO). The RTFO sets a target for fuel suppliers, 
and includes a certificate mechanism for trading compliance, which sets the price premium available to low 
carbon fuels.

• It is not yet known what the future cost reduction potential for these fuels could be, and therefore whether the 
premium would be enough to support their sale – i.e. whether these fuels would be taken up in preference to 
other low carbon fuel options to meet UK targets. 

• Note that CRI state that at an electricity cost of €50/MWh their methanol would compete with fossil methanol 
plus the double counting premium available for advanced biofuels, and at below €30/MWh electricity would 
compete with fossil methanol at 2012-2015 prices (CRI, 2015)

• Difficulty of making commercially attractive UK projects using renewable electricity

• Although there are examples of projects making methane and liquid fuels from hydrogen from renewable 
electricity, they are at the demonstration stage, and are generally not commercially viable at present

• Any UK based project would require a detailed analysis of the economics of this option compared with 
alternative options for monetising remote renewable resources

30
Source: 
CRI 2015 –Philippe Boulanger presentation within
https://ec.europa.eu/energy/en/events/workshop-using-bioenergy-energy-storage-and-balance-grid



|

Near term policy changes and longer term policy visibility are also 
needed…

Barriers

• Policy changes to support renewable fuels of non-biological origin - Currently, the RTFO only supports biofuels 
made from biomass feedstocks. The UK government has considered including synthetic fuels from renewable 
electricity to its list of fuels eligible for support, as outlined by E4tech and Ecofys (2015). Since the revision of the 
RED and FQD last year in 2015, renewable fuels are accepted under both pieces of legislation. This has not yet 
been transposed into UK, or any Member State, law but will happen in 2017. The revision will mean that 
renewable fuels of non-biological origin will be eligible to be supported with credits under the RTFO and count 
double towards the RED and FQD 2020 targets (effectively doubling the premium available to them compared with 
non-advanced biofuels).

• Policy to support road transport decarbonisation beyond 2020 in the UK and EU – However, beyond 2020 there is 
at present no policy support for the decarbonisation of road transport except for vehicle CO2 targets (on a tank-to-
wheel basis). Current European Commission proposals suggest that specific targets in the FQD and RED will not be 
continued after 2020. This is a crucial barrier for the development of hydrogen-based synthetic fuels as Europe is 
likely to be one of the main early markets. Even if the UK and some other Member States continued to have 
supportive policy, lack of policy in other could lead to insufficient demand to drive commercialisation 

• Note that EU and UK policy supporting renewable fuels includes sustainability criteria including minimum GHG 
savings. The existing life cycle analysis methodology used could be applied to these new fuel types 
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…and for a UK project in a remote area the next step is assessing 
technology options, scale and the business model

32

• There is interest in power to liquid fuel options in remote areas such as Orkney, where the 
European Marine Energy Centre (EMEC) is commissioning work on models to support expansion 
of its work on electrolysis powered by tidal energy, that would otherwise be hindered by local 
grid inadequacies. One option is conversion to a synthetic fuel or ammonia. There is also interest 
in producing higher value chemicals

• Key questions that need to be addressed in a feasibility study for this type of project are: 

• Technology choice – given the early stage of development of the technologies available for fuel 
production

• Minimum economic scale – chemical processes generally have large economies of scale, which 
trade off with costs of aggregation of renewable electricity supply 

• Requirement for CO2 – i.e. whether a point source is required for the technology chosen, and 
whether this is present near to the renewable electricity 

• Product market demands – while the value of products in chemicals markets is typically higher 
than in fuel markets, there is little policy driver for sale into chemicals markets, and so no 
premium for lower carbon chemicals. Markets are also relatively small. Fuels markets are 
larger, and have existing policy support which drives a price premium, but prices are lower. 
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Extension of fuel policy beyond 2020 is key to continued UK uptake  
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Include RFNBOs under RTFO support 
and clarify policy support post 2020

MILESTONE – UK market 
deployment of synthetic fuels 
and UK contribution to global 

RD&D 

Reduced electrolyser cost

Efficiency improvements to catalytic 
reactors 

Early stage uptake of RFNBO fuels
Increased imports of RFNBO 
predominantly from EU 

Support UK RD&D  

Increased consumption and 
exports of RFNBO

Demonstration projects 
for large scale production

Roadmap
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Feasibility study on UK project in 
remote area

UK project in remote area
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Extension of EU and UK policies and continued RD&D efforts are 
central in determining level of UK market uptake  

34

Time

Market 
uptake

High: Timely transposition of RED 
and FQD. Continued RD&D efforts UK 
and globally

Central: Timely transposition of RED 
and FQD. Continued RD&D efforts UK 
and globally

UK policy extended but no EU-level 
policy– deployment scaled up in key 
MS with some cost improvements. 
Feasibility study on UK project

Low: Timely transposition of RED and 
FQD. Continued RD&D efforts UK and 
globally

No extension of UK or EU policy -
limited electrolyser cost and 
efficiency improvements

UK and EU policy extended –
deployment scaled up internationally 
with significant cost improvements. 
Positive feasibility study on UK 
project

2016 2020-2025 2025 onwards

Market uptake by 2025

Significant market uptake 
by 2025, successful UK 
project

No uptake by 2025
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The largest UK benefit is likely to be GHG reduction from displacing 
fossil fuels, although some local areas could also benefit strongly

Benefits from deploying liquid fuels from H2 in the UK

• The UK could import renewable liquid fuels produced from hydrogen, and use these in transport, 
displacing fossil fuels, and so achieving GHG savings. 

• As an estimate of the GHG saving: 

• global renewable methanol production capacity could reach 500,000 tonnes/year by 2025 
(E4tech estimate based on planned capacity of 200,000 tonnes from CRI by 2019)

• the UK, as a leading EU fuel consumer with continued policy to support renewable fuels, could 
import a fifth of this production, or 100,000 tonnes/year, for direct blending into gasoline

• Renewable methanol produced by this process using electricity from Iceland’s highly 
decarbonised grid has 90% GHG savings compared with gasoline (CRI, 2015) If this displaced 
gasoline on an energy basis, the associated GHG savings would be 150k tCO2/year. 

• This renewable fuel use would contribute to the UK’s renewable energy targets, and to any 
future UK and EU targets for renewable energy use or GHG savings in transport (not currently 
agreed)

Benefits from liquid fuels from H2 projects

• There could also be benefits to local areas in terms of revenue from renewable electricity 
resources that would otherwise be unexploited, and revenue and jobs from plants themselves

Other benefits
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Source: 
CRI 2015 – based on ISCC certification value using EU RED methodology . Philippe Boulanger presentation within
https://ec.europa.eu/energy/en/events/workshop-using-bioenergy-energy-storage-and-balance-grid
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Links to other roadmaps

• The base aim for this roadmap is to deploy synthetic fuels produced elsewhere. There are 
therefore limited direct beneficial effects on other roadmaps. However:

• UK RD&D capabilities may lead to improved bulk hydrogen production costs and 
performance or improved catalytic performance. 

• Increased demand for the fuel in UK may lead to investor confidence and greater 
deployment globally, which would bring down costs of electrolytic hydrogen and synthetic 
fuels. 

• In addition, there would be significant local benefits in remote areas from a successful project, 
including monetisation of a local renewable electricity resource, supply of fuel for local uses, 
and jobs

Beneficial effects

• Bulk hydrogen production  - Cost-effective supply of low carbon hydrogen 

• Transport – clear policy to drive transport decarbonisation is needed to create stable framework 
for foreign producers.

Dependencies

Links
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