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scottish government draft hydrogen action plan

General considerations

While the goals and milestones set by the document are laudable, they will be 
difficult to achieve with the level of funding available and within the timelines 
that have been identified.

The RSE recommends that the Action Plan focus on delivering a few key outcomes
and de-emphasise or discontinue those objectives which may be less realistic or
yield fewer returns.

Forms and applications of hydrogen

While much has been made of hydrogen’s role in decarbonisation, in contrast to
much of Europe, Scotland does not currently inject any volume of hydrogen into
the gas network, which might be seen as a major missed opportunity, e.g. to 
provide early carbon reductions in domestic heating.

The RSE is much more in favour of Scotland prioritising green hydrogen 
production, with blue hydrogen acting as a potential ‘bridge’ as Scotland builds
its electrolysis capacity for green hydrogen production.

Multiple benefits make green ammonia a particularly useful application of green
hydrogen production and one which Scotland should prioritise.

If Scotland is to become competitive on the global hydrogen market, it should 
exploit unique domestic advantages - namely, an abundant offshore wind supply 
that equates to roughly 25% of the European total, extensive wave and tidal 
potential, and over 60% of the UK’s onshore wind capacity – to consolidate its 
position as a renewable energy powerhouse, making the pivot towards large-scale
green hydrogen generation more feasible. 

Renewable energy is intermittent and Scotland will need to take account of this
variability when forecasting the growth of the hydrogen sector. The availability 
of clean water supplies for electrolysis could also become an issue.
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Societal implications

While the concept of a just transition is sometimes seen as a future consideration,
the reality is that workers in carbon-intensive industries are in immediate need of
new opportunities. Tertiary providers need to act quickly to update their curricula
to reflect this evolving job market and produce well-trained and agile graduates 
that can move into these emerging sectors with ease.

There is a need to promote societal understanding and awareness of the benefits
and drawbacks of hydrogen and how it fits into and can enable the overall 
decarbonisation agenda.

Research and innovation priorities

There remains a need for more research in order to develop new, more affordable
materials and technologies to pave the way towards a thriving hydrogen system,
particularly within the challenging timeframe delineated by the Action Plan.
Building the supply chain and generation capacity must also take place in order 
to reach the tipping point towards achieving economies of scale.

Government spend on research and development has a catalytic effect in terms 
of galvanising the so-called ‘substrategic investment ecosystem’, helping to build 
the national skills base as well as the enterprise base, both of which will produce 
the innovations necessary to drive the sector forward.

Given the amount of available funding is limited, it is critical it is used to best effect.
Too often, research funding is allocated on a small-scale basis, resulting in a high
number of fragmented projects with limited impact rather than a few robust 
initiatives working synergistically to deliver meaningful innovation. 

Research funding should also be designated for appropriate, early, and extensive 
social science research into issues such as behaviour change, fuel poverty, and 
energy justice to understand how paradigm shifts in energy might be received.

Leveraging investment

Scotland must also ensure that the enterprise sector buys into its hydrogen 
ambitions and invests accordingly, which will simultaneously help to capture 
and retain this value within the Scottish economy.

Strategic partnerships focusing on the benefits of sector coupling are another 
mechanism by which Scotland can leverage investment.

The planning system is a key devolved power and one which can be utilised to 
fast-track the development of the hydrogen sector, as was the case with the wind 
energy sector in Scotland.
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Hydrogen Action Plan: A response 
to the Scottish Government
1 The Royal Society of Edinburgh (RSE), Scotland’s 

National Academy, welcomes the opportunity to 
respond to Scottish Government’s consultation 
on its Draft Hydrogen Action Plan. Hydrogen is 
rapidly emerging as a key area of interest for 
the RSE, reflected in the launch of its RSE 
Scotland-Germany Hydrogen Research Scheme1

(funded by Scottish Government) which aims 
to fund hydrogen research to inform relevant 
government policy objectives and its impending 
public engagement event Hydrogen, the new green
fuel – all your questions answered, hosted as part 
of its RSE Investigates series.2 The working group 
preparing this paper was comprised of Fellows and 
Young Academy of Scotland members, all of whom 
have significant knowledge of the renewable energy
and hydrogen space and occupy various roles 
across academia, industry, policy, and other sectors.
We would be pleased to discuss this response 
further with Scottish Government should they 
consider this useful.

Questions
1) To what extent do you agree with the roles 

that hydrogen may play in our future energy 
mix and the pace of hydrogen uptake as set out 
in the Hydrogen Economy: route map to 
2030 and 2045?

2 Hydrogen is a key component of the energy 
transition with fundamental economic and 
environmental opportunities for Scotland 
and the draft Action Plan is characterised by
a high degree of aspiration. While the goals 
and milestones set by the document are laudable, 
they will be difficult to achieve with the level 
of funding available and within the timelines 
that have been identified. This is worrisome 
in the context of the climate emergency which 
demands urgent and workable decarbonisation 
solutions. If hydrogen is to be a key component 

of Scotland’s move to net-zero, the nature 
and scale of its contribution must be made clear, 
particularly if Scotland is to engender the support 
of NGOs and the general public who may be 
reticent to accept hydrogen due to its perceived 
closeness to the fossil fuel industry. The speed 
of implementation of the actions should be 
considered in the context of an emergency and
lessons learned from the response to the 
COVID-19 crisis brought to bear. 

2) What are your views on the actions themes 
and key actions identified to support the 
development of the hydrogen economy over 
the next 5 years?

3 The Action Plan seeks to maximise the 
contribution that hydrogen could make to
Scotland’s economy across heating, transport,
export potential, and its potential contribution 
to decarbonising industry, irrespective of the 
relative difficulty of implementation and the 
benefit of doing so across the various sectors.

4 The RSE recommends that the Action Plan 
focus on delivering a few key outcomes and 
de-emphasise or discontinue those objectives 
which may be less realistic or yield fewer returns. 
Funnelling available funding into a few sustained 
initiatives – rather than diluting it across multiple 
small-scale projects – is a better allocation of 
comparatively limited resources and will hasten
the maturation of technologies along the 
Technological Readiness Level (TRL) scale to 
eventual commercial and practical application, 
helping to drive economies of scale across the 
entire spectrum of potential hydrogen uses. 
For example, the value of hydrogen for transport
is nine times higher than that for heat in terms 
of job creation, yet using hydrogen to decarbonise 
the domestic heating sector is often cited as a key 
initial objective.3

1 Royal Society of Edinburgh. (n.d.). RSE Scotland-Germany Hydrogen Research Scheme. 
https://rse.org.uk/funding-collaboration/award/rse-scotland-germany-hydrogen-research-scheme/ 

2 Royal Society of Edinburgh. (n.d.) Hydrogen, the new green fuel – all your questions answered. 
https://rse.org.uk/whats-on/event/hydrogen-the-new-green-fuel-all-your-questions-answered/ 

3 Smith, M.J., Alabi, O., Hughes, N., Dodds, P., Turner, K. & Irvine, J. (2017). The Economic Impact of Hydrogen and Fuel Cells in the UK. H2FC SUPERGEN. 
http://www.h2fcsupergen.com/wp-content/uploads/2015/08/J5214_H2FC_Supergen_Economic_Impact_report_WEB.pdf 
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5 While much has been made of hydrogen’s role 
in decarbonisation, in contrast to much of Europe, 
Scotland does not currently inject any volume 
of hydrogen into the gas network, which might 
be seen as a major missed opportunity, e.g. to 
provide early carbon reductions in domestic 
heating. Even a modest hydrogen-natural gas blend
in the grid could significantly reduce greenhouse 
gas emissions using existing infrastructure. It 
would also help to address any excess of hydrogen 
supply. The HyDeploy pilot at Keele University –
the first of its kind in the UK – successfully 
demonstrated how a grid-injected hydrogen project
might be undertaken, with the second phase of the 
pilot having commenced in August 2021 at 
Winlaton in the northeast of England.4

6 This consultation document was published 
just before the energy market was gripped by 
unprecedented price volatility. The shifting 
economics of the sector will undoubtedly have 
an impact on how the Action Plan can be delivered 
and underscores the risks of relying too heavily on 
blue hydrogen generation – which converts natural 
gas into hydrogen and relies on expensive and 
as-yet underdeveloped carbon capture and storage 
(CCS) technologies - to meet Scotland’s hydrogen 
ambitions. The cost of renewable energy, in 
particular offshore wind, has reduced significantly 
through economies of scale and this may well 
continue as technologies for floating wind farms 
mature and more sites are developed.

7 For these reasons, the RSE is much more in favour 
of Scotland prioritising green hydrogen production,
with blue hydrogen acting as a potential ‘bridge’ as 
Scotland builds its electrolysis capacity for green 
hydrogen production. However, in the context of a 
climate emergency and given the concerns of NGOs
and civil society organisations over the climate 
impacts of blue hydrogen, it is imperative that any 
use of blue hydrogen is tightly monitored and 
regulated and that associated CO2 emissions are 
captured and stored. It would be useful if the 
consultation document were to specify the relative 
proportion of the different forms of hydrogen 
(green, blue, grey, etc.) that are intended to make 
up the total future production capacity, the envisaged

timelines and work streams for each type of 
production, and their eventual practical applications.

8 It is unfortunate that the draft Action Plan 
makes limited mention of the potential for green 
ammonia – as derived from green hydrogen – to act
as an effective energy carrier and sustainable fuel 
source, particularly in the quest to decarbonise the 
shipping sector for whom emissions reductions 
have proven difficult.5 Green ammonia is also a key 
component of carbon-neutral fertilisers, which will 
only increase in importance as the earth contends 
with growing populations and climate change-driven
food insecurity. These multiple benefits make green
ammonia a particularly useful application of green 
hydrogen production and one which Scotland 
should prioritise. The launch of the UK’s first 
commercial green ammonia production facility
in Orkney, led by Eneus Energy, is a welcome 
development and should also provide a valuable 
case study of how hydrogen can be used to bolster 
island economies and contribute towards local 
energy security.

9 Once a domestic hydrogen market has been
established, Scotland aspires to become a net 
exporter of hydrogen, particularly to Europe. 
However, it must be recognised that Scotland 
will be competing with European counterparts 
such as France and Germany which have invested 
exponentially more funding into the development 
of their respective hydrogen markets and are eager 
to emerge as continental – if not global – hydrogen 
heavyweights. If Scotland is to become competitive, 
it should exploit unique domestic advantages –
namely, an abundant offshore wind supply that 
equates to roughly 25% of the European total, 
extensive wave and tidal potential, and over 60% 
of the UK’s onshore wind capacity6 – to consolidate 
its position as a renewable energy powerhouse, 
making the pivot towards large-scale green
hydrogen generation more feasible. Receiving 
markets may also be less likely to purchase blue 
hydrogen due to environmental considerations, 
further highlighting the superiority of green 
hydrogen in delivering Scotland’s hydrogen 
ambitions.

4 Keele University. (n.d.) HyDeploy. https://www.keele.ac.uk/sustainable-futures/ourchallengethemes/providingcleanenergyreducingcarbonemissions/hydeploy/ 

5 ICS. (2020). Catalysing the fourth propulsion revolution: The urgent need to accelerate R&D to deliver zero-carbon shipping by 2050. 
https://www.ics-shipping.org/wp-content/uploads/2020/11/Catalysing-the-fourth-propulsion-revolution.pdf 

6 As set out in Scottish Government’s Hydrogen Assessment 2020. Scottish Government. (2020, December 21). Scottish Hydrogen Assessment.
https://www.gov.scot/publications/scottish-hydrogen-assessment-report/ 
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Future climate considerations
10 Given the Scottish wind resource and the success 

of the recent ScotWind leasing round7 as a 
pathway to exploiting a significant fraction of this 
energy resource, large amounts of hydrogen could 
become available. This is despite the uncertainties 
raised by the 2021 wind drought across Europe. 
However, renewable energy is intermittent and 
Scotland will need to take account of this variability
when forecasting the growth of the hydrogen 
sector. Some of this variability could perhaps 
be addressed by looking to alternative energy 
sources to help power hydrogen production; in 
particular, Scotland’s hydro sector is in the midst 
of a resurgence with large-scale projects such as 
the Coire Glas and Cruachan 2 schemes set to 
increase storage capacity significantly.

11 On the topic of climate change, the availability 
of clean water supplies for electrolysis could also 
become an issue. Whilst Scotland has a reliable 
water supply, recent years have demonstrated how
Scottish reservoirs have become precariously low 
during protracted periods of drought. Much of 
the hydrogen investment is focused on the east 
coast, which is limited by surface water resources. 
Consideration should therefore be given to the 
provision of sustainable sources of water, which 
needs to be included within the Site Selection 
Studies. One important solution, in partnership 
with Scottish Water, is to explore the use of water 
discharged from Nigg Waste Water Treatment 
Works (WWTW).

3) In your view, is there any further action that 
we, or other key organisations (please specify),
can take to maximise the positive impacts 
and minimise negative ones on people, 
communities and businesses in Scotland 
in support of a just transition to net zero?

12 Scotland’s oil and gas workforce will need to be 
supported in transitioning to new jobs and the 
hydrogen sector may offer significant potential 
in this regard to provide fair and decent work. 
While the concept of a just transition is sometimes
seen as a future consideration, the reality is that 
workers in carbon-intensive industries are in

immediate need of new opportunities. Tertiary 
providers need to act quickly to update their 
curricula to reflect this evolving job market and 
produce well-trained and agile graduates that can 
move into these emerging sectors with ease. 
Encouragingly, Energy Skills Scotland have 
already begun to respond to these changing 
expectations at the college level as have a few 
other institutions such as Skills Development 
Scotland with a Climate Emergency Skills Action 
Plan. However, much more could and should 
be done.

13 There is a need to promote societal understanding
and awareness of the benefits and drawbacks of 
hydrogen and how it fits into and can enable the 
overall decarbonisation agenda. The sector’s close 
associations with the fossil fuel industry – as well 
as the belief among some groups that the wholesale
electrification of sectors such as transport is 
already the preferred option – have at times 
coloured public perceptions of hydrogen as 
propping up oil and gas or being a redundant 
alternative to electrification, when the reality 
is in fact much more nuanced. 

4) Are there further actions that could be taken 
by government or industry that you think 
would drive a reduction in the cost of 
hydrogen? Please provide evidence to 
support any suggestions.

14 There remains a need for more research in order 
to develop new, more affordable materials and 
technologies to pave the way towards a thriving 
hydrogen system, particularly within the 
challenging timeframe delineated by the Action 
Plan. As part of this, there should be a greater 
willingness to embrace and champion concepts at 
a lower rung on the TRL scale, recognising they 
can be the precursors to the sort of transformative 
innovation that will become vital to support the 
growth of the sector over the next decade. The 
Scottish Government’s Scottish Offshore Wind to 
Green Hydrogen Opportunity Assessment lists a 
key finding that ‘strategic investment in hydrogen 
transportation and storage is essential to 
unlocking the economic opportunity for Scotland’, 
an action we would endorse in accordance with 
our support for green hydrogen prioritisation.8
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7 Crown Estate Scotland (2022, 17 Jan). ScotWind offshore wind leasing delivers major boost to Scotland’s net zero aspirations. 
https://www.crownestatescotland.com/news/scotwind-offshore-wind-leasing-delivers-major-boost-to-scotlands-net-zero-aspirations 

8 Scottish Government. (2020, December 21). Offshore Wind to Green Hydrogen Opportunity Assessment. 
https://www.gov.scot/publications/scottish-offshore-wind-green-hydrogen-opportunity-assessment/ 
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15 Building the supply chain and generation 
capacity must also take place in order to reach 
the tipping point towards achieving economies 
of scale. Any projects should have a clear sense 
of their eventual application from the outset 
to avoid the proliferation of piecemeal projects 
that do little to develop the market – in other 
words, supply and demand considerations should
be embedded in the project design itself, and 
indeed in the development of the sector at large.

16 As mentioned under question 1, the gas market 
has been gripped by extreme fluctuations in price
and supply. Coupled with the fact that CCS has 
yet to be deployed on a large scale, this calls the 
economic feasibility of producing blue hydrogen 
relative to green hydrogen into question. 

17 Although economies of scale may lead to short 
term reductions in the cost of water electrolysers 
for green hydrogen, supply problems may 
develop if electrodes continue to be made from 
rare and expensive elements such as platinum 
and iridium. Development of electrolysers which 
use earth abundant elements in the electrodes, 
possible with clever localised electrode heating 
methods, could provide a major contribution to 
cost reduction. Efficient electrolysis of sea water 
to hydrogen and oxygen would also represent a 
step change in the technology.  

5) What are your views on the funding 
principles and scope of the Emerging Energy 
Technologies Fund? In your view, are there 
any eligibility and project assessment criteria 
we should consider as part of the Emerging 
Energy Technologies Fund?

18 Please note that our views on funding and 
priorities for research and innovation are 
encompassed in our response to question 6 
and apply equally to question 5.

6) In your view, what should be the priority 
areas of focus for the Hydrogen Innovation 
Fund over the next 5 years?

19 Government spend on research and development 
has a catalytic effect in terms of galvanising the 
so-called ‘substrategic investment ecosystem’, 
helping to build the national skills base as well as 
the enterprise base, both of which will produce 
the innovations necessary to drive the sector forward.

20 Given the amount of available funding is limited, 
it is critical it is used to best effect. Too often,
research funding is allocated on a small-scale 
basis, resulting in a high number of fragmented 
projects with limited impact rather than a few 
robust initiatives working synergistically to deliver
meaningful innovation. We would therefore 
strongly recommend that funding be prioritised 
according to those projects which are likely to 
make the greatest impact.

21 Research funding should also be designated 
for appropriate, early, and extensive social science 
research into issues such as behaviour change, fuel
poverty, and energy justice to understand how 
paradigm shifts in energy might be received. 
It will also be important in identifying some 
of the potential issues that consumers might face 
in the move towards a hydrogen economy and 
how these can be resolved in the interests of a just 
transition. If hydrogen is indeed to be used for 
domestic heating purposes, robust regulations to 
protect consumers are needed from the outset. 
As a final point, much of the economics of energy 
supply that we see are predicated upon the 
current costing model. The economics associated 
with a zero-carbon economy will almost certainly 
be very different and the RSE is concerned that 
not enough attention has been focused on this 
aspect.

22 Establishing hydrogen research chair 
appointments could help to raise the profile 
of the hydrogen research base and signal it 
as a priority area for further development, 
as well as helping to attract and grow a 
high-calibre research talent pool.

23 We would also like to see research engage with 
the development of standards and certifications 
for the sector. By building leadership capacity 
in this area, Scotland can position itself as an 
influential player in the global hydrogen field.
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24 We would like an indication of how the priorities 
of the Hydrogen Innovation Fund will be 
determined and transparency around approved 
funding decisions and whether the Fund itself 
will be subject to a public consultation. 
Establishing a committee or similar to oversee 
the Fund’s administration could help to ensure 
that funding decisions are strategic and that 
positive outcomes are maximised. 

7) What are your views on how we can use 
Scottish Government funding to leverage 
and encourage private sector and other
forms of investment?

25 It may be appropriate to centralise governance of 
the hydrogen sector within a single governmental 
department to ensure effective oversight and 
coordination. However, there would need to be 
strong lines of communication with relevant 
departments to prevent silos from forming. In a 
similar vein, having a single point of access to 
information about hydrogen developments
(covering opportunities, workshops, funding calls, 
and other pertinent topics) would be helpful.

26 Scotland must also ensure that the enterprise 
sector buys into its hydrogen ambitions and 
invests accordingly, which will simultaneously 
help to capture and retain this value within the 
Scottish economy. This is particularly critical as 
evidence from the oil and gas and the offshore 
wind sectors suggests that only a small proportion
of the corresponding value of these industries has 
been captured by the Scottish economy. Given the 
steep capital investments that underpin the Action
Plan’s vision, significant enterprise investment 
will indeed act as a critical enabling force as well 
as helping to drive and situate demand. The 
enterprise sector needs to see hydrogen as an 
opportunity worth pursuing, one which will 
increase in direct proportion to the extent to 
which hydrogen is promoted as an answer to the 
net-zero challenge. Unless this key economic base 
is engaged, it will be difficult to secure the level of 
support necessary to build the hydrogen system 
that Scotland is envisioning.

27 Strategic partnerships focusing on the benefits 
of sector coupling are another mechanism by 
which Scotland can leverage investment. To give 
an international example, the Danish government
has set up thirteen joint public-private climate 
partnerships which are incentivised via a variety 
of measures to invest in the local supply chain.9

Each partnership represents a different coalition 
of business interests whose investments are 
strategically aligned to maximise impact. 
Similarly, the Danish government has served 
to facilitate the development of a £24 billion 
offshore energy hub by using its existing levers 
to promote favourable investment conditions, 
such as by streamlining procurement, accelerating
the consenting process, and welcoming pension 
funds and other major investors.10 Securing 
large-scale industry investment can in a sense
be self-perpetuating as the commitment of 
highly visible and influential organisations instils 
confidence in other potential investors.

28 Edinburgh Airport’s recent partnership with 
Ørsted is a positive local example of sector 
coupling partnership working with longevity, 
with Ørsted supplying the airport with 
sustainable technologies – including hydrogen 
fuels – to meet its 2040 net-zero vision.11 Going 
back to our point about the potential of green 
ammonia, the announcement of Europe’s largest 
CO2-free green ammonia production facility in 
Esbjerg on the west coast of Denmark is yet 
another example of successful sector coupling.12

29 The planning system is a key devolved power 
and one which can be utilised to fast-track the 
development of the hydrogen sector, as was the 
case with the wind energy sector in Scotland. 
In recognition of their centrality to achieving 
net-zero commitments, planning consents for 
hydrogen projects should be rationalised so they 
do not hinder potential investment. The current 
consultation on the draft National Planning 
Framework 4 could represent an opportunity to 
address this issue.13

9 State of Green. (2019, November 13). 13 climate partnerships will support the Danish government in reaching the green targets. 
https://stateofgreen.com/en/partners/state-of-green/news/13-climate-partnerships-will-support-the-danish-government-in-reaching-the-green-targets/ 

10 BBC. (2021, February 4). Denmark to build first ‘energy island’ in North Sea. https://www.bbc.co.uk/news/world-europe-55931873 
11 Edinburgh Airport. (n.d.). Airport partners with Ørsted to meet its 2040 net-zero vision. 

https://corporate.edinburghairport.com/media-centre/news-releases/airport-partners-with-orsted-to-bring-sustainable-air-travel-to-the-uk 
12 Biogradlija, A. (2021, February 23). CIP to build Europe’s largest green ammonia facility. Industry and Energy Platform. 

https://www.industryandenergy.eu/biobased-economy/cip-to-build-europes-largest-green-ammonia-facility/ 
13 Scottish Government. (2021, November 10). Scotland 2045 - fourth National Planning Framework - draft: consultation. 

https://www.gov.scot/publications/scotland-2045-fourth-national-planning-framework-draft/ 
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Any enquiries about this advice paper should be addressed to Daria Tuhtar  (dtuhtar@therse.org.uk).

Responses are published on the RSE website (https://www.rse.org.uk/) 
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