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1. Special Issue: Decarbonising Heat:
hydrogen and Green Gas
Introduction
Energy and Clean Growth minister Claire Perry has been speaking about the "huge" potential of
hydrogen as a low carbon fuel, and the need to bring forward policy support as soon as possible
to back technologies that can bring about deep emissions cuts by 2050. (1)
According to a new study carried out by consultancy Element Energy & E4tech for the National
Infrastructure Commission the cumulative additional cost of decarbonising the UK's heating
system by 2050 could be as high as £450 billion. The research concludes that all options for heat
decarbonisation are “significantly more costly” than continuing with the status quo. But its
central cost assumption is that the additional costs of heat decarbonisation will work out at
£120bn to £300bn. The study estimates that the average annual cost of heating per household
will be £100 to £300 higher in 2050 than in the status quo. The study says that these figures for
increased costs have to be placed in the context of the wider growth of the economy, which it
expects to triple in size by the middle of this. However, a comparison of the main pathway
options finds that re-purposing the gas grid to deliver low carbon hydrogen – if this option can
be delivered safely and at scale – is the lowest cost option under most scenarios studied and
cheaper than switching to mainly electric heating. (2)
In fact a new analysis by Berlin-based Energy Brainpool shows that Hydrogen produced from
surplus wind and solar energy can become cheaper than natural gas by the 2030s.
Technological advancements such as the mass production of electrolysers will lead to
economies of scale and enable lower capital expenditure. Meanwhile, the higher penetration of
wind and solar power in the grid will allow for excess renewable energy to generate storable
hydrogen. (3)
The UK’s Clean Growth Strategy (4) sketches out two starkly contrasting scenarios for 2050 for
heat and transport: an electric future and a hydrogen future. The Strategy makes no definite
decisions about which pathway to aim for are made.
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The electric scenario would require gas boilers to be replaced by technologies such as smart
storage heaters and heat pumps. The hydrogen pathway would require a big increase in the
supply of low carbon gas including biogas (from anaerobic digestion), and hydrogen. Hydrogen
gas can be produced through electrolysis from renewable electricity (green hydrogen), or via a
process called Steam Methane Reforming (SMR) combined with Carbon Capture and Storage
(CCS), which is often described as ‘unproven technology’.
Two major studies (5) have compared converting the gas grid to deliver low carbon hydrogen
with the electrification of heating. Both have concluded that the hydrogen pathway is the lowest
cost option by a long way. However, there is greater uncertainty over hydrogen. This is not just
uncertainty about cost but uncertainty about whether hydrogen can be delivered safely to
millions of buildings. In addition, cost-effective hydrogen heating is highly likely to be reliant on
carbon capture and storage (CCS), which is also as yet unproven, and carries substantial cost
uncertainty. Furthermore, the hydrogen option would require the highest level of state
intervention and central planning of all the options. (6)
Scottish and Southern Gas Networks (SGN) makes clear there is still work to be done to
demonstrate that gas networks can be converted to hydrogen in a safe and secure manner. For
instance SGN will be working on small-scale conversion demonstration projects from about
2021 – 2025. This will be about, amongst other things, proving safety in domestic properties.
Then it will move on to a more medium scale conversion in 2029.
The UK Government’s Clean Growth Strategy says work is needed in this Parliament to set up
decisions in the first half of the next decade about the long term future of heat. “At present, it is
not clear which approach will work best at scale and offer the most cost-effective, long term
answer.”
National Grid wants to see active experimentation now to demonstrate and de-risk various
pathways to inform and deliver clear policy decisions in the early 2020s. So it wants clarity on
the Government’s preferred pathway as soon as possible. It also wants to see the establishment
of a UK-wide heat oversight body which would coordinate the right time to commence
engagement with the consumer on heat decarbonisation.
The UK Government has commissioned research into different heat demand scenarios, the use
of hydrogen, what changes might be needed to the electricity grid in response to large scale
uptake of heat pumps, the role that bioenergy might play in decarbonising heat and
international activity. A full report on the review of the evidence should be published by
summer 2018.
In the absence of a final decision on the decarbonisation of the gas grid there are a number of
low or no regrets options which can be implemented:


Energy efficiency measures, for instance, will need to be carried out whichever pathway
we chose. In fact, for a heat pump-led pathway, deeper efficiency retrofits, dominated by
further solid wall and floor insulation measures, will be a pre-requisite to render up to 4
million buildings suitable for heat pump heating.
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All of the UK Clean Growth Strategy scenarios assume that 17% of domestic heat
demand will be provided by district heating networks by 2050.



Developing anaerobic digestion to produce biomethane should also continue.
Biomethane can always be used to generate electricity if the use of the gas grid is phased
out.



Similarly, hydrogen generated by using surplus renewable electricity for the electrolysis
of water, can always be used to generate electricity or to power vehicles.



Biomass heating from sustainable sources in off-gas grid areas also represents another
low regret opportunity.

The Electricity Pathway
Iain Conn, chief executive of Centrica, told the Utility Week Energy Summit conference in 2016
that Government plans to electrify domestic heating and encourage a switch away from gasfired boilers and radiators are "mad". (7) The UK’s National Policy Statement on Energy,
published in July 2011, said much of our heating will need to be electrified if we are to reduce
emissions of greenhouse gases by 80% by 2050. Along with electrification of vehicles this is
likely to lead to at least a doubling of electricity demand by 2050. (8) Nearly 70% of all of the
UK's space heating comes from natural gas, contributing about a third of the nation's total
greenhouse gas emissions. The majority of domestic heating is provided by gas-fired boilers,
with only 7% of homes using electric heating.
The gas networks deliver three times the energy delivered by the electricity networks. During
2016/17 the total UK gas demand across the year was 884TWh compared to 284TWh of
electricity demand over the same period. A future without gas would require significant changes
to be made to meet the needs of domestic heating, industrial uses of gas and balancing the
electricity system. National Grid says it can identify “no credible scenarios without gas due to the
many roles that it plays across the UK economy.”
Peak electricity demand is currently up to 60 GW, but peak winter heat demand is 350 GW.
Providing for this demand for heat via the electricity system would place enormous strains on
the network. The current UK distribution network could not cope and would require expensive
upgrades. If gas for domestic heating were phased out we would need to be converting 20,000
homes every week, from 2025 to 2050, to electric heating. Even if this were dominated by heat
pumps it would be significantly more expensive than gas based systems for consumers. (9)
Former MP, Mike Foster, writing in the Green Gas Book produced by the former Parliamentary
Labour Party Energy and Climate Change Committee, asks why we would want to ditch the UK’s gas
distribution grid, developed over many years and only recently upgraded with new pipes. Surely it
makes more sense to see how we can make the gas “green”. The Green Gas Book is a series of essays
exploring the development of “green gas” (or more accurately, “green gases”), written by experts in
the field. It looks at the range of those green gases – biomethane, hydrogen, bio-substitute natural gas
(bioSNG) and biopropane – their uses, benefits and potential challenges in their application. While no
one of these green gases is the perfect solution, we may think of them as “10% solutions,” which,
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together with developments such as district heating schemes, would go a long way towards helping us
decarbonise the heat sector. (10)

Source: Dr Robert Sansom. UKERC. National half hourly heat demand is shown in red; half hourly
electricity demand is shown in grey.
Alan Whitehead MP points out that the additional electricity capacity required to electrify
heating would be enormous. And there would be huge variation in the daily and seasonal
demand. Foster says peak heat demand would require the equivalent of an additional 30
nuclear power stations and the UK’s current distribution network would require a significant
upgrade. Studies suggest that around 80% of households would require financial assistance to
change their heating system.
The doubling (or even tripling) of electricity demand discussed in the July 2011 UK National
Policy Statement on Energy (11) was the only option suggested for decarbonising heating and
transport. With the publication of the UK Clean Growth Strategy and the Scottish Government’s
Energy Strategy (12) there appears to be a greater willingness to investigate decarbonising the
gas grid instead of relying on wholesale electrification.

Decarbonising the gas grid
Switching the gas grid to “green gas” – hydrogen or green methane - would have several big
advantages. For instance the gas grid could then be used to store energy for weeks or even
months beyond what lithium-ion batteries can manage. As with electricity, Hydrogen can also
be used to power vehicles via a fuel cell.
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Batteries are increasingly being used to store surplus electricity generated at times of the day
when demand is low so that it can be used at times of the day when demand is high. But
batteries will tend to go flat if the electricity isn’t used within a few weeks. Hydrogen, however,
can be stored indefinitely in tanks. That would allow, for example, voltage collected from solar
panels in the summer to be used in winter. (13)
Renewable energy sometimes has to be ‘constrained’ because there is too much power to make
use of – on a windy, sunny day for example. This can mean that we are paying renewable
operators to turn off their renewable generators. This excess renewable power could be used to
drive electrolysis, separating water into its component hydrogen and oxygen elements using a
technology, known as Power to Gas (or P2G). The hydrogen captured can then be fed into the
gas grid, or used in natural gas power plants or fuel cells to make electricity. Industrial plants
like oil refineries can also use hydrogen for chemical processes. Hydrogen could also be
combined with carbon dioxide to make methane. (14)
There is now even talk of converting electricity from offshore wind farms into hydrogen on
artificial energy islands in the North Sea. This is an indication of the growing realisation that
large scale supply stabilisation using electrolysis will be cheaper than using batteries. (15)

What is Green Gas?
There are several different types of low carbon gas.
Biomethane is the gas captured from waste – usually by anaerobic digestion. Some Anaerobic
Digesters, such as the Shawfair plant in Midlothian which takes its feedstock from Edinburgh
and Midlothian council food waste collections, convert the gas directly to electricity. (16) In
other cases, such as Severn Trent Water which generates methane from sewage, the gas is
cleaned up and injected into the gas grid. Injecting biomethane into the grid is more energy
efficient than using the gas to generate electricity. Around 90% of energy is retained through
grid injection, but just 65-70% when combusted to generate electricity. SGN claims to be the
first gas distribution company to inject biomethane into the network at Didcot in Oxfordshire. It
is also a partner in Scotland’s first biomethane production facilities in Coupar Angus, Perth and
Girvan, South Ayrshire. Altogether the company is providing the equivalent of 180,000
households with gas produced by anaerobic digestion. (17) Some 2TWh/yr was injected into
the gas grid by the end of 2015. According to National Grid by 2017 there were just over 80
biomethane connections to the grid providing about 0.2% of gas (18) In 2012 Alan Whitehead
MP calculated that utilising much of the UKs biodegradable waste for Anaerobic Digestion could
supply about 10% of the country’s domestic gas requirements (5% of total UK gas demand) –
about the same as might be supplied by fracking – but at a fraction of the cost. (19)
Bio-Substitute Natural Gas (BioSNG) is a methane based gas created from waste materials
usually sent to landfill or incineration. The process involves heating the waste to a very high
temperature. Studies by National Grid suggest that 100TWh/yr could be generated in this way.
(20) National Grid Gas Distribution is developing a demonstration plant in Swindon. (21)
Hydrogen produced from methane using Steam Methane Reforrning (SMR). This would require
Carbon Capture and Storage (CCS) to be available to qualify the product as a “green” gas. Many
are sceptical that carbon capture technology will be available in the near future. Mark Wheeldon
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Project Manager, Hydrogen 100 project forSGN, is confident that it will be. He is clear that it will
not be possible to produce enough hydrogen to supply all gas demand without SMR.
Hydrogen produced by electrolysis using renewable electricity. There are now around 40
electrolyser or Power to Gas (P2G) projects in Europe. An EU study has backed the financial
viability of P2G, with much of the value coming from grid services. (22) Hydrogen produced
from P2G can be used to offset the variability of renewable energy production, such as from
offshore wind. An industrial-scale power-to-gas project is being planned in Belgium which will
convert green electricity from offshore wind into hydrogen that can be transported and stored
in Belgium’s natural gas infrastructure. (23)P2G is primed for significant growth in coming
years as demand for clean hydrogen grows, electrolyser capital costs fall, and cheap renewable
energy bathes the grid. Many commentators believe it will be the key to grid stabilisation in
systems with an increasing contribution from intermittent renewables. Research and
development into using hydrogen an energy source and storage medium which allows
electricity to be stored for weeks and months beyond what lithium-ion batteries can manage is
being backed by some big energy companies including Shell and Uniper (formerly part of Eon)
as well as carmakers BMW and Audi. (24)

Hydrogen Research and Development
National Grid's gas network spin-off Cadent Gas and Northern Gas Networks are planning to
inject hydrogen directly into the natural gas grid in partnership with Keele University. The
Hydeploy consortium plans to inject enough hydrogen to fill 20% of the gas grid, before rolling
out the project across larger areas. Blending hydrogen across the whole of the U K could save
6m tons of carbon every year. The project will involve 130 homes and businesses. (25)
National Grid’s report on the Future of Gas (26) calls for fast-tracked carbon capture funding to
help develop low-carbon gas sources such as hydrogen produced by SMR. Leeds City Council
has already taken steps to convert the gas grid to run on hydrogen, rather than gas and similar
plans are afoot to create a “hydrogen cluster” in Manchester and Liverpool. National Grid wants
pilot projects to be identified in order to begin undertaking full studies by the early 2020s and
be operational by the mid-2020s. (27) In Scotland SGN is looking at creating its first Hydrogen
networks at Levenmouth, Machrihanish and around the Aberdeen Conference Centre.
Some environmentalists, however, believe that hydrogen may have only a limited role because
even with CCS using methane could still create significant fugitive carbon emissions at source.

The Cost of Decarbonising Heat
A report by KPMG published in 2016 puts the cost of decarbonisation through conversion to a
form of decarbonised gas (including hydrogen) at about a third of the estimated £300bn cost of
full electrification.
A more recent study by Element Energy and E4Tech for the National Infrastructure Commission
concluded that the cumulative additional cost of decarbonising the UK’s heating system by 2050
could be as high as £450 billion. It said all options for heat decarbonisation are “significantly
more costly” than continuing with the status quo, but under the worst case assumption in the
study, the additional cost could be as high as £450 billion. Its central cost assumption is that the
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additional costs of heat decarbonisation will work out at £120 to £300 billion. The study
estimates that the average annual cost of heating per household will be £100 to £300 higher in
2050 than in the status quo. However, a comparison of the main pathway options finds that
re-purposing the gas grid to deliver low carbon hydrogen – if this option can be delivered
safely and at scale – is the lowest cost option under most scenarios studied.
The study says that these figures for increased costs have to be placed in the context of the
wider growth of the economy, which it expects to triple in size by the middle of this century
based on anticipated average GDP growth of 2.3% per annum between now and then. Based on
these figures, it estimates that the total cost of heating will represent a ‘substantially smaller
share’ of GDP than in 2015.

Generating Hydrogen from renewables
P2G has already surpassed its 2020 cost reduction target set by the European Union. Sheffieldbased ITM Power has been quietly building a global market in hydrogen technology, making
electrolysers that convert electricity to hydrogen. The Company says its P2G product is now half
the price it was just a few years ago. The firm’s work in Germany – where it has two groundbreaking projects – shows that not only is the process possible, it’s pretty much commercially
viable. P2G can turn surplus renewable electricity, which would otherwise go to waste into
hydrogen, which can be used at any time in a number of ways. (28)
The hydrogen gas produced can be used as it is - to fuel vehicles for instance or it could also be
turned back into electricity and fed into the grid when demand is high. This would allow solar
electricity to be used at night or in the winter for instance. Alternatively hydrogen could be
injected it into the gas grid, as has been done in Germany for years, but there are technical limits
to how much hydrogen can be added to the natural gas network – currently about 5 to 10%.
Finally hydrogen can be mixed with carbon dioxide (captured from industrial or fossil fuel
facilities even) to make a synthetic natural gas. This can also be done by feeding the hydrogen to
microbes which then combine it with carbon dioxide and excrete methane. (29)
Hydrogen energy storage systems can have lower capital costs than lithium-ion batteries for
discharge durations of more than about 20 hours. Electrolysers can also ramp production up or
down quickly – ideal for a system with lots of intermittent energy. Electric utilities are gradually
beginning to recognise the value P2G can bring to their grid, and gas utilities are beginning to
recognize hydrogen as a potentially significant fuel of the low carbon future. The longer-term
vision of companies like Engie and others is to generate hydrogen where cheap renewables
exist, and export it to demand centres. Generating hydrogen from renewables can be a win-win
for energy systems across the globe. (30)

Reduced imports of gas
Another factor to be weighed in the balance is the increased energy security resulting from
reduced reliance on imported gas. The researchers estimate that a combination of energy
efficiency measures could deliver savings of nearly 130 TWh per annum, equating to more than
a quarter of total electricity demand. (31)
Total UK Gas Demand in 2016 was 896.5TWh
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Of this 297.6TWh was used in power stations and 26.1TWh for ‘other transformation’ and
63.2TWh lost in transmission and energy industry use.
This means total Heat Demand (industrial, commercial and domestic) is just over 500TWh


Low cost efficiency measures could save 30TWh



Medium cost efficiency measures could save 100TWh



Heat networks could provide 50-125TWh (It’s worth noting that 17% of domestic heat
demand is provided by district heating in all Clean Growth Strategy scenarios.)



Biomethane could provide around 40TWh. (32) (Ecotricity claims that by 2035 almost
all homes in Britain could be heated by green gas produced by anaerobic digesters fed
by grass (33))



A report from Cadent found that black bag domestic rubbish, alongside agricultural
waste, energy crops, food waste and sewage, could generate up to 183TWh of
biomethane. (34)

So Hydrogen from SMR and electrolysis might be expected to provide only around 62-280TWh.
The majority of the heat demand – associated in particular with the share of the >22 million
existing buildings on the gas grid in areas less well-suited to heat networks – will need to be
decarbonised through other means. This will require decisions to be made on whether the
demand will be met through a low carbon electricity grid, a low carbon gas network or a
combination of the two in a hybrid approach. This decision will have an important impact on the
nature of the future electricity system, and on the ongoing viability of the gas distribution
system.
The Element Energy Report concludes that: “A comparison of the main options finds that repurposing the gas grid to deliver low carbon hydrogen – if this option can be delivered safely and
at scale – is the lowest cost option under most scenarios studied. However, there is greater
uncertainty over the hydrogen option compared with the electrification and hybrid options. This is
not simply an uncertainty in cost terms but a ‘stop-go’ uncertainty, since the safe delivery of
hydrogen to millions of buildings remains, as yet, unproven. Cost-effective hydrogen heating is
highly likely to be reliant on carbon capture and storage (CCS), which is also as yet unproven, and
carries substantial cost uncertainty. Furthermore, the hydrogen option would require the highest
level of state intervention and central planning of all the options.”

Hydrogen Projects
The Levenmouth Community Energy Project – led by Bright Green Hydrogen (BGH) in
Methil, Fife – is a collaborative initiative supported by Fife Council and Toshiba. This facility is
demonstrating how hydrogen can be derived from a renewable turbine and solar resources. It is
the first project of its kind in Scotland to use green hydrogen to fuel a fleet of hybrid/electric
vans. (35)
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Some of the hydrogen is used to run a fleet of 17 low-emission refuse trucks and vans, while the
rest is stored in fuel cells and can be called upon to generate low-carbon electricity when output
from the renewables devices is poor. A ‘smart’ microgrid controls how much hydrogen gets
stored and how much is converted into power to supply businesses. As well as commissioning
two specially adapted dual-fuel bin lorries, the scheme aims to help local firms boost their
environmental credentials by offering a range of hydrogen-powered vehicles for hire. (36)

Aberdeen Bus Project
In 2017 an international summit on hydrogen was held in Aberdeen to bring together bus
operators and re-fuelling companies to present study findings of large scale hydrogen refuelling. The event showed the economic benefits of hydrogen to the area. Key industry and
public sector players have joined forces to fund and deliver the World's largest demonstration
of hydrogen fuel cell buses in Aberdeen. The project will deliver a hydrogen infrastructure in
Aberdeen, including: (37)


Production of hydrogen from a 1MW electrolyser - supplied by Hydrogenics;



Establishing a state-of-the-art hydrogen refuelling station, Scotland's first commercialscale hydrogen production and bus refuelling station that will include hydrogen
production through electrolysis;



Deployment of a fleet of 10 hydrogen buses, to be operated by First Group and
Stagecoach;



The development of a hydrogen safe maintenance facility, within an operational fleet
maintenance depot;

The buses will only emit water vapour, reducing carbon emissions and air pollution, as well as
being quieter and smoother to run. (38)
The Orkney island of Eday will draw excess power from a community wind turbine and
surplus tidal power from Orkney’s European Marine Energy Centre to produce hydrogen to
provide auxiliary power for vessels in Kirkwall harbour and ultimately CalMac ferries serving
Scotland’s islands. The hydrogen will be shipped to Kirkwall harbour – a distance of about 20
miles –and fed into a hydrogen fuel cell to provide auxiliary power for vessels in the
harbour. (39)
€9.3million has been awarded by the European Union’s Horizon 2020 research and innovation
fund towards the project. The last remaining shipbuilder on the lower Clyde, Ferguson Marine
Engineering Ltd (FMEL), has successfully led a European consortium to win a bid for EU funding
to build the world’s first hydrogen powered ferry. The vessel named HySeas II and the project
will formally begin on the 1 July 2018. It will initially operate in and around Orkney and the fuel
produced from renewable electricity marks a shift towards entirely emissions-free marine
transport. (40)
At the end of August 2017, researchers in Orkney announced they had generated hydrogen
using electricity from tidal arrays at the European Marine Energy Centre (EMEC). Researchers
at the site believe it is the first time tidal power has produced hydrogen anywhere in the world.
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The team used power from the tidal energy test site at Orkney to fuel an electrolyser provided
by hydrogen firm ITM Power, which uses electricity to split water into hydrogen and oxygen.
The project was bankrolled with £3m in funding from the Scottish government. Neil Kermode,
managing director of EMEC, said the production of hydrogen marked a “tremendous milestone”
for the team involved. |(41)
At the official opening of the Orkney hydrogen energy project a partnership of Orkney Islands
Council and the Orkney Renewable Energy Forum released a Sustainable Energy Strategy for
Orkney. The strategy sets out five key goals:


The achievement of ambitious carbon reduction targets;



The reduction and eradication of fuel poverty;



Positioning Orkney as the globally recognised innovation region to develop solutions for
the world’s energy systems challenges;



Ensuring a secure energy supply during transition to a low carbon future, and



Maximising economic opportunity and investment in Orkney. (42)

Conclusions
Heat will need to be largely decarbonised by 2050. Total UK gas demand for heat is currently
around 500TWh. Decarbonising via electrification is likely to be the most expensive way of
doing it. A hydrogen pathway would be cheaper. Providing electricity for winter demand peaks
would place enormous strains on the electricity network. The current UK distribution network
could not cope and would require expensive upgrades.
Yet the UK’s gas distribution grid, developed over many years, has only recently been upgraded
with new pipes - why we would want to ditch it? Surely it makes more sense to see how we can
make the gas “green”. Converting the gas grid to hydrogen makes a lot of sense.
Hydrogen gas can be produced through electrolysis from renewable electricity (green
hydrogen), or via a process called Steam Methane Reforming (SMR) combined with Carbon
Capture and Storage (CCS). According to the gas industry it would not be possible to provide all
of the gas needed through electrolysis. Cost-effective hydrogen heating is highly likely to be
reliant on carbon capture and storage (CCS), which is also as yet unproven, and carries
substantial cost uncertainty. And there is still uncertainty about whether hydrogen can be
delivered safely to millions of buildings.
In the absence of a final decision on the decarbonisation of the gas grid there are a number of
low or no regrets options which can be implemented:
However, while research and demonstration projects are carried out there are a number of low
and no regrets policies which can be pursued including:


Energy efficiency measures, which could save around 130TWh



District heating networks could provide 50-125TWh by 2050.
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Biomethane produced by anaerobic digestion and BioSNG could provide around
183TWh.



Power to Gas projects can continue to be developed. Any hydrogen generated using
surplus renewable electricity for the electrolysis of water, can always be used to
generate electricity or to power vehicles.



Biomass heating from sustainable sources in off-gas grid areas also represents another
low regret opportunity.

The National Grid’s report on the Future of Gas points out that a “combination of solutions” is
expected to develop to decarbonise heat. Hydrogen is, however, “gaining momentum”. It looks as
though it will only be called upon to contribute around 100 -300TWh. Although the gas industry
claims that hydrogen produced by electrolysis won’t be able to provide all the energy required,
quantities produced in this way can be maximised so we are not left with no alternative to
electrification should carbon capture and storage fail to be developed as expected.
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