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Energy Intelligent Solutions  provides independent advice and solutions 

for energy transition and carbon reduction to industrial and commercial 

organisations where energy matters 

Hydrogen 

H 
ydrogen is expected 
to play a significant 
role in the future as 
a zero carbon fuel 

source, particularly in the 
decarbonisation of transport and 
high temperature industrial 
heating, where low carbon 
electricity is not readily available 
and where alternative 
decarbonisation solutions are 
difficult or expensive.   

Hydrogen is also expected to be 
used to store energy at scale, for 
example from offshore wind or 
solar power plant, and to be used 
in (standby) power generation 
plant to support electricity grids 
supplied with intermittent 
renewable power (to match 
supply and demand). 

Hydrogen may be mixed with 
natural gas in existing gas grids 
(up to 20% by volume without 
modifications in the UK, for 
example) and supplied to 
business and households as a 
lower carbon fuel source. 

Low carbon hydrogen may well 
also have a role in decarbonising 
industrial processes, for example 
as a reducing agent in the 
production of iron and steel, in 

the generation of renewable 
liquid fuels and chemicals from 
the reaction of hydrogen with 
(recovered) carbon dioxide, and 
in the production of renewable/
low carbon ammonia, methanol 
and fertilisers. 

Hydrogen is generally, currently 
produced by the reforming of 
methane: Steam Methane 
Reformation. It is widely used in 
oil refining and in the production 
of ammonia and methanol.   

Low carbon hydrogen can be 
produced from electrolysis using 
renewable or low carbon/nuclear 
power and by the reforming of 
methane with carbon capture 

and storage. 
Hydrogen from renewable 

power and electrolysis is referred 
to as green hydrogen, from 
reforming with carbon capture as 
blue hydrogen and from 
electrolysis using low carbon 
nuclear power as pink hydrogen.  
Hydrogen from fossil fuels/coal 
with no carbon capture is brown/
black. 

Properties of 
hydrogen 

Hydrogen is the lightest 
element of the periodic table and 
the most common substance in 
the world.  It can be used as a 

Hydrogen is expected to be a key part of the low carbon economy with its use focused on 
transport, high temperature heat, power/energy storage and electricity grid support and use 

in remote locations.  It will also be used to decarbonise key industrial processes (ammonia, 
fertilisers, methanol, steel, renewable fuels) 

The cost of low carbon hydrogen is expected to be circa 8 to 12p/kWh in the medium term.  It 
will only be cost competitive with natural gas (methane) as a fuel where the price of carbon is 

high and/or the price of gas rises significantly, or where its use is supported 

The use of hydrogen will most likely be driven by the need to decarbonise rather than 
operating cost savings in the medium term 

Hydrogen competes with heat pumps, biogas, biofuels, fossil fuels with carbon capture and 
with low carbon electricity as the decarbonisation option for specific applications, and with 

energy efficiency solutions 

Introduction 



feedstock, fuel or energy 

carrier and does not emit CO2 
when burnt. It is an explosive 
and clean-burning gas and is 
rarely found in its pure form.   

In a flame of pure hydrogen 
gas burning in air, the 
hydrogen (H2) reacts 
with oxygen (O2) to 
form water (H2O) and releases 
energy. The energy released 
enables hydrogen to act as a 
fuel. This energy can be used 
with relatively high efficiency. 

The properties of hydrogen 
compared with some other 
fossil fuels are shown in the 
table. 

In the UK in 2021, the 
carbon intensity of grid 
electricity is 0.22kg/kWh, 
relatively low and reducing 
year on year, because of the 
levels of nuclear power and 
renewable power generation. 

Methane, as natural gas in 
the UK, at the time of writing, 
including carbon taxes, costs 
around 3p/kWh.  

Hydrogen at 3p/kWh is 
equivalent to 10.6p/m3 and 
118p/kg. A more realistic cost 
for hydrogen delivered to 
industrial end users in the 
near term (5 years) is 8p/kWh, 
or 28p/m3 and 315p/kg. 

The table shows: 
• Hydrogen has a low density 

compared to other fuels 
• The energy content of 

hydrogen per unit volume is 
30% of methane. This means 
that a 20% by volume mix of 
hydrogen and methane is 
equivalent to 7.44% of the 
energy from hydrogen, or 
approximately a 7.5% 
reduction in carbon 
emissions compared with 
pure methane 

• The energy content of 
hydrogen per unit mass is 
2.6 times that of methane 
and is the highest of all the 
fuels 
Hydrogen can be 

transported in pipelines, 
stored in significant 
quantities, combusted to 
generate heat and power, and 
used in fuels cells with oxygen 
to generate power (and heat).  

An advantage of hydrogen 
over renewable electricity is 
the ability for storage. An 
advantage over other fuels is 
the lack of emissions at the 
point of use (water only) – no 
tailpipe emissions. 

Disadvantages associated 
with hydrogen include the 
relatively low energy to 
volume ratio (although the 
energy to mass ratio is high), 
the need to store and 
transport at high pressures 
and its flammability.  
Hydrogen has safety 
considerations but is safely 
used widely. 

Hydrogen 
production and 
cost 

The cost of low carbon 
hydrogen is a key issue, 
although with carbon 
reduction there is a need to 
recognise that there is not 
always a payback in reduced 
operating costs. In some 

cases, therefore, the objective 
will be to find the least 
expensive decarbonisation 
solution (capex and extra 
opex) with the only return 
being the reduction in 
emissions. 

Low carbon hydrogen can be 
produced using methane 
reforming with carbon 
capture and storage: steam 
methane reformation or auto 
thermal reformation (ATR).  
The overall equation is: 

ATR is the preferred process 
for use with carbon capture 
since the carbon dioxide is 
easier and more cost effective 
to recover at higher efficiency 
levels (from the high pressure, 
high temperature stream).   

The estimated cost of the 
capital investment for an ATR 
hydrogen plant with carbon 
capture assuming continuous 
operation and with the cost 
spread over 20+ years is 4p/
kWh. The operating costs, 

including the cost of methane, 
need to be added to this, 
giving an overall hydrogen 
cost of at least 6p/kWh (+- 
25%) at the time of writing.  
This is equivalent to the 
current price of gas plus a 
carbon price of around £200 
per tonne. 

The carbon intensity of blue 
hydrogen is not zero, 
especially due to the carbon 
emissions of upstream 
methane production and 
distribution. 

Electrolysis of water can 
produce higher quality, lower 
carbon hydrogen, and many 
believe is the best route for 
future production. Proton 
Exchange Membrane (PEM) 
technology is the most 
suitable for generation of 
hydrogen using renewable 
(intermittent and variable) 
power at the present time.  
The estimated cost of the 
capital investment for an 
electrolysis plant generating 
hydrogen, assuming variable 

Properties of some fuels compared with hydrogen 

Fuel Density  
kg/m3 

Gross CV* 
kWh/kg 

Net CV* 
kWh/kg 

Energy  
Density 
kWh/kg ** 

Energy 
Density 
kWh/m3 

** 

Carbon  
Intensity 

kg/kWh 
*** 

Green Hydrogen .090 39.4 33.3  39.40  3.55 0*** 

Methane .716 15.4 13.9  15.40  11.03 0.183 

Bioethanol 789 8.25 7.42  8.25  6,509 0.009 

Gas Oil 840 11.95 11.89  11.95  10,038 0.26 

Kerosene 821 12.83 11.94  12.83  10,533 0.25 

    * CV calorific value    *** approximate figures for UK in 2021 
  ** using the gross CV  **** assuming zero carbon production  

CH4 + H2O = H2 + CO2 



operation and with the capital 
cost spread over 20+ years, is 
4p/kWh. The cost of 
renewable power and water 
needs to be added to this, 
making the cost of hydrogen 
from electrolysis 
approximately 11p/kWh (+- 
25%) at the time of writing. 

Electrolysers can achieve an 
energy efficiency of around 
80% - 10 kWh of electrical 
energy will produce hydrogen 
with an energy content of 8 
kWh (where the energy 
content is based on the gross 
calorific value). 

The hydrogen purity from an 
electrolyser is higher than 
that from fossil fuel 
reformation which requires 
purification steps. This makes 
electrolysis particularly 
attractive for transport where 
high purity hydrogen is 
required to avoid poisoning of 
fuel cells. 

Since the only resources 
required to produce 
electrolytic hydrogen are 
water and electricity, a 
portfolio of electrolysers has 
the potential to decrease 
dependency on imports and 
increase the security of 
national energy supply.  

Hydrogen production from 
(PEM) electrolysers is flexible.  

Electrolysers can: 
• respond to changes in 

output quickly and follow 
the generation profile of 
variable renewable energy 
sources 

•  operate at a wide variety of 
load factors 
With current fuel prices, 8-

10p/kWh for hydrogen would 

require a carbon price of 
approximately £300 per tonne 
for hydrogen to be 
competitive as an alternative 
to natural gas. 

Hydrogen costs also need to 
include the costs of transport 
and storage.   

The current price of carbon 
(2021) is around £50 per 
tonne in the UK and Europe. 

Hydrogen at 8-10p/kWh 
used in a fuel cell with an 
electrical efficiency of 70%, 
can produce power at a price 
which is competitive with UK 
grid power and transport fuel 
in many cases. 

Hydrogen use in a combined 
heat and power plant (a gas 
engine or gas turbine with 
heat recovery) is not cost 
competitive without a high 
carbon price (around £300 per 
tonne).  A 10 MWe power 
plant (generating 10 MW of 
electricity) would use 30 MW 
of hydrogen costing around 
£20M a year operating 
continuously and assuming 
hydrogen at 8p/kWh.  The 
power, at 12p/kWh, would be 
worth £10M a year and the 
heat (assuming gas at 2p/kWh 
and carbon at 6p/kWh, or 
£300 per tonne and where a 
boiler is replaced with an 
efficiency of 80%) would be 
worth £8M a year. 

Green hydrogen will be 
competitive in the medium 
term as a low carbon fuel: 
• Where applications are hard 

to decarbonise using other 
solutions (high temperature 
industry, long haul 
transport) 

• Where fuel/power costs are 

very high (transport, remote 
locations) 

• Where it is used to support 
the power grid with the 
associated revenues 

• As the capital cost of 
electrolysers reduce 

• Where carbon prices are 
high, closer to £300 per 
tonne and/or where the 
price of fossil fuel/gas is 
high, and in specific 
applications/where there 
are further incentives 
Where low carbon is a 

regulatory requirement, 
hydrogen needs only to be 
competitive with alternative 
low carbon solutions, 
however.  These may be 
limited to low carbon power 
or other renewable fuels at 
high prices. 

There are other potential 
solutions to hydrogen 
generation in development 
for the longer term. 

Alternatives to 
using hydrogen 

Alternatives to the use of 
hydrogen depend on the 
application and include: 
• Low carbon electricity from 

renewable or nuclear 
solutions, including small 
modular reactors.  This 

power is likely to be 
available at 6p/kWh if by 
‘private wire’. Where the 
power is transported using 
the grid, in the UK this will 
double the cost due to 
transmission, distribution 
and other unavoidable 
charges 

• Biomethane and biogas, for 
example from anaerobic 
digestion of waste or 
gasification of biomass.  
Currently in the UK 
biomethane, delivered 
through the gas network, is 
available at a premium of 
1p/kWh, making the cost of 
methane around 3 to 4p/
kWh. This is significantly 
cheaper than the cost of 
hydrogen at present but the 
availability is likely to be 
limited in the future. 
Organisations with access to 
a sustainable feed for 
biomethane production are 
better placed to exploit this 
opportunity 

• Renewable fuels, for 
example biodiesel, 
bioethanol and other fuels 
from waste or biomass 

• Heat pumps, which are the 
first choice solution for low 
temperature heat where 
low carbon power is 
available 

• Nuclear heat 

Hydrogen storage 
Hydrogen can be stored in 

the short term in pressurized 
tanks (daily storage) and in 
the long term (seasonal) in 
large, geological caverns. 

The cost of storage per unit 
of energy depends on the 
storage cycle. Longer term 
storage is more expensive. 

Hydrogen can be 



Related Insights available from Energy Intelligent Solutions include: 

• Heat Pumps 

• Heat Recovery 

• Efficient Use of Steam 

• Pinch Technology 

• Boiler Efficiency 

• Combined Heat and Power - gas engines 

• Combined Heat and Power - gas turbines 

• Renewable Combined Heat and Power 

• Renewable Fuels 

• Hydrogen 

• Heat to Power 

• Fuel Cells 

• Low Carbon Power 

• Carbon Capture, Use and Storage 

for further Insights visit our website: www.energyintelligentsolutions.com 

for advisory services contact: insights@energyintelligentsolutions.com 

compressed to circa 1,000 
barg and stored in tanks. The 
levelised cost of this form of 
short term storage (LCOS -
levelised cost of storage) is 
estimated to be 1p/kWh. 

The LCOS for salt caverns is 
an estimated 0.5p/kWh. 

Hydrogen can be liquefied 
(LHG) and stored at -253°C 
with a density of 70.8 kg/m3. 
There is a significant energy 
penalty (circa 20%) which is 
higher than for LNG, however. 
LHG is suited to transporting 
hydrogen. 

Hydrogen can be converted 
into ammonia. If the ammonia 
is then used as the fuel, the 
LCOS is an estimated 5p/kWh.  
Ammonia has safety 
considerations that will limit 
its use to specific applications. 

Liquid organic carriers can 
also be used to transport 
hydrogen but are more 
expensive than using 
ammonia, although with 
lesser safety issues and able 
to be stored in standard ISO 
containers. 

Other storage solutions are 
in development. 

Distribution 

A variety of distribution 
methods are possible 
including pipelines, shipping 
and road, made more difficult 

by the low density of 
hydrogen and the safety 
issues associated with 
hydrogen. 

Hydrogen can be blended 
with natural gas up to 20% by 
volume in existing gas 
networks.  

Longer distance 
transmission can be by 
pipeline and ship.  Hydrogen 
gas and ammonia can be 
transported by pipeline, ships 
are limited to liquid fuels.  

Local distribution to the end 
user can be by pipeline or 
road: road being the most 
economic for short distances 
and pipeline for longer 
distances. 

Distribution can add 
significantly to the cost of 
hydrogen at the point of use.  

Uses of hydrogen 
Industrial use 

Hydrogen today is mainly 
used in oil refining, ammonia 
and methanol production and 
in iron and steel production. 

Low carbon hydrogen is an 
important opportunity for 
decarbonisation of these 
sectors. 

Carbon price increases are 
likely to make carbon capture 
economic in the near future.  
Hydrogen demand in iron and 
steel is likely to increase.   

High temperature heat 

Hydrogen has the potential 
to replace the use of fossil 
fuels for high temperature 
heat, but this requires a 
relatively high carbon price to 
be economic compared to the 
use of methane. 

Low temperature heat 

Hydrogen has a role for the 
generation of low 
temperature heat (domestic 
space heating) using existing 
gas distribution networks.  
The potential to generate heat 
and power with hydrogen at 
high efficiency in small fuel 
cells is an option. 

Hydrogen competes with 
heat pumps in this sector.  
The cost of heat from a heat 
pump supplied with 
renewable power at 16p/kWh 
is circa 5p/kWh which is lower 
than the expected cost of 
pure hydrogen.  Blended 

hydrogen (with methane) can 
compete on cost but will not 
achieve such a significant 
reduction in carbon emissions. 

Transport 

Hydrogen will be an option 
to decarbonise transport: 
road, rail, sea and air.  
Hydrogen provides a low 
carbon fuel and zero tailpipe 
emissions.   

Hydrogen fuel cell vehicles 
have a higher range than 
battery electric vehicles and 
are suited especially to trucks, 
vans and buses. Fuel cells for 
vehicles with storage 
currently cost around £200/
kW. 

For shipping, the use of 
ammonia generated from low 
carbon hydrogen would be 
competitive with higher 
carbon prices but the storage 
and space requirements (for 
fuels cells) are significant. 

mailto:insights@energyintelligentsolutions.com

