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A 1 . 1  D E S C R I P T I O N  O F  S C O T T I S H  H Y D R O G E N  P R O J E C T S

NO. PROJECT NAME PROJECT DESCRIPTION

01 Project Acorn1 Project Acorn comprises of two elements: a hydrogen product ion plant and a CCUS storage faci l i ty, 
which is expected to be the f i rst in the UK. The product ion plant wi l l  be a 200 MW low carbon 
hydrogen plant using Johnson Matthey technology, which wi l l  b lend hydrogen into the Nat ional 
Transmission System at St Fergus. Blending into the gas network wi l l  start at 2% and increasing 
to 100% conversat ion of the local network (Aberdeen and Moray),  ul t imately decarbonising the gas 
at St Fergus Gas Terminal and providing hydrogen for power generat ion. The CCUS transport and 
storage faci l i ty wi l l  make use of three redundant pipel ines (Mi l ler Gas Pipel ine, Goldeneye Pipel ine 
and At lant ic Pipel ine) and wi l l  del iver a CCUS project, to sequestrate carbon dioxide from mult iple 
sources, expected to be St Fergus Gas Terminal,  Peterhead Power Stat ion and Grangemouth 
Industr ia l  Cluster (v ia the NTS pipel ine).  The project is current ly at pre-front end engineer ing design 
(FEED) stage and has recent ly received government funding of £2.7 m via the UK Government’s 
Hydrogen Supply Programme to support i ts progression as wel l  as addit ional support from the 
Scott ish Government’s Energy Transit ion Fund.

02 Hydrogen Offshore 
Product ion Project2

The Hydrogen Offshore Project (HOP) is explor ing how exist ing North Sea O&G infrastructure in 
the Orkney is lands could be used to deploy a low carbon hydrogen demonstrat ion project using 
the Flotta Oi l  Terminal.  So far, the project has considered how a var iety of hydrogen product ion 
technologies could be suitable in an offshore sett ing that would sit  at the heart of an Orkney 
Hydrogen Hub, specif ical ly Steam Methane Reforming (with CCUS), Gas-to-Graphene, PEM 
Electrolyser and Alkal ine Electrolyser. The project is current ly invest igat ing viable technology 
solut ions and business cases whi lst a lso developing a test s i te.

For the feasibi l i ty study, the project received £500k in funding the f i rst round from the UK 
Government’s Hydrogen Supply Programme but was unsuccessful  in the second round and is now 
invest igat ing alternat ive funding routes to support test ing.

03 Surf ‘n’ Turf3 The Surf ‘n’ Turf project has del ivered a 500 kW green hydrogen product ion faci l i ty in the Is le of 
Eday. The hydrogen is produced using t idal power from turbines at EMECs test and demonstrat ion 
site and the Eday Renewable Energy community’s 900kW wind generat ion. The hydrogen is stored 
and transported to a fuel cel l  in Kirkwal l  for local ferr ies. During development, the project received 
£1.46 m for construct ion funding from Scott ish Government’s Local Energy Chal lenge Fund.

04 Dolphyn ERM4 Project Dolphyn is explor ing the possibi l i ty of using Deepwater Offshore assets to generate Local 
Product ion of Hydrogen. The project wi l l  use 4 GW f loat ing offshore wind technology to generate 
green hydrogen for 1.5 m homes. In i t ia l ly,  the asset wi l l  be a demonstrator with a capacity of 2 MW 
and expanding to 10 MW as the next phase. An in i t ia l  feasibi l i ty study has been undertaken and 
the project is now undertaking detai led design and securing consents for a f inancial  investment 
decis ion in 2021. ERM received approximately £430k of funding for the project from the UK 
Government v ia the Hydrogen Supply Competit ion.

05 Grangemouth57 The Caledonia Clean Energy Project5 invest igated the possibi l i ty of producing hydrogen as part of 
the larger CCUS act iv i t ies on the Grangemouth site. The project looked at using the exist ing Feeder 
10 pipel ine to transport captured carbon away from Grangemouth and towards St Fergus. The 
produced hydrogen would be used to meet industr ia l  demands onsite as wel l  as potent ia l  transport 
demands in the local area.

06 Chapelcross The Chapelcross nuclear power stat ion ceased energy generat ion in 2004 and the site is in 
the process of being decommissioned. Current about 60 ha of the 200 ha site is avai lable for 
development with signi f icant ly more becoming avai lable over the next decade, with the f inal 
c lear ing process scheduled for between 2090 and 2095. The Chapelcross Transformation 
Programme is current ly invest igat ing a number of opt ions for development at the large site, 
including the potent ia l  for a hydrogen product ion site. 

07 Green Hydrogen for Scot land A partnership between Scott ish Power Renewables, BOC and ITM Power to provide a green 
hydrogen product ion and refuel ing faci l i ty located on the outskirts of the city. This wi l l  be powered 
using both solar and wind to power a 10MW electrolyser. This project is aiming to del iver green 
hydrogen into the commercial  market by 2022.

08 H1006 The H100 project aims to bui ld a 100% hydrogen network to supply 300 homes with green 
hydrogen, a world f i rst.  The project is current ly invest igat ing the commercial  and technical 
feasibi l i ty,  f ront-end engineer ing designs, and explor ing two possible locat ions for the network: 
Levenmouth in Fi fe and Machrihanish in Argyl l .  Alongside this, SGN are developing safety and 
evidence case for a hydrogen network, consider ing operat ional procedures, hydrogen logist ics, 
meter ing and appl iance val idat ion, odorant and gas detect ion and commercial  arrangements. SGN 
have received funding from Ofgem’s network innovat ion al lowance (NIA) scheme as wel l  as recent 
funding from the Scott ish Government.

Table 1: Descript ion of the Scott ish hydrogen projects
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09 LTS Futures – Grangemouth 
to Granton7

This SGN lead project invest igated the technical and regulatory issues with using exist ing pipel ines 
to transport hydrogen through the local transmission system (LTS). This study found that 91% of 
SGN’s local transmission network would l ikely be capable of moving hydrogen.

10 Aberdeen Vis ion SGN, alongside partners Nat ional Grid, Pale Blue Dot, ERM and DNV-GL, are aiming to in ject 
2% hydrogen into the gas network in order to determine whether this is commercial ly v iable. The 
project would use blue hydrogen produced at St Fergus Gas Terminal and involved in ject ion into 
the distr ibut ion network throughout Aberdeen and Aberdeenshire. The project is also invest igat ing 
a 100% hydrogen pipel ine direct to Aberdeen that would al low a blend of up to 20% hydrogen into 
Aberdeen’s gas network.

11 Hydrogen Bus Project8,9 The Scott ish Government has provided funding of £6.5 m over the past few years to support the 
introduct ion of Hydrogen Buses in the City of Aberdeen. The current f leet of 10 hydrogen buses 
have col lect ively covered 1 over mi l l ion mi les. Fi f teen new buses are procured and arr iv ing this year 
(2020) and a further 10 buses are being considered as part of the Scott ish Government’s £62m 
Energy Transit ion Fund launched in June 2020. 

The hydrogen bus f leet has been running since 2015. Hydrogen is produced from a 1 MW 
electrolyser and fuel a f leet of ten buses, operated by First and Stagecoach. Other infrastructure 
developed by the project includes a refuel l ing stat ion (which current ly services 65 vehicles) and 
a hydrogen safe maintenance faci l i ty.  The scope of the project was expanded to include 15 
double decker buses due to be operat ional in 2020. To support this demonstrat ion project, £19 
m of funding was received to support the deployment from Europe, UK Government, Scott ish 
Government, Innovate UK, SSE, SGN, Scott ish Enterpr ise, First,  Stagecoach and Aberdeen City 
Counci l  (br inging together High VLo City and HyTransit  projects). 

12 HySeas I- I I I10 The HySeas project is a research project that has been del ivered across three phases with the 
ambit ion to deployment hydrogen vessels around the Is lands of Orkney.

The f i rst phase (HySeas I )  invest igated the theory of deployment hydrogen vessels and was 
fol lowed by a technical and commercial  study in HySeas I I .  The f inal  phases of the programme 
aim to construct and test a vessel hybr id fuel cel l  power system at ful l  scale, specif ical ly try ing 
to demonstrate the integrat ion of fuel cel ls with a hybr id electr ic dr ive system. On successful 
complet ion of phase 3, Transport Scot land wi l l  fund the construct ion of a rol l-on rol l  off  hydrogen/
electr ic dr ive train passenger ferry with the integrated ful l  cel l  and dr ive system technology.

13 HySpir i ts11 The HySpir i ts project is explor ing how hydrogen could be used instead of l iquid petroleum gas at 
a craft gin dist i l lery in Orkney, reducing i ts environmental impact of carbon emissions. The project 
has received just under £150k from BEIS to undertake a feasibi l i ty study for the site and to develop 
the hydrogen system design and specif icat ion. I f  successful ,  i t  wi l l  be the f i rst-ever hydrogen gin 
dist i l lery.

14 HyTrEc12 The Hydrogen Transport Economy for the North Sea Region (HyTrEc) aims to promote and advance 
the use of hydrogen as an alternat ive energy vector across al l  onshore and offshore transport 
modes in the North Sea Region; specif ical ly,  the project wi l l :

•	 Establ ish a North Sea Hydrogen Transport Stakeholder Group to develop strategies and 
ini t iat ives for hydrogen usage.

•	 Undertake a transnat ional pi lot study looking at the accessibi l i ty and connect iv i ty of exist ing 
hydrogen corr idors and hydrogen supply chain infrastructure development. 

•	 Pi lot hydrogen technologies.

•	 Develop a North Sea Region educat ion forum.

15 HyDIME13 HyDIME is a 12-month project to design and integrate a hydrogen /diesel dual fuel conversion 
50kW auxi l iary power system on a commercial  ferry operat ing between Kirkwal l  and Shapinsay; the 
project is:

Securing the required marine l icenses and regulatory approvals for the use of hydrogen in a marine 
environment.

Demonstrat ing and test ing of the system in sea tr ia ls.

Del ivery of the scale up plan wi l l  integrate with the Surf ‘n’ Turf project; the project has received 
over £400k from InnovateUK.

16 SWIFTH214 The Scott ish Western Is les Ferry Transport using Hydrogen (SWIFTH2) project is explor ing the 
usage of green hydrogen through electrolysis to power two ferry routes. Fol lowing product ion using 
wind generat ion, the hydrogen would be stored and then used as marine fuel for the local ferr ies. 
Scope of the project so far has been a high-level feasibi l i ty study consider ing suitable ferry routes 
and locat ion for the onshore wind farm. The feasibi l i ty study has been supported by funding from 
the Scott ish Government’s Low Carbon Infrastructure Transit ion Programme (LCITP).

Table 1: Descript ion of the Scott ish hydrogen projects (cont inued)
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17 HyFlyer15 The HyFlyer project aims to demonstrate the viabi l i ty of a hydrogen fuel cel l  powertrain technology 
for aviat ion and ult imately undertake a test f l ight of 250-300 naut ical mi les from Orkney and 
Cranf ie ld. Hydrogen wi l l  be created from renewable energy sources and the project wi l l  develop 
the fuel cel l  technology through a phased approach from battery power to hydrogen power for 
integrat ion into a six-seater aircraft for test ing. Outputs from the project wi l l  be used by ZeroAvia 
to support their  ambit ion to be operat ing the technology commercial ly from 2022. The project has 
received £2.7 m in funding from the UK government supported by BEIS, Aerospace Technology 
Inst i tute (ATI)  and Innovate UK.

18 Stornoway hydrogen refuel ler The project introduced demonstrator hydrogen infrastructure in the Outer Hebrides; providing 
hydrogen from biogas, der ived from local waste, to local refuel l ing stat ions to vehicles and f leet 
owners, including the Royal Mai l .  More recent ly the Outer Hebrides Local Energy Hub project has 
recommissioned the refuel ing stat ion and created a l ink to a local f ish farm. The f ish farm is able 
to use the oxygen from the electrolysis process and is considered an exemplar circular economy 
project.

19 Hydrogen refuel ing stat ion16 Logan Energy have recent ly funded and instal led a publ ic 350 bar hydrogen refuel l ing stat ion at 
their  Wal lyford faci l i ty in Scot land’s Central  Belt .  I t  is the only publ ic refuel l ing stat ion between 
Sheff ie ld and Aberdeen.

20 Glasgow City Counci l 
Hydrogen Gritters17

Glasgow City Counci l  are invest igat ing the potent ia l  to use hydrogen within i ts f leet of heavy 
vehicles through a grant from Transport Scot land. The f i rst step of this wi l l  be to use dual-fuel 
vehicles. These wi l l  act as a steppingstone towards ful l  implementat ion of their  zero-carbon f leet by 
2029 ambit ion.

21 TECA Fuel Cel l18 The UKs largest fuel cel l  is instal led at The Event Complex Aberdeen (TECA). I t  is a 1.4 MW fuel 
cel l ,  which provides combined cool ing, heat ing and power. The unit  reforms biomethane to produce 
hydrogen, which is then used in the fuel cel l .

22 Methi l l toune19 Project Methi l l toune, in col laborat ion with project H100, sought to demonstrate that green 
hydrogen produced using electr ic i ty from a wind turbine can be used to supply domestic heat ing. 
The project examined how the electr ic i ty from a 7 MW wind turbine in Levemouth in Fi fe, could be 
used to generate hydrogen from water v ia electrolysis. This hydrogen would then supply homes 
which would be converted to using 100% hydrogen in the nearby town of Methi l .  This would be 
the f i rst whole system tr ia l  of green hydrogen for domestic heat ing supply in the world. In the f i rst 
round of the Hydrogen Supply Programme funding, the project received over £400k from BEIS.

23 HyStorPor20 The HyStorPor project (Hydrogen Storage in Porous Media) is invest igat ing the possibi l i ty of large-
scale geological storage of energy in the form of hydrogen. The project is being undertaken by the 
University of Edinburgh and wi l l :

•	 Undertake control led laboratory experiments of hydrogen inject ion into porous rock at 
subsurface temperatures and pressures to ident i fy and quant i fy potent ia l  chemical react ions.

•	 Assess how effect ively hydrogen migrates through water-f i l led porous media, and how much  
of the in jected hydrogen can actual ly be recovered from the rock.

•	 Digita l  computer models of f lu id f low adapted from hydrocarbon simulat ion to scale up from 
laboratory experiments to an underground storage site.

•	 Ascertain publ ic percept ion of hydrogen storage underground.

24 BigHIT21 The Bui lding Innovat ive Green Hydrogen Is land Terr i tor ies (BIG HIT) project is bui lding on the 
foundat ions of the Surf ‘n’ Turf project to create a hydrogen hub in the Orkney Is lands br inging 
together hydrogen product ion, storage, transportat ion and ut i l isat ion for heat, power and mobi l i ty 
sector. I t  a ims to demonstrate that this approach can be repl icated on other locat ions. Green 
hydrogen is produced by two PEM electrolysers on Eday (0.5MW) and Shapinsay (1MW) and is then 
stored in tube trai lers for transportat ion to mainland Orkney. On complet ion 50 tn of hydrogen wi l l 
be produced annual ly for local bui ldings and transported to Kirkwal l  for heat and power of harbour 
bui ldings, a marina, vessels and a refuel ing stat ion for road vehicles.

25 Glasgow Hydrogen Buses22 There are plans to introduce hydrogen buses to Glasgow prior to COP 26. This project would see a 
large scale hydrogen refuel ing stat ion on the M74 just outside Glasgow using green hydrogen. This 
stat ion would in i t ia l ly support a smal l  number of buses pr ior to COP 26. However, there are plans 
for i t  to be expanded to service up to 300 buses in the future.

26 REFlex23 The Responsive Flexibi l i ty (ReFLEX) project in Orkney wi l l  create a smart v ir tual energy system 
to monitor generat ion, gr id constraints and energy demand for smart management of the Orkney 
system. This project wi l l  br ing together renewable energy assets in the area and expect the 
fol lowing technologies to be introduced during the project: hydrogen fuel cel ls, smart heat ing 
systems, batter ies for domestic and non-domestic propert ies, vehicle to gr id charging and 
electr ic vehicles. The project has received funding from the Innovate UK via the Industr ia l  Strategy 
Chal lenge Fund Prospering from the Energy Revolut ion fund.

Table 1: Descript ion of the Scott ish hydrogen projects (cont inued)
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27 Promoting Unst Renewable 
Energy24

On the Is le of Unst, Sheltand in 2005, an off-gr id community hydrogen system was introduced 
compris ing of a green hydrogen product ion plant with storage and transport refuel l ing infrastructure 
for local vehicles.

28 The Hydrogen Off ice25 Opened in 2011, a demonstrat ion faci l i ty in Methi l  a imed to promote awareness of renewable 
energy and energy eff ic iency by showcasing how potent ia l  energy systems could be introduced 
for off ices. The system for the off ice included a 750 kW wind turbine, 30 kW electrolyser, 5 kW 
hydrogen boi ler,  10 kW hydrogen fuel cel l  and geothermal source heat pump.

To support the project, €600,000 was received from the EU’s European Regional Development 
Fund.

29 Levenmouth Community 
Energy Project26

The aim of the project was to demonstrate how hydrogen storage could be used to resolve 
chal lenges associated with the intermittency of renewables for local energy systems; the projected 
del ivered: hydrogen energy storage, compression, fuel cel ls for energy balancing and refuel l ing 
infrastructure for f leet vehicles. The system included a 750 kW wind turbine, 160 kW solar to 
produce hydrogen via a 270 kW PEM electrolyser. The projected received £4.7 m of funding from 
the Scott ish Government’s Local Energy Scot land Chal lenge Fund.

30 East Neuk Power to 
Hydrogen27

The project is consider ing how where excess electr ic i ty is constrained, how green hydrogen could 
be used in a whole energy system across generat ion, distr ibut ion and demand eff ic iency of both 
the gas and electr ic i ty networks. Hydrogen has been ident i f ied as a pr ior i ty for the site.

31 MSIP Dundee28 Michel in Scot land Innovat ion Park (MSIP) is a jo int venture between Michel in, Scott ish Enterpr ise 
and Dundee City Counci l ,  to transform Michel in’s Dundee manufactur ing site into an Innovat ion 
Parc focused on sustainable mobi l i ty and low carbon energy.

32 Shetland Hub Shetland Is land’s Counci l  and Oi l  and Gas Technology Centre are working on a large-scale energy 
hub focused on the Shet land Is les. One of the hubs key act iv i t ies wi l l  be to ut i l ise the vast offshore 
wind resource around the is lands to produce green hydrogen. The project is current ly in the 
feasibi l i ty phase.

33 Lewis Hub The Lewis 100% Green Hydrogen Hub is invest igat ing the potent ia l  for a green hydrogen product ion 
faci l i ty on the Is le of Lewis in the vic ini ty of Stornoway’s proposed deep water port.  
The Green Hydrogen Hub project has received funding from the Scott ish Government’s Low Carbon 
Infrastructure Transit ion Programme to conduct a feasibi l i ty study into the hydrogen product ion 
faci l i ty and how hydrogen may be used across the Outer Hebrides, the study seeks to invest igate 
the opportunit ies for hydrogen for heat and transport across the is lands as wel l  as the export 
potent ia l .

34 Hydrogen Accelerator 
Programme29

The Scott ish Government invested £300k in July 2020 in a new hydrogen accelerator programme 
which wi l l  be centered at the University of St Andrews. Drawing on the expert ise of the University, 
and in partnership with inst i tut ions across Scot land, the new init iat ive wi l l  propel innovat ions in 
hydrogen technology and encourage knowledge-shar ing to support transport appl icat ions and 
sustainable mobi l i ty.  Addit ional ly,  the work of the hydrogen accelerator wi l l  a lso support the 
ambit ion of phasing out the need for new petrol  and diesel cars and vans by 2032.

35 Aberdeen Hydrogen Hub30 The Aberdeen Hydrogen Hub wi l l  see signi f icant hydrogen supply and demand growth within 
and around the city throughout a phased process. In i t ia l ly this wi l l  focus on ensur ing a resi l ient, 
cost-effect ive supply of green hydrogen on a commercial  basis to support the exist ing and future 
transport projects. Phase 2 wi l l  see an expansion in demand through trains, trucks and marine 
appl icat ions. Final ly,  phase 3 wi l l  t ry to further develop the regional hydrogen economy with a focus 
on ski l ls and supply chain.

36 Cromarty Firth Hydrogen 
Hub31

Alongside the plans to create a free port in the Cromarty Firth, there are plans to include signi f icant 
hydrogen deployment at scale through connect ion to offshore wind. This hydrogen can then be 
used both local ly and to support the hydrogen usage in the rai l  network around Inverness.

37 Energy Transit ion Zone Opportunity North East wi l l  combine Aberdeen and the North East’s key energy assets including 
infrastructure, supply chain, research and development capabi l i ty and highly ski l led workforce to 
create the Energy Transit ion Zone. This project aims to develop Aberdeen as a global renewable 
energy hub, both on and offshore. I t  wi l l  focus on offshore wind, hydrogen and carbon capture, 
usage and storage.

38 Outer Hebrides Local Energy 
Hub

The Outer Hebrides Local Energy Hub developed a col laborat ive approach to creat ing a local 
c ircular economy on the Is le of Lewis. The project partners, Community Energy Scot land, Pure 
Energy Centre, The Scott ish Salmon Company and Comhair le nan Ei lean Siar developed a solut ion 
that involved the use of f ish waste, alongside household and garden waste, to produce biogas. This 
biogas powered a combined heat and power system. The excess electr ical  output from this system 
was used to produce hydrogen and oxygen both of which are then used in the local economy.

Table 1: Descript ion of the Scott ish hydrogen projects (cont inued)
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A 2 . 1 	 E N E R G Y  T O  H Y D R O G E N 
C O N V E R S I O N  FA C T  C H E C K E R

Maximum power vs total energy – power and energy are 
often quoted in MW/GW or GWh/TWh. The former is a 
measure of instantaneous energy i.e. power, the latter is a 
measure of total energy over a period. Therefore, a 1 MW 
wind farm producing at maximum output for 1 hour will 
produce 1 MWh of energy.

Energy demand - is generally quoted as total annual 
energy demand i.e. TWh. To provide some context in 2017 
Scotland had an annual energy demand of approximately 
160 TWh32.

Capacity Factor – most generation plant does not operate 
at full output continuously. It has down time due to 
maintenance or because input energy (e.g. wind energy, gas 
supply) or demand is not at a maximum. Capacity factor 
is a measure relating maximum theoretical total energy 
potential against actual. 

•	 Offshore wind farm capacity factors are increasing and 
the CCC predicted an average capacity factor of 58% 
for new projects33. As such a 1 GW offshore wind 
farm operating at a 58% capacity factor over a year will 
produce 5.1 TWh/annum of electrical energy 

•	 SMR/ATR capacity factors are assumed to be around 
86%. As such a 1 GW SMR/ATR operating at a 86% 
capacity factor over a year will produce 7.5 TWh of 
hydrogen energy 

Hydrogen volumes are either quoted as tonnes or GWh/
TWh. One tonne of hydrogen equates to 0.038 GWh of 
hydrogen.

A blue hydrogen production plant rated at 1 GW will 
produce significantly more than a 1 GW green hydrogen 
production plant (7.5TWh vs 3.5TWh in the example 
illustrated). That is for a number of reasons:

•	 The capacity factor and utilisation are assumed to be 
higher for SMR/ATR than the electrolyser. Assuming 
you match the electrolyser capacity to the wind farm 
capacity then the electrolyser capacity factor is limited 
by the input energy from the wind farm. In the natural 
gas system, it is assumed supply of input energy can 
more readily be controlled. 

•	 The electrolyser has a lower efficiency than the SMR/
ATR (69% vs 80%), and 

•	 Because electrolysers quote their maximum energy 
capacity at the input of the electrolyser and SMR/ATR 
quote a value at the output of the SMR/ATR. Therefore, 
a 1GW electrolyser requires 1GW of electricity input, 
but a 1GW SMR will need an input of circa 1.3GW of 
natural gas. 

Figure 1: Green and blue hydrogen conversion

1GW wind farm 
58% capacity factor

3.5 TWh or 
92,0000 tonnes of 

green hydrogen 
per year

1GW electrolyser 
(measured at input)

69% eff ic iency

1GW or 5.1 
TWh/annum 
electricity

7.5 TWh or 
225,0000 tonnes 
of blue hydrogen

1GW SMR/ATR 
(measured at output)

80% eff ic iency

86% capacity factor

1.3G W or 9.75 
TWh/annum of 

natural gas
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A 2 . 2  H Y D R O G E N  T E C H N O L O G Y  D E S C R I P T I O N S

Table 2: Key technologies used within the hydrogen economy

TECHNOLOGY OPTIONS SUMMARY EMISSIONS

Product ion Fossi l  Fuel Hydrogen is str ipped from natural  gas or coal.

SMR and Auto Thermal Reforming (ATR) are industr ia l 
processes that produce hydrogen from natural  gas.

Gasif icat ion of coal produces a var iety of calor i f ic gases 
known as “town gas”, or “coal gas”. This is a mature 
process but has a high carbon intensity unless carbon 
capture and storage can be used It  is very unl ikely that this 
process wi l l  ever be used in Scot land.

Current ly 95% of al l  hydrogen product ion worldwide is from 
fossi l  fuel as the pr imary feedstock34.

High for coal

Medium for natural  gas

Low when CCUS is used 
with coal,  and

Very low when CCUS is 
used with natural  gas

Electrolysis Electr ic i ty is used to spl i t  water into hydrogen and oxygen.

Several di fferent chemistr ies exist including alkal ine, 
polymer electrolyte membrane (PEM) and sol id oxide 
electrolyser cel l  (SOEC).

Current ly only 5% of al l  hydrogen product ion worldwide 
comes from electrolysis34.

I f  powered from gr id, i t 
depends on gr id intensity. 
The Scott ish gr id has a 
very low carbon intensity 
which is l ikely to decrease 
further over t ime.

I f  powered by direct 
renewable electr ic i ty, then 
i t  is zero carbon.

Biological Hydrogen can be produced from both biomass and through 
direct biological processes.

Biomass can be gasi f ied in the same way that coal can be.

Anaerobic digest ion can be used to direct ly produce 
hydrogen rather than methane by using di fferent microbes.

Depending on the type 
of biomass can be zero 
carbon or carbon negat ive 
i f  CCUS is used.

Direct anaerobic digest ion 
to hydrogen wi l l  l ikely 
require some form of 
CCUS.

Carbon Capture and 
Storage

CCUS general ly involves captur ing the carbon dioxide that 
would be emitted dur ing each storage of the hydrogen 
product ion process. This carbon dioxide then needs to 
be stored, l ikely underground, to avoid the emissions 
reaching the atmosphere. CCUS is key to al lowing hydrogen 
produced from fossi l  fuels to exist with net-zero emissions.

This great ly reduces 
the carbon intensity of 
producing hydrogen from 
fossi l  fuels. Capture rates 
vary from 90-95%+34

Transportat ion / 
Storage

Compressed Gas Hydrogen can be physical ly stored as a compressed gas at 
pressures between 0 bar and 1000 bar and stored in either 
stainless steel or composite tanks.

This form of storage can be used for:

stat ionary appl icat ions at lower pressure where there is 
suff ic ient space;

vehicle appl icat ions at higher pressures to extend range.

The compressed gas can be transported in a tube trai ler.

Energy required to 
compress hydrogen 
decreases system 
eff ic iency and so 
marginal ly increases 
carbon intensity, i f  that 
electr ic i ty isn’t f rom a zero 
carbon source35

Liquid Hydrogen can be cooled and compressed into a l iquid, 
which great ly increased the energy density by volume of 
hydrogen.

Liquid Hydrogen – has an energy density of 130 mega joules 
per kg (MJ/kg) as compared to Kerosene (Jet Fuel )  with 43 
MJ/kg and l i th ium ion batter ies with 1 MJ/kg.

Substant ia l  energy is 
required to compress 
and cool the hydrogen, 
which decreases system 
eff ic iency and so would 
increase the carbon 
intensity of the produced 
hydrogen, i f  that electr ic i ty 
isn’t f rom a zero carbon 
source.
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TECHNOLOGY OPTIONS SUMMARY EMISSIONS

Transportat ion / 
Storage

Sol id Chemical/Mater ia l Chemical and mater ia l  storage can take the form of metal 
hydr ides, l iquid organic hydrogen compounds. These 
general ly increase storage density by volume compared with 
compressed gas.

As with compression or 
l iqui f icat ion, the processes 
involved would increase 
the overal l  carbon 
intensity of the hydrogen, 
i f  that electr ic i ty isn’t f rom 
a zero carbon source.

Gas Grid Hydrogen can potent ia l ly be in jected into the current gas 
gr id in places. This can be done either by blending or ful l 
t ransit ion to a 100% gas gr id. 

Very l i t t le increase 
in carbon intensity 
as in ject ion into the 
gas gr id does not 
necessar i ly require further 
compression.

Underground Gas can be stored at lower pressure in large scale 
underground storage. This can be in the form of salt  caverns 
or exhausted O&G wel ls, which are very geographical ly 
restr icted. Potent ia l  new geologies for stor ing hydrogen are 
under research and development. 

Very l i t t le increase in 
carbon intensity as 
in ject ion into caverns does 
not necessar i ly require 
addit ional compression.

Fuel Cel l A fuel cel l  is an electrochemical device that converts 
hydrogen and oxygen into electr ic i ty and water.

Like an electrolyser, there are several di fferent chemistr ies 
of fuel cel l .  Within the heat sector, fuel cel ls are used 
in combined heat and power (CHP) systems where both 
electr ic i ty and heat are generated. The chemistr ies most 
associated with CHP fuel cel ls are Phosphoric Acid, Molten 
Carbonate and Sol id Oxide. Heat- lead fuel cel ls general ly 
have a higher tolerance for impurit ies in the hydrogen supply 
(99% required).

These systems achieve high overal l  system eff ic iencies of 
around 90%.

However, the energy spi l t  between heat and power depends 
on the chemistry of the fuel cel l .

Carbon intensity depends 
on type of hydrogen used.

Demand – 
Transport

Fuel Cel l A fuel cel l  is an electrochemical device that converts 
hydrogen and oxygen into electr ic i ty and water.

Like an electrolyser, there are several di fferent chemistr ies 
of fuel cel l .  Within the transport sector, a lmost al l  fuel 
cel ls are PEM systems. These can be used across almost 
al l  modes of transport.  These fuel cel ls require very high 
pur i ty hydrogen (99.97% ISO 14687-2 as a minimum)37.  Fuel 
Cel ls in transport are not CHP and therefore their overal l 
eff ic iency is around 60-70%.

Carbon intensity depends 
on type of hydrogen used.

Internal Combust ion Hydrogen can be used as an addit ion or as a replacement 
for diesel in an internal combust ion engine. Dual fuel 
conversions could be a key transit ion technology al lowing 
engines st i l l  in operat ion to be decarbonised. During t imes 
of low power draw they wi l l  run on 100% hydrogen and only 
use diesel when extra power is required.

These systems have comparable eff ic iencies to those 
achieved by diesel engines (35-45%).

Carbon intensity depends 
on type of hydrogen used. 
Potent ia l  for nitrous oxide 
emissions.

Table 2: Key technologies used within the hydrogen economy (cont inued)
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TECHNOLOGY OPTIONS SUMMARY EMISSIONS

Transportat ion / 
Storage

Sol id Chemical/Mater ia l Chemical and mater ia l  storage can take the form of metal 
hydr ides, l iquid organic hydrogen compounds. These 
general ly increase storage density by volume compared with 
compressed gas.

As with compression or 
l iqui f icat ion, the processes 
involved would increase 
the overal l  carbon 
intensity of the hydrogen, 
i f  that electr ic i ty isn’t f rom 
a zero carbon source.

Demand – 
Electr ic i ty

Fuel Cel l A fuel cel l  is an electrochemical device that converts 
hydrogen and oxygen into electr ic i ty and water.

Like an electrolyser, there are several di fferent chemistr ies 
of fuel cel l .  Within the electr ic i ty sector, an Alkal ine or PEM 
system is l ikely to be used in Scot land. The round-tr ip 
eff ic iency of convert ing electr ic i ty to hydrogen and then 
back to electr ic i ty only is around 40-50%.

Fuel cel ls can provide benef i ts to the electr ic i ty network 
such as being f lexible, control lable and co-located with 
demand39

Carbon intensity depends 
on type of hydrogen used 
and the electr ic i ty being 
displaced. For example, 
using zero carbon wind 
electr ic i ty to displace 
natural  gas generated 
electr ic i ty would see a 
reduced carbon intensity 
of the gr id.

Gas Turbine Hydrogen can be used in a gas turbine in the same way 
that we current ly use natural  gas. Current gas turbines 
could only permit a certain percentage of hydrogen within 
the natural  gas f low, sources vary at the moment on what 
that percentage would be. To run these systems on 100% 
hydrogen would require modif icat ions to the turbines.

The eff ic iency of these turbines is expected to be at least 
the eff ic iency of current natural  gas turbines.

Carbon intensity depends 
on type of hydrogen used. 
Potent ia l  for nitrous oxide 
emissions.

Table 2: Key technologies used within the hydrogen economy (cont inued)

A 2 . 2 . 1 	 T E C H N O L O G Y  
A N D  C O M M E R C I A L  R E A D I N E S S

Currently more than 70 mega tonnes (Mt) of hydrogen is 
produced globally every year40, mainly for use in chemical 
production and oil refining. If hydrogen is to become a 
key energy vector, even to a relatively modest degree, 
a significant ramp up in production will be required. 
Understanding of technological and commercial readiness 
is vital as an enabler to deployment cost reduction and 
improved operating models, and progress into wide spread 
commercial deployment. 

In Scotland, hydrogen and associated technologies have 
already been successfully deployed, the majority of which 
have been demonstration projects. A key challenge of 
current projects is continued operation at a commercial 
scale within current economic regulatory frameworks. 

Some aspects of hydrogen technology are mature with 
established costs, others are relatively novel and therefore 
offer significant opportunities for cost reduction. As 
use of hydrogen increases economies of scale also offer 
an opportunity to decrease the unit cost and therefore 
the price of hydrogen. However, it should be noted that 
hydrogen is an energy vector created either from fossil 
fuels or electricity therefore the cost of these inputs will 
always be a major influence on the hydrogen price. 

With its significant renewable energy and natural gas 
resources there is a significant opportunity for Scotland in 
hydrogen production. To capitalise on this opportunity, a 
better understanding of the baseline readiness of hydrogen 
technologies is required. 
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A 2 . 2 . 1 . 1  P R O D U C T I O N  T E C H N O L O G I E S 

Grey hydrogen 

Grey hydrogen is hydrogen produced from natural gas  
or coal without CCUS38. Without capturing the carbon,  
the emissions are released direct to atmosphere. About 
95% of hydrogen produced globally is currently produced 
using fossil fuels without CCUS and is therefore “grey”38. 
The largest proportion of this production uses natural 
gas38. A grey hydrogen production process can be changed 
into to blue hydrogen production process through the 
addition of CCUS.

Blue hydrogen production technologies 

Hydrogen that is produced from fossil fuels but has 
CCUS included is known as blue hydrogen. In Scotland 
it is likely that any blue hydrogen will be produced from 
natural gas taking advantage of Scotland’s gas resources 
and extensive gas infrastructure.

PRODUCTION TYPE TECHNOLOGY READINESS 

APPROX.

TRL[1]

Steam methane Reforming 
(SMR) 

•	 Current ly the predominant technology in bulk hydrogen product ion for 
commercial  use41

•	 Container ised units commercial ly avai lable e.g. PRISM Hydrogen Generator 
produced by Air Products2

•	 Emits carbon dioxide, would require CCUS downstream41

•	 70-85% eff ic iency42,  i .e. a system with an input of 100 MWh of natural  gas wi l l 
produce 70-85 MWh of hydrogen

•	 Est imated 71%-92% of the carbon in SMR can be captured34

9 with no CCUS

8 with CCUS

Part ia l  Oxidat ion (POX) •	 Commercial  product ion avai lable9 

•	 Emits carbon dioxide, would require CCUS downstream9 

•	 60-75% eff ic iency9 

•	 Can operate at smal ler scales than SMR6

8

Autothermal Reforming (ATR) •	 Steam added to POX process 

•	 Emits carbon dioxide, would require CCUS downstream9 

•	 60-75% eff ic iency9 

•	 ‘near term’ matur i ty levels9,  around TRL 8 

•	 Can operate at smal ler scales than SMR6

8

Coal/Biomass gasi f icat ion •	 Energy intensive process34

•	 It  is a mature technology with low energy eff ic iency34

•	 Coal plants with CCUS for electr ic i ty generat ion have been demonstrated but 
not at a commercial  scale.

•	 Pre-treatment of biomass adds complexity and cost to the gasi f icat ion process34

•	 Biomass gasi f icat ion with CCUS could lead to projects being carbon neutral  or 
negat ive, but this has not been demonstrated yet34

7

Carbon Capture Ut i l isat ion 
and Storage (CCUS)

•	 CO2 capture technologies exist and are deployed in demonstrat ion or 
commercial  appl icat ions43

•	 CO2 pipel ine or shipping use the same technologies as natural  gas, so can be 
considered mature44

•	 CO2 is stored porous geological rock formations and former O&G wel ls (some 
simi lar i t ies with H2 storage – see below). O&G wel ls are wel l  understood, 
geological rock formations less so – each rock formation wi l l  have unique 
chal lenges 

•	 According to the Global CCUS inst i tute there are 51 faci l i t ies around the world 
at var ious stages of development. 19 are ful ly operat ional

9 for use in 
enhanced oi l 
recovery, 7 for 
underground storage

Table 3: Blue hydrogen product ion technologies

[1]  Technology Readiness Levels (TRL) is a concept used to assess the technical and commercial 
readiness of technology as they move through their innovat ion and development cycles. the EU H2020 
TRL scale is the one presented and used in this report125 
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Blue hydrogen is only possible alongside the development 
of CCUS, which captures and then utilise or stores the 
carbon dioxide by-product. There are a small number of 
CCUS of projects up and running around the world. Its 
development though has been hindered by funding issues; 
in the UK a £1bn CCUS funding competition was finally 
cancelled in 201545. Recently though CCUS in the UK has 
received renewed interest and critically funding, with the 
UK chancellor announcing an £800m CCUS fund for at 
least two sites at the March 2020 budget46. 

A challenge with CCUS is that it is only viable at large 
scale and therefore requires large capital investment. 
A facility therefore needs to be able to capture a large 
amount of carbon dioxide to be viable. Blue hydrogen 
could act as enabler of CCUS by producing the quantity 
required for a CCUS facility to become viable. 

Most notably for Scotland in terms of blue hydrogen is 
Project Acorn which combines hydrogen production and 
CCUS technologies at the site close to the St Fergus gas 
terminal in the north east of Scotland. 

PRODUCTION TYPE TECHNOLOGY READINESS 

APPROX.

TRL

Alkal ine •	 Most technological ly mature and lowest cost electrolyser4,19,34,40,48

•	 First commercial ly deployed electrolysers, proven track record for operat ional 
performance4.

•	 Has chal lenges integrat ing with intermittent renewable energy sources34

•	 World’s largest alkal ine electrolyser plant was167 MW and was operated by 
Norsk Hydro in Norway (1953-1991)34

9

Polymer Electrolyte 
Membrane (PEM)

•	 Rapidly developing, current ly relat ively immature electrolyser19,34

•	 More adapted to f luctuat ing demand, suited to intermittency of renewable 
electr ic i ty2,4,48

•	 Siemens has been operat ing the world’s largest PEM electrolyser system at 6 
MW in Mainz since 201534.  Shel l  and ITM Power Ltd are planning to construct a 
10 MW electrolyser in Germany34

•	 Current ly uses plat inum, which accounts for bulk of the costs, research is being 
conducted into alternat ive mater ia ls19

8

Anion Electrolyte Membrane 
Electrolysis

•	 Combines an alkal ine chemistry system with the benef i ts of a sol id membrane 
l ike a PEM.

•	 Limited need for expensive catalysts compared to PEM

•	 Durabi l i ty remains a concern but the technology is improving

•	 Current ly only smal l  scale but in theory could be scaled up

6

Sol id Oxide Electrolyser Cel l 
(SOEC)

•	 Emerging high temperature technology48

•	 Current ly only smal l  prototype scale avai lable48

•	 Less technical ly mature than other electrolysers but potent ia l  to have the 
highest eff ic iencies34

3-5

Green Hydrogen Production Technologies 

Electrolysis, the process of creating hydrogen from 
water, has been around for many years, having been 
first carried out in 180047. Historically, electrolysers 
have not been widely utilised for hydrogen production 
due to low historic hydrogen demand and more cost 
effective alternative methods of hydrogen production. 
Today it represents less than 5% of total global hydrogen 
production38. 

The bulk of electrolysis to date has used alkaline 
electrolysers, a very mature technology. Increasingly PEM 
electrolysers are seen as a way forward as they have a 
greater ability to ramp up and ramp down making them 
better suited to intermittent renewable generation. 

Clearly green hydrogen is only green if it uses renewable 
electricity as its energy source, although there may 
be circumstances where a back-up grid connection 
is required as it is more efficient to keep production 
going than switch-off (potentially the case for alkaline 
electrolysers)19. In Scotland, the largest source of this 
renewable electricity is wind, including onshore and 
offshore. Both of which are now mature technologies that 
has and reduced in cost significantly. 

Table 4: Green hydrogen product ion technologies
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Electrolysers are generally scalable to whatever size 
generation they are linked to. Relatively small scale 
hydrogen production using renewable energy is proven in 
Scotland with a number of projects as presented in Project 
Methiltoune19 and the ITM electrolysers49,50. 

Large scale electrolysers plants could be constructed 
offshore and directly linked to dedicated offshore wind 
farms who solely supply the electrolysers either on land 
at a central location or based offshore. The benefit of this 
is that the expensive costs of electricity transmission link 
could be avoided. Alternatively, offshore wind project that 
have routes to export both gas and electricity could have 
improved economics through the ability to access multiple 
revenue streams depending on the preferential market 
rates. 

Large scale offshore production has not yet been proven 
anywhere in the world, but demonstration projects are 
underway, for example the Dutch posHydon an offshore 
wind hydrogen production project51, and the UK Dolphyn 
project4.

Grid electrolysis 

Hydrogen can be produced directly via electrolysers 
supplied with electricity from the grid network. As the 
electrical grid begins to transition into a low carbon 
future, the carbon intensity of the hydrogen produced 
through grid electrolysis reduces. Production of hydrogen 
through grid electrolysis would be neither ‘green’ nor 
‘blue’ at present, as it depends on the status of grid 
decarbonisation at the time. Whilst this could be a 
stepping stone into a green hydrogen economy, grid 
electrolysis is expensive. Both in terms of electricity 
feedstock cost and the level of grid reinforcements 
required to move the additional electricity through the 
grid. Currently, grid electrolysis hydrogen production is 
roughly three times more expensive than direct connection 
to a wind farm (green hydrogen production) due to the 
electricity transmission and distribution costs.

A 2 . 2 . 1 . 2  T R A N S P O R T  &  S T O R A G E

Hydrogen transportation either in gaseous form or 
liquified form has been carried out for decades and is well 
established and mature. Storage of hydrogen is established 
and mature at smaller scale, but expensive on a unit cost 
basis. Large geological storage offers significantly lower 
unit costs, though a large capital investment and is less 
mature. 

Storage and transportation of hydrogen in other forms 
such as ammonia or methlycyclohexane may have cost 
savings, but more research is required to understand the 
full chain benefits and drawbacks52.
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TECHNOLOGIES DESCRIPTION

APPROX.

TRL

High Pressure Pipel ines – 
Transmission Network

•	 High pressure hydrogen gas transmission by pipel ines wel l  establ ished, with the 
f i rst constructed in Germany in 193853. 

•	 As of 2004, there are 900 mi les of hydrogen pipel ines in the US and 930 mi les 
in Europe53. 

•	 Reuse of steel natural  gas pipel ines, which make up exist ing UK transmission 
network, is a chal lenge due to propensity for hydrogen embritt lement38.

9 for new bui ld

7 for reuse

Low Pressure Distr ibut ion 
Network

•	 Polyethylene (PE) piping has been shown to carry hydrogen with minimal 
leakage.

•	 A major programme UK distr ibut ion networks have been converted from old i ron 
to PE for safety reasons – the Iron Mains replacement programme54.

•	 Hydrogen could pick up impurit ies in the pipel ine that would make i t  not 
suitable for fuel cel l  use55.

9 for new bui ld

7 for reuse

Liquid •	 Cryogenic hydrogen can be stored and transported in a l iquid state. Often this 
is demanded in industr ies where pur i ty of hydrogen is high35.

•	 Used in aerospace appl icat ions where high density storage is required56.

•	 Can be transported by tanker – by road, rai l  or barge/ship. 

9

Compressed Gaseous or 
Cooled Gas

•	 Physical storage of hydrogen by compressing or cool ing (or both, known as 
hybrid) and stor ing in a tank is tr ied and tested35.

•	 Compressed hydrogen storage at 350 bar or 700 bar can be transported 
through pipel ines and via high pressure tube trai lers by road56.

9

Sol id Chemical/ Mater ia l •	 General ly mater ia l  based hydrogen storage methods are st i l l  under 
development35.

•	 Examples of storage of hydrogen in mater ia ls involves metal hydr ides, sorpt ion 
mater ia ls and/or chemical hydr ide56.

4

Underground storage - 
Caverns, depleted O&G 
f ie lds and aquifers

•	 Most cost effect ive for large scale hydrogen storage34 as a single faci l i ty can 
store large quant i t ies of hydrogen. 

•	 Storage in man-made salt  caverns is wel l  proven in use for hydrogen and 
natural  gas57.

•	 Underground stores have been used for many years for natural  gas and crude 
oi l35.

•	 There is operat ional exper ience of hydrogen storage in the USA and Europe 
where large reservoirs have been used for hydrogen from surplus renewable 
energy, the most common type used is depleted gas reservoirs35.

•	 Used widely on industr ia l  scale, but not appl icable in al l  areas as dependent on 
geographical condit ions58.

•	 TRL around 7-8,59 but note each underground faci l i ty wi l l  have i ts own unique 
chal lenges and costs.

9 salt  caverns

8 depleted oi l  f ie lds

6 aquifers

Bul let containers, Line pack •	 Provide wel l  establ ished storage methods that can be easi ly implemented for 
smal l  scale storage.

•	 Bul let storage is preferent ia l  to l ine packing, commonly used in the current UK 
gas network, due to the poor compressibi l i ty of hydrogen requir ing a signi f icant 
network length for l ine packing.

9

Ammonia and other energy 
carr iers

•	 Transportat ion of hydrogen via ammonia is a commercial  ready process with 
high TRL technology avai lable. 

•	 Scot land’s chemical industry, largely centered around Grangemouth and 
Mossmoran, could provide the ski l ls and infrastructure required to convert and 
transport hydrogen der ivat ives including ammonia or metal hydr ides.

•	 Storage of hydrogen can also be in mater ia ls such as metal hydr ides, sorpt ion 
mater ia ls and/or chemical hydr ide56.

9 ammonia

7 Methlycyclohexane

Table 5: Hydrogen transportat ion and storage technologies
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A 2 . 2 . 1 . 3  E N D  U S E  A P P L I C AT I O N S

Hydrogen is currently used in chemical processes and can also be used to generate energy, either to 
generate electrical energy through fuel cells, or directly combusted.

TECHNOLOGIES DESCRIPTION

APPROX.

TRL

Fuel Cel ls •	 Generate electr ical  energy from hydrogen with only water as a by-product 
essent ia l ly the opposite of electrolysis. 

•	 Fuel cel ls as a concept is mature and have been used for many years. Different 
levels of technological matur i ty depending on the appl icat ion. 

•	 Fuel cel l  types include PEM, Alkal ine, Phosphoric Acid, Molten Carbonate and 
Sol id Oxide 3,26,27 Each have di fferent levels of performance and funct ional i ty 
and require di fferent levels of pur i ty. 

•	 Have a wide range of appl icat ions in transport through FCVs and stat ionary fuel 
cel ls which can provide power to bui ldings. 

9 Combined heat 
and power

8 Buses, LGV, cars

7 HGV, rai l

5 Shipping

4 Aviat ion

Internal Combust ion engines •	 Hydrogen can be used as fuel in the internal combust ion engine as an 
alternat ive to petrol  with minor modif icat ions to the engine.

•	 Internal combust ion engines adapted to use hydrogen are TRL 859.

•	 This conversion can be either 100% to hydrogen or i t  can be a dual-fuel opt ion. 
The technology has already been deployed in road vehicles and is current ly 
being test ing in the marine environment.

•	 Other conversions are current ly much lower TRL, for example using l iquid 
hydrogen as a replacement for kerosene in aviat ion.

9 HGV

6 Shipping, Aviat ion

Combustion heat ing •	 Hydrogen can burn to provide heat ing at from industr ia l  down to domestic scale 
– a l ike for l ike replacement for fossi l  fuels. 

•	 Approximately 4,300 relevant industr ia l  heat ing equipment pieces that operate 
on natural  gas that could be converted to hydrogen36.

•	 There are many di fferent technology types that could be adapted to ut i l ise 
hydrogen for the appl icat ion of industr ia l  heat ing including boi lers (TRL 7), 
direct dryers (TRL4), k i lns (TRL4), Convent ional Furnace (TRL5), glass furnace 
(4),  gas turbines (TRL8), gas engine (TRL 4)36.

•	 Hydrogen opt ions considered to have potent ia l  for large scale decarbonisat ion 
of heat for homes hydrogen boi lers, (TRL 7),  cookers and f i replaces. None of 
these have yet been deployed widely yet60.

9 industr ia l  current 
use

4-7 industry fuel 
switch

7 domestic 

Hydrogen gas Turbines for 
power generat ion 

•	 Gas turbines using natural  gas are wel l  developed, these can be converted to 
use hydrogen.

•	 Gas turbines are a high TRL and using hydrogen as the feedstock is the 
equivalent of ‘business as usual’  for electr ic i ty generated by hydrogen39.

•	 In terms of large scale gas turbines, the TRL is around 859.

8

Table 6: End use technologies
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Different applications are in different stages of technical and most critically commercial deployment, 
see Table 7 below for a summary of different applications. 

SECTOR END USE HOW IT CAN BE USED 
TECHNOLOGY 
READINESS COMMERCIAL DEPLOYMENT 

Industry Exist ing industr ia l 
processes and 
feedstock. feedstock

Petroleum ref in ing and 
chemical product ion 
including ammonia 
and methanol current ly 
accounts for 90% of 
hydrogen uses today62

Mature technology – have 
been used within industry 
for decades

Already using grey hydrogen l ikely 
to be one of the f i rst areas to deploy 
blue or green hydrogen

Industr ia l  heat ing Replace fossi l  fuels 
in industr ia l  heat ing, 
part icular ly for medium 
(100° to 400°) to high 
grade heat ing 400°

Technology approaching 
readiness. St i l l  need 
to understand detai ls 
of hydrogen chemical 
react ions when fuel 
switching.

Commercial  deployment is dr iven by 
reducing cost of hydrogen product ion 
and del ivery

Power generat ion Replaces natural  gas and 
coal in thermal generat ion 

Feasibi l i ty studies are 
underway with projects 
due to be demonstrate 
from ear ly 2020s 

Commercial  deployment is dr iven by 
reducing cost of hydrogen product ion

Transport Road f leets Buses, taxis, del ivery 
vehicles, industr ia l 
vehicles e.g. forkl i f ts. 

Hydrogen buses and taxis 
have been deployed in 
regional clusters and are 
increasing in deployment

Smal l  scale industr ia l  vehicles are 
expected to be commercial  in the 
ear ly 2020s. Passenger cars, buses 
and mater ia l  handl ing vehicles are 
close to the ear ly stages of fu l l 
commercial isat ion in the mid-2020s, 
with usage range extending fol lowing 
this

Heavy long-distance 
vehicles 

Heavy goods vehicles, 
vans, long distance 
coaches

Init ia l  prototypes have 
been developed, larger-
scale rol l-out is yet to 
begin

Likely to be commercial ly deployable 
in the mid-2020s with longer distance 
vehicles fol lowing afterwards

Personal transport Personal vehicles Hydrogen vehicles are 
being brought to market 
by manufacturers, further 
market development 
expected in mid-2020s

Long range vehicles from ear ly 2030s 
with short range vehicles fol lowing 
subsequent ly

Trains City / commuter trains 
and long-distance 
regional tra ins

Current ly only operat ional 
in smal l  numbers, with 
test ing in UK, Germany 
and Nether lands

Expected to be commercial ly deployed 
from the ear ly 2020s

Aviat ion Short and long-haul 
aviat ion

Immature, current ly being 
tr ia led for short-haul 
airplanes (see project 
HyFlyer15)

Expected to be commercial ly deployed 
from the ear ly 2030s

Shipping Shipping for both 
commercial  and non-
commercial  act iv i t ies 
such as ferr ies and RoPax

Have been around in 
smal l  numbers since ear ly 
‘00s, however no real 
commercial  v iabi l i ty yet, 
technology remains is in 
ear ly design /feasibi l i ty.

Tr ia ls of dual-fuel ferr ies 
current ly ongoing in 
Orkney (HyDime)13

Expected to be commercial ly 
deployable in the ear ly 2030s for 
regional and rol l  on/rol l  off  ferr ies and 
passenger ferr ies

Table 7: Summary of di fferent end uses of hydrogen. Information Source:61
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SECTOR END USE HOW IT CAN BE USED 
TECHNOLOGY 
READINESS COMMERCIAL DEPLOYMENT 

Bui ldings Heat in bui ldings Heat for commercial 
and domestic bui ldings, 
includes boi lers, cookers 
and f i replaces 

Hydrogen blending of up 
to 20% is being trai led 
now. 

The development and 
safety case of 100% 
hydrogen appl iances 
is being invest igated 
(Hy4Heat programme36,63) 
Demonstrat ion appl iances 
have been constructed

Blending could happen by ear ly 2020s

100% hydrogen conversion of 
bui ldings could l ikely be deployed 
from 2030s but is t ied to decis ions 
on conversion of gas networks to 
hydrogen

Fuel cel ls Micro 
combined heat & 
power 

Generates electr ic i ty 
local ly and then recovers 
and uses the by-product 
heat for hot water, space 
heat ing and power 

Relat ively mature, with 
several products current ly 
on the market in Europe64 

Commercial  deployment wi l l  be dr iven 
by reducing hydrogen product ion 
costs

Table 7: Summary of di fferent end uses of hydrogen. Information Source:61 (cont inued)

Finally, hydrogen purity is also an important factor to consider, some hydrogen fuel cells require very 
pure hydrogen (99.99%). ‘Blue’ hydrogen is not this pure so will have to be ‘cleaned’ before it can be 
used in these fuel cells which requires additional energy and cost. Similarly, any hydrogen put into a 
pipe network or stored in geological storage (particularly former O&G fields) will pick up impurities 
and will potentially need to be cleaned at the point of use. This will need to be considered when 
thinking about hydrogen supply chains. 
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A 2 . 3  I N N O V AT I O N  A N D  A C A D E M I A

UNIVERSITY KEY RESEARCH AREAS, GROUPS AND INSTITUTES

University of Edinburgh Energy Storage and Carbon Capture Group

Aims to develop cost competit ive technologies including storage technologies and their integrat ion into 
the wider energy system. This includes hydrogen storage and conversion to chemicals (especial ly process 
simulat ion for CO2 ut i l isat ion),  as wel l  as energy gr ids that incorporate hydrogen, from smal l  scale and 
is land to large scale geological storage.

HyStorPor20

£1.4M studying underground hydrogen storage

UKERC

Marine to hydrogen research and whole energy system model l ing

University of St Andrews HySEAS10 and Hydrogen Accelerator29

Project management through School of Chemistry

Sol id oxide fuel cel l

World leading fundamental research in the product ion of these systems

Heriot Watt University Research Centre for Carbon Solut ions

Research in carbon capture technology, f low measurement and transport technology, CO2 ut i l isat ion and 
storage, renewable energy resources and energy and sustainabi l i ty.

Industr ia l  Decarbonisat ion Research and Innovat ion Centre

Funded by the Industr ia l  Strategy Chal lenge Fund to decarbonise industr ia l  c lusters. The centre was 
recent ly establ ished and wi l l  work with the UK’s industr ia l  c lusters to develop technologies for industr ia l 
decarbonisat ion, specif ic technologies and programmes are not yet establ ished but CCUS and hydrogen 
are l ikely to be tools for industr ia l  decarbonisat ion.

University of Strathclyde Centre for Energy Pol icy

Research covers the ful l  energy supply chain and include the economic impacts of changes in the system, 
research invest igates the whole energy system, recent publ icat ions have covered the macroeconomics of 
CCUS.

Energy Systems Research Unit

Development of new technologies and methods for energy ut i l isat ion and supply. The unit  has developed 
computat ional tools to aid in the development of energy systems, areas of expert ise include low carbon 
heat ing and cool ing and hydrogen energy systems.

Power Networks Demonstrat ion Centre

Invest igat ing hydrogen product ion into their s imulat ions of the electr ic i ty network.

Research in hydrogen powered vessels as part of the Sustainable Shipping research programme.

University of Glasgow Improved Electrolysis

Research into sol id state electrocatalysts for hydrogen generat ion and CO2 storage.

University of Highlands and 
Is lands (UHI)

Lewes Cast le Col lege

UHI has created a smal l  scale hydrogen laboratory to invest igate the interact ion between an electrolyser 
and electr ical  systems. There is also a programme of hydrogen related training, research and development.

Edinburgh Napier University Scott ish Energy Centre

Focuses on the development of renewable energy systems and sustainable design om construct ion. 
Research into developing low and zero carbon technologies including fuel cel ls.

Hydrogen lab

Smal l  hydrogen laboratory with an electrolyser, a photo-voltaic façade, two wind turbines and a smal l 
exper imental sol id oxide fuel cel l  stack.

University of Aberdeen Schools Hydrogen Chal lenge

Support ing ski l ls development in high school aged pupi ls

Robert Gordon University Hydrogen vehicles

Operat ing a smal l  hydrogen vehicle f leet.

Table 8: Innovat ion and academia.
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APPENDIX 3
Scenarios

S C O T T I S H  H Y D R O G E N 
A S S E S S M E N T  P R O J E C T
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A 3 . 1  E X P L O R I N G  S C E N A R I O S 

A key part of the assessment is the creation of possible future scenarios for hydrogen in Scotland. 
The purpose of using scenario analysis was to explore at a high level with a number of key 
stakeholders, the range of roles that hydrogen could play in a future energy economy. The intention 
was not to create accurate predictions of the future, but to show a range of different possibilities for 
how hydrogen could be used, produced and transported in Scotland and then what impact this would 
have on the Scottish economy. 

The scenarios were developed over two stages; from an initial round of stakeholder engagement 
a ‘long list’ of potential future scenarios were developed, see Figure 2. These scenarios provide 
outlines of roles that hydrogen could play in Scotland in 2045. They were not intended to be fully 
formed scenarios with timelines through to 2045 rather they were intended to show the full range of 
roles that hydrogen could play in the economy. This could range from small roles in particular sectors 
or regions to large roles across a number of different sectors. In reality hydrogen usage would not be 
so polarised, for example it may be considered unlikely that hydrogen will be used only in industry 
and power generation and not used at all in other sectors.  

Setting out this long list allowed for the next stage – developing a short list of more rounded 
scenarios. 
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H Y D R O G E N  E X P O R T E R 
N O T  U S E R

L I M I T E D  H Y D R O G E N  
I N  S O M E  S E C T O R S 

S M A L L ,  F R I E N D LY 
L O C A L  H Y D R O G E N 

B I G  G R E E N  H Y D R O G E N 
–  F O R  T R A N S P O R T

F U L L  G A S  N E T W O R K 
C O N V E R S I O N 

O N LY  T H E  B I G 
P L AY E R S  -  I N D U S T R Y 

A N D  P O W E R

L A R G E  C L U S T E R  –
C I T Y  O R  R E G I O N A L 

C L U S T E R S 

F U L L  H Y D R O G E N 
E V E R Y W H E R E

Scenario  
Synopsis

Scotland becomes a 
centre for hydrogen 
production in Europe, 
exporting hydrogen 
across the rest of Europe 
and  possibly beyond.

Hydrogen is used 
throughout Scotland  in 
those sectors or facilities 
where hydrogen is the 
only or the most efficient 
and cost-effective way of 
decarbonising. 

Hydrogen is produced 
and used in small 
clusters where there are 
production advantages 
and/or where other 
forms of decarbonisation 
are difficult. But not 
elsewhere.

Entirely green hydrogen. 
Produced at large scale 
is used in hydrogen fuel 
cells which are primarily 
used in the transport 
sector.  

Scotland’s gas network is 
fully converted to 100% 
hydrogen. All domestic 
and industry currently 
connected to the gas grid 
are switched to hydrogen.

Hydrogen is produced 
at scale either through 
Blue and Green means 
and used extensively 
in industry and power 
generation. It is not 
used for any smaller 
applications.

Hydrogen is used 
extensively in a few large 
clusters - wholes cities 
and/or regions cities in 
Scotland but hardly at all 
in the rest of the country.

Hydrogen production in 
Scotland is maximised  
and is used all possible 
sectors as much as 
possible. This is used 
all sectors as much as 
possible.

Hydrogen 
Production

Mass offshore 
wind hydrogen 
and blue 
hydrogen 
production for 
export.

Blue hydrogen 
for industry and 
green hydrogen 
for transport.

Green 
hydrogen 
production 
primarily using 
smaller local 
sources.

 

All hydrogen is 
green primarily 
produced at 
scale using 
large offshore 
wind.

Hydrogen is 
produced at 
scale - both 
blue and green 
hydrogen.

Blue hydrogen 
is the primary 
production 
method with 
some green.

Blue or green 
hydrogen 
production 
depending on 
cluster location.

Maximum 
hydrogen 
production 
using all 
available 
technologies.

End Use
Used a small 
amount in 
industry and 
niche transport 
sectors that are 
located near to 
ports.

Hydrogen end 
usage includes 
industrial 
feedstock, 
‘Back to base’ 
transport fleets 
and large long 
distance, heavy 
vehicles.

Hydrogen used 
for multiple 
purposes within 
each small 
cluster - heat, 
local transport 
fleets and 
smaller scale 
industrial. 

Hydrogen used 
for multiple 
purposes within 
each small 
cluster - heat, 
local transport 
fleets and 
smaller scale 
industrial. 

Hydrogen has 
a major role 
in domestic & 
commercial 
heating and 
industry 
& power 
generation. 
Not used in 
transport.

Large industrial 
users switch to 
hydrogen but 
there is limited 
hydrogen use 
in other sectors.

Within 
each cluster 
it is used 
extensively 
across all 
sectors. Not 
used outside 
of the large 
clusters.

Hydrogen has 
a large role 
in each of the 
sectors at each 
level.

I N D U S T R Y  A N D  
P O W E R  G E N E R AT I O N

T R A N S P O R T

H E AT

Import / Export
Large scale export to 
Europe/Worldwide.

No export/import. No export/import. Some export to England 
via transmission network.

Some export to England 
via transmission network.

Some export to England 
via transmission network 
and some European 
shipping.

Potential to export or 
import hydrogen from/
into each cluster.

Some hydrogen import.

Transmission, 
Distribution 
and Storage

Hydrogen is located near 
ports and/or transported 
to ports via high pressure 
pipelines from where 
it is transported around 
Europe/the world.

Hydrogen for industry 
uses co-located blue 
hydrogen production 
supplied by natural gas 
transmission. Tanker 
network supplies the 
green hydrogen to 
refuelling points.

Small local hydrogen 
distribution network 
within the cluster. Some 
road tankers supply 
refuelling points within 
the cluster.

Mostly transported by 
tankers to refuelling 
stations around Scotland. 
Pipelines could be built 
from production plants 
to regional distribution 
centres.

Today’s gas network will 
remain with upgrades 
and replacements. 
Green hydrogen will be 
connected at distribution 
level and CCUS network 
will be established.

A hydrogen transmission 
network transports 
hydrogen from 
production locations 
to the large users. 
There is no small level 
distribution network or 
tanker network.

Gas distribution networks 
within clusters are 
converted to hydrogen. 
Tanker transporting 
hydrogen to refuelling 
centres.

The whole gas 
networks is converted 
to hydrogen with new 
hydrogen pipelines 
where necessary. Tanker 
network transports 
hydrogen to refuelling 
centres.
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A 3 . 1 . 1  S C E N A R I O  D E S C R I P T I O N S

A 3 . 1 . 1 . 1  H Y D R O G E N  E X P O R T E R  –  N O T  U S E R

Scotland becomes a centre for hydrogen production in Europe, exporting hydrogen across the rest  
of Europe and even beyond.

End Use Hydrogen plays a very minor role in Scot land’s domestic energy scene; only parts of the economy that 
cannot or are very di ff icult  to decarbonise by any other means use hydrogen. This includes the chemical 
product ion industry, a l imited amount in industr ia l  feedstock and niche industr ia l  transport f leets such as 
forkl i f t  trucks in warehouses and ports.

Hydrogen Product ion Hydrogen product ion becomes a major industry in Scot land, with the vast major i ty of hydrogen produced 
exported.  In 2045 product ion is both blue and green with green a larger and growing percentage. Green 
hydrogen is pr imari ly produced at large scale offshore on f loat ing platforms co-located with large offshore 
wind farms which produce electr ic i ty only for the electrolysers. 

Transmission, Distr ibut ion 
and Storage

Hydrogen product ion is located near to ports or piped to shore from the offshore product ion faci l i t ies 
to ports. From here the hydrogen is exported to Europe and around the globe by ship. At least one high 
pressure hydrogen pipel ine connects Scott ish hydrogen product ion to England. Hydrogen storage faci l i t ies 
around the ports are used to store hydrogen pr ior to export.  Any domestic hydrogen usage in Scot land 
is located near to these port faci l i t ies and connected by short pipel ines ( for industr ia l  usage) or by road 
tankers ( for usage in transport) .  Other than this there is no hydrogen network in Scot land.

Economic Impact GVA potential:  High

Job creation:  High, al l  ski l ls levels

It  is ant ic ipated that the economic benef i ts result ing from this scenario would be considerable. The 
absolute size of hydrogen product ion is i tsel f  considerable and the scenario would natural ly be expected to 
del iver more value than other less ambit ious scenarios. By seeking out high value export markets, there is 
an opportunity to maximise the economic benef i t  of the green hydrogen potent ia l  in Scot land.

In addit ion, the concentrated focus on (pr imari ly )  offshore wind generat ion coupled with the massive 
offshore and onshore electrolyser capacity could be expected to increase the overal l  impact by reaching a 
‘t ipping point’ of expert ise in systems integrat ion, posit ioning Scotland as a world leader in this domain. 
The scenario leverages exist ing ski l ls and capabi l i t ies in Scot land associated with the offshore oi l  and gas 
industry, e.g. offshore logist ics and pipel ine construct ion.

Signi f icant job creat ion could be ant ic ipated across a wide range of ski l l  levels and across the regions, 
focused perhaps on the east coast and Aberdeen in part icular but including the Is lands and rural  as wel l .

The lack of any domestic hydrogen use l imits the potent ia l  economic value result ing from, e.g. bus 
manufacture.
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A 3 . 1 . 1 . 2  L I M I T E D  H Y D R O G E N  –  I N  S O M E  S E C T O R S

Hydrogen is used in those sectors or facilities where hydrogen is the only or the most efficient and 
most cost-effective way of decarbonising. 

End Usage Hydrogen is used across Scot land in a l imited number of s i tuat ions where the alternat ive decarbonisat ion 
route is too expensive and/or impract ical.  I t  is used in industr ia l  feedstock in some industr ies where CCUS 
is too di ff icult .  Also, i t  is used as a more eff ic ient alternat ive to electr ic vehicles in some ‘back to base’ 
local transport f leets for example local buses, del ivery vehicles, taxis and long distance intercity transport 
coaches, HGVs and non electr i f ied rai l .  Note hydrogen is not exclusively used in these sectors, hydrogen 
is only used where i t  is deemed more eff ic ient than EVs. Hydrogen is not used in domestic or commercial 
heat ing.

Product ion In this scenario, product ion is dependent on the sector in which i t  is used; hydrogen for industr ia l  usage 
is pr imari ly produced using blue hydrogen from natural  gas either from the North Sea or imported LNG 
faci l i t ies. Green hydrogen is used in transport f leets, produced at a local level using relat ively smal l  scale 
onshore wind, solar and t idal.

Transmission, Distr ibut ion 
and Storage

Natural gas st i l l  p lays a large role in the Scott ish energy sector, a long with carbon capture and storage. 
The natural  gas transmission system of today has been maintained and is feeding heavy industry direct ly or 
the blue hydrogen SMR faci l i t ies. A paral le l  carbon network is bui l t ,  taking the carbon away from its point 
of use to the CCUS stores in the North Sea. The high pressure natural  gas distr ibut ion network may be 
maintained but most of the distr ibut ion network is decommissioned as heat is electr i f ied.  Green hydrogen 
product ion is located near to demand therefore there is a l imited road based hydrogen refuel l ing network.

Economic Impact GVA potential:  Low

Job creation:  Low, low- to mid-ski l l  level

The modest ambit ion of this scenario natural ly l imits the maximum value creat ion potent ia l  i t  presents. The 
absolute size of the opportunity is therefore relat ively l imited.

In addit ion, act iv i ty is spread between mult iple sectors of the economy and as a result  i t  is di ff icult  to see 
how any one sector could reach cr i t ical  mass. This further l imits the value creat ion potent ia l  as sectors fa i l 
to benef i t  f rom factors such as learning by doing and industr ia l isat ion.

However, some opportunit ies exist around exist ing ski l ls bases such as bus manufacture at ADL where 
manufactur ing cost reduct ions can be real ised even at relat ively smal l  volumes.

Some service based opportunit ies exist around the deployment and operat ion of hydrogen refuel l ing 
stat ions, for example, as wel l  as in operat ions and maintenance of transport f leets. This points to most of 
the jobs being in the low- to mid-ski l l  level,  with relat ively few high ski l l  jobs result ing.
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A 3 . 1 . 1 . 3  S M A L L ,  L O C A L  H Y D R O G E N

Hydrogen is produced and used in small clusters where there are production advantages and/or where 
other forms of decarbonisation are difficult. 

End Usage Hydrogen is used across a var iety of sectors within smal l  c lusters. I t  is used in local buses, taxis, del ivery 
vehicles and other local areas. Local fuel stat ions wi l l  a lso offer hydrogen for personal vehicles including 
agr icultural  vehicles and machinery. Hydrogen is used for domestic and local heat ing and in local industry.

Product ion Hydrogen is produced at relat ively smal l  scale using smal l  e lectrolyser faci l i t ies l inked to smal l  scale 
renewable energy including onshore wind, offshore wind, solar and t idal.  Al l  the hydrogen produced is 
consumed within close proximity to where i t  is produced.    

Transmission, Distr ibut ion 
and Storage

Product ion is located near to i ts point of use, therefore there is no requirement for a nat ional hydrogen 
transmission system. Smal l  discrete local distr ibut ion networks operate, connect ing domestic and 
commercial  heat ing and smal l  industry. Within each cluster a smal l  road tanker network operates supplying 
hydrogen for transport refuel l ing points. Storage faci l i t ies operate to ensure a steady supply of hydrogen 
for the cluster al l  year round.  

Economic Impact GVA potential:  Smal l

Job creation:  Smal l ,  low- to mid-ski l l  levels

In this scenario we would expect the technology solut ions that are deployed to be quite heterogenous with 
bespoke solut ions designed to meet the needs of indiv idual smal l  c lusters. This scenario therefore suffers 
from many of the same disadvantages as the “Limited Hydrogen” scenario with regards to both absolute 
size and fai lure to achieve cr i t ical  mass.

Benef i ts would be simi lar to those ident i f ied for “Limited Hydrogen” but these would arguably be smal ler 
st i l l  g iven the very local ised nature of the developments.
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A 3 . 1 . 1 . 4  B I G  G R E E N  H Y D R O G E N  –  F O R  T R A N S P O R T

Entirely green hydrogen is mass produced primally in large offshore platforms linked to offshore 
wind farms. This hydrogen is used exclusively in hydrogen fuel cells which are primarily used in the 
transport sector which becomes a largely hydrogen powered sector.

End Usage Hydrogen plays a major role in the transport sector in Scot land, being the main replacement for petrol  and 
diesel.  Fuel cel ls are also used in some strategic places for electr ic i ty generat ion. Hydrogen is not used in 
any other sectors. Some of the hydrogen is exported to England by pipel ine. 

Product ion In this scenario al l  hydrogen is green and is pr imari ly produced from large offshore or coastal  e lectrolyser 
plants using renewable energy from offshore wind farms. The electr ic i ty from these wind farms is 
exclusively used to produce hydrogen. Some hydrogen is also produced from t idal resources.

Transmission, Distr ibut ion 
and Storage

In this scenario distr ibut ion of hydrogen effect ively mirrors the exist ing petrol  and diesel supply chain. 
Hydrogen wi l l  be transported around the country from major product ion sites to refuel l ing stat ions by road 
and rai l  tanker. Hydrogen pipel ines transport hydrogen from product ion sites, much of which is offshore, to 
distr ibut ion centres from where i t  wi l l  be del ivered to refuel l ing stat ions via tankers. 

Aside from one or two strategic pipel ines that may f i t  with the strategy above and one or two export 
pipel ines to England, the gas distr ibut ion network is largely decommissioned. Some of the natural  gas 
network remains carry ing natural  gas for industry, a paral le l  CO2 network is required to take the captured 
CO2 to storage sites.

Economic Impact GVA potential:  Mid-level

Job creation: High, al l  ski l l  levels

This scenario could be expected to real ise many of the same benef i ts as the “Hydrogen Exporter” scenario 
but would l ikely be smal ler in absolute scale. There is a quest ion mark over whether cr i t ical  mass could be 
reached in offshore wind-electrolyser integrat ion but i f  th is could be achieved then the benef i ts would be 
considerable.

Whi le the benef i t  f rom green hydrogen product ion may be smal ler than i f  exported, more benef i ts could be 
expected to accrue to act iv i t ies such as bus manufacture. There would also be more HRS rol l-out and more 
opportunit ies in operat ions and maintenance in the transport sector.

The lack of any establ ished fuel cel l  manufactur ing in Scot land l imits the value potent ia l  and i t  is highly 
unl ikely that the size of the opportunity would be signi f icant enough to attract foreign manufacturers to 
invest in establ ishing manufactur ing or assembly act iv i t ies in Scot land. There exists reasonably strong 
integrat ion ski l ls in the fuel cel l  domain which could be strengthened as a result  of the increased demand 
for hydrogen demand.
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A 3 . 1 . 1 . 5  F U L L  G A S  N E T W O R K  C O N V E R S I O N

Scotland’s gas network is fully converted to 100% hydrogen. Most domestic, commercial 
and industrial currently connected to the gas grid are switched to hydrogen. The hydrogen is 
manufactured from both blue and green sources.

End Usage A large proport ion of domestic and commercial  heat ing and cooking is hydrogen. Industr ia l  customers 
connected to the gr id ( transmission and distr ibut ion) are switched to hydrogen, including power stat ions 
current ly connected to the transmission gr id.  Some transport f leets are run using hydrogen, sourced from 
the network and cleaned to al low it  to be used in fuel cel ls, however the major i ty of transport does not use 
hydrogen.

Product ion Given the large amount of hydrogen required, both blue and green hydrogen product ion plays a signi f icant 
role in 2045. Blue hydrogen is produced using North Sea natural  gas and imported LNG with the CCUS in 
storage faci l i t ies of the eastern coast of Scot land. 

Blue hydrogen has provided the bulk of hydrogen product ion thus far, however by 2045, over 50% of 
product ion is green using Scotland’s abundant wind and t idal resources. This proport ion of green is 
expected to grow unt i l  eventual ly i t  is 100% of product ion – expected sometime in the 2050s. 

Transmission, Distr ibut ion 
and Storage

The gas distr ibut ion network operates largely as today, with hydrogen replacing natural  gas.  The 
transmission network wi l l  e i ther have been upgraded or replaced. Hydrogen storage is part icular ly 
important in this scenario given the large di fferent ia l  in summer and winter heat ing demand, large scale 
geological storage using geological caverns are used to store hydrogen in summer for use over the winter.

Economic Impact GVA potential:  Mid-level

Job creation: High, mid-ski l l  level

In common with “Big Green”, this scenario could be expected to real ise many of the same benef i ts as the 
“Hydrogen Exporter” scenario but would l ikely be smal ler in absolute scale. There is a greater quest ion 
mark over whether cr i t ical  mass could be reached in offshore wind electrolyser integrat ion since this 
scenario postulates a mix of both blue and green hydrogen.

There wi l l  be l imited opportunit ies to capital ise on ski l ls in areas l ike vehicle OEM design and product ion, 
but there would be considerable act iv i ty in gas network conversion and / or instal lat ion. Scot land does not 
have an indigenous boi ler or fuel cel l  manufacturer and would be sub-scale for attract ing a foreign one, 
l imit ing the economic benef i ts.

Job creat ion could be extensive, especial ly dur ing the construct ion / conversion phase but these may 
be in lower ski l l  levels. In common with “Exporter” and “Big Green”, high level ski l ls around renewable-
electrolyser integrat ion could be ant ic ipated. The focus on the gas network may reduce the opportunit ies 
for regional job creat ion especial ly in rural  and is lands locat ions.
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A 3 . 1 . 1 . 6  O N LY  T H E  P L AY E R S  –  I N D U S T R Y  A N D  P O W E R  G E N E R AT I O N 

Hydrogen is produced at scale either through blue and green means and transported around the 
country using hydrogen transmission network. It is not used for any other smaller applications.

End Usage Hydrogen is only used by very large energy users such as industr ia l  feedstock (steel works, cement 
product ion etc) and power generators. 

Hydrogen is used signi f icant ly in power generat ion in hydrogen CCGTs, providing a signi f icant amount of 
power generat ion in Scot land and help to balance the system which is otherwise dependent on renewables. 
In effect hydrogen in this scenario is used as an energy storage for the power gr id, being produced at 
t imes of energy surplus and then being used to generate at other t imes.

Product ion Blue hydrogen is manufactured using the remaining North Sea natural  gas and imported LNG. The CO2 is 
then captured and stored in CCUS faci l i t ies of the eastern coast of Scot land. 

Blue hydrogen has provided the bulk of hydrogen product ion thus far, however by 2045, a growing 
proport ion of product ion is green using Scotland’s abundant wind and t idal resources. This proport ion of 
green is expected to grow unt i l  eventual ly i t  is 100% of product ion – expected sometime in the 2060s. 

Transmission, Distr ibut ion 
and Storage

Only a high pressure transmission network is required in this scenario. This network wi l l  be largely new 
rather than converted exist ing gas transmission though may fol low simi lar routes. This network wi l l  be 
l imited as possible users wi l l  be located near hydrogen product ion centres. At least one transmission l ine 
connects Scot land to Northern England where Scott ish hydrogen is used in heavy industry and power 
product ion.  

Economic Impact GVA potential:  Mid- to low-level

Job creation:  Mid-level,  mid-ski l l  level

The benef i ts and disadvantages of this scenario mirror those in the “Ful l  Gas Network” scenario but would 
be a smal ler absolute size.

A 3 . 1 . 1 . 7  L A R G E  C L U S T E R S  –  C I T Y  O R  R E G I O N A L  C L U S T E R S 

Hydrogen used in a small number (3-4) of large clusters which are whole cities or regions. Within 
these clusters hydrogen is used extensively across all sectors, but hydrogen is not used outside the 
clusters.

End Usage Hydrogen is used extensively across al l  sectors; heat, transport,  industry and power generat ion, within 
the clusters. For transport,  i t  is used in personal,  commercial  and f leet vehicles such as local buses, 
train services, taxis, del ivery vehicles and other local f leets. Long distance intercity travel does not use 
hydrogen as i t  is prevented by i ts unavai labi l i ty outside of the cluster. Hydrogen is used for domestic and 
local heat ing and in local industry and potent ia l  a lso local power generat ion.

Product ion The product ion wi l l  depend on the locat ion of the cluster in relat ion to Scot land’s natural  resources. At 
least one cluster wi l l  be based around blue hydrogen using North Sea gas and/or imported LNG.  By 2045 
this has started to be replaced with green hydrogen produced by  offshore wind farms. Other clusters 
could use large scale green hydrogen from the start,  though these clusters would l ikely start later.

Transmission, Distr ibut ion 
and Storage

Within the clusters the gas distr ibut ion network is maintained and converted to hydrogen but 
decommissioned elsewhere. A l imited number of high pressure pipel ines transport the hydrogen from large 
scale product ion to the clusters. A road tanker network is used to supply refuel l ing stat ions within the 
cluster from a central  distr ibut ion point.

Economic Impact GVA potential:  Mid-level

Job creation:  Mid-level,  a l l  ski l ls levels

This scenario would resemble “Ful l  Hydrogen” and could potent ia l ly offer most of the benef i ts to the energy 
system with a smal ler level of concentrated investment. For example, “Clusters” might al low conversion of 
the transport f leet to 80% of the level envisaged in the “Maximum Hydrogen” scenario but require fewer 
investments in refuel l ing infrastructure owing to i ts t ighter geographical locat ion.

Both economic act iv i ty and job creat ion wi l l  be, by def in i t ion, more local ised and the opportunit ies for rural 
and is land locat ions may therefore be more l imited.
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A 3 . 1 . 1 . 8  F U L L  H Y D R O G E N 

Scotland produces as much hydrogen as it possibly can and this is used extensively domestically 
across all sectors and geographies.

End Usage In this scenario hydrogen becomes the main energy vector, and is used widely across industry, transport 
and heat ing. Other decarbonisat ion forms are only used when i t  is not possible or impract ical to use 
hydrogen. Hydrogen is also used in power generat ion al lowing for the complete decarbonisat ion of power.  

Product ion Scotland maximises al l  i ts resources to produce as much hydrogen as i t  can. Blue hydrogen plays a 
dominant role ear ly on using North Sea gas to produce hydrogen with the carbon stored in large scale 
CCUS in the North Sea. By 2045 green hydrogen is produced from a var iety of sources, incl .  renewable 
onshore and offshore wind, t idal and solar with varying product ion scales. In 2045 product ion is around 
50/50 between blue and green but green is expected to become the sole means of product ion by the 
2060s.

Transmission, Distr ibut ion 
and Storage

A ful l  gas network system is maintained, distr ibut ion networks have been converted to hydrogen, 
some smal l  scale distr ibut ion renewable generat ion is direct ly connected at this level.   A new hydrogen 
transmission high pressure network is bui l t  to transport large volumes of hydrogen from centres of 
product ion to demand centres. These pipel ines feed, large users, distr ibut ion networks and refuel l ing 
distr ibut ion centres from where trucks are used to supply hydrogen for transport refuel l ing stat ions. In this 
scenario hydrogen may be imported into Scot land using port faci l i t ies from countr ies where hydrogen is 
produced on mass at low cost.

Economic Impact GVA potential:  High

Job creation:  High, al l  ski l ls levels

The scenario should del iver strong systems integrat ion capabi l i ty around the deployment of offshore 
green hydrogen whi le at the same t ime strengthening the ski l ls around transport infrastructure. However, 
the presence of both blue and green hydrogen may prevent Scot land from attaining the t ipping point in 
offshore green. This may be countered by strong development in other sectors such as bus manufacture.

Job creat ion is l ikely to be signi f icant and spread across ski l l  levels and the regions.

A 3 . 2  C R E AT I N G  T H E  F I N A L  
T H R E E  S C E N A R I O S 

Following the identification of the long list of scenarios, 
three main scenarios were identified and developed with 
stakeholders. These three scenarios encompass elements 
of more than one of the long listed scenarios. 

Each scenario makes different assumptions on what 
happens to hydrogen internationally and therefore how 
that impacts on how hydrogen is used in Scotland. Some 
of these assumptions are deliberately bold as the intention 
was to avoid scenarios that are too similar to each other 
and therefore are not explore a full range of outcomes. 
Each scenario has its own challenges and difficulties that 
would need to be overcome if it were to become a reality. 

In each scenario it is assumed that net-zero is achieved, 
the scenarios envisage the different roles hydrogen will 
play. In each scenario a proportion of energy demand, 
in TWh, in each sector is met by hydrogen and in some 
scenarios some of the hydrogen produced is exported. 
Each scenario envisages different amounts of blue and 
green production. 

For green each scenario assumes that a proportion 
hydrogen is made onshore at small to medium scale and 
another proportion is made at large scale using offshore 
wind. 

The scenarios are designed to reflect the views of 
stakeholders and in literature. In some sectors the 
scenarios are similar where nearly all stakeholders were in 
agreement, e.g. the use of hydrogen in fleet transport and 
the use of small-medium green production. In some they 
are quite different to reflect differences in views such as 
use of hydrogen in the gas network and the role of blue 
hydrogen.  
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A 3 . 2 . 1  S C E N A R I O  A :  H Y D R O G E N  E C O N O M Y 

A 3 . 2 . 1 . 1  T H E  D E V E L O P M E N T  
O F  T H I S  S C E N A R I O 

This scenario is developed from the long listed scenarios 
where hydrogen is extensively used across Scotland. 
The central logic of this scenario is that hydrogen is the 
primary means of decarbonising Scotland’s economy. It is 
assumed that hydrogen develops in a similar way across 
the UK. 

This scenario explores using hydrogen in all sectors where 
stakeholders and existing literature feel there was a good 
case for it to be used in Scotland. Where stakeholders 
felt it was unlikely that hydrogen would be used it is not 
used in this scenario. For example, in transport hydrogen 
is used extensively in heavy and fleet vehicles in this 
scenario but less so in smaller and personal vehicles where 
most stakeholders and literature are more sceptical about 
hydrogen’s potential to in this market.   

Where there is a decision to be made, such as whether 
to use hydrogen at scale in heating and therefore in 
the distribution network, this scenario imagines that a 
decision has been made in favour of using hydrogen. This 
is also a national scale scenario where hydrogen is used 
across all of Scotland, if there is a good case for its use 
but with some differences to how it is used in different 
regions. 

This scenario reflects the view of many stakeholders, 
that blue hydrogen is used initially to produce hydrogen, 
but is eventually displaced by green. The use of blue is 
also connected to the types of demand envisaged with 
hydrogen used more in the network as a combustion fuel, 
in heating and industry. Here scale of production is more 
important than purity, which is needed to use in fuel 
cells in transport. This scenario is the most ambitious in 
terms of the build-up rate of hydrogen produced, but by 
2045 Scenario B: Green Export imagines higher overall 
production. This reflects the need for hydrogen to be used 
in heating decarbonisation and that blue hydrogen is used 
to get to scale of production relatively quickly.   

A 3 . 2 . 1 . 2  S H O R T  T E R M  –  2 0 2 5

Demand

By 2025 a full hydrogen economy is still far away but 
hydrogen is being used at some scale, though still modest 
in comparison to the entire energy system. Just under 
2TWh compared to an overall Scottish energy demand of 
160TWh in 2017. 

The majority of hydrogen production (over 75%) comes 
from the blue hydrogen facility in Aberdeen. The 
hydrogen from this facility is primarily injected into the 
gas network and blended with natural gas (around 2% 
by volume[2]), reducing slightly the CO2 emissions of gas 
use. Given the small percentage, existing gas residential, 
commercial or industrial appliances can continue to be 
used68,117. 

Hydrogen is beginning to be used more in transport, 
driven by conversion of public sector fleets or in fleets 
the public sector has some control over. Hydrogen is 
used particularly in buses and small numbers of hydrogen 
FCVs are used by councils and other public sector 
organisations. A small number of hydrogen fuelled HGVs 
are on Scottish roads and initial demonstration projects are 
under way in rail and ferries.

Figure 3: Scenario A: Hydrogen Economy - hydrogen usage in 2025 in TWh.
[2] 2% volume is less than 2% of energy due to hydrogens lower density 
compared to natural  gas Note that this scenario envisages blending into the 
transmission network so that the hydrogen makes i ts way into the whole UK 
system, for the purposes of this scenario we imagine that this hydrogen is 
considered for accounting purposes to be used in Scot land.
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The remainder of the hydrogen is from small scale 
electrolyser co-located with demand points spread 
throughout Scotland. Most of this production is used in 
transport, though there is some use in heating in pilot 
projects such as the H100 project in Fife. There is some 
initial usage of green hydrogen in industry that is not 
already connected to the gas network. 

A 3 . 2 . 1 . 3  M E D I U M  T E R M  –  2 0 3 2

A full hydrogen economy is well on its way to being 
developed by 2032. There is now just over 20 TWh of 
hydrogen being produced and used in Scotland. 

Blue hydrogen production still makes up over two thirds 
of production, met by an expanded Acorn facility in 
Aberdeen, as well as small blue facilities centred in 
industrial clusters, such as Grangemouth. However, 
green hydrogen production has ramped up. Both Small to 
medium scale production from onshore renewables and 
larger scale offshore production facilities have begun to 
start producing hydrogen particularly along the east coast.

Conversion of the gas network is the greatest contributor 
to demand, the blending rate has increased (up to 
20% hydrogen blending by volume is thought to be 
possible without changing domestic and commercial 
appliances117) and in addition whole areas of the grid have 
been converted to run on 100% hydrogen. These areas 
are likely to be around the north east, where the Acorn 
facility has expanded significantly and in the industrial 
cluster where further blue hydrogen production facilities 
have been built. Some small amounts of hydrogen are 
being used in ‘peaking plants’ that provide back-up for 
renewable generation. At this stage this may be blended 
with natural gas rather than 100% hydrogen. 

Transport usage has grown, albeit not as much as 
heating and industrial. It is the larger service vehicles 
that are driving the demand particularly buses and 
HGVs Hydrogen is used in a limited number of smaller 
vehicles, cars and LGVs, but this is largely limited to fleet 
operated vehicles public sector, and at this stage some 
limited private sector fleets (delivery vehicles etc). Rail 
and ferries have moved beyond pilot stage and are now 
significantly using hydrogen. Hydrogen has begun to be 
used on a pilot basis, in small domestic aircraft that link 
small remote airports.

A significant amount of hydrogen produced in Scotland 
is being used in the rest of the UK as hydrogen is 
increasingly transmitted via the UK transmission network, 
still blended with natural gas. Scotland becomes a net 
exporter of hydrogen to the rest of the UK by 4TWh 
simply by inputting hydrogen to the gas network.   

Figure 4: Hydrogen Economy development medium term demand  
and supply (2032).
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A 3 . 2 . 1 . 4  2 0 4 5  –  N E T- Z E R O

Both blue and green production has grown, but green 
production has accelerated further and has now overtaken 
blue production. This is particularly driven by hydrogen 
made at scale using energy from offshore wind farms. 
Smaller scale production from onshore wind is a smaller, 
but important part of the production mix particularly in 
remote and island areas. 

A full gas network operates in 2045 as it does today, but 
with natural gas replaced by hydrogen. Due to its large 
potential for hydrogen production, Scotland is expected to 
become a net exporter of hydrogen to the rest of the UK, 
via the national grid with around 20 TWh. In order to meet 
fluctuating demands and winter peaks, significant amounts 
of geological storage requirement is expected. More 
hydrogen is used in peaking plants 

[3]  Note this report has only looked at Scot land’s domestic demand so 
internat ional aviat ion and shipping are not included in the f igures presented.

By 2045 hydrogen will be the predominant fuel in 
residential and commercial heating alongside its use as 
an industrial feedstock. Hydrogen is now the main fuel 
for heavy, fleet-based transport e.g. buses, HGVs, trains 
(non electrified, more remote lines) and water transport 
and domestic aviation[3]. HGVs become the largest users 
of hydrogen in the transport sector with all HGVs now 
using hydrogen. This scenario does not envisage hydrogen 
becoming the main transport fuel for LGVs and personal 
vehicles, where EVs are mostly used. There is some usage 
in this sector primarily in vehicle fleets, such as council 
vehicles, delivery fleets, company cars etc.,) and in larger 
personal vehicles. Generally, the larger the vehicle and the 
longer the distance it needs to travel without stopping, the 
more likely it is to use hydrogen. 

Figure 5: Hydrogen Economy supply and demand in 2045 and a breakdown of transport demand use.
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A 3 . 2 . 2  S C E N A R I O  B :  G R E E N  E X P O R T

A 3 . 2 . 2 . 1  T H E  D E V E L O P M E N T  
O F  T H I S  S C E N A R I O 

This scenario is developed from the long listed scenarios 
where Scotland becomes a mass exporter of hydrogen and 
where only green hydrogen is produced. The central logic 
of this scenario is that a large demand for green hydrogen 
develops in Europe, with Scotland becoming one of the 
centres of production to meet this need. 

This scenario reflects the view from many stakeholders 
that there is a significant opportunity for hydrogen to 
utilise Scotland’s significant offshore wind resources, that 
may otherwise not be utilised. 

This scenario reflects the views expressed by some 
stakeholders that only green production should be 
considered in Scotland. It also reflects the view from 
some stakeholders that green hydrogen should be 
seen as a higher value product used where it can most 
effectively replace fossil fuels. This includes fuel cells 
(primarily in FCVs), as an industrial feedstock and higher 
grade heating, rather than as a combustion fuel in the 
distribution network for domestic and commercial heating.  

This scenario explores a world where hydrogen is used 
extensively in all transport applications not just in fleet 
and heavy vehicles. Although the indications from 
literature and stakeholders is that hydrogen is less likely 
to be used over BEVs in the personal vehicle market there 
is a view that this could happen so it was felt that it was 
worth exploring in one scenario. In this scenario there is 
large amounts of green hydrogen making it more likely 
that it will be used in hydrogen. 

This scenario is overall the most ambitious when it comes 
to hydrogen production in 2045. Although the build-out 
rate is slower than in the hydrogen production scenario 
reflecting that facts that no blue hydrogen is used in this 
scenario, electrolyser production will take time to ramp-up 
and an export market will take time to emerge. 

A 3 . 2 . 2 . 2  S H O R T  T E R M  -  2 0 2 5

There is no blue hydrogen in this scenario so overall 
production is lower than in Hydrogen Economy. However 
this scenario does show an ambitious roll out of around 
400 MW of electrolysers to be deployed in many small 
scale onshore production facilities throughout the country, 
located on or close to demand points. These demand 
points are mostly local fleet transport refuelling stations. 
Buses lead this demand, together with some public sector, 
local delivery vehicles and HGVs. A very small number 
of cars start to be seen on the roads, these are mostly 
operated in fleets rather than personal vehicles. At this 
stage the number of vehicles is still limited and based 
on where hydrogen is available, still far from a national 
system.  

Hydrogen is used at in some industrial processes using 
hydrogen produced locally from local renewable sources. 
Hydrogen is not blended into the existing distribution 
network and is therefore not used in domestic and 
commercial buildings.

Figure 6: Scenario B short term development supply and demand (2025).
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A 3 . 2 . 2 . 3  M E D I U M  T E R M  –  2 0 3 2

By 2032 there will be significant expansion in the size and 
number of onshore sites, which are co-located with the 
demand. Additionally, large scale production of hydrogen 
from dedicated offshore wind sites has come online and is 
expanding.

By 2032 there is an increase in hydrogen fleet vehicles in 
this scenario, in addition to uptake in personal hydrogen 
FCVs. This is expected to coincide, and be driven by, 
the ban on petrol and diesel vehicles in 2032. Hydrogen 
vehicles now make up most new vehicle sales, though 
EVs are also around a third. 

Some large scale industrial processes have now been 
converted to green hydrogen directly connecting to 
production sources via new pipelines. This includes a 
small amount of hydrogen being used in peaking plant 
power generation.

Hydrogen is starting to be exported to the rest of the 
UK, with a pipeline constructed, or an existing pipeline 
adapted, connecting with northern England. Much of the 
offshore production is exported directly by ship to markets 
in Europe.  

A 3 . 2 . 2 . 4  2 0 4 5  –  N E T- Z E R O

This scenario sees large scale green hydrogen production 
by 2045, offshore wind is the main contributor to this.  
Scotland becomes one of Europe's major green hydrogen 
production centres. The hydrogen is shipped from ports 
or directly from offshore production platforms to demand 
centres in continental Europe. Pipelines also connect 
Scotland to the rest of the UK.

A full hydrogen refuelling network for transport is 
in place and a proportion of industrial users, both in 
large industrial clusters and rural and island areas, use 
hydrogen. 

Hydrogen demand points are either directly connected 
to the new hydrogen pipelines and/or converted natural 
gas transmission lines, supplied by co-located green 
production or supplied by road tanker from regional 
distribution centres. 

Storage is required to ensure supply and demand can 
be balanced, though not as much as other scenarios as 
demand is not as seasonal, as hydrogen is not used in 
heating. This also includes some storage to support export 
from port facilities. 

By 2045 nearly all petrol and diesel vehicles have been 
replaced and hydrogen has become a primary fuel in the 
transport sector. Although EVs are also a significant part 
of the mix particularly in the smaller personal vehicle 
market segment. Usage in cars is the largest proportion of 
demand in this scenario. Hydrogen is now being used in 
domestic aviation and shipping[4]. 

Hydrogen is used within industry both as a feedstock and 
in industrial heating. Similar to other scenarios hydrogen 
plays a limited role in power generation helping to supply 
peak power needs and to balance renewable electricity 
generation.

Figure 7: Scenario B short term development supply and demand (2025).

[4]  Demands from internat ional aviat ion and shipping have not been 
examined within the scope of this study as they are not considered Scott ish 
demand but here too hydrogen would be expected to paly a key role.
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Figure 8: Scenario B supply and demand 2045 and a breakdown of transport demand use.

A 3 . 2 . 3  S C E N A R I O  C :  F O C U S E D  H Y D R O G E N 

A 3 . 2 . 3 . 1  T H E  D E V E L O P M E N T  
O F  T H I S  S C E N A R I O

This scenario is developed from the long listed scenarios 
where hydrogen is only used for specific regions and 
particular areas. The central logic of this scenario is that 
hydrogen is used where it most makes sense to support 
decarbonisation. The net-zero target is primarily met by 
electrification with hydrogen playing a supporting role.  

This scenario explores the view that hydrogen will only be 
used in the most low-regret scenarios – in heavy transport 
fleets and in industry and heating only where hydrogen 
can be easily produced.  

Hydrogen is only used in particular areas of Scotland, 
with stakeholders identifying the east coast, particularly 
north east for blue hydrogen production, and rural and 
island locations with a lot of renewable resources which 
hydrogen could help to unlock.
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A 3 . 2 . 3 . 2  S H O R T  T E R M  –  2 0 4 5

At the short term stage of this scenario there is no 
blue hydrogen production as the low-level demand for 
hydrogen does not warrant a blue hydrogen facility. 
There is however green production with 150 MW of 
electrolysers deployed predominantly with onshore 
wind co-located or near to demand points. These are 
concentrated in rural and island locations. Many of these 
sites will use constrained wind resources. Some of these 
sites will have back-up connection to grid electricity to 
ensure enough hydrogen can be produced to meet demand.  

Transport is the largest proportion of demand, but is 
still a lower overall number compared to the other 
scenarios. There will be conversion of a small number of 
fleet vehicles, primarily buses and some limited use in 
HGVs, concentrated in certain areas where hydrogen is 
developing including the north east (Aberdeen hub) and 
remote and island locations. Hydrogen is not yet in the 
distribution network at this stage. There is some usage of 
hydrogen in industrial processes which use hydrogen that 
is produced locally such as food and drink production in 
areas not connected to the gas network. 

Figure 9: Scenario C Focused hydrogen supply and demand in 2025.

A 3 . 2 . 3 . 3  M E D I U M  T E R M  –  2 0 3 2

By 2032 a blue hydrogen production facility (Acorn) 
will come online to supply the local network in the north 
east. There will also be a modest expansion in the size 
and scale of onshore renewables, consisting of many 
small sites co-located with demand points. There is no 
large scale offshore wind used in this scenario for green 
hydrogen production. 

There will be an increase in fleet vehicle usage in the 
areas where hydrogen is being produced e.g. east coast, 
rural and islands locations. Blending of hydrogen will be 
introduced into the distribution network, including limited 
conversion of the regional network in the north east and 
the small local ‘off grid’ networks in rural areas[5]. In turn 
there will be an increased blend of hydrogen in existing 
industrial gas use and some conversion of smaller scale 
industrial processes particularly in the north east, rural and 
island locations. As in other scenarios hydrogen is used in 
a small way in gas fired peaking power plants.

Figure 10: Focused hydrogen supply and demand in 2032.

[5]  Known as Statutory Independent Undertakings (SIUs) these are local gas 
networks which connected a smal l  number of homes and business but are 
not connected to the main gr id by pipel ine, instead being suppl ied via LNG or 
LPG tankers. 
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A 3 . 2 . 3 . 4  2 0 4 5  –  N E T- Z E R O

Hydrogen production has risen by 2045 but by a more 
modest scale then the other scenarios. Most hydrogen 
is used near to where it’s produced there is very little 
movement around the country and no export. The blue 
hydrogen production facility in the north east is expanded 
to provide the backbone of hydrogen supply in Aberdeen 
and the hydrogen network is expanded along the east 
coast. 

Green hydrogen production from many onshore wind, 
and other renewable sources such as wave and tidal, has 
expanded and is mainly used to directly supply demand 
points or is fed into small local grids. This green hydrogen 
is particularly important in rural and island areas allowing 
for these communities to harness and store the energy to 
be used in transport, heating and industry. There remains 
no large scale offshore production.   

Figure 11: Scenario C Focused Hydrogen supply and demand in 2045 and a breakdown of transport demand.

Hydrogen is used across different sectors in fleet transport, 
industry and commercial heating, but at a much smaller 
scale and regionally based. A relatively large demand 
sector in this scenario is HGVs, where hydrogen has a 
big advantage over EVs. Hydrogen refuelling centres are 
spread around the country, though not as many as other 
scenarios. In areas where there isn’t a local hydrogen grid 
these refuelling centres use a combination of co-located 
hydrogen production, primarily from onshore wind and 
grid electricity and some limited tube trailer distribution.
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APPENDIX 4
Economic Assessment

S C O T T I S H  H Y D R O G E N 
A S S E S S M E N T  P R O J E C T
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A 4 . 1  O V E R V I E W  A N D  P U R P O S E

A 4 . 1 . 1  A I M S  O F  T H E  I M PA C T  A S S E S S M E N T

The impact assessment is aimed at developing a 
quantitative picture of the socio-economic benefits that 
could arise from each of the defined scenarios and provide 
insights into the opportunities they might provide in 
terms of wealth and job-creation. While the global and 
European market for hydrogen technologies is still small, 
it is growing rapidly and expected to continue to do so, 
presenting an opportunity for Scotland in critical areas. 
This study seeks to evaluate and quantify the size of that 
opportunity.

As set out in this report, hydrogen could bring significant 
benefits across the energy and transport systems, enabling 
low carbon, zero air quality emissions options, and 
efficient energy conversion. Whilst these benefits may 
be achieved irrespective of the geographical origin of 
the technologies used, the benefits to Scotland could be 
greater if the supply chain in Scotland for fuel cells and 
hydrogen were to play a strong role. These benefits could 
be: 

•	 Economic: as an expanding area for green growth, 
generating revenue for Scotland and potentially 
creating highly skilled jobs in a knowledge-based 
sector; 

•	 Environmental: through ensuring that the technologies 
developed are appropriate for the Scottish market, are 
available for Scottish deployment when required, and 
because there may be greater willingness to promote 
and support deployment of Scottish technologies in 
Scotland. 

The Scottish hydrogen sector is quite diverse and Scotland 
has already undertaken studies to map its own fuel cell 
and hydrogen industry and knowledge-based actors120. 
Many European countries have done the same including 
the UK as a whole, e.g. Fuel Cell Industry Guide Germany 
2016121, Hydrogen and Fuel Cells: Opportunities for 
Growth – A Roadmap for the UK122, Swiss Hydrogen & 
Fuel Cell Activities: Opportunities, barriers and public 
support123. 

In contrast to the work referenced above, this study 
systematically looks at selected value chains to assess 
the economic impact on Scotland and in that sense builds 
on the GVA analysis previously conducted on behalf of 
Scottish Enterprise. The study provides both quantitative 
outputs and qualitative commentary on the possible 
economic value created within those sectors assumed to 
convert wholly or partially to the use of hydrogen under 
the three scenarios and in each analysis year. 

A 4 . 1 . 2 	 O U T P U T S  F R O M  T H E  S T U D Y

For each scenario defined in Section 6 (and A3 of this 
appendix) and in each timeframe (i.e. 2025, 2032 and 
2045), we provide a measure of the economic value and 
of the number of jobs created which is built up from the 
economic value-added calculated for each specific value 
chain. GVA and jobs are identified according to the sector 
under which they fall as defined within the UK Blue 
Book124. In the commentary we provide additional colour 
relating to the types of employment and the possible 
location for both these and the value added depending on 
where activities take place. In certain instances, these will 
be clustered around particular areas of expertise, e.g. bus 
assembly in Falkirk, or where natural resources dictate the 
siting of plant, e.g. green hydrogen production. 

A 4 . 1 . 3 	 L I M I TAT I O N S  O F  T H E  A N A LY S I S 

As discussed, this study focuses exclusively on economic 
activities which are expected to convert in part or in whole 
to the use of hydrogen as the primary energy carrier. 
In that sense it is neither a whole energy system model 
nor a full or partial economic equilibrium model. This 
is important since it raises issues around the question 
of additionality. We attribute value to the sectors under 
consideration without reference to how the needs of the 
economy would be satisfied in the absence of hydrogen 
as an energy source or carrier. If hydrogen is not used to 
power low-carbon heavy goods vehicles, for example, 
then another source or carrier would surely be employed 
whether that be biofuels, electricity directly or some other 
source not yet considered. Moreover, the needs of the road 
transport sector are already met using diesel trucks and 
the value associated with that is already captured in the 
economy.
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This study is not designed to consider the counterfactual 
case nor does it attempt to distinguish between activities 
already undertaken and those which may be considered 
as entirely new. Furthermore, it does not consider the 
value that may be lost in a move away from fossil fuels 
and towards hydrogen such as oil refining which would 
no longer be required after a wholesale move away from 
carbonaceous fuels.

As such, in heavy duty transport for example, we 
include all the elements of value involved in the supply, 
operation and maintenance of heavy duty hydrogen 
trucks, recognising that some, perhaps most, of this value 
is already captured in the economy today or might be 
captured in a different way were an alternative technology 
to dominate. The question of additionality is addressed in 
the report through a qualitative exploration of the areas 
which could be considered as new or replacement.

A 4 . 2  A P P R O A C H  TA K E N 

A 4 . 2 . 1  O V E R A L L  L O G I C

Our approach to the impact assessment involves two 
stages: firstly to estimate the total gross value added 
associated with the hydrogen-related activities in each 
scenario and secondly to identify how much of that value 
that could be captured in Scotland. This is illustrated 
below in Figure 12.

Figure 12: Overal l  approach to GVA.
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Estimation of total gross value-added: GVA is estimated 
for each of the hydrogen activities that the scenarios 
deploy using a bottom-up approach. For the hydrogen 
technologies, we use detailed technology cost projections 
that include the contributions of materials, labour, 
capital equipment (capex) and margin. As discussed, 
labour, capex and margin all contribute to direct creation 
of GVA for the manufacturer being considered. The 
material cost contribution drives the creation of indirect 
GVA by generating economic activity upstream in the 
manufacturer’s supply chain. Since the supply chain 
for hydrogen technologies is still largely emerging, 
opportunities exist to capture positions in both system 
manufacturing as well as in the supply chain if relevant 
skills exist or if the market is large enough to justify local 
manufacturing. We therefore consider the GVA created 
in the manufacture of the systems as well as the key 
hydrogen-related subsystems and components that go into 
those systems, if appropriate. Operation of the deployed 
hydrogen technologies can also generate GVA in the form 
of labour and margin and for some applications, such as 
the export of hydrogen, this is particularly significant. This 
GVA is also estimated, using established business models 
and economic multipliers for similar economic activities. 
For some applications the future business model is either 
uncertain or expected to be quite complex. For instance, 
electrolysers may be operated to generate hydrogen for 
a range of applications, provide ancillary services to the 
electricity grid, and/or provide energy storage or any 
combination of those functions. In those instances, the 
GVA estimates are rather indicative.

Estimation of gross value-added in Scotland:  
Over the time period being considered in the study, the 
hydrogen sector is expected to be industrializing with 
new manufacturing capacity being built and new actors 
joining the supply chain. This evolution will create 
opportunities for regions including Scotland to capture 
some of the socio-economic benefits that this growing 
sector will generate. Whether and to what extent the GVA 
from deploying and operating hydrogen technologies in 
Scotland will flow to Scotland, depends on Scotland’s 
position in the relevant value chain. 

Circumstances in which at least some of the GVA would 
flow to Scotland would include: 

•	 operation of the systems taking place in Scotland; 

•	 manufacturing of the systems taking place in 
Scotland; 

•	 manufacturing of components or capital equipment 
used in downstream manufacturing of hydrogen 
technologies taking place in Scotland;

•	 manufacturing of systems or components being 
undertaken by Scottish business entities, regardless  
of location:

•	 and sales of hydrogen for export

The information gathered in the baselining exercise is 
used to assess what fraction of the overall GVA could 
reasonably expect to be captured in Scotland. Data 
gathering and stakeholder engagement were used to 
extend the existing database of fuel-cell and hydrogen 
actors to ensure that it includes the most up to date 
information on relevant Scottish actors. A qualitative 
assessment of the relative strength of the relevant 
Scottish actors was then used to attribute a fraction 
of the appropriate GVA streams to Scotland for each 
technology prescribed by the scenarios. The bottom-up 
GVA assessment approach allowed this assessment to be 
conducted in a granular fashion, potentially looking at the 
strengths of specific system or component manufacturers 
where relevant.
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A 4 . 2 . 2  D E F I N I N G  V A L U E  A D D E D

The assessment of the value creation potential of activities 
within the hydrogen sector uses an economic value-added 
approach, where gross value-added equates to the sum of 
compensation of labour, return on capital, i.e. annualised 
capital expenditures and margin, i.e. gross profits, as 
shown in Figure 13. 

Figure 13: Defini t ion of value added.

Pr ice of 
manufactured 
part

Pr ice of 
components 
and mater ia ls

Margin

Labour
Capital

Value 
added

In practice, for manufactured products, value-added is 
the difference between the price of a manufactured part 
and the price of the materials and components used to 
manufacture it. It is typically a small fraction of the 
overall price of the part. Equivalently, value-added is the 
difference between the value of production outputs, i.e. 
sales revenue or turnover, and the cost of intermediate 
production inputs, including overhead costs.

For many activities in the hydrogen sector Scotland will 
likely be involved in the sale, installation, operation and 
maintenance of equipment produced elsewhere. This could 
include equipment to produce hydrogen or applications 
which use hydrogen as an energy source or carrier. In 
these instances, value-added will relate primarily to the 
utilisation of assets, e.g. fuel cell buses or steam methane 
reforming plants, and the employment of labour to install 
and operate equipment, e.g. hydrogen refuelling stations.

Value is added at each stage of the supply chain and in 
later stages, value-added from earlier stages becomes part 
of the price of material, see Figure 14. By tracking the 
value-added for key components as well as for the system, 
the study is able to provide insight into which parts of 
the supply chain have the potential to create the biggest 
economic benefits.

Figure 14: Bui ld-up of value-added through the supply chain i l lustrat ing that 
value-added is typical ly a smal l  f ract ion of turnover.
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As discussed, the estimation of gross value-added 
potential is composed of three components: labour, capital 
and margin and they yield benefits in different ways:

Labour

•	 Value is captured as local employment

•	 Manufacturing plants located in Scotland yield 
Scottish value

•	 Home country of business entity is not critical

Capital

•	 Value is captured by suppliers of capital equipment

•	 Requires Scottish capital equipment suppliers to yield 
Scottish value

Margin

•	 Captured as revenues of business entity

•	 Requires Scottish business entity to yield Scottish 
value

The estimates provided are indicative only. Their purpose 
is to support the assessment of the relative value creation 
potential across selected hydrogen value chains at the 
system level, and from the production and operation 
of different components and sub-systems, including 
assembly, integration and maintenance activities. The 
estimates are based on assumed ‘typical’ operational 
structures and cost estimates, and assumptions on cost 
development occurring over time and for different 
production scales. The estimates are used to categorise the 
value creation potential of production activities within the 
supply chain and should not be interpreted as estimates of 
actual future value-added potential. Note that all monetary 
values are expressed in current (2020) prices.

A 4 . 2 . 3 	 M O D E L  D E S I G N

The model is generally bottom-up in design although as 
we will discuss a partially top down approach has been 
taken for certain economic activities, see Figure 15. 

Figure 15: Conceptual design.
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The conceptual design aspects are set out in the following 
paragraphs.

Identification of relevant economic activities:  
The scenario definitions were used to identify all the 
economic activities that would need to be modelled across 
all three scenarios, although not all the economic activities 
are relevant to all scenarios. For example, the Green 
Export scenario does not consider the use of hydrogen 
for heat while in Scenarios A Hydrogen Economy and C 
Focused Hydrogen this is envisaged to a greater or lesser 
degree; by contrast, green hydrogen production would be 
a common economic activity across three scenarios.  
An economic activity is defined as any identifiable activity 
which can be discreetly defined from a value perspective 
and will usually relate to a company or set of companies 
in a given sector. For example, bus operation is considered 
to be one economic activity, while bus assembly is 
considered to be a separate economic activity even though 
these are related to one another.

Identification of the sources of value within economic 
activity: Estimation of the value attributable to each 
economic activity requires it to be broken down into its 
component activities in order that the sources of margin, 
labour, utilisation and margin can be identified. By way of 
illustration, taking the case of bus operation, the following 
sources of value can be identified:

•	 Bus: A capital asset the value of which relates to the 
annual capital recovery factor, roughly equivalent to 
the real depreciation of the asset;

•	 Bus operation: Cost of labour required to operate 
the bus and of the organisation required to support 
operation which includes both indirect labour and 
other costs such as buildings, ticket printing etc.;

•	 Fuelling: Cost of fuel required to carry out the day to 
day journeys undertaken by the bus;

•	 Bus maintenance: Value of labour required to maintain 
the bus and of the organisation required to support 
operation as well as the cost of replacement parts, e.g. 
replacement of the fuel cell stack; 

•	 And Margin: Profit margin for the bus operator.

As stated above, economic activities can be related, with 
common inputs and, in certain cases, series relationships. 
For example, the price of hydrogen is calculated and 
forms part of the GVA analysis of green and blue 
hydrogen production economic activities, but this also 
underpins the calculation of GVA in the bus operation 
economic activity since fuel use is an input to value 
creation. Care must be taken to ensure there is no double 
counting of these elements of value. 

Estimation of the per unit value of attributable to 
economic activity elements: We initially estimate the 
per unit value associated with each value source and 
allocate this to one or more of the three areas of added 
value: capital, labour or margin. For example, for bus 
operation the unit would be the bus and all values would 
be calculated on a per bus basis. Broadly speaking, data 
required can fall into 3 categories:

1.	 Fixed: The data are based on current values and 
does not vary over the timeframe of the study; for 
example, we would assume that a hydrogen bus 
would be required to cover the same number of miles 
per day as an equivalent diesel bus today and that 
this would not change over time or with the number 
of buses deployed.

2.	 Time varying: The data vary over the timeframe of 
the study but not as a direct function of the level 
of deployment; for example, the number of buses 
deployed may increase over time as they gradually 
displace diesel buses.

3.	 Volume varying: The data vary as a function of 
the level of deployment; for example, the cost of 
producing buses may be expected to fall as the 
cumulative number of buses produced increases 
either through learning or through scale economies. 
Needless to say, there is likely to be a time element 
to this as well but it is deployment not time which is 
the pertinent feature.



46

SCOTTISH HYDROGEN ASSESSMENT   -   APPENDIX 4

We build on the work recently completed for the Fuel Cells and Hydrogen Joint Undertaking 
(FCHJU)120 to define the value-added associated with hydrogen and fuel cell technologies and 
combine this with data already gathered previously for the Scottish GVA study referenced above. The 
analysis also draws on E4tech’s existing proprietary data and combines it with standard input-output 
parameters as appropriate to build a picture of each scenario, taking into account levels of confidence 
and qualitative factors. For certain manufactured components, we employ the learning rate curves, 
see example in Figure 16, developed in the FCH-JU study, although these are only relevant in a few 
instances. 

Figure 16: I l lustrat ive example of f i t t ing cost analysis data from mult iple sources.
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Material, labour, and capex splits for each component 
were derived from the cost studies based on their 
contributions at full production plant utilization to prevent 
spurious high capex contributions due to oversized 
manufacturing equipment. 

The distinction between cost and price depends on the 
perspective within the economic activity. Cost, throughout 
this analysis refers to a supplier’s cost, whereas price 
refers to the estimated ‘factory-gate’ price (or cost) for the 
end-user.

Estimation of the per unit value of attributable to 
economic activity elements: Data from the scenarios is 
then used to estimate the overall value and jobs created for 
that particular economic activity under the 3 scenarios and 
in each timeframe. The data required for each economic 
activity varies but in the example of bus operation, the 
principal input required from the scenarios is the number 
of buses deployed. For each economic activity, the 
elements of value are identified

Labour: salaries are taken from ONS data based on SIC 
codes for activities and the level of role being considered; 

Capital: this is taken directly from the calculation of cost 
estimates and, where necessary, from external sources; 

Margin (or profit): The estimation of the margin is based 
on two elements:

•	 Standard (‘normal’) margin. The standard margin 
(profit rate) is set at 5% of the total cost of production 
inputs (labour + capex + materials and other 
intermediate production inputs), excluding overhead 
costs. The standard profit rate is applied to all 
production steps, i.e. production of components and 
sub-systems, and integration and assembly activities.

•	 Excess (‘supra-normal’) margin. The excess margin 
(profit rate) is based on an evaluation of the supply 
characteristics of each production step. It is intended 
to ‘proxy’ the additional margin that may arise as a 
result of some form of market dominance of firms 
active within the production step resulting from 
market (supply) entry barriers. Such barriers may 
include inter alia intellectual property, e.g. patents, 
proprietary technology, know-how, etc., investment 
costs e.g. costs of R&D or production capital, 
presence of scale economies for incumbent suppliers, 
etc.

It should be noted that if a standard margin is assumed for 
all production inputs within a system, and corresponding 
integration and assembly activities, the estimated market 
revenues correspond directly with the baseline revenue 
estimates for the global and EU market deployment 
scenarios. Where an excess margin is applied to one or 
more elements of the supply chain, it results in higher 
revenue estimates than those of the baseline market 
deployment scenarios.
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A 4 . 3  M O D E L  I M P L E M E N TAT I O N

Figure 17: Key conceptual design aspects.
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The GVA model is implemented in Excel following 
the logic shown in Figure 17 and consists of a series of 
calculation sheets, one for each of the economic activities, 
a summary output sheet which presents the overall GVA 
and jobs results and a number of input sheets.

Economic activity sheets: Each economic activity sheet 
follows a similar format. Parameters required to calculate 
the sources of value are laid out in rows while columns 
present input values or calculated values associated with 
these parameters. The initial group of columns present 
starting values while the sets of columns further to the 
right present the values for each of the scenarios and each 
of the timeframes for analysis. As discussed, estimates 
of the value-added that could potentially be generated by 
operating the fuel cell and hydrogen technologies was 
based on previous analyses or public sources. Where 
necessary, suitable economic multipliers were used to fill 
data gaps or complement the bottom-up data. For more 
generic items within the supply chain or where established 
historical data already exists, e.g. for vehicle manufacture, 
the chassis or coachwork would not be specific to fuel 
cell vehicles, standard input-output tables and multipliers 
could be used.

Parameters are grouped in sets of rows relating to different 
sources of value and are allocated according to the three 
contributors, labour, capital and margin. Where necessary, 
parameters are pulled in from the scenario and other input 
sheets to allow overall GVA and jobs to be calculated for 
that specific economic activity. 

In most cases a fully bottom up approach to calculating 
GVA is implemented. This means that the contributions 
to value are calculated based on figures relating to each 
element of value. For example, the cost of the bus asset 
is calculated based on the cost of the bus, according to 
the cost curves developed in the FCH-JU study and the 
assumed cumulative number of units built in a given 
timeframe, an assumed lifetime, based on standard figures 
for today’s diesel buses, and an assumed discount rate 
which together are used to calculate the annualised capital 
cost of the bus.

Similarly, the annual direct labour cost of operating the 
bus is built up from an assumed number of operators 
required per bus, based on practice today, and an assumed 
salary derived from ONS data. Indirect costs are based on 
a standard recovery factor on direct labour which is split 
between indirect labour and other non-labour cost based 
on empirical data for typical bus operator businesses.
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By contrast, in a number of situations, notably where existing assets are repurposed for use with 
hydrogen, a more top-down approach has been taken. For example, the value of operating the gas 
distribution network to transport hydrogen is assumed to be equivalent to the value of operating the 
same grid to transport natural gas today. Consequently, we have taken the value-added to be equal to 
the retail price less the wholesale price of natural gas and then allocated that value-added amongst 
the relevant categories of value. Note that the assets are assumed at this point to be fully amortised 
and we therefore ignore the capital element beyond any capital recovery that is reflected in the 
current pricing.

The economic activity sheets are enumerated in Table 9, grouped according to a series of archetypes 
to facilitate the interpretation of the analysis.

PRODUCTION
TRANSMISSION AND 
DISTRIBUTION TRANSPORT

DOMESTIC, 
COMMERCIAL  
AND INDUSTRIAL

Deployment

•	 Offshore green

•	 Onshore green

•	 Blue

Grid operat ion

•	 Transmission

•	 Distr ibut ion

Sales and maintenance

•	 Car dealerships and 
maintenance

Operat ion & maintenance

•	 Domestic & 
Commercial

•	 Industr ia l

•	 Power generat ion

Operat ion

•	 Offshore green

•	 Onshore green

•	 Blue

Fuel del ivery operat ion

•	 Truck network

Operat ion

•	 Buses

•	 HGV

•	 Trains

•	 Ferr ies

Manufacture

•	 Electrolyser

HRS operat ion

•	 Pr ivate

•	 Publ ic

Manufacture

•	 Buses

Table 9: List of economic act iv i t ies grouped by sector and archetype.

A 4 . 3 . 1 	 O U T P U T S

As discussed, for each scenario and in each timeframe 
(i.e. 2025, 2032 and 2045), we provide a measure of the 
economic value and of the number of jobs created which 
is built up from the economic value-added calculated for 
each specific economic activity. The screenshot in Figure 
38 provides an illustration of how the output sheet of the 
model is organised. As can be seen, GVA and jobs are 
identified according to the sector under which they fall as 
defined within the UK Blue Book[6].

[6]  See https://www.ons.gov.uk/releases/uknat ionalaccountsthebluebook2019 
and associated publ icat ions and data tables.
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Figure 18: Screenshot of output sheet.

Examination of the GVA calculations on the individual 
sheets allows conclusions to be drawn about type of 
employment created while the scenarios themselves 
provide indicators of where activities might be expected 
to take place. Together these elements contribute to 
building a qualitative narrative regarding the location 
of job creation and of value added. It should be noted 
that this is purely indicative and based on knowledge of 
where current activities are located, e.g. the location of the 
ADL bus assembly plant, and educated assumptions with 
regard to where future activities would be located, e.g. 
provisioning of offshore hydrogen production is likely to 
be centred on East Coast ports.

A 4 . 3 . 2 	 A P P R O A C H  T O  S E N S I T I V I T Y  A N A LY S I S

The three scenarios are designed to represent three 
possible future end states and as such allow the effect 
of different assumptions on the resulting GVA and job 
creation to be explored. They are not intended to be 
accurate depictions of what happens but possibilities 
based on a range of current views and assumptions. 
Accordingly an extensive analysis of the sensitivity of the 
outputs to changes in individual parameters, e.g. the cost 
or the deployment numbers of particular assets, within 
scenarios, has not been carried out.  
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Figure 40

Total Scott ish GVA in each  
scenario (£bn)

SCENARIO A:  
HYDROGEN ECONOMY

SCENARIO B:  
GREEN EXPORT

SCENARIO C:  
FOCUSED HYDROGEN

2025 2032 2045 2025 2032 2045 2025 2032 2045

Scott ish GVA 0.6 5.3 16.2 0.7 6.1 25.9 0.3 2.5 5.7

Figure 42

GVA (£bn) by broad economic  
act iv i ty in each scenario 

SCENARIO A:  
HYDROGEN ECONOMY

SCENARIO B:  
GREEN EXPORT

SCENARIO C:  
FOCUSED HYDROGEN

2025 2032 2045 2025 2032 2045 2025 2032 2045

Product ion 0.2 2.8 9.2 0.2 3.4 19.1 0.1 1.0 1.7

T&D 0.1 0.5 1.4 0.1 0.3 0.7 0.0 0.2 0.5

Transport 0.3 1.8 5.1 0.5 2.3 6.0 0.2 1.2 3.3

Domestic & Commercial  Heat 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0

Industr ia l 0.0 0.1 0.2 0.0 0.0 0.1 0.0 0.0 0.0

Power generat ion 0 0 0 0 0 0 0 0 0

Figure 43

Number of jobs by broad economic 
act iv i ty for each scenario

SCENARIO A:  
HYDROGEN ECONOMY

SCENARIO B:  
GREEN EXPORT

SCENARIO C:  
FOCUSED HYDROGEN

2025 2032 2045 2025 2032 2045 2025 2032 2045

Product ion 2,974 34,510 95,478 2,518 45,435 218,198 1,149 13,560 20,977

T&D 868 4,075 9,967 939 4,449 11,190 309 2,009 3,969

Transport 3,601 23,476 66,342 6,537 30,967 82,436 2,401 15,048 42,313

Domestic & Commercial  Heat 154 1,630 3,968 0 0 0 0 467 763

Industr ia l 72 700 1,474 35 473 776 25 282 445

Power generat ion 0 33 81 0 33 81 0 33 81

Figure 48

Number of jobs in provis ion of domestic 
and commercial  heat by ONS category

SCENARIO A:  
HYDROGEN ECONOMY

SCENARIO B:  
GREEN EXPORT

SCENARIO C:  
FOCUSED HYDROGEN

2025 2032 2045 2025 2032 2045 2025 2032 2045

Domestic & Commercial  Heat 154 1,630 3,968 0 0 0 0 467 763

Figure 41

Total number of Scott ish jobs  
in each scenario

SCENARIO A:  
HYDROGEN ECONOMY

SCENARIO B:  
GREEN EXPORT

SCENARIO C:  
FOCUSED HYDROGEN

2025 2032 2045 2025 2032 2045 2025 2032 2045

Scott ish jobs 7,669 64,391 177,229 10,029 81,324 312,600 3,883 31,366 68,467

A 4 . 4  F I G U R E  R E F E R E N C E  TA B L E S 
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Figure 46

GVA (£m) by transport sector

SCENARIO A:  
HYDROGEN ECONOMY

SCENARIO B:  
GREEN EXPORT

SCENARIO C:  
FOCUSED HYDROGEN

2025 2032 2045 2025 2032 2045 2025 2032 2045

Buses 154 624 1,376 305 998 1,533 116 393 548

HGV 88 879 2,916 147 879 2,916 59 587 2,197

Rai l 16 130 325 16 163 325 0 98 326

Ferr ies 17 137 343 17 137 343 7 86 172

Cars & LGV 1 50 175 4 132 855 1 16 82

Figure 47

Number of jobs by ONS category

SCENARIO A:  
HYDROGEN ECONOMY

SCENARIO B:  
GREEN EXPORT

SCENARIO C:  
FOCUSED HYDROGEN

2025 2032 2045 2025 2032 2045 2025 2032 2045

Manufactur ing 14 286 465 25 326 569 10 196 278

Retai l /wholesale 9 307 531 33 820 2,997 6 95 277

Operat ion 2,307 14,124 39,435 4,168 17,940 40,851 1,541 9,240 25,199

Maintenance 435 3,621 11,589 807 5,342 23,188 294 2,142 7,269

Admin 836 5,138 14,322 1,504 6,539 14,831 550 3,375 9,290

Figure 45 

Number of jobs in hydrogen  
product ion by ONS category

SCENARIO A:  
HYDROGEN ECONOMY

SCENARIO B:  
GREEN EXPORT

SCENARIO C:  
FOCUSED HYDROGEN

2025 2032 2045 2025 2032 2045 2025 2032 2045

Construct ion 2,224 19,422 30,551 1,042 17,425 60,898 475 5,717 4,208

Operat ion 750 15,121 65,008 1,476 28,042 157,382 673 7,876 16,851
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A 4 . 5  S U P P LY  C H A I N  C A PA B I L I T I E S

Scotland’s existing supply chain strengths are well placed to support a hydrogen supply chain  
and wider economy. Some examples of these strengths are recorded in the tables below. 

SUPPLY CHAIN

Electrolyser 
Original Equipment 
Manufacturers

Gas system 
suppl iers

Renewable 
developers

Civi l  contractors

System integrator

System operator/ 
owner

Grid services 
special ists

Consultants

Planning 

INFRASTRUCTURE 
AND EQUIPMENT

Electrolysers

Electr ical  balance 
of plant

Gas system 
balance of plant

Wind turbines

Solar panels

SKILLS

Process 
engineer ing

Safety engineer ing

Control engineer ing

Electr ical 
engineer ing

Systems 
engineer ing

Renewables 
engineer ing 

Civ i l  engineer ing

Electrolyser 
and system 
maintenance

Renewables O&M

Project 
development

Green Hydrogen Production

SUPPLY CHAIN

Chemical 
companies

Engineer ing, 
procurement, 
construct ion 
contractors

Oi l  and gas 
operators

Project developers

Dri l l ing contractors

Service companies 

SMR/ATR OEMs

INFRASTRUCTURE 
AND EQUIPMENT

SMR/ATR plant

Gas terminal

Gas compressor 
stat ions

Offshore pipel ines

Offshore platforms 

Wel ls

Vessels 

Dri l l ing r igs

SKILLS

Chemical 
engineer ing

Process 
engineer ing

Safety engineer ing

Reservoir 
engineer ing 

Pipel ine design

Wel l  engineer ing

Plant operat ions & 
maintenance

Project 
development

Civi l  engineer ing

Offshore 
engineer ing 

Blue Hydrogen Production
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SUPPLY CHAIN

Logist ics 
companies

Gas distr ibut ion 
and transmission 
network operators

Shipping 
companies

Port operators

Chemical 
companies

Storage companies

Terminal operat ions

INFRASTRUCTURE 
AND EQUIPMENT

Pressure vessels

Pipel ines

Geological storage

Tankers

Chemical plants

Ports 

Vessels

SKILLS

Civi l  engineer ing

Process 
engineer ing

Pipel ine design

Supply and demand 
planning

Chemical 
engineer ing

Resevoir 
engineer ing

Shipping and 
logist ics

Transport and 
logitscs

Geology and 
Geotechncial 
Engineer ing

Hydrogen Storage and Transportation

Demand – Transport

SUPPLY CHAIN

Fuel cel l 
manufacturers

Vehicle 
manufacturers

Vessel constructors

Train manufacturers

Hydrogen refuel ler 
manufacturers

Transport 
and logist ics 
consultants

Fleet operators

Maintenance 
contractors

INFRASTRUCTURE 
AND EQUIPMENT

Vehicle OEMs 
(cars, buses, taxis, 
HGVs)

Shipyards/ 
fabr icator 

Train OEMs

Refuel l ing 
infrastructure

Fuel cel ls

SKILLS

Automotive design 

Rol l ing stock 
engineers 

Naval architecture

Mechanical 
engineer ing

Chemical 
engineer ing

Fuel cel l  design

Transport planning

Logist ics planning

Vehicle 
maintenance and 
repair

Safety and Test ing
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Demand – Heat and Power

INFRASTRUCTURE 
AND EQUIPMENT

Hydrogen boi lers

Hydrogen powered 
gas turbines

Hydrogen fuel cel ls

CHP systems

Power stat ion 
balance of plant 
and control 
systems

SKILLS

Safety Engineer ing

Heating system 
design

Gas instal lat ion 

Process 
engineer ing

Mechanical 
engineer ing

Systems 
engineer ing

Fuel cel l  design

Instal lat ion and 
maintenance

Electr ical 
engineer ing

Mater ia ls 
Engineer ing

SUPPLY CHAIN

Fuel cel l 
manufacturers

Boi ler 
manufacturers

Gas turbine 
manufactures

System integrators

Domestic heat ing 
contractors 

Gas network 
operators
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