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Cranmore Partners is a rapidly growing, and increasingly 
global, financial advisory boutique focusing primarily on the 
infrastructure and energy sectors. It operates across EMEA 
and Asia, out of hubs in London, Istanbul, Abu Dhabi and Delhi.

With a strong focus on sustainability and energy transition, 
Cranmore advises global and regional strategic players, 
financial investors, governments, and financiers around the 
world on:

• Securing and optimizing non-recourse debt for their 
strategic projects;

• Securing and optimizing equity for projects;

• Commercial strategy, structuring and risk management, 
including advisory on offtakes;

• Financial structuring & strategy, including evolution of 
financing solutions throughout the life cycle of projects 
and corporates;

• Cutting edge financial modelling, and

• Bid/project management.

In sectors and regions where the requirement for 
commercial viability and sustainability makes securing 
optimal financing a key, and often deciding, factor, 
defending the best interests of our clients and securing 
superior terms for their capital is the key consideration that 
drives us. Our team’s seniority and privileged access to key 
market players, relentless focus on, and commitment to, 
excellence, helps our clients achieve differentiated terms, 
mitigate risk and deliver sustainable transactions.

Cranmore today is one of the leading financial advisors 
globally on green hydrogen project and debt structuring 
through its involvement in pioneering projects such as a 
4GW green hydrogen portfolio in Spain, HyDeal Ambition, 
and HyDeal Los Angeles. In the five years since our inception, 
we have brought to financial close a number of first-of-its-
kind transactions in the energy transition space, including 
the first ever Scaling Solar project, in Zambia, and the first 
renewable IPP/PPP in Uzbekistan. Most recently, we were 
awarded the IJGlobal MENA Advisor of the Year 2020.

Energy Estate’s mission is to accelerate the transformation 
of the energy sector and decarbonisation of industry. 
Energy Estate is a developer and accelerator and provides 
commercial, technical and strategic advisory services to a 
broad range of clients.   

Our team has a unique combination of core competencies 
and skills across technical, financial, commercial, policy, 
stakeholder engagement, social license, transaction and 
project leadership. The team has decades of experience 
and knowledge across the energy value chain coupled 
with broad and deep relationships globally with producers, 
developers, traders, utilities, investors, contractors and 
suppliers, regulatory bodies, NGOs and other stakeholders. 

Since our formation in 2018 we have built a reputation for 
innovation and delivery including advising on and developing 
large scale decarbonisation projects.  We strive to help 
our partners and clients achieve net zero outcomes and 
passionately advocate for local supply chains and capacity 
building. We help accelerate innovative climate tech through 
support for their fund raising activities and commercialization.  

Our HydrogenGrowth platform is accelerating the 
development of hydrogen, ammonia, green chemicals 
and e-fuels projects on a global basis.  Our pipeline of 
development projects includes first movers in the Australian 
market such as Abbot Point Clean Energy Hub, Central 
Queensland Power and Hunter Hydrogen Network and 
extends to markets such as the US, UK and New Zealand. 

Energy Estate’s development principles embed the 
Sustainable Development Goals in all aspects of our business.  
A key driver for Energy Estate is supporting the communities 
in which we operate and delivering enduring outcomes for all 
stakeholders including landowners, workers and indigenous/
First Nations people.  We believe in the reindustrialisation of 
industrial communities with low-carbon solutions and we are 
developing green hydrogen and e-fuels projects in traditional 
industrial regions to support their transition.   We work with 
governments, NGOs and energy users to tailor solutions and 
build the momentum for the energy transition – such as our 
work on renewable energy industrial precincts.

Accelerating the development of the most abundant
element in the universe needs confident investors and
in turn, they need greater visibility. This highlights the
importance of this inaugural global Hydrogen Investability
Index. Cranmore Partners and Energy Estate have partnered
to analyse nations’ current and planned visions for what will
become one of the most influential energy markets in the
21st century.

Already, countries representing nearly 90% of global GDP
have policies or initiatives that support hydrogen markets.
The Hydrogen Council estimates that there are now more
than 350 large-scale hydrogen projects worldwide with
USD500bn of global investments in projects and value chain
anticipated by 2030. Such forecasts are helping silence
a persistent argument that clean hydrogen’s projected
growth – notably green and blue hydrogen – is more hype
than reality. Now there is no doubt: support to scale up
hydrogen is both dramatic and permanent.

Hydrogen itself is far from new. Its discovery in 1766 intrigued
the scientific community as an energy carrier, followed by
significant use in industrial sectors in recent decades. The
technology required to produce clean hydrogen is also not
new and has been proven for many years. However, the last
eighteen months mark a significant appetite to scale up low
carbon hydrogen, garnering global attention. The plunging
cost of renewable energy, coupled with governments' and
corporates' rapid pivot to support ambitious and immediate
decarbonisation agendas over and beyond renewable elec-
tricity, are helping to power this paradigm shift.

The transition will naturally take time. Currently, grey
hydrogen accounts for the vast majority of the world’s
hydrogen production, while green hydrogen represents a
small fraction. Hydrogen use today is primarily centred on
fertiliser production and industrial demand and there is
much to be done to increase demand in other sectors.

The hydrogen project pipeline is growing, almost
exponentially. Of the USD500bn investment in hydrogen
projects up to 2030 announced to date, nearly a third is
either in planning stage, having passed a final investment
decision, or associated with a project that is already under
construction, commissioned or currently operational.

Opportunities exist for investors across the globe but
are riper in certain regions. Given EU-wide policies
and a supportive carbon pricing mechanism in EU ETS,
unsurprisingly, countries in the European Union (EU)
account for one-third of the Top 40 in our Index. The EU

also represents more than 50% of the world’s announced 
projects to 2030. The potential for hydrogen to support the 
world’s emerging economies – accounting for a further 
one-third of the nations in our Top 40 Ranking – is also vast 
and largely untapped. 

We anticipate the rankings will fluctuate considerably over 
time as countries mature their policies and demand for 
clean hydrogen, green ammonia and e-fuels in local and 
export markets grows. The Top 40 ranking includes countries 
across 6 continents and we have already seen high levels of 
mobility from project developers and strategic players, just like 
we have seen in the past with oil and gas exploration and solar 
development. As the industry expands, a critical challenge 
will be how does clean hydrogen contribute to achieving the 
UN’s Sustainable Development Goals and deliver long term, 
measurable benefits to host communities and regions. 

The realisation of the hydrogen market’s potential requires 
many questions to be answered, as you would expect with 
an emerging ecosystem. The Hydrogen Investability Index’s 
ambition is to provide deep insight into each country’s 
starting point and the potential for the development of 
a clean hydrogen industry globally. Emerging Hydrogen 
Superpowers is the title for this inaugural edition of H2i and 
hopefully this encapsulates the current state of the market 
and the scale of the opportunities. In this first report we 
have included detailed analysis of 25 of the countries from 
the Top 40 ranking. We  will expand this evaluation to the 
remaining countries in the coming weeks.

We are very grateful for the efforts of our team to develop 
this index over the past year and in particular Meishi Tan, 
Peter Conway, Kelly Hobbs and Michelle Meineke. We look 
forward to receiving your feedback on the index and 
stimulating robust discussions within your business and 
across the industry globally. 

Editorial team:

Yusuf Macun
Simon Currie
Peter Conway
Meishi Tan 
Rosie King

Copyright © 2021 Cranmore Partners and Energy Estate.

All rights reserved. All or part of this publication may be used or 
reproduced as long as the following citation is included on each copy or 
transmission: ‘Used by permission of Cranmore Partners and Energy Estate
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   Regulatory Driver 
   Investability 
   Local Industry / Demand  

   Transport Infrastructure / Access To Market   
   Renewable Energy Potential   
   Energy Insecurity

1. Germany
Government funding to unlock GWs of 
electrolyser production and thousands 
of kms of H2 pipelines

Half of Europe’s salt cavern hydrogen 
storage potential

Supply and consumer CfD schemes  
underway

H2Global Initiative offers German offtake 
to international projects.  Europe’s 
largest H2 production and significant 
heavy industries to decarbonise

6. Netherlands
Large offshore wind resource. Second 
largest salt cavern storage potential in 
Europe.

Port of Rotterdam is a significant natural 
advantage.   

Europe’s second largest producer of grey 
H2 and 1000km of existing H2 pipelines.  

Strong Government and industry support 
to capture opportunity and develop large 
scale production and trading  hubs

4. Australia
Geographically well positioned among 
“hydrogen export” countries to serve 
growing Asian markets

Excellent onshore wind and solar 
resource with potential for mega-
projects due to low population density

Largest pipeline of green hydrogen and 
ammonia projects

State Governments strongly stimulating 
hydrogen industry including 
manufacturing and local demand

14. Chile
World class solar and wind resources 

Government encouraging investment - 
launched a USD50m hydrogen auction 
in Sept 2021

Strong green H2 project pipeline with 
innovative projects like the Haru Oni 
e-fuels project

High potential for export partnerships 
such as German H2Global and with 
Asian markets

2. Spain
Best renewable energy resources in 
Europe 

Substantial industrial and heavy 
transportation demand with EU 
regulatory pressure to decarbonise

EUR1.5bn in green hydrogen funding 
from Government through to 2023

Large pipeline of announced  
hydrogen projects supported by local 
strategic players such as Iberdrola, 
EDPR and Repsol 

7. Italy
Europe’s second largest steel and oil 
refining sectors

Good combined wind and solar resources 

Network of existing ports and 
infrastructure can accelerate hydrogen 
bays and valleys with NextGenerationEU 
support

Grid operator Snam first mover - 
investing EUR3.7bn over 2020-2024 to H2 
transmission infrastructure and investor in 
electrolyser manufacturing (ITM Power)

5. France
Significant ammonia, steel and oil 
refining installed base supported by EU 
decarbonisation initiatives

NECP target to convert 20-40% industrial 
H2 consumption to low carbon by 2028. 

EUR3.4bn in committed funding 
through 2023, plus EUR2bn for industrial 
electrolysis projects by 2022

20. UAE
World class solar resources, first GCC 
country to commit to Net Zero by 2050

Innovative clean H2 initiatives, such as SAF 
and green steel

Large H2 producing NOC with robust blue 
H2 plans

Attractive investment climate and 
excellent track record with global investors 

3. United States
World class solar and wind resources 

Immense heavy industry and transport sector 
and track record as trusted energy supplier and 
investment destination

Significant existing H2 pipeline infrastructure  
and strong potential for storage and  
repurposing O&G infrastructure

Expectations of ITC/PTC support for 
production and manufacturing as part 
of the current legislative package under 
consideration by Federal Government. 

11. Japan
Long term hydrogen import strategy 
and global leader in hydrogen shipping 
technologies. 

Increasing local demand such as co-
firing of green ammonia, mobility and 
industrial demand

Potential for local production with scale of 
offshore wind resource

USD3.4bn Government clean hydrogen 
spending allocated
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Investability to us is a combination of having attractive 
returns, acceptable project risks, and sufficient 
opportunities. An emerging product like clean hydrogen 
has few or no banked precedents, and is at the precipice of 
massive scale-up that precipitates tumbling capex costs. 
The highest ranked country would as such need to have 
a market environment under which a hydrogen project 
invested in today remains economically viable in the long 
term, or a regulatory regime that compensates for any 
deal-breaking commercial risks. A country may commit 
to provide such a supportive regulatory regime to uphold 
decarbonisation commitments; or, if country is a significant 
net energy importer, to become more energy independent. 

Access to cheap renewable resource and proximity to 
end consumers are both levers to lowering the overall 
delivered cost of hydrogen. For as long as transportation 
of clean hydrogen or its vectors remain a technological 
or economic challenge, countries with poorer renewable 
resource may find it cheaper to produce locally than 
to import. As the share of transportation costs in the 
overall delivered hydrogen cost fall, countries with lower 
production costs will increasingly come to dominate 
global production volumes.

We thus approached the scoring matrix by looking at the 
key pillars of:

• Regulatory drivers
• Renewable resource
• Local demand
• Transportation & storage
• Investability
• Energy insecurity

Government funding & 
procurement
As in the early days of solar 
PV where projects are still 
economically unviable, 
government subsidy and 
procurement schemes are 
instrumental in catalyzing private 
investments. Scoring evaluates: 

• Targeted funding for hydrogen 
in national budgets, economic 
recovery plans and other 
schemes.

• Technology-neutral funding for 
renewables

• Government-led project 
procurement

Carbon pricing
A strong and predictably 
escalating carbon price supports 
directly the economics of hydrogen 
investments and incentivizes long-
term business planning. Scoring 
evaluates: 

• Average carbon price in 2020

• Scope of GHG emissions covered 
by carbon pricing schemes

Carbon borders
Effective carbon borders allow 
long-term decarbonization 
investments for businesses in 
jurisdictions with a carbon price 
regime. Scoring evaluates: 

• Progress to date in carbon 
borders implementation

Net zero target 
A forward-looking metric that 
assumes countries with net zero 
targets will implement necessary 
mechanisms to achieve these in the 
future (e.g., strong carbon pricing) 
even if  these are not in place today. 
Scoring evaluates: 

• Strength of commitment 
(legislated or government 
announcement)

• Ambitiousness of target (e.g., 
timeline to net zero)

National hydrogen strategy 
A forward-looking metric that 
assumes countries will put in place 
funding and frameworks to achieve 
the stated targets in their hydrogen 
strategies/roadmaps, even if  these 
are not in place today. Scoring 
evaluates: 

• Scale of hydrogen targets

• Quality of implementation 
roadmap

Pipeline projects
A measure of interest and activity 
on the ground from local and 
international businesses, as well as 
government-led initiatives. Scoring 
evaluates: 

• Scale of announced projects

• Development progress to date

• Stated timeline to realisation

Regulatory Drivers

Assesses the strength of regulatory 
drivers behind hydrogen activity, 
in the form of direct and indirect 
support to kick start hydrogen 
investments across the value chain. 

National 
hydrogen 
strategy 

3.0%

Pipeline 
projects

3.0%

Carbon 
borders

5.0%

Carbon 
pricing

5.0%

Net zero 
target 

5.0%9.0%
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Methodology continuedMethodology

Ammonia
Clean hydrogen directly substitutes 
grey hydrogen feedstock in ammonia 
production processes today and no 
downstream conversion is required. 
Ammonia is also the only hydrogen 
vector considered for cross-continental 
transportation that is commercially 
proven today. Scoring evaluates: 

• Ammonia production volumes in 
country

• Ammonia import volumes

• Ammonia import per dollar GDP

Oil refining
Clean hydrogen directly substitutes 
grey hydrogen feedstock in oil refining 
processes today and no downstream 
conversion is required. Oil refining 
makes up the largest share of 
demand for hydrogen today. Scoring 
evaluates: 

• Oil refining volumes in country

Freight / Shipping / Aviation

Hydrogen has weight advantage 
over electrification in long-distance, 
heavy duty vehicles, and mobility is a 
key focus of governments’ hydrogen 
funding today. Scoring evaluates, 
respectively: 

• Freight traffic volumes 
(km-tonnage)

• Container port traffic (TEU volumes)

• Air traffic (registered carrier 
departures)

Steel 
Clean hydrogen is used as feedstock 
in the direct reduced iron (DRI) steel 
manufacturing process as a reducing 
agent. While the DRI method makes 
up only 7% of global steel production 
today, conversion to DRI is expected to 
rise. Scoring evaluates: 

• Steel production volumes in country

Power
Power and heat may be generated by 
conversion to hydrogen or ammonia-
capable turbines, or for power only, 
fuel cells. Power generation is a very 
large sector but typically requires a 
very low hydrogen price to break even 
commercially. Scoring evaluates: 

• Grid emissions factor in relation to 
strength of the country’s net zero 
commitment and carbon pricing 
mechanism

Cement
Hydrogen can be used as both 
power and feedstock in the cement 
manufacturing process. Scoring 
evaluates: 

• Cement production volumes in 
country

Local Demand

Assesses the potential for local 
demand for clean hydrogen that 
may incentivize production in 
the country. This is particularly 
relevant in the early days of the 
industry when transportation 
costs remain prohibitive or 
infrastructure undeveloped, 
where early projects may only 
be commercially or technically 
viable sited close to the demand.

We note that presence of 
these industries, without a 
corresponding carbon pricing 
regime, may not be effective 
at driving hydrogen activity, 
unless the country exports to 
jurisdictions with strong carbon 
borders. On the other hand, 
we note that countries like 
India, by far the world’s largest 
ammonia importer,  and Chile, 
have publicly stated the value 
in localizing hydrogen feedstock 
production to increase self-
sufficiency and reduce trade 
outflows. 

This metric looks at the size 
of the most relevant sectors 
for clean hydrogen in each 
country, selected for:  i) ease 
of conversion of downstream 
application to using clean 
hydrogen,  ii) size that the 
sector potentially represents in 
hydrogen demand, and iii) where 
sector lies in the “merit order” of 
hydrogen breakeven costs i.e., 
how cheap clean hydrogen must 
be to be commercially viable in 
the use case.

Pipeline

Greenfield pipelines in many 
countries are challenging to 
build given permitting and land 
ownership issues. Countries 
are scored  based on their 
pipeline hydrogen readiness, 
connectedness and likelihood 
to invest in hydrogen pipelines.  
Scoring evaluates : 

• Existing hydrogen pipelines

• Connectedness to international 
grids

• Infrastructure investment per 
capita 

Geological storage potential

Storage is used to manage the gap 
between intermittent renewables, 
steady load requirements, and 
seasonal energy differentials. 
Scoring evaluates: 

• Salt cavern technical storage 
potential

Ammonia export 
infrastructure

Countries with existing ammonia 
export trade are assumed to have 
complementary infrastructure, 
human capital and commercial 
relationships that can expedite the 
ramp up of low carbon ammonia 
export. 

Scoring evaluates: 

• Ammonia export volumes

LNG export infrastructure

Countries with existing LNG export 
trade are assumed to have existing 
complementary infrastructure, 
human capital and commercial 
relationships can expedite the 
ramp up of low carbon LH2 export. 

Scoring evaluates: 

• LNG export volumes

Transportation &  
Storage 

Assesses the readiness of 
countries’ hydrogen transportation 
infrastructure for massive scale up 
of hydrogen production and use. 
These include pipelines, storage 
facilities or potential, and for export 
producers, existing ammonia 
or LNG infrastructure that may 
be leveraged towards green 
hydrogen transport.

4.5%

Infrastructure 
investment  
per capita

Geological 
storage  

potential

Ammonia 
export 

infrastructure

LNG export 
infrastructure

2.3%4.5% 3.8%
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Cost of renewables

Cost is the highest weighted 
component in this pillar given its high 
share of the LCOH. Scoring evaluates: 

• LCOE of solar PV, onshore wind and 
offshore wind 

Technical potential of 
renewables

Scoring evaluates technical potential 
of: 

• Solar PV taking into account 
available land (filtered for extreme 
remoteness, built up areas, forests 
and rugged terrain) irradiation 
levels

• Onshore wind taking into account 
available land and wind speeds

• Offshore wind, fixed and floating

Market size of renewables

This metric is to recognize that 
high LCOE markets like Japan and 
Korea, that nevertheless procure 
large amounts of renewables, may 
similarly invest in local hydrogen 
production despite high LCOEs.

Scoring evaluates: 

• Size of solar PV, onshore wind and 
offshore wind markets today and 
forecast over the medium term

Hydropower (bonus)

Due to the cost, complexity and 
development timelines for  green-
field hydro power plants we have 
only included  countries where 
hydropower is already a significant 
part of the generation mix enabling 
such countries to potentially  start 
producing clean hydrogen based 
upon high load factors. 

• Hydropower % of grid

High capacity factor (bonus) 

A bonus is given for countries with 
both strong solar and onshore/
offshore  wind resources, given that 
hybrid renewable power is key to 
achieving high electrolyser load 
factors.

Investment risk

Countries with lower political 
and commercial risk benefit 
from lower cost of capital and, 
consequently, LCOH, that will lead 
to earlier commercial breakeven 
vs. incumbent fossil based energy/
feedstock. Scoring evaluates: 

• S&P credit rating (August 2021)

• Country equity risk premium 
(August 2021)

Ease of doing business

Countries with higher ease of doing 
business will attract greater private 
sector interest and faster industry 
takeoff. Scoring evaluates: 

• World Bank Ease of Doing 
Business 2020

Other

The score is adjusted for any 
relevant country-specific 
considerations.

Energy insecurity

Countries with higher energy 
insecurity may provide stronger 
government support towards 
producing clean hydrogen 
domestically or importing hydrogen 
as energy source diversification. 
Scoring evaluates: 

• Net energy import %

• Note - countries that are net energy 
exporters are not penalised

Renewable 
Resource 

Investability Energy Insecurity

Assesses the cost and 
technical potential of onshore 
and offshore wind and solar. 
Countries with low LCOE and high 
technical potential will become 
hydrogen export countries, 
and if they have a supportive 
local regulatory/carbon pricing 
regime, will start producing first 
for domestic use. Countries 
with high LCOEs, low potential 
but strong regulatory support 
may still produce hydrogen 
today at high cost, as long as 
a transportation technology/
cost barrier exists.  A bonus 
score given to countries with 
existing hydropower as a high 
percentage of grid, that can start 
producing low carbon hydrogen 
directly from the grid without the 
additional constraint of needing 
to find sites for renewables.

Assesses the perceived risk and 
attractiveness of investment 
and lending to hydrogen 
projects in the jurisdiction.

Assesses the energy insecurity of 
a country under the assumption 
that higher insecurity is a 
driver for a country to invest in 
domestic renewable hydrogen 
production. Some examples are 
Japan and South Korea, both of 
whom have installed massive 
renewable capacities despite 
very high costs.

Equity 
Investment Risk

5.0%

Net energy 
import%

5.0%

WB Ease of 
Doing Business 

Score 2020

5.0%12.5%

Renewable 
LCOE

Renewable 
technical 
potential

Renewable 
market size

7.5% 5.0%
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EUR 8bn funding and world-first hydrogen 
“CfD” scheme cements Germany as global  
hydrogen forerunner
Since the launch of Germany’s National 
Hydrogen Strategy (NHS) in June 2020, 
Germany has remained at the forefront of 
centralised planning and funding of 
hydrogen projects across the value chain. 
Germany has one of the world’s highest 
expected demand levels of hydrogen 
under its 2050 net zero scenario at more 
than 50 TWh p.a. by 2030, growing to 
150-550TWh by 2050. Its Hydrogen 
Strategy acknowledges Germany’s role 
as a long-term net importer and 
consequently places clear emphasis on 
building EU and global green hydrogen 
networks. Germany’s geographical 
attributes support its aspirations to lead 
the EU’s energy transition – Germany 
holds 42% of Europe’s onshore and 
offshore salt cavern hydrogen storage 
potential, essential to seasonal energy 
balances. 

EUR8bn government funding
Supporting 62 large scale hydrogen 
projects, including 2GW of electrolysis 
capacity and 1,700km of pipeline 
infrastructure, this state funding is 
expected to be matched with EUR33bn 
(USD39bn) of private investment. The 
country’s major steel manufacturers will 
receive EUR2bn (USD2.4bn) for hydrogen-
related decarbonisation projects.

H2Global initiative

The initiative is tasked with buying green 
hydrogen and derivatives and

re-selling these at annual auctions, with 
first deliveries as early as 2024. The 
entity would act as a federal-backed 
guarantor to offtakers under the HPAs 
upon the delivery of contracted volumes. 
In a significant nod of confidence, the 
Government is providing approximately 
EUR900m (USD1bn) to bridge any gap 
between the purchase and sales prices 
– timely de-risking to help kick-start the 
green hydrogen market. 

National Emissions Trading Scheme
On 1 January 2021, a national emissions 
trading scheme for fuels was launched 
under which fuel suppliers will be obliged 
to acquire carbon certificates 
corresponding to fixed prices of EUR25 
(USD30) per tonne of CO2, stepping up 
to EUR55 (USD65) by 2025, and be 
decided by auction thereafter. This is in 
addition to Germany’s participation in the 
EU’s Emissions Trading Scheme (EU 
ETS), underscoring the nation’s leading 
role in carbon pricing initiatives. 

Global partnerships
Deals to actively collaborate on imports, 
knowledge or technology exploration 
have been agreed with Australia, Saudi 
Arabia, Canada, Russia and Chile this 
year alone. In parallel, discussions are 
underway on whether Germany should 
establish an import strategy alongside its 
NHS.

Regulatory commitment
• EUR8bn funding committed
• National ETS for transport & 

heating on top of EU ETS
• H2 Alliance global CfD scheme

5.0

Transportation
• First refurbished 100% dedicated 

pipeline banked in 2021 
• Largest salt cavern storage 

potential in Europe

5.0

“Investability”
• AAA rated by S&P
• 22nd WB Ease of Doing Business

4.6

RE cost and potential
• Large RE market despite average 

onshore wind and modest solar 
resources

• c.200GW fixed bottom offshore 
wind potential

3.2

Local demand potential
• 7th largest steel manufacturing
• 10th largest oil refiner
• 13th largest ammonia producer
• 7th busiest container port traffic

5.0

Energy insecurity
• 61% net energy import (fr. 58% in 

1990 despite 10x increase in RE)
• Nuclear phase out by 2022 and 

coal phase out by 2038 

3.1

Germany Index rank # 1

GDP - USD (trn): 3.8

GDP per capita - USD: 45,724

349

Population density (per km2): 237

Grid emissions factor (gCO2/kWh):  469

Hydrogen Drivers Matrix Primary Energy Mix

Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate score 
(out of 5) 4.7

Land area (‘000 km2):



Low-cost renewables and strong industry to 
ignite strong early start

Spain has the scale and the solar resource 
needed to become a cornerstone supplier of 
Europe’s green hydrogen economy, as well 
as a domestic industry mix suited to 
jumpstart early demand. Spain has some of 
the cheapest renewable energy in Europe, 
achieving tariffs of EUR15.0/MWh for solar 
PV and EUR20.0/MWh for wind in 2021 
auctions. Its national hydrogen strategy 
targets the mobilisation of EUR8.9bn 
(USD10bn) of investments between 2020-
2030 to install 4GW of electrolysers and 
other hydrogen-related infrastructure. In 
December 2020, MITECO1 closed a public 
call for interest for potential IPCEI projects 
which received healthy interest in the form of 
28 submissions, but final selection has yet to 
be made. Spain has earmarked EUR1.5bn of 
public funding under the NextGen EU 
recovery program towards green hydrogen 
through 2023, but to date has not yet 
identified projects for disbursement. There 
has also not yet been discussions of a 
standardized support scheme like a CfD. Any 
such long-term schemes would need to 
reassure investors with respect to their 
overall sustainability, after the retroactive 
solar FiT cuts in the past, and the current 
levies on renewable generators to prevent 
“windfall profits” from rising wholesale 
prices2. 

Strong domestic industrial base
Spain today uses 500kt of hydrogen per year 
in industrial applications – primarily 71% in 
refining and 25% in fertiliser production -- and 
Spain’s hydrogen

roadmap targets 25% of all hydrogen 
consumption to be renewable by 2030. The 
country also hosts a substantial steel 
manufacturing base (4th largest in EU): as an 
early mover, ArcelorMittal signed an MoU in 
July 2021 with the Spanish Government that 
will see EUR1bn investment to convert its 
Gijón plant to DRI-EAF process, targeting zero 
emissions. 

Heavy transport decarbonization
Spain has one of the largest transportation 
sectors in Europe – the 2nd highest container 
port traffic, 3rd highest air traffic, and 2nd 
highest freight volumes. If the proposed 
REDIII draft is adopted, 26% of all energy use 
in its transportation sector must be renewable 
by 2030. Iberdrola is planning the Y Basque 
Green Hydrogen Initiative that will build three 
green hydrogen plants for a transport corridor 
connecting the logistical centres of 
Vitoria/Júndiz, Bilbao and Pasaia.

Strong project pipeline
Spain has a number of ambitious projects 
under development pending funding, such 
as: Endesa’s EUR2.9bn portfolio of 340MW 
electrolysers plus 2GW of renewable 
energy; an alliance between Iberdrola and 
Fertiberia to build 800MW of green 
hydrogen capacity over seven years for 
ammonia production (20MW 
electrolyser/100MW PV pilot already in 
construction); plans to deploy a fully 
functioning hydrogen ecosystem in Mallorca 
to turn the island into the first hydrogen hub 
in Southern Europe. Cummins has also 
partnered up with Iberdrola to build a 
500MW PEM electrolyser manufacturing 
plant.

Regulatory commitment
• Net zero by 2050
• EUR1.5bn green hydrogen funding

earmarked through 2023
• No CfD program or similar

4.1

Transportation
• Pipeline connections to North Africa
• Limited (yet present) storage

potential
• TSO Enegas actively involved

3.1

“Investability”
• Rated A by S&P
• 30th in WB Ease of Doing Business
• Regulatory risk given historic

retroactive change to RE support

3.0

RE cost and potential
• One of the strongest and

cheapest solar energy resources
in Europe

• Average onshore wind resources

4.5

Local demand potential
• Substantial refining sector and

decently sized steel sector
• Massive heavy transport sector
• 10th busiest container port

4.6

Energy insecurity
• 71% net energy import3.6

Spain Index rank #2

GDP - USD (trn): 1.3

GDP per capita - USD: 27,057

500

Population density (per km2): 94

Grid emissions factor (gCO2/kWh):  288

Hydrogen Drivers Matrix Primary Energy Mix

Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate score 
(out of 5) 4.2

1Ministry for the Ecological Transition and the Demographic Challenge; 2 The levy is applicable even to renewable plants that do not
profit from wholesale electricity prices, such as those under long-term PPAs.

Land area (‘000 km2):



Energy behemoth ramps up ambition to be 
a global hydrogen leader.
A number of soft and hard factors 
position the United States well towards 
becoming a global hydrogen 
behemoth—more than half of the 
5,000km of hydrogen pipelines globally 
are in the U.S.; it is an extremely car-
centric society and mobility is the 
highest-value hydrogen use case; it is 
the world’s top 5 producer of ammonia, 
steel and cement, the largest oil refiner, 
and sees the second highest container 
port activity – all key sectors in the 
energy transition. A number of 
challenges exist as well, the most 
fundamental of all being a need for a 
holistic carbon pricing structure 
nationally and with that, state and 
national carbon borders. In the context 
of enabling the massive-scale, cross-
state hydrogen infrastructure needed to 
achieve commercially viable prices, a 
fundamental issue that first needs to be 
addressed is who is in charge of 
hydrogen— whether it falls under 
federal jurisdiction under the Natural 
Gas Act or under state responsibility—
and this would determine the big 
picture of hydrogen procurement and 
transmission in the country. A hydrogen 
economy could generate USD140bn per 
year in revenue by 2030, reaching 
USD750bn per year by 2050. Hydrogen 
demand could rise four-fold to 41mtpa 
by 2050. Government funding for 
projects is gaining pace under the 
current Biden administration but 
remains marginal: the US’ Department 
of Energy’s (DOE) has earmarked only 
USD400m in their FY2022 Budget 
Request. 

USD3/kg production tax credit
A bill is under review by Congress, under 
which green/blue hydrogen would

benefit from production tax credits up to 
USD3/kg depending on its carbon 
reduction factor from SMR grey 
hydrogen for up to 10 years; 
alternatively, an investment tax credit 
for as much as 30% of equipment costs.

Funding for transmission and storage

Biden’s USD2.3trn Infrastructure Plan that 
was passed in July 2021 earmarks 
USD73bn for clean energy transmission 
infrastructure – unclear how much of 
that is targeted for hydrogen. The Plan 
also includes a limited investment tax 
credit to accelerate transmission and 
storage projects—to be determined if 
hydrogen projects will meet the subsidy 
timeline.

Numerous hydrogen pilots
A number of clean hydrogen pilot 
initiatives are in place, including the 
DOE’s Energy Earthshots Initiative that 
aims to cut clean hydrogen costs by 
80% to achieve USD1/kg in 1 decade –
also known as the ‘111’. A small USD52m 
fund for 31 relevant technology projects 
lends support to the Initiative. A 
Government-led initiative H2@Scale 
comprises 18 projects funded by 
USD64m from the DOE in FY 2020.

Need for carbon pricing support
Seven carbon pricing initiatives are in 
operation but remain limited in scope 
and effectiveness in the national 
context. The Regional Greenhouse Gas 
Initiative (RGGI), the country’s first cap-
and-trade system. Greater clarity over 
US’ plans for a carbon-related import 
tax or fee, potentially an echo of the 
EU’s carbon borders adjustment 
mechanism, is more likely by year-end.

Regulatory commitment
• USD73bn Biden infra. plan
• USD3/kg hydrogen PTC under review
• No federal net-zero commitment
• Limited carbon pricing

2.3

Transportation
• Transmission & energy storage tax 

credits included in infra. plan
• Extensive H2 & chemical pipelines
• LNG/ammonia export facilities

4.0

“Investability”
• Rated AA+ by S&P
• 6th in WB Ease of Doing Business

4.8

RE cost and potential
• World class onshore wind and solar 

resources
• LCOE not the lowest but supported 

by federal tax credits

5.0

Local demand potential
• 4th largest steel manufacturing
• 1st largest oil refiner
• 4th largest ammonia producer
• Extremely car-centric 

5.0

Energy insecurity
• Net import/export dependent on 

(shale) oil price environment

0.4

United States Index rank # 3

GDP - USD (trn): 20.9

GDP per capita - USD: 63,544

9,147

Population density (per km2): 36

Grid emissions factor (gCO2/kWh):  476

Hydrogen Drivers Matrix Primary Energy Mix

Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate 
score (out of 5) 4.0

Land area (‘000 km2):



Leading the hydrogen export race

The Australian national hydrogen 
strategy emphasizes a “light touch” 
approach without explicitly spelling out 
targets or timelines, with more detail 
arising at state level. While the strategy 
mentions domestic use and local 
hydrogen clusters, one of the few 
concrete measures of success is for 
Australia to rank among the top three 
exporters of hydrogen to Asian markets 
by 2030. There is an urgent economic 
imperative: Japan, Australia’s biggest 
market for LNG and thermal coal, in 
recent months revised its 2030 energy 
plan reducing significantly the share of 
LNG and coal in the electricity mix; 
Democrat lawmakers in the U.S. have 
also tabled carbon border legislations 
that, if passed, will indirectly impact 
Australia through impacting its largest 
trading partner, China.  

Australia’s hydrogen demand today is 
c.650ktpa.  This is produced almost 
entirely from SMR, with 65% consumed 
domestically by ammonia production, 
35% by oil refining. Australia does not 
have a carbon pricing mechanism to 
support the value of clean hydrogen 
locally and until such a mechanism is 
implemented, hydrogen volumes in 
Australia will be driven by demand and 
price sensitivity in export markets. In the 
long term, Australia competes against 
other export-oriented countries on 
production and transportation costs, 
but it is geographically best positioned 
to serve the East Asian markets. Today it 
is well ahead for international project 
and export technology collaborations 
with e.g., Japanese interests. The 
Government has also put in place 
AUD643m (USD470m) of hydrogen R&D 
and implementation to be deployed 
over 4 years . 

Massive project pipeline
Australia has an announced pipeline 
of more than 30GW of hydrogen 
projects, easily the largest in the world. 
While the mega-projects are in early 
stages, three modestly sized pilots 
have secured AUD103m (USD80m) 
funding from ARENA for ammonia 
production and gas blending. The 
75MW Eyre Peninsula Gateway 
Hydrogen Project is in FEED stage and 
is exploring export to Germany with 
RWE. 

International partnerships
Australia has signed a flurry of 
international collaboration 
agreements with potential export 
markets on developing hydrogen 
supply chains and export, including 
Japan, South Korea, Germany, 
Singapore, and the UK. The 
collaboration with Japan is 
particularly advanced, including 
partnership on developing the first 
liquefied hydrogen carriers, and mega 
projects in development such as the 
Iwatani-Stanwell 3GW Queensland 
green hydrogen project (FID 2022). 

Guarantee of Origin (GO) 
certification
Australia launched a public 
consultation in June 2021 on the 
development of a GO certification 
scheme that would verify and track 
production technology, location, and 
Scope 1 and 2 emissions. The intent is 
for the scheme to harmonise with 
international standards, which are 
today led by the EU.

Regulatory commitment
• No carbon pricing
• Strong international collaboration
• USD470m of targeted funding to 

be deployed over four years

3.1

Transportation
• Existing ammonia export 

infrastructure
• Collaboration on liquefied H2
• Coastal clusters

4.0

“Investability”
• Rated AAA rated by S&P
• 14th in WB Ease of Doing Business

4.7

RE cost and potential
• Excellent solar and wind resources 

for hybrid green hydrogen 
production

4.8

Local demand potential
• Some local ammonia and steel 

production and oil refining
• Reasonably large mobility sector, 

particularly trucking

4.2

Energy insecurity
• Net energy exporter

0.0

Australia Index rank

GDP - USD (trn): 1.3

GDP per capita - USD: 51,812

7,692

Population density (per km2): 3

Grid emissions factor (gCO2/kWh):  800

Hydrogen Drivers Matrix Primary Energy Mix
Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate 
score (out of 5) 4.0

1 LNG reduced from 56% to 41%, and coal from 26% to 19%; 2 Australian govt, Advisian “Australian
hydrogen market study”24 May 2021; 3 AUD1.2bn (USD880m) over 10 years
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Land area (‘000 km2):



Strong regulatory progress and committed 
near-term funding
The French Hydrogen Strategy has 
ambitious near-term goals backed by 
substantive committed funding: its target, 
enacted into law via the National Energy 
and Climate Plan (“NECP”), is to convert 
10% of industrial hydrogen consumption to 
low carbon sources by 2023, and 20-40% by 
2028, backed by EUR7bn committed 
funding through to 2030 with EUR3.4bn 
invested in industry, transport and research 
by 2023. EUR2bn from the French COVID 
recovery plan will be made available to 
industrial electrolysis projects by 2022. An 
ordinance for hydrogen was issued in 
February 2021 that provides guidance on 
the broad hydrogen regulatory framework, 
including classification, support 
mechanisms, and guarantees of origin, the 
specific provisions of which will be published 
in 2021. There is extensive interest on 
hydrogen development on the ground—the 
first nationwide call for expressions of 
interest in June 2020 under the IPCEI 
framework netted 160 project submissions 
representing EUR32.5bn total investment.

2022 hydrogen tender expected

Under the July 2021 hydrogen ordinance 
hydrogen will be defined by its carbon 
intensity― (i) renewable, (ii) low-carbon or (iii) 
carbonaceous (CO2 thresholds to be 
determined at EU level). Only renewable or 
low carbon production from electrolysis will 
benefit from state support through investment 
or revenue subsidy (latter max. 20 years). 
Thus, blue hydrogen by way of carbon capture 
will not be supported but the definition of “low 
carbon” will determine whether French 
hydrogen will be nuclear powered. A call for 
tender is anticipated in 2022.

Strong industrial base
France today uses 900kt of hydrogen 
annually primarily in the refining and 
chemicals sector, and through its NECP 
target, it has committed to provide funding 
for 90kt of low-carbon hydrogen by 2023. 
There is significant interest on the ground: 
Total and Engie are developing a solar-
powered 1,800tpa green hydrogen project 
at the La Mede biorefinery in the South 
that is pending funding support. Lacq
Hydrogen, under development by Teréga, 
Enagás, DH2 Energy and GazelEnergie is 
studying the large-scale export of green 
hydrogen from Spain to France.

Hydrogen valleys
A number of hydrogen valleys are in 
development, including the Auvergne 
Rhône Alpes “Zero Emission Valley” that 
has secured EUR70m EU funding, the 
Grand Ouest Hydrogen Valley that has 
secured ADEME1 funding, the Normandy 
Hydrogen Valley, and the Bourgogne-
Franche-Comté Club.

Electrolyser manufacturing base
Belgian electrolyser manufacturer John 
Cockerill is expecting to commission a 
200MW electrolyser production facility in 
North-eastern France by 2022. Homegrown 
McPhy Energy SA will make FID in 2021 on 
a 1GW gigafactory in eastern France. 
Genvia, a first-of-its-kind PPP joint venture 
between CEA1  and a consortium including 
Vinci Construction, Vicat and AREC is 
developing a Gigafactory for SOEC 
electrolysers in southern France.

Regulatory commitment
• Aggressive plans to convert 10% of 

industrial hydrogen to low carbon 
sources by 2023, 20-40% by 2028

• EUR7bn committed funding for 
hydrogen through 2030

4.8

Transportation
• Some T&D initiatives on the ground 

but no overarching coordination
• Some salt cavern storage potential

3.0

“Investability”
• Rated AA by S&P
• 32nd in WB Ease of Doing 

Business

4.2

RE cost and potential
• Good solar resources in the south 

(by Europe standards)
• Average onshore wind resources
• Some offshore wind potential

3.0

Local demand potential
• 16th largest steel 

manufacturing
• 14th largest oil refiner
• 11th largest ammonia producer

4.0

Energy insecurity
• 44% net energy import2.3

France Index rank

GDP - USD (trn): 2.6

GDP per capita - USD: 38,625

633

Population density (per km2): 123

Grid emissions factor (gCO2/kWh):  47

Hydrogen Drivers Matrix Primary Energy Mix

Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate score 
(out of 5) 4.0

1 the French Alternative Energies and Atomic Energy Commission
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Fast-paced centralised hydrogen transmission 
rollout; expanded CCfD scheme includes 
hydrogen
The Netherlands today is Europe’s second 
largest producer of grey hydrogen (after 
Germany) at 900ktpa and operates more 
than 1,000km of dedicated hydrogen 
pipelines. The north of the Netherlands is a 
confluence of global shipping and aviation 
routes, heavy industry clusters, offshore wind 
development and oil and gas transmission 
infrastructure that positions it exceptionally 
well to become a European green hydrogen 
hub. This corridor has been designated by 
the FCHJU as the first Hydrogen Valley in 
Europe and a Government roll-out of 10GW 
of hydrogen transmission infrastructure is 
underway to connect key industrial clusters. 
The Netherlands also has the second largest 
salt cavern hydrogen storage potential in 
Europe, at 10.4PWh. 

The Dutch national hydrogen strategy targets 
the installation of 4GW of electrolyser 
capacity by 2030. To further the hydrogen 
agenda, the Government has committed 
EUR338m under the National Growth Fund 
towards accelerating green hydrogen 
deployment. The imminent shutdown of the 
Groningen gas field in 2022, by far 
Netherlands’ largest, further provides an 
energy security impetus.

SDE++ 2021 subsidy
In 2021, the Dutch government for the first time 
included electrolytic hydrogen in its SDE++ 
procurement scheme 1. The round is funded by 
up to EUR5bn, and projects may bid for up to 
EUR300/ton of CO2 “saved” vs. the market 
alternative, equivalent to up to c.EUR3/kgH22.

Shipping, offshore wind, oil & gas 
hub
The northern Dutch coast is a densely 
developed industrial region, hosting the 
Port of Rotterdam, by far the busiest port in 
Europe, as well as Netherlands’ offshore 
gas fields, and numerous industrial 
clusters. NortH2, a project launched in 
2020 by Gasunie, Groningen Seaports and 
Shell, looks to massively scale up hydrogen 
production, powered by 1GW of new 
offshore wind capacity by 2027 and 4GW 
by 2030.

HyWay27 centralised transmission 
& storage rollout
The Government is taking a hands-on 
approach in the development of the national 
hydrogen infrastructure. Gas transmission 
network operator Gasunie has been tasked 
to deliver 10GW of national hydrogen 
transmission and storage infrastructure, 
equivalent to 25% of the total energy 
consumption of Dutch industries. Scheduled 
for completion in 2027, the project is 
estimated to cost EUR1.5bn, and will use 
85% recycled natural gas pipelines that are 
four times cheaper than new pipelines. In 
addition to its immense on- and offshore salt 
cavern storage potential, the legacy offshore 
oil and gas infrastructure network may 
potentially be repurposed to store and 
deliver hydrogen.

International partnerships
Netherlands has a collaboration agreement 
with the US on information sharing on 
hydrogen production and infrastructure 
technologies, and a bilateral export-import 
value chain cooperation agreement with 
Portugal. 

Regulatory commitment
• EUR 5bn 2021 SDE++ scheme in 

November includes hydrogen
• EUR30/tCO2 carbon tax on 

industrial GHG, over and beyond 
EU ETS scope

4.2

Transportation
• Gasunie to make 75% of national 

pipeline H2-ready by 2027
• 1,000km H2 pipelines in operation
• Second largest salt cavern potential 

in Europe

4.5

“Investability”
• Rated AAA by S&P
• 42nd in WB Ease of Business

4.3

RE cost and potential
• >200GW of offshore wind potential
• Limited land for solar or onshore 

wind, despite good wind speeds

2.1

Local demand potential
• 12nd busiest container port traffic 

including Port of Rotterdam
• 18th largest ammonia producer
• 25th largest steel manufacturing

4.7

Energy insecurity
• 35% net energy import
• Closing of Groningen gas field in 2022 

adds urgency to diversification 

1.8

Netherlands Index rank

GDP - USD (bn): 912

GDP per capita - USD: 52,304

Land area (‘000 km2): 34

Population density (per km2): 512

Grid emissions factor (gCO2/kWh):  457

Hydrogen Drivers Matrix Primary Energy Mix
Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate score 
(out of 5) 3.9

1 A carbon-contract-for-difference-type subsidy awarded for 12-15 years; 2 assuming grey hydrogen carbon intensity of 10 kgCO2/kgH2, and offshore wind + 
PEM carbon intensity of 0.25 kgCO2/kgH2, the maximum subsidy available to an offshore wind powered hydrogen project will be c.EUR3/kg

# 6



Government funding support driving 
continental H2 hub ambitions

Italy’s location in the Mediterranean positions 
it ideally to act as the gateway for hydrogen 
trade between the Middle East-North Africa 
countries and Northern Europe, and its rich 
solar resources makes it well suited to 
become a green hydrogen producer. Italy 
aims to reach 2% hydrogen penetration in 
final energy demand by 2030, including 
applications in long-distance freight 
transport, heavy industry, refineries and 
blending into the gas grid. To supply this 
demand, 5GW of electrolysis capacity is 
expected to be installed over the same 
period.  Progress is held up in part by a 
regulatory roadblock, as the current 
framework provides only for production of 
hydrogen via SMR, not electrolysis, and 
needs to be updated. While EUR3.19bn in 
funding has been directly allocated towards 
hydrogen spending as part of Italy’s 
NextGenerationEU recovery plan, there 
appears to be little/no concrete schemes as 
yet to absorb this. Given Italy has one of the 
highest net energy import ratios in Europe at 
80%, green hydrogen has potential to 
become one of the key levers in reducing 
energy dependency. 

Funding in hydrogen-related sectors
In April this year, the government announced 
that its COVID recovery package – funded by 
the EUR750bn NextGenerationEU plan – will 
earmark EUR3.2bn for hydrogen, EUR4.1bn 
for energy infrastructure, and EUR5.9bn for 
renewable energy. Concrete schemes to 
disburse this funding do not yet appear to 
have materialised.

Snam actively reshaping a gas and 
shipping hub
Italy is well connected by way of transmission 
infrastructure not only within Europe but also 
via long distance gas pipelines to Tunisia, 
Algeria and Libya, where future renewable 
energy (and possibly hydrogen) may be 
sourced. It also operates three LNG import 
terminals which may have future synergies 
with future hydrogen import infrastructure. 
Snam today is experimenting with 10% 
hydrogen blending in some parts of its 
network, serving two thermal plants, and has 
stated that 70% of its natural gas grid is 
“hydrogen ready”. Snam will invest 50% of its 
EUR7.4bn (USD8.7bn) 2020-2024 business 
plan to repurpose the rest of its 33,000km 
domestic network. Hydrogen storage may be 
an issue with limited suitable sites identified.

Refinery and steel industrial base
Italy is the EU’s second largest steel 
producer and oil refiner, together a strong 
basis to jump start hydrogen demand. Enel 
and Eni are studying two pilot projects to 
supply green hydrogen to selected Eni 
refineries, increasing capacity to more than 
2GW by 2030. ENI is currently the largest 
producer and user of hydrogen in Italy (69% 
of the country’s total) through its refineries.

Vertical integration
Italy has ambitions to start an electrolyser 
manufacturing base and is raising EUR1.5bn 
to build a 1GW/y electrolyser factory, of 
which EUR450m has already been 
earmarked from public funding. The 
technology provider is yet unannounced.

Regulatory commitment
• EUR3.7bn in hydrogen funding
• Target 2% hydrogen penetration 

in total energy demand by 2030
• Snam (Gas TSO) a key industry 

driver

4.5

Transportation
• Gas pipeline nexus between Europe 

and North Africa
• Geographically well positioned for 

shipping from MENA

3.1

“Investability”
• Rated BBB by S&P
• 58th in WB Ease of Doing Business

3.4

RE cost and potential
• Excellent solar resources but LCOE 

higher than Spain/Portugal
• Disappointing 2021 RES1 auction
• Average onshore wind potential

3.0

Local demand potential
• 11th largest steel manufacturing
• 12th largest oil refiner
• 20th busiest container port traffic

4.2

Energy insecurity
• 80% net energy import 3.9

Italy Index rank # 7

GDP - USD (trn): 1.9

GDP per capita - USD: 31,676

298

Population density (per km2): 203

Grid emissions factor (gCO2/kWh):  327

Hydrogen Drivers Matrix Primary Energy Mix

Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate score 
(out of 5) 3.9

Land area (‘000 km2):



Strong offshore cluster developments and 
push into home heating

Regulatory commitment
• Net zero 2050
• Strong UK ETS pricing
• Diverse instruments providing 

funding across H2 value chain

3.6

Transportation
• Access to North Sea pipelines & 

depleted gas fields
• Co-sited clusters & offshore wind 
• 9PWh salt cavern storage

4.0

“Investability”
• Rated AA by S&P
• 8th in WB Ease of Doing Business

4.6

RE cost and potential
• Excellent onshore/offshore wind
• Offshore wind higher cost but 

achieves higher electrolyser load 
factor 

3.2

Local demand potential
• Sizable oil refining (15th largest) 

and ammonia sectors (23rd) 
• 3rd highest aviation traffic globally
• Substantial port traffic 

4.5

Energy insecurity
• 35% net importer1.8

United Kingdom Index rank # 8

GDP - USD (trn): 2.71

GDP per capita - USD: 40,285

Land area (km2): 242

Population density (per km2): 275

Grid emissions factor (gCO2/kWh):  277

Hydrogen Drivers Matrix Primary Energy Mix
Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate score 
(out of 5) 3.9

1 Including: GBP240m of co-investment funding under the Net Zero Hydrogen Fund for hydrogen production, a GBP167m R&D funding package to develop
technologies across the value chain, a GBP20 million Industrial Fuel Switching Competition; 2 Which replaced the UK's participation in the EU ETS starting January
2021

Under its Hydrogen Strategy published in 
August 2021, the UK is targeting 5GW of low 
carbon hydrogen production capacity by 
2030 with a dual blue-green focus. To 
achieve its targets, the Government has 
made available a number of targeted funding 
instruments totalling more than GBP400m1. 
Hydrogen as a key priority under the UK Ten 
Point Plan will also have access to the Net 
Zero Innovation Portfolio, a GBP1bn fund to 
accelerate commercialisation of low-carbon 
technologies, and downstream industrial 
conversion has access to a GBP315m 
Industrial Energy Transformation Fund.

UK has sizable oil refining and ammonia 
industries to anchor early offtake and the 
third highest aviation traffic globally. Its Ten 
Point Plan for industrial transformation 
further envisions up to 20% hydrogen 
blending into the gas grid for residential use 
by 2023 and the government is strongly 
pushing pilots. Carbon prices are robust 
under the UK ETS2, which launched at 
GBP50/ton (USD71) in May and has moved 
broadly within the GBP40-60/ton band. The 
UK’s green hydrogen strategy will be 
powered by excellent wind resources 
onshore and offshore—UK is the largest 
offshore wind market in Europe and some of 
the cheapest offshore wind in the world 
today, and there is more than 500GW of 
fixed bottom potential. The country also has 
the advantage of homegrown technology 
players such as ITM’s electrolyser 
gigafactory and Johnson Matthey, a key 
player in the supply chain, as well as 
sizeable CCS sites around industrial 
“clusters”. 

HyNET and other clusters
HyNet is perhaps the leading UK cluster, 
bringing together a diverse range of industrial 
partners across glass, petrochemicals, 
transportation and  manufacturing.  From 
2025, it will produce, store and distribute 
hydrogen as well as capturing and storing up 
to 10mtpa of carbon from industry in the 
Northwest of England and North Wales, 
through the development of new and 
repurposing of existing infrastructure. It is 
one of a range of similar clusters focused on 
repurposing existing carbon-intensive 
industrial areas.

Gigastack
Orsted, ITM and Phillips66 is developing a co-
sited 100MW PEM electrolyser powered by the 
Hornsea 2 offshore wind farm that would deliver 
green hydrogen to replace 30% of current grey  
hydrogen use at Humber Refinery. Currently in 
FEED study.

Home heating pilots
A 16-month project HyDeploy delivering “up 
to”20% hydrogen blend to 100 homes and 30 
university buildings in Staffordshire was 
successfully completed in September 2021 
and a larger Phase 2 launched. A 1% 
hydrogen blend into biogas has been 
approved in Swindon. Many other pilots are 
underway. 

2,000km hydrogen network
National Grid’s Project Union is exploring a 
hydrogen ‘backbone’ to connect industrial 
clusters, potentially creating a 2,000km 
hydrogen network and repurposing 25% of 
current gas transmission pipelines. 



Vast wind and hydro resources, but Canada 
moves towards blue

Canada today is one of the top 10 grey 
hydrogen producers in the world at 
c.3mtpa, but low-carbon hydrogen
developments are in early stages
compared to Europe. Although Canada
holds abundant onshore wind and hydro
resources, and 73% of the grid is today
powered by clean energy, oil and gas
exports remain a bedrock of the economy
and receive special federal consideration
that in the past has been prioritized over
the climate agenda. Canada has passed
legislation for net zero by 2050, but
although carbon pricing was introduced
nationwide in 2019, provinces are free to
adopt their own systems, which has
resulted in diverging carbon prices and
standards within the country. There are
no clear internal or external carbon
borders. The government targets a
USD50bn domestic hydrogen sector by
2050 and is looking towards becoming an
exporter to partners including US, Japan,
Korea and Germany.

Clean hydrogen projects
Air Liquide inaugurated a 20MW PEM 
electrolyser in Bécancour, Québec in 
January, producing up to 3ktpa powered by 
hydro that will supply the northeast mobility 
market. In March this year, Canada and 
Germany agreed on the joint development 
of hydro-powered green hydrogen in 
Canada for export to Germany.

Oil refining & ammonia
Canada is the 8th largest ammonia 
producer and 11th largest oil refiner in the 
world, which provides a ready base of 
industrial offtakers that would not require 
substantial capex to modify downstream 
processes to accommodate hydrogen use.

Alberta blue hydrogen
USD2m of joint government funding is 
being provided for hydrogen production 
in Alberta. Air Products has signed an 
MoU with the Canadian and Alberta 
governments to build a new CAD1.3bn 
(USD1.0bn), 550ktpa gas-powered SMR 
hydrogen complex in Edmonton. The 
project plans to capture and store 95% of 
the carbon in the conversion process but 
has not addressed fugitive emissions in 
upstream production. Shell plans to build 
a large CCS project at its Scotford 
Complex near Edmonton, with the initial 
phase of operations anticipated by mid-
decade. Suncor and ATCO are working 
on a facility in Alberta to produce more 
than 300ktpa of blue hydrogen, 
potentially by 2028.

Established supply chain cluster
Canada is recognised as a global leader 
in hydrogen and fuel cell technology and 
hosts a large cluster of hydrogen and fuel 
cell companies in British Columbia, 
encompassing a full supply chain from 
components through testing, equipment, 
engineering and financial services.

Regulatory commitment
• Net zero by 2050
• No meaningful hydrogen funding

commitment
• No cohesive carbon pricing

2.1

Transportation
• Large exporter of ammonia today

with existing ammonia export
infrastructure

• Pipeline connection to US market

3.5

“Investability”
• Rated AAA by S&P
• 23rd in WB Ease of Doing

Business

4.6

RE cost and potential
• Vast resources of low-cost

onshore wind and hydropower

5.0

Local demand potential
• 18th largest steel manufacturing
• 11th largest oil refiner
• 8th largest ammonia producer
• Car-dependent society

5.0

Energy insecurity
• Net energy exporter0.0

Canada Index rank # 9

GDP - USD (trn): 1.64

GDP per capita - USD: 43,242

8,966

Population density (per km2): 4

Grid emissions factor (gCO2/kWh):  130
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Developing supply chains to import hydrogen, 
export technology
In 2017, Japan was the first country in the 
world to publish a national hydrogen 
strategy. Japan is the world’s fifth largest 
consumer of energy but imports more 
than 90% of its total energy supply, 
including most of its oil, from the Middle 
East. At the same time, having created 
the world’s fourth largest solar market 
through sky-high FiTs, Japan has shown 
clear willingness to put money behind its 
clean energy independence, which lends 
confidence to the domestic production 
target of 300kt hydrogen by 2030 (vs. 
EU’s 10mt). Cost of solar in Japan today 
is c.USD0.10/kWh (June 2021 auctions), 
c. ten times higher than in Saudi Arabia.

Japan today has hydrogen demand of 
2mtpa and intends to boost this to 3m 
tons by 2030, and 20m by 2050. Any 
meaningful hydrogen supply will therefore 
need to be sourced from abroad. 
Reflecting this, Japan’s hydrogen plan 
centres around building international 
hydrogen transportation networks both 
technologically and politically. There are 
strong R&D efforts ongoing on green 
ammonia as an energy vector for power, 
which are likely to lead to the first 
international green hydrogen supply 
chains. Hydrogen is also a business 
opportunity for Japan to monetise its 
leadership in hydrogen technologies, 
particularly in fuel cells, turbines and gas 
shipping. 

USD3.4bn funding
JPY370bn (USD3.4bn) from Japan’s 
JPY2trn Green Innovation Fund will be 
allocated over the next decade for 
hydrogen development—USD2.7bn to 

develop a hydrogen supply chain and 
drive demand, and USD630m to scale up 
green hydrogen projects. 

Spearheading hydrogen shipping
Japanese companies are leading in 
hydrogen shipping technologies. 
Kawasaki unveiled the world’s first 
liquefied hydrogen carrier in May this 
year with 90-ton capacity and is working 
on a 11,000-ton second generation 
prototype1. In January this year, it 
completed the 180-ton Kobe LH2 
Terminal, the world’s first liquefied 
hydrogen receiving terminal. First 
shipments are expected in spring 2022. 

Japanese-Australian H2 road
Japanese and Australian companies 
have initiated numerous joint ventures in 
the developing blue/green hydrogen 
trade lane between the two countries. 
Iwatani, Japan’s largest hydrogen 
supplier, and Australian state electricity 
company Stanwell are leading a 
feasibility study for export of up to 3GW 
of green hydrogen from Central 
Queensland (FID expected 2022, first 
shipments 2026). Sumitomo and Rio 
Tinto plan to start construction of a pilot 
300ktpa plant in Queensland in 2022. 

International partnerships 
In 2021, INPEX, JERA and JOGMEC  
agreed with ADNOC (UAE) to explore the 
commercial potential of a clean ammonia 
export from the UAE. Last September, the 
world’s first blue ammonia shipment left 
Saudi Arabia for Japan. A Dutch-
Japanese hydrogen development 
partnership has also been signed. 

Regulatory commitment
• Committed to net zero by 2050
• >USD4bn targeted H2 funding
• Ineffective carbon tax of

USD3/tonCO2 on fossil fuel use

3.7

Transportation
• Leads the world in hydrogen

shipping technology and
infrastructure investments

3.0

“Investability”
• Rated A+ by S&P
• 29th in WB Ease of Doing Business
• Power infrastructure investments

led by domestic firms

4.2

RE cost and potential
• Very high LCOEs, yet the fourth

largest solar market globally
• Large offshore wind potential,

but mostly floating

1.1

Local demand potential
• 3rd largest steel manufacturer
• 6th largest oil refiner
• 6th highest container port traffic

5.0

Energy insecurity
• 93% of energy supply is imported 
• High import cost and supplier 

diversification strong H2 drivers

4.7

Japan Index rank # 11

GDP - USD (trn): 5.1

GDP per capita - USD: 40,113

365

Population density (per km2): 347

Grid emissions factor (gCO2/kWh):  492

1 Pilot tanker (Suiso) capacity at 1,250 m3; next generation at 160,000m3, tonnage estimated here using hydrogen density of 71kg/m3 assuming full compression
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Strong Government funding and chaebol

united behind Korean hydrogen

South Korea was the second country in the 
world to issue a hydrogen strategy, after 
Japan, and shares similar priorities of energy 
security and technology export. South 
Korea’s total energy supply is made up of 
40% oil, 30% coal, 15% LNG, and <15% 
nuclear with a very small share of 
renewables, explaining the strong focus on 
hydrogen for mobility. The country is highly 
energy dependent, importing more than 80% 
of its total energy needs. 

Under the national hydrogen roadmap, the 
Government plans to put 67,000 FCEVs on 
the road by 2022, deploy 1.5GW of fuel cells 
in power generation, secure 470ktpa of 
hydrogen supply1, and achieve a clean 
hydrogen price of USD5.2/kg. While progress 
in 2021 seems to be falling short of 2022 
targets, large-scale projects have been 
initiated and receive strong Government 
backing. In 2021, the Government offered up 
to USD33.5m in subsidies for FCEV 
purchase, twice that for BEV. 

South Korea’s emissions trading scheme, in 
place since 2015, serves as an underlying 
driver for companies’ long-term 
decarbonization planning. It reached prices 
of c.USD35/tonCO2 in 2020, albeit having 
fallen to the mid-teens in 2021, on the back 
of a COVID-driven slowdown. The scheme 
expanded to include transportation and 
construction in 2021 and has a 
comprehensive scope covering 74% of 
national GHG emissions.

Green New Deal funding
Under the Green New Deal, the Government 
has earmarked

investments of KRW20.3trn (USD17bn) for 
green mobility and KRW11.3trn (USD10bn) for 
green energy through 2020-2025. Priority 
projects and businesses would be financed 
over 2021-2025 via debt issuances.

Five hydrogen clusters
In August this year, the Ministry of Trade, 
Industry and Energy announced plans to 
invest KRW1.27trn (USD1.07bn) to 
establish five hydrogen clusters across the 
country: a green hydrogen production 
cluster powered by 100MW of solar; a 
biogas and blue hydrogen production 
cluster; a hydrogen storage and 
transportation cluster; a hydrogen mobility 
cluster in Ulsan; and a hydrogen fuel cell 
cluster in North Gyeongsang Province.

Chaebol alliance
In September, 11 of South Korea’s largest 
conglomerates—Samsung, Hyundai Motor, 
Hyundai Heavy, SK, Lotte, Posco, Hanwha, 
GS, Doosan, Hyosung and Isu—joined in an 
uncommon alliance for hydrogen 
development domestically and abroad, 
promising to invest a combined KRW43trn 
(USD38bn) by 2030.

SK Group
SK Group has been particularly active, with 
plans to invest USD1.65bn over the next five 
years on domestic hydrogen. The company 
has been selected by the Government to 
build a 250ktpa blue hydrogen value chain at 
the Yeosu and Gwangyang ports in the 
south, leveraging existing LNG infrastructure. 
The Group is also investing USD1.5bn into 
fuel cell company Plug Power for expansion 
in Asia. 

Regulatory commitment
• Net zero commitment 2050
• Considerable c.USD9bn targeted

hydrogen funding earmarked
• Carbon pricing fairly robust

3.7

Transportation
• Established ammonia and LNG

import infrastructure are
serving as starting points for
hydrogen value chain

2.6

“Investability”
• AA rated by S&P
• 40th in WB Ease of Doing Business
• Strong domestic investment angle

4.7

RE cost and potential
• Solar resource below average; very

high population density poses
challenge

• Early stages of developing offshore
wind potential

0.8

Local demand potential
• 6th largest steel manufacturing
• 5th largest oil refiner
• 4th busiest container port traffic

5.0

Energy insecurity
• Net energy import of >80%4.2

South Korea Index rank #12

GDP - USD (trn): 1.6

GDP per capita - USD: 31,489

98

Population density (per km2): 529

Grid emissions factor (gCO2/kWh):  517

1 From by-product, SMR and electrolysis
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Offshore wind leadership for hydrogen and 
green fuels export

Denmark’s renewables story has to date 
revolved around wind, which, within the last 
ten years, has tripled from supplying 20% of 
the grid, to 60% today, directly displacing 
coal and gas. The focus through to 2030 will 
be on offshore wind, including two energy 
islands totaling 10GW, being championed by 
the Government. Unlike its Nordic 
neighbours, Denmark has a relatively low 
share of energy intensive industries - a 
hydrogen strategy would therefore likely 
place stronger emphasis on export and focus 
on decarbonising the domestic transport and 
residential sectors. Furthermore, while 
Denmark is the largest oil producer in the 
EU, it has cancelled all future oil and gas 
extraction licensing rounds and will phase 
out all extraction by 2050 in line with net zero 
goals, creating a potential supply gap. 
Denmark is also home to energy and 
industry giants such as Orsted and Maersk, 
as well as electrolyser manufacturer Green 
Hydrogen Systems, which should unlock 
strong Government support. In August this 
year, the Government launched a 
consultation with industry on future green 
hydrogen pricing scenarios in order to plan 
for with the base scenario at EUR2/kg by 
2030. A national hydrogen strategy is 
expected by year end.

2x5GW offshore energy and green 
fuel hubs
The Danish Government has reached 
agreement with a consortium of Danish 
companies to build, under a public-private 
partnership, two artificial offshore island 
energy hubs of initially 5GW each, 80km from 
shore, powered by offshore wind farms. The 
USD34bn project would produce electricity for 
export and green fuel for transport, district 
heating and

heavy industry. The project will be state-
owned and the largest construction project in 
Danish history. 

Export to Germany
Energinet, the Danish network operator, has 
completed a pre-feasibility study for a Danish-
German 340km pipeline, running from Esbjerg 
to Hamburg, with initial capacity of up to 
2.5GWh/h1. Assuming 50-60% of existing gas 
pipelines to be repurposed, the 2.5GWh/h2

retrofit would cost a mere EUR390m. 
Denmark also sits on a very large salt cavern 
storage potential of c.7.5PWh, half of which is 
located onshore.

1GW Esbjerg plant for mobility
H2 Energy Europe, a consortium including 
Hyundai, is planning a 1GW offshore wind-
powered electrolyser to supply trucks and 
other heavy transport refuelling stations, set 
to commission in 2024. The Danish 
Government will partner with the developer 
to build out the domestic pipeline network, 
which is predominantly polyethylene-based 
and can be converted to transport hydrogen 
at relatively low cost.

Sustainable fuels project
Copenhagen Airports, A.P. Moller-Maersk, 
DSV Panalpina, DFDS, SAS and Ørsted
have formed a partnership to develop a 
sustainable fuel production facility. The 
10MW Phase 1 targets commissioning by 
2023 producing fuel for buses and trucks. 
Phase 2 plans for a 250MW electrolyser 
plant by 2027, powered by offshore wind, 
and Phase 3 targets 1.3GW capacity (or 
250ktpa) that would displace 30% of fossil 
fuel use at Copenhagen Airport. 

Regulatory commitment
• Further O&G exploration cancelled
• Committed to net zero by 2050
• Massive offshore wind-green fuels

PPP being tendered

4.4

Transportation
• Danish-German hydrogen pipeline

under study
• Vast salt cavern storage potential

3.2

“Investability”
• Rated AAA by S&P
• 4th in WB Ease of Doing Business

4.9

RE cost and potential
• Vast offshore wind potential
• World class onshore wind

resources

3.1

Local demand potential
• Primarily transport & residential
• Some industry but below average

industrialization vs. western Europe

1.4

Energy insecurity
• New O&G exploration licensing 

cancelled

0.1

Denmark Index rank # 13

GDP - USD (bn): 355

GDP per capita - USD: 60,909

40

Population density (per km2): 145

Grid emissions factor (gCO2/kWh):  209
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1 Expandable to 8.6GWh/h with compressors; 2 Corresponding to 3GW capacity assuming 5,000 full load hours
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Significant initial steps, but challenges in 
transformation into energy exporter
Northern Chile has the world’s highest 
solar irradiation, and Southern Chile, by 
far the world’s best onshore wind 
resource with capacity factors of over 
60%. Over the past five years, Chile has 
set world record lows in renewable 
electricity prices. The Chile National 
Strategy for Green Hydrogen, launched 
in November 2020, is precise and 
realistic in scale. It plans for three 
distinct “waves” of development: the 
first wave (through 2025) will see green 
hydrogen replacing imported 
ammonia, grey hydrogen substitution in 
refineries, and use in long-distance 
mobility; the second wave (2025-2030) 
will see green ammonia export scaling 
up, further mobility penetration for 
hydrogen, and grid blending; and the 
third wave (2030 onwards) will see 
Chile export synthetic fuels. 

While a carbon tax has been in place 
since 2017, the USD5/tCO2 flat rate 
provides limited economic incentive for 
local consumption. An emissions 
trading scheme is under consideration 
and expected to be operational by 
2023, but the scope of the scheme is 
unclear today. The export 
transportation challenge also needs to 
be addressed, as, while rich in 
renewable resources, Chile is 
competing against similarly endowed 
countries that attract far cheaper 
capital, and that have decades of 
entrenched experience in, as well as 
existing infrastructure for, the global 
energy trade: Chile today has no 
ammonia or LNG export infrastructure, 
vs, for instance, Saudi Arabia as the 
largest ammonia exporter in the world, 
and Australia benefiting from a better 
position vis-à-vis large East Asian 
importers. 

USD50m hydrogen auction
Chile in September 2021 launched a tender 
for green hydrogen projects that received 
10 submissions, from predominantly 
European developers. A total of USD50m 
was made available with a max. of USD30m 
to any one project. Submissions averaged 
20MW and projects must start operation by 
Dec 2025 at the latest.

USD12b green H2 pipeline
A request for information (RFI) released by 
Chile’s economic development agency, 
CORFO, yielded eighteen green hydrogen 
project submissions, totaling USD12bn in 
investment value.

Mega projects by European 
developers
Engie and Enaex are leading the HyEx
initiative in the Antofagasta region that will 
use 2GW solar/1.6GW electrolyser to 
produce green ammonia for an Enaex
fertiliser plant, starting with a 36MW 
solar/26MW electrolyser pilot targeting 
operations by 2024. Chile’s state petroleum 
company ENAP, Enel Green Power, Siemens, 
Porsche, and Andes Mining and Energy are 
developing a ‘Highly Innovative Fuels’ pilot 
project in Magallanes to produce 600tpa 
of methanol and synthetic fuels, 
commissioning in 2022. 

The Export “Hydrogen Mission”
A working group within the German-Chilean 
Energy Partnership was announced in June 
to identify viable green hydrogen projects, 
and Chile signed a green hydrogen export 
MOU in June with the Port of Rotterdam, 
Europe’s largest port. In February, Chile 
signed an MoU with Singapore, the world’s 
largest bunkering hub, to collaborate on 
blue and green hydrogen technologies and 
also partnered with the UK last October to 
invest in hydrogen.

Regulatory commitment
• First-ever hydrogen tender 

successfully launched
• Existing carbon tax but low
• Net zero by 2050

3.2

Transportation
• Existing domestic ammonia 

infrastructure

1.5

“Investability”
• Rated A by S&P
• 59th in WB Ease of Doing Business

3.9

RE cost and potential
• Best solar irradiation and wind 

speeds in the world
• Actual installed capacities low 

(5GW) relative to resource potential 

4.4

Local demand potential
• Opportunity for ammonia import 

localization
• Some refining capacities

2.3

Energy insecurity
• 65% net energy exporter

3.3

Chile Index rank # 14

GDP - USD (bn): 253

GDP per capita - USD: 13,232

744

Population density (per km2): 25

Grid emissions factor (gCO2/kWh):  608
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Leveraging decades of expertise in 
offshore infrastructure and shipping 
development
The story of hydrogen in Norway is likely 
to be tightly woven with its offshore oil 
and gas industry and the country’s
long-term energy export strategy. 
Today, both green and blue hydrogen 
are being developed in tandem. 
Norway has numerous advantages in 
the hydrogen race: one of the world’s 
strongest carbon pricing schemes, one 
of the cleanest grids with 98% of 
electricity from renewable sources, 
primarily hydropower, and the world’s 
richest sovereign wealth fund. In June 
2020, the Government released its 
national hydrogen strategy: by 2025, 
Norway targets the establishment of 
five hydrogen maritime transport hubs, 
two industrial hydrogen projects, and 
five to ten pilot technology 
demonstration projects; by 2030, to 
achieve an integrated network of 
hydrogen hubs, and leadership in 
hydrogen sea vessels. The national 
strategy also highlights the intent to use 
CfD schemes to scale up hydrogen 
production. 

The Government is proposing to 
strengthen hydrogen financing in its 
national budget, but details remain to 
be defined, and targeted funding to 
date remains limited to small grants to 
pilots. To drive progress, the Research 
Council of Norway and Enova launched 
the HEILO partnership to facilitate 
funding and matchmaking for 
hydrogen projects. A 21Q1 call for IPCEI 
expressions of interest shortlisted five 
projects.

USD240/ton carbon price by 2030
Alongside the EU ETS, Norway has been 
implementing a carbon tax that today 
stands at NOK590/ton CO2 (USD69/ton), 

which, under its Climate Plan 2021-30, will 
be raised to NOK2,000/ton (USD230/ton) 
by 2030. The focus of the climate plan is 
on non-EU ETS emissions from transport, 
waste, agriculture and buildings, and 
some emissions from industrial 
production and oil and gas. 

Leveraging the North Sea 
potential
Norway has an 8,800km subsea 
natural gas pipeline network in the 
North Sea that today supplies the 
European market and a study on 
retrofitting “HyLine” is underway. The 
immense size of the network itself 
represents significant storage 
capacity, that is in addition to the 
7.5PWh of offshore salt cavern storage 
potential that Norway is estimated to 
have (5th largest in Europe). Norway 
furthermore has immense offshore 
wind-hydrogen potential, which pilot 
projects are exploring.

National hydrogen champions
Norway is the home of hydrogen 
champions such as electrolyser 
manufacturer NEL, the utility Statkraft, 
the fertilizer manufacturer Yara, and 
Aker Green Hydrogen. The latter three 
companies have formed HEGRA to 
open up Norway’s green ammonia 
export market.

ICE phaseout and maritime 
transport
Norway has one of the most stringent 
internal combustion engine vehicle 
phase out timelines in the world: by 
2025, all new cars, light vans and urban 
buses; by 2026, cruise ships to heritage 
fjords; by 2030, large vans, 75% of long-
distance buses and 50% of new trucks, 
must all be zero emission. 

Regulatory commitment
• Carbon tax of c.USD69/tCO2 on 

GHG outside EU ETS scope
• No significant targeted hydrogen 

funding to date

3.2

Transportation
• Extensive North Sea gas pipelines 

and connectivity to Europe
• 5th largest salt cavern storage 

potential in Europe

4.0

“Investability”
• Rated AAA by S&P
• 9th in WB Ease of Doing Business

4.7

RE cost and potential
• Grid 95% hydro-powered
• Excellent onshore wind resources
• Immense offshore wind potential 

(150GW fixed; 2.4TW floating)

4.2

Local demand potential
• Some refining, methanol and 

cement production
• Strong aspirations towards maritime 

hydrogen leadership

1.1

Energy insecurity
• Net energy exporter

0.0

Norway Index rank # 15

GDP - USD (bn): 362

GDP per capita - USD: 67,294

365

Population density (per km2): 15

Grid emissions factor (gCO2/kWh):  11
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Abundant funding for energy transition 
and concrete plans for coal phase out

Poland, which employs more than half 
of Europe’s coal industry workforce and 
operates the most carbon intensive grid 
in the EU, has historically battled EU 
efforts in decarbonization but attitudes 
are mellowing. Its 2040 energy strategy 
released in September 2021 plans to 
invest EUR33.7bn in coal phase out and 
renewables/nuclear ramp up. Due to its 
carbon-intensive economy, Poland is 
actually recipient to a large share of 
clean transition financing packages 
from the EU, including EUR3.5bn under 
the Just Transition Fund and 43% of the 
EU ETS-financed Modernisation Fund 
(est. EUR6bn over 2021-2030)1. 

In January 2021, the Polish Ministry of 
the Climate and the Environment 
published the draft Polish Hydrogen 
Strategy 2030 that sets out the key 
parameters of planned hydrogen 
developments, including: 2GW of 
electrolyser capacity; 2,000 Polish-
manufactured hydrogen fuel cell buses 
and five industrial hydrogen valleys. The 
strategy pledges near PLN1b (USD250m) 
of state support, with c.60% for energy-
related projects and the remaining to 
clean transportation.

With only average and highly seasonal 
solar resources, the onshore and 
offshore wind sectors—the latter 
ramping up today—will be the main 
avenues of decarbonisation and green 
hydrogen. Poland has massive 
technical salt cavern storage technical 
potential of 7.4PWh. 

Massive EU funding support
In its national reconstruction plan 
submitted to the European Commission, 
Poland has earmarked EUR4bn from the 
EU Reconstruction Fund for offshore 
wind, offshore port development and 
hydrogen production. In addition, as 
mentioned above, Poland is recipient to 
a large share of clean transition 
financing packages from the EU.

EUR22.5bn offshore wind CfD
scheme
In May 2021, the European Commission 
approved a EUR22.5b Polish CfD scheme 
for offshore wind that will fund projects 
through 2030. 5.9GW of this capacity was 
awarded CfD in June this year, and the 
remaining 5GW is planned for auctions in 
2025 and 2027.  One of the projects, Baltic 
Power (1.2GW), includes plans for an 
electrolyser. 

Orlen Group 50,000 tons p.a. by 
2030
Polish oil refiner and petrol retailer Orlen
Group has announced plans to build 
250MW of electrolysers under a 
“Hydrogen Eagle” programme across 
Poland, the Czech Republic and 
Slovakia, with target of 50,000 t.p.a. 
capacity by 2030. Last year, it 
announced plans to build a hydrogen 
hub at its refinery site in Włocławek by 
the end of 2021. The group also has 
plans to build 54 hydrogen refueling 
stations in Poland – tenders for the first 
stations have already been launched. 

Regulatory commitment
• Recent political support for coal 

phase out backed by roadmap & 
planned EUR34bn funding

• Subject to EU ETS 

3.4

Transportation
• Massive salt cavern technical 

storage potential
• Strong East-West natural gas and 

chemical pipeline connection

3.1

“Investability”
• A- rated by S&P
• Equity risk prem.: 5.54% (Aug 21)
• 40th in WB Ease of Business

4.1

RE cost and potential
• Good onshore wind resources and 

burgeoning solar sector
• Well-funded plans to develop 

offshore wind potential

1.7

Local demand potential
• One of the most carbon intensive 

grids in EU; high RE seasonality
• 19th largest steel manufacturing
• 16th largest ammonia producer

4.5

Energy security
• 29% net importer

1.5

Poland Index rank # 16

GDP - USD (bn): 594

GDP per capita - USD: 15,656

Land area (km2): 313

Population density (per km2): 124

Grid emissions factor (gCO2/kWh):  846

Hydrogen Drivers Matrix Primary Energy Mix
Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy Security

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate 
score (out of 5) 3.3

1 Out of EUR14bn expected for the entire fund over the same period, actual revenues depends on prices of the EU ETS, the underlying funding mechanism



Oil giant pushes diversification with 
hydrogen export ambitions, backed by 
mega projects
While Saudi Arabia has not instituted 
any net zero commitments, clean 
hydrogen appears as a key pathway to 
economic diversification and resilience 
against declining oil demand, for a 
country whose petroleum sector makes 
up more than 40% of GDP and almost 
90% of the national budget. Under its 
National Renewable Energy Program 
(NREP), the country plans to invest 
USD15.9bn into renewables. Building on 
decades of experience tendering large 
energy projects to an international 
audience, the Renewable Energy Project 
Development Office (REPDO) has 
procured c.5GW of wind and solar IPPs 
at world record low prices over the last 
5 years, leveraging a de-risked and 
well-banked project structure. This 
model is a strong framework that could 
also be leveraged for green hydrogen.

While Saudi hosts large, energy-
intensive industries, the lack of carbon 
pricing domestically means that there 
is little underlying economic incentive 
for local clean hydrogen use. 
Development of clean hydrogen 
projects may therefore continue to be 
Government-led, rather than organic 
private sector efforts, which in turn 
would leave it to the Government to 
dictate the pace of clean hydrogen 
deployment. That said, Saudi Arabia is 
among the world’s largest oil refiners 
and ammonia producers. Accordingly, 
to the extent that Saudi industries sell to 
markets that will erect carbon borders, 
such as the EU, local clean hydrogen 
production will be an obvious choice. 

Ground zero for green ammonia
As green ammonia emerges as the only 
economic format today in which to ship 
green hydrogen in the absence of

pipelines, Saudi Arabia, as the world’s 
7th largest ammonia producer, is well 
positioned to establish a leadership 
position thereon. NEOM, ACWA Power 
and Air Products have signed a USD5bn 
deal to develop an integrated green 
hydrogen facility that will supply 
approximately 230ktpa of green 
hydrogen and 1.2mtpa of green 
ammonia by 2025. Air Products will be 
the sole offtaker of the green ammonia 
that is intended for reconversion at end 
markets. The green hydrogen will go to 
Aramco’s Japan refinery.

LCOE advantage
Given that cost of electricity is the 
largest component of LCOH, Saudi 
Arabia has a distinct advantage: its 
lowest solar project –the 600MW Al 
Shuaiba PV IPP – will produce power at 
a levelized cost of USD10.4/MWh, 
compared to e.g., USD18.0/MWh in 
Spain 1. The NEOM/Air Products/ACWA 
Power project, even at this early stage, 
is expected to competitive 
notwithstanding transportation costs to  
the Asian market. 

Ambitious export plans
In August 2021, Saudi Aramco signed an 
MoU with Germany to explore green 
hydrogen export, which may materialize 
in the near term via Germany’s H2Global 
CfD initiative. Germany’s energy minister 
has named Saudi as one of six potential 
partner countries. Similarly, Aramco this 
year signed an MOU with Japan’s ENEOS 
to explore the development of blue 
hydrogen and blue ammonia supply 
chains. In 2020, Saudi Arabia sent the 
world’s first shipment of blue ammonia 
(40t) to Japan. 

Regulatory commitment
• Ambitious hydrogen export plans 

but as yet little detail
• Economic diversification driver
• No carbon pricing

1.1

Transportation
• Low population density supports 

co-siting of H2, RE and offtake, and 
greenfield pipelines

• Extensive ammonia supply chain

3.6

“Investability”
• Rated A- by S&P
• 62nd in WB Ease of Doing Business
• Extensive track record of IPP and 

infrastructure procurement

3.8

RE cost and potential
• Vast solar resources at world 

record low prices
• Good onshore wind resources
• Corporate PPA activity growing

4.4

Local demand potential
• 20th largest steel manufacturing
• 7th largest oil refiner
• 7th largest ammonia producer

4.3

Energy insecurity
• Net energy exporter

0.0

Saudi Arabia Index rank # 17

GDP - USD (bn): 700

GDP per capita - USD: 20,110

2,150

Population density (per km2): 16

Grid emissions factor (gCO2/kWh):  718

Hydrogen Drivers Matrix Primary Energy Mix

Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate 
score (out of 5) 3.2

1 Lowest winning solar tariff EUR15.0/MWh from the January 2021 renewable auction in Spain.

Land area (‘000 km2):



Strong port and import focus; Flanders 
region leads hydrogen efforts
Though relatively small, Belgium is 
Europe’s second-most densely 
populated country in Europe after 
Netherlands, with very high energy 
dependency and limited renewable 
energy potential. The country has 
already largely exploited its available 
renewable resources, having installed 
5.6GW of solar, 2.4GW of onshore wind 
and 2.8GW of offshore wind. Unlike the 
Netherlands, its short coastline means 
that its offshore wind potential is limited 
to 14GW, and the country has no salt 
cavern storage potential. With a 2025 
6GW nuclear phase-out on the horizon 
– today generating c.50% of Belgium’s 
electricity – the story of green hydrogen 
in Belgium in the long run is likely to be 
overwhelmingly one of import, and the 
national strategy currently under 
development is expected to reflect this. 
An “expressions of interest” round was 
launched by the Belgian government in 
March 2020 and elicited a strong 
response. 

Limitations notwithstanding, within 
Belgium, the Flanders Region has 
already announced its intent to be a 
European frontrunner in hydrogen and 
has issued its own regional hydrogen 
strategy targeting 200MW at seaports 
by 2025 and 500MW by 2030.  
Approximately EUR125m funding is 
available under the IPCEI. They will 
invest across the value chain from 
production to transport and storage, 
notably leveraging the strategic value 
of the Port of Antwerp, the second 
largest port in Europe. The country also 
has the advantage of a well-developed 
pipeline network connecting to 
neighbouring states, seaport and 
terminal infrastructures and energy-
hungry industrial clusters. 

Leveraging port potential
Some of the largest maritime and 
chemical clusters sited at the ports of 
Antwerp and Zeebrugge offer attractive 
green hydrogen opportunities, in 
particular in combination with 
neighbouring offshore and onshore wind 
farms. A “Hydrogen Import Coalition” 
consisting of DEME, ENGIE, Exmar, Fluxys
and the respective ports has begun a 
techno-economic feasibility study of the 
import value chain, to be fully 
established by 2030.

Green Octopus 2000km pipeline
Lack of large-scale hydrogen storage 
options emphasize the need for strong 
connectivity and trade with 
neighbouring countries. The Green 
Octopus IPCEI project plans for a 
2,000km hydrogen backbone that will 
connect Belgium to France, Germany 
and Netherlands through repurposing 
existing pipelines, connected to the 
offshore wind corridor in the North Sea. 

Venture for low-cost 
electrolysers
Belgian mechanical engineering group 
John Cockerill is one of the most 
mature manufacturers of electrolysers
today. Its Chinese joint venture may 
prove to be the key to unlocking low-
cost electrolysers for local projects. It 
has also formed a consortium named 
“Hyve” alongside Bekaert, Colruyt 
Group, Deme, Imec and Vito to develop 
more efficient components and 
systems.

Regulatory commitment
• National hydrogen strategy under 

development but strong port 
initiatives under development

• Limited funding to date

2.8

Transportation
• Strong port with established 

international routes for diverse 
sectors

3.9

“Investability”
• AA rated by S&P
• 46th in WB Ease of Business

4.1

RE cost and potential
• Limited renewable potential but 

strong governmental efforts to 
develop what exists

1.7

Local demand potential
• Strong port industrial clusters 

including refining and methanol
• 6th largest ammonia importer in the 

world

3.5

Energy insecurity
• 80% net energy importer
• 6GW nuclear phaseout planned for 2025

4.1

Belgium Index rank # 18

GDP - USD (bn): 515

GDP per capita - USD: 44,594

30

Population density (per km2): 377

Grid emissions factor (gCO2/kWh):  167

Hydrogen Drivers Matrix Primary Energy Mix
Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate 
score (out of 5) 3.2

Land area (‘000 km2):



Strong fundamentals but stronger regulatory 
push required

The Portuguese national hydrogen strategy 
is wholly green hydrogen-focused, targeting 
the blending of 10-15% green hydrogen into 
the gas grid by 2030, as well as 2-5% green 
hydrogen share in the industrial sector, 1-5% 
in the transport sector, 3-5% in the shipping 
sector, 2-2.5GW of electrolyser capacity and 
50-100 hydrogen refuelling stations. The 
Government flagship project H2Sines is 
located at its largest deepwater port, and an 
MOU has been signed with the Netherlands 
to explore maritime export to Rotterdam. The 
Government is preparing its IPCEI document 
and has shortlisted 37 submissions, with final 
selection to come. Thus far, only 
c.USD300m has been allocated towards 
hydrogen; a hydrogen CfD was to come in 
April this year but remains in development. 

Portugal imports 77% of its energy needs, 
and oil makes up 42% of total energy supply, 
with natural gas at 26%. Transportation is 
thus a major avenue for decarbonisation, 
while industrial demand will be primarily from 
refineries. Portugal, together with Spain, has 
the highest solar radiation in Europe, and its 
2020 renewable energy auction clearing 
prices were as low as EUR11.14/MWh1, a 
world record low at its time. While having 
strengths for all transport options, it is at a 
slight disadvantage to leading countries in 
each: it is at a disadvantage to Spain for 
pipeline access and distance to the load 
centres in Northern Europe; in ammonia 
shipping, it is at disadvantage to countries 
with existing ammonia export 
infrastructure like Saudi Arabia; for 
green hydrogen shipping, as long as 
conversion 

remains the largest transportation cost 
component, it would be at disadvantage 
to countries with lower LCOE. Lack of 
geological storage and water scarcity in 
the long run may also pose challenges.

Hydrogen CfD expected 2021
In March this year, the Energy Secretary of 
State announced that the Government would 
publish general guidelines for a national 
hydrogen carbon CfD auction in early April 
targeted primarily for “own consumption”, but 
with a separate channel for energy suppliers 
to participate. To date, further developments, 
or details such as overall budget, have not 
been announced.

H2Sines / Green Flamingo project
The Government’s 1GW H2Sines flagship 
project was planned to supply an EDP coal 
power plant and a GALP oil refinery in the 
region and is exploring export to 
Netherlands. Since its announcement in 
2020, GALP and EDP have pulled out to 
pursue their independent hydrogen agenda 
but consortium members REN, Martifer, 
Vestas and Engie remain. The project will 
start with a modest 10MW pilot. 

Galp 100MW electrolyser
Subsequent to leaving H2Sines, oil and gas 
company Galp has announced plans to 
develop a 100MW electrolyser project to 
supply its 220,000bpd Sines refinery and a 
neighbouring biofuels plant, to commission 
by 2025. 

Export pipeline
Portugal is reportedly2 negotiating the 
construction of a pipeline for renewable 
gases, including hydrogen, with Spain. 
The pipeline would run from Sines in 
Portugal, crossing Spain into France.

Regulatory commitment
• Scale hydrogen strategy realistic 

and realizable 
• c.USD300m funding allocated
• Delayed hydrogen CfD

3.3

Transportation
• Port-located cluster for export
• No existing ammonia export
• Renewable gases pipeline to France 

reportedly under negotiation

1.5

“Investability”
• Rated BBB by S&P
• 39th in WB Ease of Doing Business

3.6

RE cost and potential
• 2nd ranked solar resource in Europe 

but only 1GW installed to date
• Good wind resource 

3.5

Local demand potential
• National strategy targets transport 

& shipping sectors
• Some demand from refineries, and 

from a small steel sector

2.7

Energy insecurity
• 77% net energy importer3.9

Portugal Index rank # 19

GDP - USD (bn): 231

GDP per capita - USD: 22,440

92

Population density (per km2): 112

Grid emissions factor (gCO2/kWh):  307

Hydrogen Drivers Matrix Primary Energy Mix
Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate score 
(out of 5) 3.2

1 Referring to the lowest bid of the auction, which represented only 10MW out of 670MW of awarded capacity; a significant source of value likely came from the
bundled evergreen grid connection right; 2 Reuters quoting Environment Minister Joao Matos Fernandes

Land area (‘000 km2):



Several announced initiatives capitalize on 
existing hydrogen production, fuel 
infrastructure, and strong solar resource
The UAE intends to be one of the world’s 
lowest-cost and largest producers of clean 
hydrogen and is in the process of updating 
its 2050 national strategy to reflect its 
hydrogen ambitions. Select GREs, including 
Abu Dhabi National Oil Company (ADNOC), 
have been mandated to explore hydrogen 
opportunities and establish the UAE’s 
position in the new sector. In early 2021, the 
Abu Dhabi Hydrogen Alliance, comprising 
Mubadala Investment Company, Abu Dhabi 
Holding Company (ADQ) and the Ministry of 
Energy and Infrastructure, was formed to 
accelerate these plans. Existing world class 
fuel shipping infrastructure, such as the 
UAE’s Port of Fujairah, the world’s third 
largest bunkering hub, offers significant 
synergies in the development of hydrogen 
export facilities. The country’s hydrogen 
ambitions are in line with its announcement 
in October 2021 of its  commitment to net 
zero by 2050, the first country to declare it 
within the Gulf Cooperation Council 
countries. A detailed hydrogen roadmap and 
investment plan have yet to be announced, 
but high-level Government efforts to 
establish public-private and international 
alliances are underway.

Waste-to-hydrogen
Bee’ah, a UAE-based waste company, is 
developing a USD 180m, 6,500 tons/year 
waste-to-hydrogen facility slated to be 
commissioned in 2023, that will fuel its own 
waste collection vehicle fleet. 

Aviation fuel and Siemens 
partnership
In early 2021, Siemens signed an MoU with 
Mubadala for partnership on green

hydrogen, manufacturing, and synthetic fuels, 
including a solar-powered demonstration plant 
in Masdar City. UAE's Etihad Airways is the 
first airline in the Middle East to announce net-
zero carbon emissions by 2050, and is 
exploring, with Masdar and Marubeni, the 
potential production and use of synthetic 
aviation fuel.

Blue hydrogen ambition
ADNOC, the country’s NOC, currently 
producing 300ktpa of grey hydrogen, is keen 
to leverage existing infrastructure and 
commercial-scale CCUS to become a global 
clean hydrogen player. It already operates 
the world’s first commercial CCS project on 
a steel plant and plans to add a second CCS 
plant to its portfolio. ADNOC will spend 
USD122bn over the next five years to ramp 
up its oil-production capacity to 5m b/d by 
2030, from 4m b/d now. The funding 
includes unspecified volumes for developing 
hydrogen. 

Building alliances in Asia
ADNOC announced a joint study agreement 
with two Japanese companies – INPEX and 
JERA, and the Japanese government 
agency, the Japan Oil, Gas and Metals 
National Corporation (JOGMEC), to explore 
the commercial potential of blue ammonia 
production in the UAE. ADNOC is also in 
dialogue with India in relation to hydrogen 
collaboration, and in March, agreed to 
collaborate with Korea’s GS on new value 
chain development for blue hydrogen and 
carrier fuels, such as blue ammonia, in Abu 
Dhabi.

Regulatory commitment
• Committed to net zero by 2050
• Govt establishing public-private &

cross-border hydrogen alliances
• Hydrogen strategy expected in

2022

2.0

Transportation
• Ammonia most likely form of export

for green hydrogen
• Port of Fujairah potentially a hub for

hydrogen export

2.9

“Investability”
• Rated AA by S&P
• 16th in WB Ease of Doing Business

4.5

RE cost and potential
• World class solar resources at

record low costs
• Wind resources not yet developed

and below average

4.0

Local demand potential
• Global aviation hub with e-fuel

leadership aspirations
• 8th busiest container port globally
• Some refinery and aluminium

volumes

3.2

Energy security
• n/a –net energy exporter0.0

United Arab Emirates Index rank #20

GDP - USD (bn): 421

GDP per capita - USD: 43,103

71

Population density (per km2): 136

Grid emissions factor (gCO2/kWh):  433

Hydrogen Drivers Matrix Primary Energy Mix

Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate score 
(out of 5) 3.1

Land area (‘000 km2):



Developing European overland hydrogen 
import for 2040 net zero
While a number of hydrogen initiatives have 
sprung up on the ground in Austria, the 
country has yet to release a hydrogen 
strategy and so the exact scale and 
trajectory of its hydrogen ambitions is still 
unknown. Like many European peers, 
Austria’s energy supply is heavily reliant on 
imported oil and gas, and green hydrogen is 
a path to energy independence in addition to 
decarbonisation. The country has very 
ambitious climate goals, including a carbon 
neutrality target of 2040, and one of the 
lowest-carbon grids in Europe that is 80% 
renewable-powered (predominantly hydro). A 
newly instituted Renewable Expansion Law 
(EAG) is further mandating 100% renewable 
electricity by 2030. Significant wind potential 
remains to power a domestic green hydrogen 
market. Blue hydrogen production is unlikely 
in the near term given CO2 storage has been 
banned since 2011 due to safety concerns 1. 

Hydrogen demand will come from 
transportation, the largest contributor of 
carbon emissions, as well as a number of 
refineries, steel and chemical plants. In its 
“Mobility Master Plan 2030” published 2021, 
Austria contemplates the end of new 
combustion engine cars and light and heavy 
commercial vehicles by 2030, although this 
target is as yet non-binding. Its National 
Energy and Climate Plan (NECP) indicates 
an intention to introduce a tax advantage for 
biogas and hydrogen by 2030. There are a 
number of salt formations in the Salzburg 
region that could also be explored for 
hydrogen storage.

Green Hydrogen @ Blue Danube 
IPCEI 
VERBUND, Austria’s largest renewable 
energy producer, is developing the Green 
Hydrogen @ Blue Danube IPCEI, where 
Phase I will start with 180MW/27ktpa of green 
hydrogen production in Bavaria-Austria, to be 
expanded in Phase 2 to 1.5GW/80ktpa in 
southeastern Europe. The hydrogen is to be 
transported in the form of LOHC via the 
Danube river for consumption in Austria and 
Germany. 

RAG Austria H2 storage & import 
studies
RAG Austria, the largest gas storage 
company in Austria, is developing a number 
of technology-leading hydrogen storage 
initiatives including: "H2EU+Store", 
seasonal storage infrastructure in Austria 
and Germany plus transmission 
infrastructure in Central Europe to facilitate 
import of renewable hydrogen from 
Ukraine; “Underground Sun Storage 2030”, 
a technical feasibility study for the storage 
of green hydrogen in a former gas 
reservoir; and “USC-FlexStore”, a technical
feasibility study for seasonal storage of 
methanised green hydrogen at depths of 
over 1,000m.

Numerous hydrogen pilots 
underway 
A number of pilot hydrogen plants across 
diverse industries are under development 
including: H2Future, a 6MW PEM 
electrolyser at the Voestalpne Limz steel 
plant; a 10MW electrolyser at the OMV 
Schwechat Refinery; in 2019 Zillertal (Tirol), 
the rail operator in the mountainous regions, 
ordered five hydrogen-powered trains.

Regulatory commitment
• 2040 net zero target
• 2030 100% renewable grid target
• Hydrogen roadmap, targets and

funding not yet announced

3.0

Transportation
• Land-locked and denied shipping-

based imports
• Actively developing overland import

infrastructure

2.6

“Investability”
• AA+ rated by S&P
• 27th in WB Ease of Doing Business

4.4

RE cost and potential
• Strong hydropower resources
• Good onshore wind resources

2.9

Local demand potential
• Some steel manufacturing and oil

refining
• Lower potential than peers in power

sector given clean grid

2.3

Energy insecurity
• 64% net energy import3.2

Austria Index rank # 21

GDP - USD (bn): 429

GDP per capita - USD: 48,105

Land area (‘000 km2): 83

Population density (per km2): 107

Grid emissions factor (gCO2/kWh):  142

Hydrogen Drivers Matrix Primary Energy Mix
Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate score 
(out of 5) 3.1

1 Law re-evaluated every 5 years.



Massive green hydrogen developments 
announced, but concrete offtake or funding 
needed
In December 2020, Brazil issued the National 
Energy Plan 2050 that highlights at high level 
the opportunities presented by hydrogen. 
The domestic gas market, previously 
controlled by Petrobras, is in the midst of 
deregulation and gas distribution companies 
today are trying to diversify gas suppliers. In 
early August Brazil’s National Energy Policy 
Council started appraising plans for new 
green H2 regulations, tax incentives and 
exports. In parallel to the regulatory dialogue, 
more than USD22bn of potential investments 
have been announced in the country, 
predominantly export-focused coastal 
projects and concentrated in the northeast 
state of Ceará. Almost all efforts are in early 
stages, and realisation of these projects 
would not only depend on Brazilian 
government support but also on demand 
ramp up in import markets like the EU.

Brazil posses vast wind and solar resources, 
and its electricity grid is one of the cleanest 
in the world, with 75% of power generated 
from hydro, wind and nuclear. Transport on 
the other hand makes up almost half of 
Brazil’s energy-use-related emissions. Given 
that deforestation accounts for 44% of 
Brazil’s overall carbon emissions, driven in 
large part by biofuel farming (especially oil 
seeds), hydrogen could make an outsize 
decarbonization impact through substituting 
biofuels in transportation. Biofuels today 
benefits from carbon price support under the 
RenovaBio ETS launched in 2019, which 
hydrogen may have to compete against in 
the domestic market. 

Ceará and Pecém Port mega projects
The state government of Ceará is in multi-front 
dialogue with international developers on a 
number of massive green hydrogen projects in the 
Pecém Port Complex area. The Port is 70% 
owned by the state and 30% by the Port of 
Rotterdam, suggesting a natural potential export 
channel. The state has signed an MOU with 
French renewable energy company Qair for a 
1.2GW offshore wind/296ktpa hydrogen plant that 
targets 2023 launch. In July this year, it signed an 
MOU with Fortescue Future Industries1 for the 
feasibility study of a USD6bn green hydrogen 
facility. Australia’s Enegix Energy has also 
announced it will be developing a 3.4GW/600ktpa 
“Base One” project. In the same port area, EDP 
has already started with a more modest 3MW 
electrolyser installation, powered by existing wind 
and solar projects, that is slated to be operational 
by end 2022. 

Other mega projects
Fortescue and Prumo Logistica are conducting 
feasibility studies for a 300MW electrolyser to 
produce 250ktpa of ammonia from solar and 
offshore wind at the Acu port in Rio de Janeiro. 
Qair has also announced a feasibility study for a 
USD3.8bn green hydrogen complex at Suape
port in Pernambuco.

Brazil-Germany Alliance
Brazil was named as one of six potential green 
hydrogen partners for Germany under the 
H2Global CfD program and this alliance has 
been set up to establish potential areas of 
hydrogen collaboration. German government 
organ GIZ  is also a supporter of H2 Brasil, an 
initiative to develop a hydrogen regulation and 
subsidy framework

Regulatory commitment
• Reluctant net zero target of 2060
• No carbon pricing
• No hydrogen strategy
• Very active state govt. in Ceará

1.1

Transportation
• No existing gas or ammonia export

infrastructure to prime hydrogen
markets in EU/East Asia, or the U.S.

0.7

“Investability”
• BB- rated by S&P
• 124th in WB Ease of Doing Business

2.3

RE cost and potential
• Vast solar, wind and hydro

resources but recent energy
auctions have priced solar, the
cheapest renewable, north of
USD23/kWh

5.0

Local demand potential
• 9th largest steel manufacturing
• 8th largest oil refiner
• 8th busiest container port traffic

4.6

Energy insecurity
• Largely energy self-sufficient0.6

Brazil Index rank # 23

GDP - USD (trn): 1.44

GDP per capita - USD: 6,797

8,358

Population density (per km2): 25

Grid emissions factor (gCO2/kWh):  93

Hydrogen Drivers Matrix Primary Energy Mix
Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate score 
(out of 5) 2.9

1 Subsidiary of Australian iron ore company Fortescue

Land area (‘000 km2):



Hydrogen for energy independence; funding 
required to overcome price sensitivity

Green hydrogen is being touted by Prime 
Minister Modi as the key to India’s energy 
independence by 2047. In August 2021, Modi 
unveiled a USD1.35 trillion infrastructure 
plan, a cornerstone of which is the National 
Hydrogen Mission, a high-level four-year 
strategy and ten-year outlook that sees India 
as a global hub for not only hydrogen 
production but also electrolyser 
manufacturing and fuel cell technologies. 
The government targets reaching 12mtpa of 
hydrogen consumption by 2030 but the 
proposed budget over the next three years is 
however only a modest Rs 800 crores 
(c.USD100m).

India’s grey hydrogen demand today stands 
at 6.9mtpa, 53% from refineries and 44% 
from ammonia plants. India is the world’s 
third largest ammonia producer and by far 
the world’s largest importer of ammonia; the 
second largest producer of steel and cement; 
the fourth-largest oil refiner and second 
largest oil importer—all of which points to a 
very large, but also very price sensitive 
market. Energy import costs are some 
USD185bn per year. With no domestic 
carbon pricing , it remains to be seen how far 
the hydrogen agenda can be pushed in the 
absence of targeted support schemes. India 
has reasonably cheap  renewables, ranks of 
low-cost EPCs, as well as vast renewable 
potential. 

Reliance USD10bn H2 supply chain
India's biggest private sector oil firm Reliance 
Industries plans to invest USD10bn in the 
construction of four renewable manufacturing 
gigafactories

in the next three years, including an electrolyser 
and a fuel cell plant, but to date it is not clear 
who will be the technology partner.

New H2 Alliance
There is a strong private sector push for 
hydrogen in India, amongst which U.S.’ Chart 
Industries and India’s Reliance Industries have 
formed an industry coalition with the intention of 
working with government in shaping the 
national hydrogen roadmap, creating a PPP 
task force, identifying large national 
demonstration projects and establishing a 
national hydrogen fund. 

International partnerships
In 2021, the Indian government established a 
number of international task forces including 
with the US Department of Energy (DOE) 
and Abu Dhabi National Oil Company 
(ADNOC). Local conglomerate Adani also 
signed a MoU with Italian oil & gas and 
chemical engineering group Maire Tecnimont 
and with Italy’s Snam to investigate a 
hydrogen value chain in India and 
internationally.

Brazil-Germany Alliance
State-owned Indian Oil Corporation, which 
controls 1/3 of India’s refining capacity, is 
planning a small 1 ton/day wind-powered 
hydrogen plant and is looking into hydrogen-
spiked compressed natural gas (H-CNG) for 
buses. NTPC, the country’s largest electricity 
company, has announced plans to set up 
India’s first green refueling station and is 
looking into blending hydrogen into the city 
gas distribution grid. 

Regulatory commitment
• No net zero target or carbon

pricing
• Exporters to EU may need to

decarbonize to stay competitive

0.7

Transportation
• Extensive ammonia transport

infrastructure in place
• Country looking to transition from

coal/biomass to gas-based energy

1.2

“Investability”
• Rated BBB- by S&P
• 63rd in WB Ease of Doing Business
• Strong DFI support and domestic

investor appetite in power

3.3

RE cost and potential
• Third largest wind and solar

market globally
• Low-cost renewables, although not

among the very lowest

3.8

Local demand potential
• 2nd largest steel manufacturing
• 4th largest oil refiner
• 3rd largest ammonia producer and

by far world’s largest importer

5.0

Energy insecurity
• 34% net energy importer
• Hydrogen likely only attractive as energy 

diversification at lower cost than 
alternative

1.8

India Index rank # 24

GDP - USD (trn): 2.62

GDP per capita - USD: 1,901

2,973

Population density (per km2): 456

Grid emissions factor (gCO2/kWh):  743
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Sizable government-led pilots attract strong 
international interest

Green hydrogen as an export commodity is 
an integral part of Oman’s 2040 vision to 
diversify its economy away from oil and gas. 
A confluence of low oil prices, dwindling 
reserves and increasing production costs 
have strained Oman’s fiscal buffers in recent 
years, resulting in successive credit rating 
downgrades. The infrastructure market 
nevertheless remains active and well-
banked, with recent renewable tenders 
attracting strong international interest and 
very competitive pricing. The strong 
confidence comes from Oman’s long track 
record of successful IPP and IWP/P 
procurement, the latter of which also ensures 
water supply for the planned hydrogen 
projects.

Oman has no carbon pricing mechanism in 
place to support local demand. Accordingly, 
the focus is likely to be on clean hydrogen 
export, or supply to exporting industries. In 
addition to world class solar resource and 
abundant land, Oman has the further 
advantage of having some ammonia export 
infrastructure, as well as the Qalhat LNG 
Terminal, the second largest in the Middle 
East after Qatar (albeit far smaller). The Port 
of Duqm has been identified to be the centre
of the domestic green hydrogen value chain, 
and key initiatives have been launched, 
driven, among others, by OQ, Oman’s 
national oil company. 

HYPORT Duqm Green Hydrogen
Belgian contractor DEME Concessions and OQ 
have announced plans to build a 250-500MW 
green hydrogen/ammonia plant at the Duqm 
Special Economic Zone, where 150 sq km of 
land has been dedicated for green energy 
projects. In

July 2021, Uniper joined the consortium to 
provide engineering services and as potential 
exclusive offtaker for delivery to Europe. 

25GW OQ-InterContinental-
Enertech project
OQ, InterContinental Energy and  Enertech 
have formed a consortium to develop a 
mega green hydrogen & ammonia complex 
powered by 25GW of wind and solar, 
mainly for export to Europe and Asia. 
Resource assessment has been ongoing 
since 2019; however, construction is not 
planned to start until 2028 with full capacity 
production by 2038. Details on contracting 
arrangements have not been announced. 

Acme 3.5GW green ammonia facility
Acme has signed an MOU and land 
agreement with the Omani government to 
establish a green hydrogen and ammonia 
facility near the Port of Duqm, powered by 
3GW of solar and 500MW of wind, which 
when completed will produce 900kt of green 
ammonia per year for export to Europe and 
Asia. The first phase—size undisclosed—
could be commissioned by the end of 2022, 
but construction will start only upon 
completion of ACME’s first 5MW green 
hydrogen/ammonia plant in India.

Hy-Fly PPP platform
The Ministry of Energy and Minerals (“MEM”) 
has established a national hydrogen alliance, 
Hy-Fly, made up of 13 public and private 
entities to drive the development of a 
national clean hydrogen export value chain. 
The platform will be led by MEM, facilitated 
by PDO’s Energy Renewal unit3.

Regulatory commitment
• No net zero commitments
• No carbon pricing
• A number of large Government-

led pilot projects

2.5

Transportation
• Existing ammonia and LNG export

infrastructure

2.5

“Investability”
• Rated BB- by S&P
• 68th in WB Ease of Doing Business

2.7

RE cost and potential
• World class solar resource
• Long track record of successfully

procuring IPPs with well-developed
local IPO market

4.0

Local demand potential
• Sizable ammonia production
• Some oil refining capacity, soon to

increase with Duqm refinery
• Some shipping volumes

1.6

Energy insecurity
• Net energy exporter0.0

Oman Index rank # 25

GDP - USD (bn): 76

GDP per capita - USD: 15,343

310

Population density (per km2): 16

Grid emissions factor (gCO2/kWh):  n/a

Hydrogen Drivers Matrix Primary Energy Mix
Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE
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1 A Hong Kong-based renewable energy developer; 2 A Kuwait-government-backed energy investor; 3 Key members include the Authority for Public Services
Regulation, Petroleum Development Oman, Energy Development Oman, OQ, Oman LNG, BP Oman, Oman Shell and Total Energies Oman, Sultan Qaboos University,
GUTech and the ports of Sohar and Duqm.
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Roadmap, implementation and funding 
needed to realise hydrogen potential

Regulatory commitment
• 2050 net zero target
• Carbon tax exists but prices low

1.9

Transportation
• Integrated infrastructure between

Sasolburg & Secunda

2.0

“Investability”
• Rated BB- by S&P
• 84th in WB Ease of Doing Business

2.7

RE cost and potential
• World class solar resource
• Excellent onshore wind resource
• Eskom troubles have significantly

delayed procurement

2.9

Local demand potential
• Some oil refining; modest steel

sector
• PGM and mining sector synergies
• One of the dirtiest electricity grids in

the world

3.4

Energy insecurity
• Net energy exporter

0.0

South Africa Index rank # 27

GDP - USD (bn): 302

GDP per capita - USD: 5,091

Land area (‘000 km2): 1,213

Population density (per km2): 48

Grid emissions factor (gCO2/kWh):  953

Hydrogen Drivers Matrix Primary Energy Mix
Regulations

Investability

Local Demand

Transportation

Re Cost &
Potential

Energy
Insecurity

Oil

NG

Coal

Nuclear

Hydro

RE

Aggregate 
score (out of 5) 2.5

1 Platinum group metals are essential components of PEM electrolysers and fuel cells

South Africa targets net zero in 2050 
and is in the process of finalising its 
Hydrogen Society Roadmap. In 2019, the 
cabinet approved the Integrated 
Resource Plan (IRP2019) for the power 
system that plans for coal 
decommissioning and the addition of 
c.2.6GW PV and wind every year
through to 2030, but the Integrated
Energy Plan for the energy sector as a
whole has not been updated. In 2019,
the country launched a comprehensive
carbon tax system covering 80% of the
country’s GHG emissions, but prices 
have hovered at the USD8/ton mark,
limiting its effectiveness.

Considering its strong solar and wind 
potential, South Africa’s renewables 
market is significantly under-utilised. 
The country’s success with the early 
landmark REIPPP renewable energy 
procurement rounds has been dogged 
by delays in later rounds, in both 
signing PPAs and launching new 
tenders, and less than 10GW of wind 
and solar has been installed to date 
despite critical electricity shortages. 
Results from the recent 2.6GW REIPPP5 
would be an important indicator of how 
well South Africa’s LCOH may position 
against other competing export 
countries like the Middle East and 
Australia, who on top of cheap 
renewables have ammonia and LNG 
export infrastructure. South Africa’s 
government debt has also close to 
doubled, to 77% of GDP as of 2020, 
which will impact cost and availability 
of financing and the perceived strength 
of any Government support schemes, 
although the market remains well-
banked.  

South Africa is also home to more than 
80% of the world’s platinum reserves and 
the largest platinum mining companies, 
giving the country an edge in 
establishing PEM electrolyser and fuel cell 
manufacturing supply chains1 for global 
equipment export. South Africa has all 
the building blocks to a green hydrogen 
economy, and consistent 
implementation of a clear roadmap to 
attract private investments is now key.

Creating a Platinum Valley
Plans for an industrial cluster to unite 
various hydrogen applications and 
kickstart hydrogen activities and hubs is 
underway – South Africa's version of a 
"hydrogen valley". The 835km corridor will 
stretch from Anglo American’s 
Mogalakwena platinum group metals 
(PGMs) mine in the Limpopo province in 
the north to Johannesburg and then 
Durban.

Leveraging FCEV potential 
Certain sectors in South Africa are 
already pursuing FCEVs, especially 
within the sizeable mining industry. 
Impala Platinum has deployed a fleet 
of FCEV forklift trucks and Anglo-
American Platinum is pioneering its 
first FCEV mining truck in Limpopo. 
South Africa could use its significant 
vehicle manufacturing facilities as a 
springboard for more R&D and FCEV 
production, with leading automotive 
players like BMW, Mercedes-Benz, 
Toyota, Volkswagen and Nissan 
operating across the country.



Leveraging private and public partnerships to 
meet 2050 carbon neutrality

Uzbekistan has stellar renewable energy 
resources, and a robust pipeline of low-cost 
solar and wind projects have to date been 
procured with the technical assistance of 
and/or concessionary funding administered 
by development finance institutions. These 
projects have been at the forefront of 
clarifying the country’s fast-changing and 
legacy-communist regulatory framework for 
foreign investments, establishing well-
banked precedents that pave the way for 
hydrogen investments to come. 

In January 2021, Uzbekistan declared its 
target for carbon neutrality by 2050, thereby 
taking the first step to opening up domestic 
use for green hydrogen. While no concrete 
roadmap yet exists, a Presidential Decree 
was signed shortly thereafter in April 
outlining measures to accelerate the green 
transition and to build a hydrogen 
infrastructure. Its aging fleet of gas power 
plants run at c.30% efficiency, and their 
replacement by low-carbon alternatives has 
garnered widespread support from DFIs, 
particularly EBRD with whom the country 
signed a MOU for collaboration towards 2050 
carbon neutrality.  

While the export case for Uzbek green 
hydrogen has yet to be defined, there is 
significant potential given the land-locked 
country is a net energy exporter to 
neighbours via gas pipelines. However, 
green hydrogen currently has limited export 
value given that carbon pricing does not exist 
in the region, and the development of such a 
market is likely to be a slow process. 

Presidential Decree for hydrogen
A new Presidential Decree signed in April 
2021 outlines measures to build hydrogen 
infrastructure and introduce innovative 
technologies that can further the 
development of renewable energy and 
hydrogen. As part of the measures, a 
National Research Institute of Renewable 
Energy Sources has been created, that 
includes a Research Centre for Hydrogen 
Energy, and the Laboratory for Testing and 
Certification of Renewable and Hydrogen 
Energy Technologies. This is seen as a 
symbolic and strategic step for the country’s 
green transition.

ACWA Power and Air Products 
Collaboration
The Uzbekistan Ministry of Energy in 
January this year entered into a strategic 
framework agreement with ACWA Power 
and Air Products to develop research 
programmes and projects in the field of 
hydrogen and renewable energy. The 
agreement is part of ACWA’s 2.5GW power 
project portfolio that is under development in 
the country, including 1GW of wind.

Regulatory commitment
• Net zero by 2050
• Presidential Decree for hydrogen

issued

0.6

Transportation
• Pipeline connection to large

regional markets

1.5

“Investability”
• Rated BB- by S&P
• 69th in WB Ease of Doing Business
• Strong DFI funding support

3.2

RE cost and potential
• World class solar resource
• Good onshore wind resource
• Low renewable LCOE achieved

with strong DFI funding support

3.8

Local demand potential
• Some ammonia production
• Some refining capacity
• Grid decarbonization

0.7

Energy insecurity
• Net energy exporter0.0

Uzbekistan Index rank #39

GDP - USD (bn): 58

GDP per capita - USD: 1,686

441

Population density (per km2): 75

Grid emissions factor (gCO2/kWh):  n/a
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