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Executive Summary

Achieving a net-zero carbon emission economy shines 
a new light on the potential role of hydrogen. Clean 
electrification alone cannot deliver net-zero emission 
outcomes for heavy industrial sectors, and hydrogen 
can contribute up to 30% of final energy demand in 
chemicals, steel and cement1. These sectors collectively 
contribute nearly 30% of global greenhouse gas 
emissions and are difficult to decarbonise2, hydrogen 
could potentially reduce their emissions by up to 34%3. 

Hydrogen can be used as substitute for coal, oil and natural 
gas in a large number of industrial applications that need 
high intensity heat. It is a clean burning energy carrier that 
can displace fossil fuel usage as a feedstock or as fuel. Green 
hydrogen is made by splitting water into hydrogen and oxygen 
via electrolysis using renewables, whereas blue hydrogen 
captures and stores CO2 emissions.

Currently, the majority of hydrogen supply is not low-carbon, 
but produced from fossil fuels with unabated emissions. In a 
zero-carbon economy, hydrogen production could increase 
from 70 Mt today to nearly 800 Mt by 2050, an ~11x increase4. 
A ramping up of low-carbon hydrogen will be necessary to 
achieve these goals. Low-carbon hydrogen includes green 
hydrogen from renewable energy and blue hydrogen from 
natural gas plus carbon capture storage and utilisation (CCS/U). 
Investment of around USD130 billion per year for large-scale 
hydrogen infrastructure development will be needed to achieve 
this scale up between now and 20505. 

This paper aims to address three key questions about the 
contribution of hydrogen for reducing emissions and enabling 
hydrogen infrastructure scale up.

 ® How significant is the role of low-carbon hydrogen in 
decarbonising hard-to-abate sectors?

 ® What are the most impactful near-term opportunities 
for low-carbon hydrogen? 

 ® What are mechanisms that can help overcome the  
barriers for wider scale adoption of low-carbon 
hydrogen in heavy industry? 

Key Messages:
 ® Low carbon hydrogen has the potential to 
dramatically reduce emissions in heavy carbon 
emitting sectors like steel, chemicals and cement. 
These sectors typically rely on fossil fuels for feedstock and 
to generate high intensity heat in production processes. 
Hydrogen can displace fossil fuel use within these sectors 
and deliver up more than 50% emission cuts within their 
production processes.[ 

 ® To help with decarbonisation, hydrogen volumes 
would increase from 70 Mt to 800 Mt by 2050, a 
nearly 11x increase in production. The IEA estimates 
that hydrogen could reach ~20% of the mix by 2050, 
up from about around 5% today. Today, the majority of 
hydrogen production is used in the refining and chemicals 
sector and is grey hydrogen, which is carbon emitting 
because emissions are not captured. Low-carbon hydrogen 
production from either natural gas with carbon capture  
(blue hydrogen) or electrolysis using renewables (green 
hydrogen) makes up less than 2% of today’s total hydrogen 
supply. Demand from a wider range of industrial applications 
will be key to scale up. Other sector applications would 
include cement and iron and steel production, where 
hydrogen could contribute up to a third of final energy 
demand by 20506. 

 ® To support blue and green hydrogen scale-up, 
industrial clusters can unlock greater quantities of low-
carbon hydrogen supply and help drive down costs. This is 
due to their existing infrastructure and network of industrial 
companies. They can also stimulate demand for low-carbon 
hydrogen by delivering a steady stream of supply across a 
wider pool of industrial companies and sectors. 

1 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’
2 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’
3 Bloomberg New Energy Finance: https://assets.bbhub.io/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-Key-Messages-30-Mar-2020.pdf
4 IEA (2019)
5 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’
6 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’
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Introduction 
Carbon dioxide emissions from human activities contribute to 
global warming. The 2015 Paris Agreement sets out the aim 
of limiting global average temperature rises to well below 2°C 
versus pre-industrial times. 

The challenge for the finance community is to identify the 
decarbonisation roadmap for sectors that are critical for 
economic activity, but are also high climate impact. Sectors 
like steel, chemicals, and cement collectively contribute around 
30% to global carbon emissions, and are growing as population 
and development needs increase7. Products from these sectors 
are used throughout the global economy, for example in 
the construction of real estate and infrastructure, roads and 
railways, and for solution based products such as fertilizers  
and plastics. 

These sectors are difficult to decarbonise because they 
typically need fossil fuels for high intensity heat during the 
production process. Such activities are difficult to displace 
with zero-carbon electrification. According to the Energy 
Transitions Commission, it’s technically possible to achieve 
net-zero emissions across the global economy by mid-century. 
To enable maximum emission reduction for these sectors, 
hydrogen production would need to reach 800 Mt per year8, 
a 10-11x increase from 2017 levels9. The Energy Transitions 
Commission (ETC) estimates that hydrogen could make up  
over 30% of final energy demand for steel, chemicals and  
for cement. 

The challenge is to develop a hydrogen economy that provides 
larger quantities of low-carbon hydrogen supply at costs 
that are competitive with fossil fuels. This is because heavy 
industries operate in highly competitive global markets and 
typically produce commodity products. Transitioning to 
low-carbon hydrogen entails significant investment and can 
increase costs of production by up to 30%.

Industrial clusters accelerate the decarbonisation of heavy 
industry by facilitating large scale projects that deliver greater 
quantities of low-carbon hydrogen supply at lower cost. A 
network of industrial companies across production, transport 
and storage, and end-use industrial users and existing 
infrastructure makes a cluster network particularly well 
positioned to deliver low-carbon production at scale alongside 
carbon capture and storage (CCS). 

Achieving a low-carbon hydrogen economy will mean 
investment of about ~USD130 billion per year between  
now and 205010. Governments have been supporting the 
hydrogen market during post COVID build back better 
initiatives, including funding facilities. However, de-risking 
mechanisms as well as larger pools of commercial capital will 
also be necessary to support low-carbon hydrogen’s growth  
by mid-century.

7 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’
8 IEA (2019)
9 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’
10 The Energy Transitions Commission (2020); Commissioner working group sessions 
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Part 1 – Hydrogen’s role in the 
zero-carbon industrial economy
What is hydrogen?
The benefit of using hydrogen to address climate change is 
that it is an energy carrier emitting zero-carbon when burned. 
This non-toxic gas can be converted into fuel, transported and 
stored, thus enabling it to be used across a variety of end-
uses. It can be used as a fuel to generate high intensity heat in 
production processes, like primary steel and cement making. It 
can also be used as a raw material input, known as ‘feedstock’ 
in areas like ammonia typically used for fertilizer production. 

The downside is that the carbon intensity of hydrogen 
production varies according to the method. Around 96% of 
today’s current supply of 70 Mt is grey hydrogen, produced 
most commonly from natural gas. It’s carbon emissions are 
typically not captured11. Grey hydrogen production is carbon 
emitting and responsible for 830 MtCO2 per year, the equivalent 
of the annual CO2 emissions of Indonesia and United Kingdom 
combined12. Lower-carbon emitting forms of hydrogen (green 
and blue) make up less than 4% of total supply.

11 International Energy Agency (2020): ‘The Future of Hydrogen; Seizing today’s opportunities’ 
12 International Energy Agency (2020): ‘The Future of Hydrogen; Seizing today’s opportunities’
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Three Types of Supply:
Grey is the majority of total current supply. Green and Blue hydrogen 
make up less than 4%. 

Grey Hydrogen: 
Grey hydrogen makes up ~96% of total supply (2020). It’s typically 
produced from natural gas which means its production generates 
carbon emissions of at least 10 tonnes of CO2/tonne of H2 produced13. 
Grey Hydrogen’s emissions are typically not abated. Prices range from 
USD 0.7-2.2/Kg currently14. 

Blue Hydrogen: 
Blue hydrogen is typically produced via a process called Steam 
Methane Reforming (SMR). Blue hydrogen is derived from the methane 
of natural gas and its carbon emissions are captured and stored (in 
either empty gas fields) or reused via carbon capture and storage/
usage (‘CCS/CCU’). Blue hydrogen produces 2-3 tonnes of CO2/tonne 
of H2 produced and makes up ~1% of total current hydrogen supply. 
Prices range from USD1.3-2.9/kg currently15. 

Green Hydrogen: 
Green hydrogen is produced via the electrolysis of water using 
renewable power such as wind and solar. Green hydrogen is not 
yet commercially viable. Scaling up green hydrogen will require 
development of larger-scale electrolyser equipment that converts 
renewable power to hydrogen via electrolysis and a ramping up of 
low-carbon renewable generating capacity. Green hydrogen makes 
up <1% of total supply and produces zero tonnes of CO2/tonne of H2 
produced. Prices range from USD2.5-5.8/kg currently16.

Figure 1:  Hydrogen production routes and total current supply allocation

13 International Energy Agency (2020): ‘The Future of Hydrogen; Seizing today’s opportunities’
14 Energy Transitions Commission (2020); ‘Making Mission Possible; Delivering a Net-Zero Economy’
15 Energy Transitions Commission (2020); ‘Making Mission Possible; Delivering a Net-Zero Economy’
16 HSBC Global Research (2020): ‘Global Hydrogen; Why the journey from grey to green is taking off’
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Delivering climate goals means ramping up low-carbon 
hydrogen production 
A recent report by the Institute for Energy Economics and 
Finance (IEEF), estimates that global low-carbon hydrogen 
supply additions amount to about 3 Mt/year, compared with 
demand at 8.7 Mt/year by 2030. The IEEF estimates that around 
50 new low-carbon hydrogen projects were announced in the 
past 12 months, with the majority in Europe and Australia. 
These are estimated to amount to around 4 Mt/year of new 
hydrogen production capacity. Substantial low-carbon supply 
will be needed to bridge the gap to meet projected demand 
by 2030. Effectively identifying the most efficient route of 
production as well as the producers able to produce at scale 
are key drivers to scale up the market17. 

Blue hydrogen will facilitate initial market development 
while green hydrogen ramps up 
Developing the market for hydrogen means developing both 
blue and green production. 

The Energy Transitions Commission forecasts that around 40% 
of the 2050 hydrogen supply (800 Mt) will come from blue 
hydrogen because it closer to cost parity with grey hydrogen. 
Green hydrogen will make up the remaining 60% in 205018. 

Green hydrogen is not yet commercially viable. Green  
hydrogen is currently up to 5 times more expensive than 
grey hydrogen, with costs varying between US$2.5-5.8/
kg depending the on the location. Grey hydrogen prices are 
between USD$0.7-2.3/kg19. According to Bloomberg New 
Energy Finance, green hydrogen is on track to reach cost 
parity with grey hydrogen by 2050 due to falling renewables 
prices. This could happen much sooner in certain markets 
with favourable renewable resources20. For instance, green 
hydrogen in India could become competitive by 2030 if not 
earlier due to low-priced renewables21.

Source: Various agencies, IEEFA estimates

17  Institute for Energy Economics and Financial Analysis (2020) ‘Great Expectations: Asia, Australia and Europe Leading Emerging Green Hydrogen Economy, but 
Project Delays Likely’

18 Energy Transitions Commission (2020); ‘Making Mission Possible; Delivering a Net-Zero Economy’
19   HSBC Global Research (2020): ‘Global Hydrogen; Why the journey from grey to green is taking off’ and Energy Transitions Commission (2020); ‘Making Mission 

Possible; Delivering a Net-Zero Economy’
20 Bloomberg New Energy Finance (2019); ‘Hydrogen Economy Outlook’
21 Energy Transitions Commission regional analysis (2020)
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Hydrogen can contribute towards decarbonisation for carbon intensive activities 
that are difficult to electrify
Hydrogen has the potential to be used as a decarbonisation 
solution in multiple industries. Its advantages are that it can 
play a particular role in sectors where it is difficult to directly 
electrify. This is the case for sectors that use high intensity 
heat in their production processes for things like melting and 
facilitating different types of chemical reactions22. This is 
particularly the case for steel, chemicals and cement. Besides 

generating heat, hydrogen can be used as a reducing agent to 
convert iron oxide into iron which is the starting material used 
in primary steelmaking. The Energy Transitions Commission 
demonstrates that in a low-carbon economy, blue and green 
hydrogen use could make up nearly a third of final energy use 
in these three sectors alone23.

22 IEA (2019): ‘’The Future of Hydrogen; Seizing today’s opportunities’
23 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’

Source: International Energy Agency, Morgan Stanley, 2018 1.  
CSS = Carbon Capture and Storage

Figure 2:  Illustrative final energy mix in a zero-carbon economy by sector



9 HSBC Centre of Sustainable Finance

Figure 4: Current hydrogen energy use (2020)

Hydrogen already underpins many aspects of the global 
economy, as it’s used across a variety of industrial uses. 
The top four single uses of hydrogen today are oil refining, 
ammonia and methanol production. The steel industry also 
uses hydrogen via direct reduction of iron ore, consuming 
around 3% of total supply24. Nearly all hydrogen consumed 
today is grey hydrogen, produced from fossil fuels25.
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25 IEA (2019): ‘The Future of Hydrogen; Seizing today’s opportunities’
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Figure 5:  Hydrogen final consumption in a net-zero economy 

In a low-carbon economy using between 600-800 Mt of low-carbon hydrogen, over 50% of hydrogen demand could 
come from cement, steel, and chemicals alone26. 

26 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’
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Cost will impact the demand horizon for low-carbon hydrogen. 

The Hydrogen Council thinks that for green hydrogen to be 
competitive across various industrial applications, it would 
need to fall below USD 2.3/kg27. For instance, in the iron and 
steel industry, green hydrogen would need to reach USD 2.3 kg 
or lower to compete with high cost coal. 

To compete against low-cost coal, a carbon price would help. A 
study by Bloomberg New Energy Finance found that a carbon 

price of USD 50/tCO2 in steel, USD 76/tCO2 in ammonia, and 
USD 60/tCO2 in cement would help support a switch from fossil 
fuels to clean hydrogen, in the near term while prices fall close 
parity with traditional fossil fuels by 205028. In the meantime, 
hydrogen blending with gas grids could support industrial 
decarbonisation and stimulate initial demand in the near-term.
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Figure 6:  Carbon Pricing can support Green Hydrogen cost-competitiveness before 2050

27 The Hydrogen Council (2020): ‘Path to hydrogen competitiveness; a cost perspective’
28 Bloomberg New Energy Finance (2019); ‘Hydrogen Economy Outlook’

Source: Bloomberg New Energy Finance
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Chemicals; 
The chemicals industry represents about 7-8 percent of 
the total greenhouse gas emissions29. This is equivalent to 
1 GtCO2/y, or the annual global greenhouse emissions of 
Brazil30. The sector consumes around 40% of total annual 
hydrogen supply of grey hydrogen, making it among the 
largest consumers of grey hydrogen31. 

The sector is carbon intensive because fossil fuels are 
used as raw material inputs (known as ‘feedstock’) in the 
chemicals manufacturing process. Hydrogen forms part 
of the molecular structure of most industrial chemicals 
and is typically produced as a by-product within chemical 
industrial processes. Ammonia and methanol consume the 
largest quantities of hydrogen within the sector, at 31 MtH2 
and 12 MtH2 respectively32. 

Nearly 95% of all manufactured products use chemicals 
in their downstream products. Ammonia is used in the 
manufacturing of fertilisers such as urea and ammonium 
nitrate, whereas methanol is used for a diverse range of 
industrial applications. 

Existing infrastructure and captive hydrogen demand 
presents an opportunity for chemicals and refining to lead 
the transition to low-carbon hydrogen in the near-to medium 
term. The Hydrogen Council believes that future demand 

could be met using low-carbon hydrogen. One way is to 
capture CO2 from the production of hydrogen for ammonia 
and methanol using CCUS (‘blue’). Another is to produce 
ammonia and methanol using green hydrogen , assuming 
renewable electricity supply33. 

Transitioning to green hydrogen in the chemicals sector 
would require around 3,020 (TWh/yr) of additional electricity 
and up to 450 GW of electrolyser capacity by 2030. The 
largest individual electrolysers currently under development 
are at the ~100+ MW scale34. 

Chemicals.
2.9 Gt ~8% of total GHG

29 Griffin et al (2018): Industrial energy use and carbon emissions reduction in the chemicals sector: A UK perspective
30 Climate Action Tracker. Country Summary: Brazil
31 IEA (2019): ‘’The Future of Hydrogen; Seizing today’s opportunities’
32 IEA (2019): ‘’The Future of Hydrogen; Seizing today’s opportunities’
33 IEA (2019): ‘’The Future of Hydrogen; Seizing today’s opportunities’
34 IEA (2019): ‘’The Future of Hydrogen; Seizing today’s opportunities’
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Source: ETC Working Group: Financing Low-Carbon Transition of Steel (2020)

Steel market Interim Goal Long-Term 

ArcelorMittal -30% by 2030 from 2018 levels (Europe) Carbon neutral by 2050

Liberty Steel Group Carbon neutral by 2030 

Salzgitter N/A up to 95% reduction by 2050

SSAB -25% by 2025 in Sweden Fossil free by 2045 (global)

Tata Steel -30% by 2030 from 2018 levels Carbon neutral by 2050 (EU)

Thyssenkrupp -30% by 2030 from 2018 levels Carbon neutral by 2050 (global)

Voestalpine N/A -80% to 95% by 2050 (global)

Iron and steelmaking; 
HSBC’s Centre of Sustainable Finance published a  
report in 2019 outlining the decarbonisation pathways  
for zero-carbon steel making. A conclusion was that  
while developing zero-carbon emitting steel was  
technically possible, market incentives such as the 
ResponsibleSteel standard would be important in 
stimulating buyer demand for low-carbon emitting steel. 
Transition finance would also be an important enabler to 
faciliate steel’s low-carbon transition. 

The iron and steel industry is the largest producer and 
consumer of hydrogen, after ammonia and methanol 
production. Hyrogen is produced and is mixed with 
other gases as a by-product in the production process 
and typically used within the steel sector for certain 
applications. To date, about 10% of hydrogen is used in 
steel production, specifically primary steel35. Specifically, 
hydrogen is most typically used as a reducing agent to 
extract iron from iron ore. It’s also used to produce high 
intensity heat used to convert iron into steel. 

Hydrogen can be used to decarbonise steel production 
in two ways. 
(1) Using hydrogen as the reduction agent: Hydrogen is 
already used as a feedstock to extract iron from iron ore 
in Direct Reduction Iron (DRI) production of primary steel. 
Methane gas is converted to syngas – which is a mixture 
of H2 and CO – which then is used as the reducing agent. 
Since hydrogen is already used as an input, existing DRI 
facilities could gradually convert to pure hydrogen rather 
than syngas over time. 

(2) Displacing coking coal with hydrogen in Blast Furnace 
– Basic Oxygen Furnace (BF-BOF): Hydrogen can also be 
used to partially offset the use of coking coal in BF-BOF. 
This would deliver partial emission reductions and  
coupled with CCS, would enable net-zero emissions steel 
making. This could also serve as a transitional step for 
existing plants. 

Low-carbon hydrogen (blue and green) is relatively 
more expensive than fossil fuel alternatives and not 
yet commercially competitive at scale. However, steel 
producers are making commitments to reduce carbon 
emissions by 2050. Near term uses of opportunities include 
energy efficiency, electrification of secondary steel using 
renewable power and fuel switching, whereby hydrogen 
is mixed with natural gas in pipeline networks. A number 
of companies are conducting low-carbon hydrogen pilot-
scale projects on their industrial sites, in anticipation of 
competitively priced low-carbon hydrogen down the line. 

Steel.
3.3 Gt ~9% of total GHG

Source: ArcelorMittal: https://corporate.arcelormittal.com/media/press-releases/arcelormittal-sets-2050-group-carbon-emissions-
target-of-net-zero 
Liberty Steel Group: https://libertysteelgroup.com/news/liberty-steel-plants-to-merge-into-one-global-group/ 
Salzgitter: https://www.salzgitter-ag.com/fileadmin/footage/MEDIA/SZAG_microsites/salcos/STIL-02-19-SpecialPrint-Salcos-
Hydrogen-en.pdf 
SSAB: https://www.ssab.com/company/sustainability/sustainability-expedition 
Tata Steel: https://www.tatasteeleurope.com/ts/sustainability/carbon-neutral-steel 
Thyssenkrupp: https://www.thyssenkrupp.com/en/newsroom/press-releases/thyssenkrupp-sets-clear-targets--group-aims-to-be-
climate-neutral-by-2050------30-percent-emissions-reduction-planned-for-2030-12803.html 
Voestalpine: https://www.voestalpine.com/blog/en/commitment/environment/responsibility-and-a-sense-of-proportion-voestalpine-
and-co2-certificates/

35 IEA (2019): ‘’The Future of Hydrogen; Seizing today’s opportunities’
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Cement;
Cement represents 7 per cent of annual global greenhouse 
gases (GHG), and is the second highest industrial contributor to 
GHGs after steel production. Material Economics demonstrate 
that cement is typically the single largest material source in an 
average building and can account for almost half of its material 
composition. Two thirds of global cement production is used 
for buildings, with the remainder typically used for roads, 
bridges and other infrastructure needs36.

Cement production is technically difficult to decarbonise, so 
the most effective control of CO2 emissions in the construction 
sector comes from energy efficiency standards in buildings. 
Now, country, regional and city based net zero goals mean 
that wider approaches to decarbonisation are being explored. 
A comprehensive decarbonisation strategy inevitably has to 
address buildings and infrastructure, and by extension, cement.

The majority of CO2 emitted in production comes from 
chemical processes and high intensity heat for kilns. Over 50 
per cent of emissions come from the conversion of limestone 
(the main feedstock) into calcium oxide ('clinker')37. This is 
difficult to abate because of limited viable alternatives. Coal, 
used in 66 per cent of current production, is the second largest 
source of emissions. Two hundred kilograms of coal is required 
to produce one tonne of cement38.

Hydrogen is typically not able to be used as a feedstock in 
cement production. However, it can displace fossil fuels in the 
production of high intensity heat used for cement kilns. 

Cement.
2.7 Gt ~7% of total GHG

36  Material Economics (2018), The circular economy, a powerful force for climate mitigation
37  HSBC Centre of Sustainable Finance (2019): ‘Delivering Zero Carbon Emissions in Cement’
38 World Coal Association
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Barriers for commercial viability of hydrogen at scale 
There are 6 key hurdles currently stopping the blue and green 
hydrogen markets from scaling up. 

Cost: Green hydrogen is currently up to five times more 
expensive at about ~USD5.8/Kg versus fossil fuel derived grey 
hydrogen at typically less than USD 1.5/kg equivalent and 
blue hydrogen at USD 2.32/kg. This is assuming a renewable 
electricity price of USD98/MWh39. The cost of renewables is a 
clear driver of commercial viability. 

According to HSBC Research, renewable prices would need to 
reach ~USD 30/MWh or lower in order for green hydrogen to 
become competitive with fossil fuel alternatives40. 

Green hydrogen is on track to reach cost parity (or lower) with 
fossil fuels by 2050. In some markets, falling costs of renewable 
power means that green hydrogen cost-parity can be reached 
even sooner. This is because renewable power prices are 
falling rapidly and are now lower than USD50/MWh in several 
geographies, potentially leading to a green hydrogen price of 
USD3-4/Kg if produced from low-cost renewables41. 

According to Bloomberg New Energy Finance, its estimated 
that green hydrogen could fall to USD1.4-2 by 2030 making it 
competitive with blue hydrogen at ~USD 2.3. Green hydrogen 
prices could fall as low as USD 0.8 by 2050. At this price, it 
would be equivalent to natural gas prices at $6-12/MMbtu42. 

Geographies with already favourable renewable energy 
resources and storage could deliver lost-cost green hydrogen 
early on – such as the case the with U.S., Brazil, Australia, 
Scandinavia, and the Middle East. This could lead to 
opportunities for some geographies to export green hydrogen 
as well. In other geographies where renewable resources are 
less favourable like in Japan and Korea, green hydrogen may  
be imported. 

Renewables Generation: Renewables installed capacity 
is also a barrier for widespread scale up of green hydrogen. 
According to a recent report by the IEA, electricity generation 
would need to be around 3,600 TWh per year, more than the 
annual electricity generation of the European Union.  
According to the ETC, achieving a 60% Green Hydrogen and 
40% Blue Hydrogen split by 2050 would require 90,000 – 
115,000 TWh, from 27,000 TWh today. Around 20% of this 
would be used for the production of green hydrogen. More 
robust demand from industrial users would encourage greater 
production at lower costs43. 

Electrolysers: An electrolyser is a device that uses electric 
current to create an electrochemical reaction that breakdowns 
water to extract hydrogen and oxygen. When used with 
renewable energy, it produces zero-carbon green hydrogen. 
The available installed capacity of electrolysers that convert 
renewable power into hydrogen, is a limitation. Assuming that 
~60% green hydrogen supply by 2050, electrolyser installed 
capacity would need to be high, with a total between 1,700 
and 5,800 GW compared to less than 25 GW today44. This is 
feasible given that nearly 3 GW of electrolysers are planned in 
the pipeline45. The EU alone has plans to build at least 40GW of 
electrolyser capacity by 2040, with 6 GW of these expected to 
be up and running by 202446. 

Transport and storage infrastructure: Hydrogen’s relatively 
lower density makes it more challenging to store than fossil 
fuels. As hydrogen displaces fossil fuels, up to four times 
more storage infrastructure would need be built by 2050, in 
order to provide the same level of energy security as fossil 
fuels according to the IEA47. The ETC estimates that this 
would amount to around 6-9.5 Gt of per year of CO2 CCS/U 
infrastructure48. 

End-use Demand: Greater certainty of end-use demand in 
terms of quantities and end-use markets would help incentivise 
larger scale production and drive down costs. At present, 
lack of certainty of demand from end-use markets in sectors 
like steel, cement, chemicals and heavy transport makes it 
difficult for the hydrogen supply chain to develop and achieve 
economies of scale. 

Integrated Supply Chain: The lack of an integrated supply 
chain makes procuring quantities of green hydrogen supply 
at competitive costs a challenge for industrial end-users. A 
portfolio of wind and solar powered electrolysers, dedicated 
storage and pipeline networks that deliver competitively priced 
green hydrogen to end-use demand centres would support 
scale up.

39 HSBC Global Research (2020): ‘Global Hydrogen-Why the journey from grey to green is taking off’
40 HSBC Global Research (2020): ‘Global Hydrogen-Why the journey from grey to green is taking off’
41 HSBC Global Research (2020): ‘Global Hydrogen-Why the journey from grey to green is taking off’ 
42 Bloomberg New Energy Finance: https://about.bnef.com/blog/hydrogen-economy-offers-promising-path-to-decarbonization/
43 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’
44 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’
45 HSBC Global Research (2020): ‘Global Hydrogen-Why the journey from grey to green is taking off’
46 The Hydrogen Council (2020) 
47 IEA (2020)
48 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’
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Industrial clusters have the potential to unlock large scale 
hydrogen development 
Industrial clusters scale up the hydrogen economy by 
leveraging existing infrastructure, location, and network of 
industrial companies to develop large scale hydrogen projects. 

These clusters tend to be concentrated pockets of high carbon 
emissions. Targeting industrial clusters for large-scale hydrogen 
build reduces emissions across a number of industries 
simultaneously, enabling countries to make a large dent in 
reducing national emissions. 

Large scale projects drive down costs and deliver larger 
quantities of green hydrogen to end-users by aggregating 
quantities of green hydrogen demand across multiple 
end-users. Multiple hydrogen off-takers can also enable 
greater risk-sharing. This creates a business case for supply 
side development, while existing transport and storage 
infrastructure can be utilised for end-user delivery. Industrial 
clusters are often situated alongside ports, where access to off-
shore wind provides the renewable energy necessary to make 
hydrogen green. 

Coastal industrial clusters in proximity to ports can develop 
low-carbon fuels for marine shipping and re-fuelling 
infrastructure. They can develop export markets for hydrogen 
and low-carbon produced products. Typical coastal clusters 
tend to include oil and gas operations and CO2 storage sites, 
facilitating the growth of blue hydrogen. Green hydrogen can 
also be developed by integrating nearby offshore wind such as 
the North Sea in Europe, South East China, Western Australia 
and Northwest India49. 

Part 2 – Key enablers to unlocking 
the low-carbon hydrogen economy
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Southampton
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Merseyside
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12.4 MtCO2

Key
MtCO2 = million tonnes 
of carbon dioxide (CO2) 
emissions per year.

Figure 7: The UK's largest clusters by industrial emissions

49 IEA (2019): ‘The Future of Hydrogen; Seizing today’s opportunities’
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Developing a hydrogen cluster in the UK 
The UK 2050 net-zero strategy acknowledges the importance 
of industrial clusters for scaling up hydrogen development. The 
UK’s Committee on Climate Change (CCC) predicts that blue 
and green hydrogen will meet energy demands of industry and 
heavy-duty transport, while lowering the UK’s carbon footprint. 
Scenario analysis indicates the hydrogen could make up to 45% 
of the UK’s total energy demand by 205050. The committee 
called on industry and government to work together to produce 
hydrogen in at least one industrial cluster by 2030, along with 
CCUS technology to meet climate ambition. 

The Humber is the UK’s largest industrial economy, employing 
55,000 people in the region and contributing £18bn to UK GDP 
each year. It’s also the highest emitting of the UK’s 6 industrial 
clusters, emitting around 13 Gt of Mt per year51. 

The bulk of industrial activities and associated emissions 
are concentrated in energy, chemicals & refining, and iron 
and steel. The majority of companies are large established 
corporates, which contribute around 90% of the cluster’s 
carbon emissions. Around 10% come from smaller industrial 
companies52. 

The Humber has set the ambition to reach net-zero emissions 
by 2040.
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50  Aurora Energy Research: ‘Hydrogen for a net-zero GB on integrated energy 
market perspective (2020)

51 https://www.zerocarbonhumber.co.uk/
52 Zero Carbon Humber: https://www.zerocarbonhumber.co.uk/

Figure 8: The Humber: Total emissions per annum by sector and  
fuel source

Element Energy (2020): Humber Industrial Decarbonisation Roadmap; Baseline 
Local Emissions Assessment
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53 Orsted press release: https://orsted.com/en/media/newsroom/news/2019/02/the-worlds-biggest-offshore-wind-farm-hornsea-one-generates-first-power

Net Zero Humber: Developing a hydrogen economy in the Humber, the UK’s largest industrial cluster

Hydrogen is a key pillar of the cluster’s industrial decarbonisation strategy. The Humber has already identified 
60 industrial companies within the cluster who would be early stage adopters of low-carbon hydrogen. 

The geographical location means that the North Sea can be used for geological CO2 storage for carbon 
captured from power plants and industrial companies. The cluster’s existing power plant infrastructure  
can blend hydrogen with natural gas, thus lowering the emissions associated power provision. Existing 
transport pipelines can deliver large quantities of blue hydrogen supply to a portfolio of industrial companies 
within the cluster. 

Meanwhile, growing levels of renewable energy capacity currently under development will help unlock larger 
quantities of green hydrogen to supplement blue hydrogen. The North Sea location also helps with off-shore 
wind, where the world’s largest off-shore wind project, ‘Hornsea 1’, is currently underway. The project will 
generate 1,218 MW of renewable electricity and plans are underway to complete a second phase of 1,500 MW 
by the end of 202153. 
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Case Study: H2H Saltend Project - 
Decarbonising Chemicals54 
Also in the Humber, the Saltend Chemicals Park, is home to 
over 100 chemicals companies. Shared infrastructure means 
that low-carbon hydrogen can be blended with natural gas 
to deliver low-carbon energy and power to multiple industrial 
end-users. Reducing the emissions from the production of 
chemicals decarbonises downstream products.

Saltend Chemicals Park emits 3.5 million tonnes of CO2 per 
year. The project, led by Equinor, will be among the first large 
scale facilities in the UK to combine CCS with natural gas to 
produce blue hydrogen55. Phase 1 of H2H Saltend has the 
potential to deliver 900,000 tonnes of CO2 reductions in its first 
year and 2.6 million tonnes/year thereafter. The chemicals park 
plans to achieve net-zero by 2035, a UK first56. 

For the first phase, Triton Power Plant will convert natural gas 
to blue hydrogen, using a 600 MW auto thermal reformer 
(ATR) process. A portion (~30%) of the power plant’s natural 
gas will be converted to hydrogen, which will help reduce the 
emissions associated with power production. 

The CO2 from the production of blue hydrogen will be captured, 
transported and stored in an off-shore natural storage facility 
lead by Endurance. A 25km onshore pipeline will then be 
constructed to transport CO2 from Saltend Chemicals Park to 
the storage undersea storage facility. The project companies 
estimate that about 1.4 million tonnes of CO2 will be captured 
in the first year of operation. Overtime, H2H Saltend plans to 
provide hydrogen access to a wider group of industrial users in 
the Chemicals Park and across the Humber, contributing to the 
cluster reaching net-zero emissions by 2040. This will enable 
a large-scale hydrogen network, open to both blue and green 
hydrogen, as well as a network for transporting and storing 
captured CO2 emissions.

The project aims to create one of the world’s first low-carbon 
chemical clusters, in doing so positioning the Humber to 
lead the market in providing low-carbon chemicals products. 
Low-carbon chemical products could also open up export 
opportunities that enable the companies to take advantage of 
their proximity to the Port of Hull. Low-carbon chemicals can 
be used to produce maritime fuel, helping to reduce shipping 
emissions. The potential for maritime fuel switching could also 
make the Port of Hull among the first in the world to offer low-
carbon refueling. 

54 Equinor Press Release (July 2020): https://www.equinor.com/en/news/plan-for-world-leading-clean-hydrogen-plant-in-the-uk.html
55 Equinor Press Release: https://www.equinor.com/en/what-we-do/h2hsaltend.html
56 The Humber Zero Project Press Release: https://www.equinor.com/en/what-we-do/h2hsaltend.html
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Caste Study: Gigastack - Developing 
Green Hydrogen 
The Gigastack project in the south portion of The Humber 
aims to develop green hydrogen from off-shore wind power 
via electrolysis. Supply of green hydrogen will go towards 
supplying industrial feedstock to refineries and fuel to produce 
high intensity heat for heavy-industry. The ‘Gigastack’ project 
being led by ITM Power, Orsted, Phillips 66 and Element 
Energy, completed its first phase in 2019 and is in the process 
of initiating Phase 2 expansion. 

The consortium aims to deliver large quantities of green 
hydrogen supply to heavy industry, which to date is virtually 
non-existent, while also driving down costs. The first phase 
entailed the design of a 5 MW electrolyser stack, which would 
make it one of the earliest designs of a larger scale electrolyser 
‘stack’. The purpose of this was to demonstrate how the new 
generation of electrolyser stack technology can engage with 
a wind farm to develop green hydrogen, at scale. The next 
phase will conduct a feasibility of a 100 MW electrolyser 
system using staged installations of 20MW each. The resulting 
renewable hydrogen supplied would be supplied to Phillips 
66 Humber Refinery. Phillips 66 develops a variety of refined 
products, including graphite coke used in the electric vehicle 
manufacturing supply chain. Two of Philips 66 refineries 
account for 25% of UK refining capacity57. 

Finance and investment
Around USD$3.7 trillion between now and 2050 (USD$130bn 
per year) will be needed in order to develop a low-carbon 
hydrogen economy that supplies 800 Mt per year58. 

According to the Hydrogen Council, the key near term key 
areas to bring down the cost of green hydrogen as renewable 
energy and electrolyser capacity. Building new and retrofitting 
existing gas networks for hydrogen transport for blue hydrogen 
would also support the market.

A number of countries, have announced strategic hydrogen 
plans, and funds dedicated to supporting the initial build-up of 
low-carbon hydrogen infrastructure. These include;

 ® Australia: The government has created a USD$191.5 million 
fund to support new hydrogen projects that align with 
the country’s National Hydrogen Strategy. This includes 
promoting hydrogen production, importing export and 
domestic supply chains.

 ® France: The government has announced a EUR 100 bn 
stimulus plan, of which EUR 9 bn will be dedicated to 
developing green hydrogen as a clean energy source over 
the next 5 years. The government unveiled a Hydrogen 
Deployment Plan which includes EUR 100 million in funding 
to support low-carbon hydrogen in industry, transport and 
for renewable energy storage.

 ® Germany: The government has launched a USD$10bn fund 
to support low-carbon hydrogen development value chains 
and support industries like steel, transport and agriculture. 
The fund also aims to support 100 TWh of renewable power 
development dedicated to green hydrogen. 

 ® United Kingdom: The Department for Business, Energy 
and Industrial Strategy was awarded nearly £40 million from 
a £90 million stimulus package, which will be dedicated 
to supporting low-carbon hydrogen production projects. 
Furthermore, a public and private investment fund of 
£500 million has been set up to support new low carbon 
technologies for deep industrial decarbonisation. 

Early stage funding such as those delineated above can 
help support early stage project development in order to 
demonstrate a track record for future investment.  
Developing the hydrogen economy will mean catalysing 
larger pools of capital to facilitate the scaling up of the global 
hydrogen economy to bridge the gap to get to ~USD$130billion 
per year59. 

57 Orsted Press Release (2020): https://orsted.co.uk/media/newsroom/news/2020/02/gigastack-phase-2
58 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’
59 ETC (2020); ‘Mission Possible; Delivering a Net-Zero Economy by 2050’
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National Hydrogen Policies 
Recognizing the important role that hydrogen will play in the 
net-zero economy, nations across the globe are developing 
policies frameworks to support its growth to achieve ambitious 
hydrogen targets by 2040. Each market has a different set of 
environmental circumstances, which guides the position they 

choose to play along the hydrogen value chain.  
Some markets like Australia are positioning themselves as 
large-scale hydrogen exporters while others, like Japan, 
recognize that developing infrastructure to import low-carbon 
hydrogen will be important to developing their respective 
hydrogen economies60.

60 The Oxford Institute for Energy Studies (2020)

Germany
 ® The strategy sets an objective to build hydrogen  
production facilities in the country with a capacity of 5 GW 
by 2030 and 10 GW by 2040. Blue hydrogen is viewed as a 
transition stepping stone to a fully green hydrogen economy 
in the future.

 ® Decarbonisation will focus on industries with the highest 
emissions and where hydrogen represents the next best 
alternative after fossil fuels – notably steel. 

EU
 ® EU Hydrogen Strategy introduced in summer of 2020. Aims 
to develop up to 1 million tonnes of renewable hydrogen  and 
6 GW of electrolyser capacity within EU by 2024. It also aims 
to install 40GW electrolyser in neighbouring regions from 
which Europe could import green hydrogen. The strategy 
acknowledges that blue hydrogen will play a role in the short 
term, with green hydrogen the focus in the long-term

 ® Priority use of hydrogen will be close to the point of 
production in existing carbon-intensive industrial applications 
(e.g. refiners, chemicals). It would then grow in local clusters 
around industrial hubs while longer-distance transmission of 
hydrogen would be developed over the longer term.

Japan
 ® Introduced Basic Hydrogen Strategy (2017) to develop 
infrastructure to support the development of a large scale 
hydrogen economy by 2050, Under this plan, the strategy 
focuses on strengthening energy security via hydrogen and 
achieving cost-parity with competing fuels. It also focuses 
on developing the hydrogen supply chain end-to-end. 

 ® Specific sectors of focus in the hydrogen roll out  
include transport, industry. This amounts to nearly  
1 million hydrogen powered vehicles and nearly 1,000 
refuelling stations.

Saudi Arabia
 ® The state owned utility, NEOM, has made commitment to  
be the world’s leader in commercialising clean energy 
intensive industries including green hydrogen from 
renewable electricity. 

 ® The state has plans to develop a green hydrogen exports 
industry in anticipation of green hydrogen demand growth 
globally. It recently announced (July 2020) plans to develop 
the world’s largest green hydrogen plant, which will produce 
650 tonnes of green hydrogen daily. The fuel will be shipped 
as ammonia to end-use markets globally and then converted 
back to hydrogen.

Australia
 ® Australia has mapped out its National Hydrogen Strategy, 
which aims to position itself a global hydrogen exporter. 
Plans are in place to develop blue and green hydrogen 
supply for export by 2030. The strategy focuses on 
developing clusters of large scale demand at ports and 
enabling supply chain infrastructure to support large scale 
hydrogen supply by 2030. (e.g. power lines, pipelines, 
storage tanks, refuelling stations, ports).
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Conclusions

The opportunity for hydrogen to help the high energy 
use sectors of steel, cement and chemicals and refining 
decarbonise is significant. However, currently, 96% of hydrogen 
production is fossil based. Switching to blue hydrogen means 
using Carbon Capture and Storage for emissions, whereas 
green hydrogen is produced using renewables for electrolysis. 

Currently, the main barriers to scale up are commercial viability 
and the availability of renewable power at the location of 
industry. Identifying and using industrial clusters to connect 
the demand and supply side for hydrogen would accelerate 
investment in hydrogen as a solution. Countries have already 
identified hydrogen as a key input to deliver decarbonisation 
goals, and are setting policies to support the markets. This 
policy indicator is a useful signal of support and reinforces 
hydrogen as an opportunity for decarbonisation. 
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“Each and every one of us has a stake in developing a sustainable 
economic system. It is the combined responsibility of all players in 
society to respond to climate change, rapid technological innovation 
and continuing globalisation to secure a prosperous future. Yet 
addressing these changing forces is by no means straightforward. 
More work is needed to provide the financial system with the right 
toolkit to solve sustainability challenges.

Working with internal and external partners, this central think tank is 
uniquely positioned to lead and shape the debate. We will promote  
the sustainable finance agenda using our global network which  
covers the world’s largest and fastest growing trade corridors and 
economic zones. We can provide the connections needed to foster 
sustainable growth across borders and geographies. We aim to 
mobilise the capital flows needed to address the world’s major 
sustainability challenges.”

Zoë Knight, Group Head, HSBC Centre of Sustainable Finance

Acknowledgements

The HSBC Centre of Sustainable Finance supports HSBC's ambition to 
facilitate low-carbon transition by providing thought leadership about 
transforming the real economy and strengthening the financial system 
response to climate change.

Building on internal subject matter expertise and our external network 
of experts, we generate and promote reports that support the climate 
ambitions of key stakeholders including industry, financial regulators, 
governments, and financial institutions. 

The centre would like to thank the work of Andrea Griffin in the 
production of this piece.

“For more than a decade, HSBC has been at the forefront of the 
sustainable finance market. In October 2020, HSBC set out an 
ambitious plan to align our financed emissions – the carbon emissions 
of our portfolio of customers – to net-zero by 2050 or sooner, in line 
with the goals of the Paris Agreement. To do this, we're intensifying 
our support for customers to switch to more sustainable ways of doing 
business.  We believe we have the scale and global reach to play a 
leading role in advising them on their journey towards net-zero and 
have an ambition to provide between USD750 billion and USD1 trillion 
of finance and investment by 2030 to help them achieve this goal. We 
also aim to achieve net zero in our operations and supply chain by 2030 
or sooner.

Taken together, these commitments reflect the scale of the challenge 
of delivering the Paris Agreement and UN Sustainable Development 
Goals. They also demonstrate the heights of our ambition to be a 
leading global partner to the public and private sectors in the transition 
to a low-carbon economy.”

Daniel Klier, Global Head of Sustainable Finance


