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Dear David  
 
It was a pleasure to meet you and Ray recently. We appreciated being able to introduce the UK 
Hydrogen and Fuel Cell Association to you and to explore the opportunities for hydrogen and fuel cells 
in the energy landscape, in particular with relation to your work on the UK 2050 energy scenarios. We 
agreed to provide follow-up information focused specifically on some of the issues raised by you 
during our meeting and are delighted to be able to present this material below.  
 
1. Future energy mix and role for hydrogen production from pre-combustion carbon capture 

and storage  
 
The future energy mix will consist of the broad range of technologies. Alongside its role in daily, 
weekly and seasonal load balancing of a grid with a high proportion of renewables, hydrogen from 
other low carbon sources, such as pre-combustion carbon capture and storage, can make an 
important contribution. Pre-combustion technology for capture of CO2 has added value as it directly 
generates hydrogen from a range of fuels - biomass, wastes, coal, or natural gas. Hydrogen can then 
be fed into conventional turbines or linked with fuels cells to offer advantages of decentralised CHP. 
 
The point at which decarbonised hydrogen is 
competitive with unabated fossils fuels depends on 
the combination of carbon prices and the relative 
costs of the fossil fuels. In the case of electricity in 
the UK, a diagram similar to the one on the right has 
been used to illustrate when an IGGC with CCS 
producing hydrogen, leads to lower cost electricity 
than unabated fossil fuel. It also points to the need 
for generation flexibility in response to demand 
fluctuations and to variations in gas or coal price 
ratios. The use of CCS and hydrogen as the 
intermediate energy vector has distinct arbitrage 
advantages in addressing these uncertainties as it 
enables time based de-coupling of CCS from 
electricity production. 
 
As illustrated above, there is an economic case to produce low cost hydrogen where the CO2 value 
offsets the fuel conversion cost for the intended application. The hydrogen product will compete with 
natural gas for energy generation and will be used for chemicals, heat and transport.  
 
2. UK HFCA review of the background data used for DECC 2050 calculator  
 
A year-round, hour-by-hour analysis of energy supply and demand across heat, power and transport 
sectors is critical to understanding the role of hydrogen in a low carbon economy.  With such holistic 
approach applied, hydrogen emerges as an essential complement to electricity, where - as with any 
hybrid system – each of these two energy currencies plays to its strengths. The diagram below 
illustrates how hydrogen and electricity can complement each other in this way, and highlights the 



 UK Hydrogen and Fuel Cell Association 

 

2�  of 5�  
The UK Hydrogen and Fuel Cell Association is managed by Synnogy Ltd and TT Corp. on behalf of its members. 

 Synnogy Ltd: Registered in England No 4270514; VAT No.: 781 6079 07 
Registered Office: Church Barn, Fullers Close, Aldwincle, Northants, NN14 3UU 

UKHA Ltd: Registered in England No 5806226; VAT No.: 886 3879 49 
Registered Office: Owners Business Centre, Newburn Enterprise Centre, High Street, Newburn, Newcastle Upon Tyne, Tyne 

and Wear, NE15 8LN 

importance of a holistic approach, in particular the required flexibility, availability, and sustainability of 
the future UK energy system across heat, electricity and transport sectors. 
 
 

 
 
 
Given the complex role of hydrogen, particularly with respect to temporal variations, it is difficult to 
suggest a simple ‘quick fix’ to the current version of the DECC 2050 calculator.  Among our 
membership are several organisations with experience in this area (particularly Bryte Energy and 
Gastec at CRE), and we would welcome the opportunity to meet with DECC’s model developers and 
explore how the implications of hydrogen can best be reflected in the model. 
 
3. Hydrogen, fuel cells and heat – short and long term vision  
 
Fuel cell CHP systems suitable for both residential and commercial buildings are available today, with 
over 90 MW of CHP or CCHP plant installed worldwide. The largest unit presently installed in the UK 
is 200 kW, of which there are presently three; and there is a 300 kW CCHP plant ordered for 
installation in central London. The largest fuel cell CCHP installation presently awaiting final planning 
for the UK is 4.2 MW. Further domestic scale units are reaching commercialisation and are expected 
to enter the market in the next 2 years. These systems offer significant carbon reduction benefits 
through increased efficiencies in utilising natural gas when compared with conventional sources1. Roll-
out of natural gas-fuelled fuel cell CHP could be started immediately and large scale deployment 
would deliver large reductions (40-50%) in the carbon intensity of the combined heat and power 
generated. 
 
Linking such CHP installations to Anaerobic Digestion Biogas (ADG) via the gas grid (in an analogous 
way to renewable electricity purchased on the electricity grid) would allow accelerated deployment of 

                                                 
1 gas boiler and UK grid electricity combination 
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both technologies, given the existing ADG-derived electricity feed-in tariff was available to such 
combinations.   
 
In the longer term, complete decarbonisation of heat and power could be delivered through hydrogen-
fuelled CHP systems. By using the existing low-pressure local natural gas distribution network, this 
can be competitive with centrally generated electricity, due to the low distribution cost of gaseous 
energy. In the UK, cost of natural gas distribution to the domestic consumer is about 20% of the 
distribution cost of electricity per kWh and this is expected to be similar for hydrogen.   
 
The conversion of a whole district surrounding a hydrogen production facility could offer major carbon 
emissions reductions at reasonable cost, given appropriate legislation is put in place. The conversion 
of Great Britain’s network from Town Gas to Natural Gas in the 1960’s and 1970’s was a low cost 
operation. Although hydrogen has a calorific value of only 1/3 of natural gas, its density is only 1/8, 
ensuring only modest reductions to the energy carrying characteristics of low-pressure pipework (as 
oppose to high pressure lines that do not compare favourably with natural gas).  
 
4. Hydrogen transport and storage - evolution of hydrogen refueling infrastructure in the UK  
 
Lack of a hydrogen refuelling infrastructure is frequently cited as an obstacle to the early stages of 
deployment of fuel cell vehicles. As a result many observers anticipate that there will be a transition 
from the first captive fleets (that return to base for refuelling), through  expanding clusters of refuelling 
facilities based on urban centres, to a comprehensive infrastructure that covers the country. Whilst 
assistance in financing the first stations (which will be underutilised initially as the hydrogen vehicle 
parc grows) will be required, the bulk of investment in hydrogen refuelling infrastructure can be 
expected to be made by the private sector under normal commercial terms. 
 
Development of infrastructure for hydrogen fuelled vehicles may be far more cost effective than that 
needed for electric vehicles. Whilst the high energy density and rapid refuelling times for hydrogen 
vehicles mean that approximately 9,000 hydrogen refuelling stations would be needed across the 
whole of the UK, this is modest compared to electric vehicle charging point networks and almost three 
times as many charging points for electric vehicles being planned in London alone. 
 
Extensive research into the economics of hydrogen and fuel cells is being conducted across the world. 
The results depend upon a number of factors including geographical location, system components 
(how and where hydrogen is produced, how it is stored, how it is distributed etc.), the status of the 
national economy etc.  
 
A feasibility study conducted by E4Tech and Imperial College for the Linde Group2 showed that 
hydrogen can be efficient and economic with current technology. Current hydrogen production and 
distribution technology is already capable of delivering immediate carbon reductions in transport 
based on FCVs and conventional hydrogen. There is a continuous and substantial investment taking 
place in the development of hydrogen storage technologies which will further improve economics and 
viability. However, we do not need to wait for this to arrive. For example, highly efficient small urban 
fuel cell powered vehicles are already available and offer lower carbon footprint and much longer 
range than equivalent BEVs (e.g. RiverSimple) even at a relatively small scale deployment. Early 
deployment should be based on urban and ‘back to base captive fleets’ where it is possible to 
maximise the utilisation of the refuelling asset, significantly improving the viability of the investment. 
Efficiency can be further increased and carbon footprint reduced by locating early deployments close 
to areas of hydrogen production.  
 
Following installation in highly populated cities, subsequent refuelling stations could be located along 
main highways.  This pattern of deployment will mean that the costs of hydrogen infrastructure for the 

                                                 
2 E4tech, The economics of a European hydrogen automotive infrastructure; 2005  
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UK will be relatively low because of the high level of urbanisation and the high population density in 
the urban areas. This gives the UK an advantage compared to countries with much lower population 
density such France. Furthermore, whilst Germany, California and Japan are focussing on the 
commercial challenge of rolling out full-scale garage forecourt facilities, the UK is building up clusters 
of relatively small capacity hydrogen refuellers. This approach may have the advantages of being 
lower risk, highly adaptive and iterative, as well as being a good complement to the other national 
programmes. 
 
Given these advantages, and the announcement of the commercial roll-out of fuel cell vehicles (FCVs) 
in 2015 by the automotive OEMs, the UK should aim to be the country of choice for early deployment, 
at least in Europe.  
 
5. Electrolysers - efficiencies and costs  
 
It is very difficult to compare the costs of electrical production from renewables in 2010 with that in 
2050 when renewables or nuclear will form the majority of generation. The cost of any energy 
infrastructure is dominated by those few hours or days per year when usage peaks, and although 
peak lopping can help, this is usually only relevant to few hours at the most. The key to affordable and 
reliable energy supplies in 2050 is thus likely to be a route by which low cost renewable energy, 
generated at the whim of sun and wind, can be stored and used as and when required. This frequently 
demands storage, or time shifting of loads, over periods of several days or even weeks. Most energy 
storage methods are only applicable at modest size and timescales (up to several hours), but 
hydrogen is unique in being able to cost-effectively accommodate huge storage capacities over long 
timescales (days to weeks). Even if electrolysis consumes (perhaps) 15% of primary energy, system 
and stand-by losses are much less than an electricity infrastructure of vastly greater size, cost and 
complexity, making hydrogen the preferred vector. 
 
There is a widespread misconception that electrolysis is 'energy intensive' or 'inefficient'. It is true that 
electrolysis can use up large amounts of energy; however, it is actually relatively efficient at retaining 
the original energy it absorbed and converting it into a high value, widely applicable fuel.  
 
Today’s larger electrolysers typically show a stack efficiency of around 75% to 84% (HHV) for modest 
output pressures of 10–30 bar3. System efficiency is dependent upon the output pressure required, 
and losses can be higher if compression to 350 or 700 bar is required, as is standard for today’s 
hydrogen powered vehicles. Adoption of a lower pressure hydrogen storage solution (such as a 
reversible metal hydride), pressure energy recovery and further electrolyser development (for 
instance, high temperature systems) will improve efficiencies further. In this way, stack efficiencies of 
over 85% and system efficiencies of 75% (HHV) are expected to be attainable in the long term. 
 
The cost of the hydrogen produced by electrolysers is clearly very dependent on the cost of electricity 
and this is variable depending on customer type, consumption, location etc. However, in most cases 
today electricity prices are typically the largest component of the cost of producing hydrogen by 
electrolysis. The situation would change in a future where the electricity market contained price signals 
to encourage the operation of loads (such as electrolysers) that are responsive to grid balancing. It is 
anticipated that responsive tariffs will be developed as a necessary mechanism for the operation of 
‘smart’ grids and that these will significantly reduce the cost of electricity consumed by electrolysers. 
The operation of electrolysis in response to grid balancing requirements will also ensure that the 
carbon footprint of electrolytic hydrogen is minimal, because electrolysers will only be switched on at 
times of high renewable input or low base load demand. 
 

                                                 
3  Roy, Watson, Infield, Comparison of electrical energy efficiency of atmospheric and high-pressure electrolysers,  
International Journal of Hydrogen Energy 2006 
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A large, mainstream, immediate and unserved market opportunity already exists in Spain for 
electrolysis in grid balancing operations, with markets in Germany and Denmark currently developing. 
Similar opportunities will shortly emerge in, for example, Ireland, Chile, Argentina, South Africa, India, 
USA Canada, New Zealand and others.  
 
6. Hydrogen production using nuclear heat  
 
In the longer term, and certainly in the 2050 timeframe, other routes to hydrogen are expected to be 
commercially developed. One of these is the production of hydrogen via nuclear heat, through a 
chemical cycle. These systems have been the subject of significant work since the 1970s in Japan, 
the US and France. Lab and pilot scale installations of the most common of the cycles studies, the 
sulphur-iodine cycle, have been demonstrated in France and Japan. Although not compatible with 
conventional PWR reactors, the higher temperature required for the sulphur iodine cycle (max. 950°C) 
can be achieved in several new reactor designs.  
 
The Japan Atomic Energy Authority (JAEA) has demonstrated laboratory-scale and bench-scale 
hydrogen production using the sulphur-iodine process. It is expected that the cycle will be able to 
produce hydrogen at $1.50 to $2.00 per kg.  
 
No single hydrogen production method is expected to dominate future hydrogen markets. There are 
several routes to hydrogen, including, for example, pre-combustion CCS, electrolysis, nuclear heat, 
bio-energy, etc. These will all, to a certain extent, be a part of the future hydrogen energy portfolio, 
which will provide greater flexibility and resilience than would be the case with a single method.    
 
 
 
We trust that this material will be helpful in demonstrating the importance of support for hydrogen and 
fuel cells. We look forward to further dialogue over the coming months, and to working with you to help 
ensure that hydrogen and fuel cells deliver their potential to help grow the UK economy and address 
energy and environmental policy goals.   
 
 
Yours sincerely 
 
 
 
 
 
Dennis Hayter 
Chairman  

 
 

 
 
 
Martin Green  
Vice Chairman 

 

 
 
 
Alastair Rennie 
Vice Chairman 

 

 
 
cc Ray Eaton 
 Jeanie Cruickshank  


