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$570 B
investments required to develop projects 
announced until 2030

Middle East

22

Europe

Latin America

Africa

193

Oceania

4

China

North America

India

Rest of Asia

68

Japan & 
South Korea3

85

75

5

54

35

32

2023 Jan2 2023 Oct

1,418 projects1

1,046 in Jan 2023, 684 in May 2022

1. Project announcements below 1 MW are excluded. 7 projects have not announced project type 
2. Jan 2023 values have been updated to most recent Capex estimations to keep values comparable
3. Restatement of 2023 Jan data for Japan & South Korea prevents comparison to Oct 2023 data

Source: Project & Investment tracker, as of Oct 2023, McKinsey

Exhibit 1

AS OF OCT 18 2023

166
Giga-scale 
production

719
Large-scale 
industrial use

256
Transport

144
Integrated H2 
economy 

126
Infrastructure 
projects

Positive:  Strong momentum 
More than 1,400 projects announced globally (+40%)
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Announced1

Low-
carbon 
hydrogen

Renewable 
hydrogen

Cumulative production capacity announced, Mt p.a. 

+15 Mt
additional capacity (low-
carbon and renewable) 
announced for post-2030

1. Preliminary studies or at press announcement stage
2. Feasibility studies or at front-end engineering and design stage
3. Final investment decision has been taken, under construction, commissioned or operational

Source: Project & Investment tracker, as of Oct 2023, McKinsey

share of capacity of top 3 
markets (Europe, North 
America, Latin America)

70%

23 242020 21 2622 25 27 28 29 2030

45

Announced1 

Planning2 

Planning2

EoY 2020

Committed3 

Committed3EoY 2019

EoY 2021

May 2022

AS OF OCT 18 2023

Announced as 
of Oct 2023

Jan 2023

Exhibit 4

Positive:  Clean hydrogen production capacity up 
Announced capacity increased to 45 Mt p.a. (+17% ) over the last 9 months



8

Supply

Transmission

Manufacturing capacity

End-use

Source: Hydrogen Council; McKinsey

11 GW
Electrolyzer mfg. 

capacity according to 
OEM announcements

+2 GW

1,100 MW
Electrolysis capacity 

operational 2023; >600 
MW in China

+400 MW from previous 
publication

15 GW
Fuel cell mfg. capacity 

today according to 
OEMs

+3 GW

710 ktpa
Low-carbon hydrogen 
capacity operational in 
2023, in addition to 25 

kt p.a. under 
construction3 Mt

Clean hydrogen 
capacity has passed 

FID, majority of which is 
in North America

>160
Fuel cell vehicle 

models to be 
assembled by 
OEMs in 2023 

+20% from 202279,000 

Fuel cell vehicles on 
the road in 2023

+ 20% from 20222 1,100
Hydrogen refueling 
station deployment: 
350+ in China, >250 
in South Korea, >200 

in Europe, >160 in 
Japan

5,000
km of Hydrogen 

pipeline operational

+ 600km in FID+

12 GW
Electrolysis capacity in 

FID+

~7 GW in China, ~2 GW 
in the Middle East, ~2 

GW in Europe

6
Methanol–ready 
ships in service, 
+163 ordered

370
Projects have passed 
FID, majority are in 

Europe

+ 81 from previous 
publication 

1. Low-carbon hydrogen capacity was adjusted downwards compared to the May 2023 report due to a restatement of the underling data
2. FC electric bus sales in China were adjusted downwards compared to the May 2023 report due to an error in the underlying data

Exhibit 8

Positive:  Strong growth in deployment 
across the hydrogen ecosystem
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20252022 2030

Installed global renewable H2 project 
capacity, GW

~120 GW
expected capacity online by 2030 
when considering delays and 
cancellations

225 GW
of H2 capacity required by 2030 
to meet net-zero H2 demand

Risk-adjusted
announced
project pipeline

Net-Zero 
demand 

Less positive:  the growth is not fast enough
Renewable H2 projects accelerating but still short of Net Zero

Net Zero Scenario - 2050

• 22% of global final energy demand

• 660 MT hydrogen

• 80 Gt cumulative CO2 abatement
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Global hydrogen production cost, 2023 USD/kg 
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9

Renewable H2

Low-carbon H2

+30-65% increase in LCOH driven by CapEx, 
financing and renewables costs

2.5-4 cost target by 2030

Prior renewable H2

Less positive:  Costs have increased
Near-term renewable hydrogen costs have increased
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Opportunities:  Future global hydrogen trade flows 

Hydrogen will need to be 
transported from supply to 

demand centers

Trade based on cost 
competitiveness

We can simulate and compare 
potential trade routes, and look 

at the resulting picture

There is a mismatch 
between the best locations
for H2 production
and demand centers

>20X
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Opportunities:  Future global hydrogen trade flows 

Hydrogen will need to be 
transported from supply to 

demand centers

Trade based on cost 
competitiveness

We can simulate and compare 
potential trade routes, and look 

at the resulting picture

November 2023

www.hydrogencouncil.com
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The Net Zero 2030 cost curve sees an additional 25 mtpa of clean H2 demand with 
more countries entering the mix
Global clean H2 production cost curve1 – Net Zero, 2030
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Where are the “natural” importing, exporting countries?

Net trade flows, mtpa H2

>10

5-10

1-2

Mostly piped

2-5

Mostly shipped

0.3-1

Region produces

more than it consumes

Region consumes

more than it produces

Neutral

Source: McKinsey Global Hydrogen Flow Model

Note: Arrows show trade flows between 13 regions (i.e., Latin America, North America, core Europe, peripheral Europe, North Africa, Sub-Saharan Africa, Middle East, CIS, India + Pakistan, China, 
Northeast Asia, Southeast Asia and Australia)
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By 2030, major early trade routes from North America 
will already be established 
Major flows of hydrogen and derivatives 2030 – Net Zero scenario, mtpa H2 equivalent

Net trade flows, mtpa H2

>10

5-10

1-2

Mostly piped

2-5

Mostly shipped

0.3-1

Region produces

more than it consumes

Region consumes

more than it produces

Neutral

Source: McKinsey Global Hydrogen Flow Model

Note: Arrows show trade flows between 13 regions (i.e., Latin America, North America, core Europe, peripheral Europe, North Africa, Sub-Saharan Africa, Middle East, CIS, India + Pakistan, China, 
Northeast Asia, Southeast Asia and Australia)
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By 2050, there are several trade routes >10 million tons per year
Major flows of hydrogen and derivatives 2050 – Net Zero scenario, mtpa H2 equivalent

Source: McKinsey Global Hydrogen Flow Model

Net trade flows, mtpa H2

>10

5-10

1-2

Mostly piped

2-5

Mostly shipped

Region produces

more than it consumes

Region consumes

more than it produces

Neutral

Note: Arrows show trade flows between 13 regions (i.e., Latin America, North America, core Europe, peripheral Europe, North Africa, Sub-Saharan Africa, Middle East, CIS, India + Pakistan, China, 
Northeast Asia, Southeast Asia and Australia)
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Under Net Zero, over 50% of clean hydrogen is transported over long distances
Global H2 and derivative long-distance trade flows, 2050 mtpa H2 equivalent
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Challenge: our energy system is not integrated
The energy system is composed of different grids, managed separately

Electricity Gas Liquid

• Hydrogen will play a role in all three and act as an integrator

• However: our reflections and decisions on energy need to become more 
holistic and integrative instead of single grid based



Opportunity: benefits and added value of hydrogen
when integrated in the energy system

(Source: Hydrogen in Decarbonized Energy Systems - Hydrogen Council, October 2023)

Hydrogen in Decarbonized 
Energy Systems

• We have modeled the role and value of hydrogen integrated 
in the energy system (C/W Europe, Japan, Texas)

• Message: Electrolyzers responding to market signals could 

reduce the renewable capacity needed by 9% while lowering 
system costs by $2.1 billion per year. (for C/W Europe)

• Conclusion: H2 is about decarbonization. 
But it is also about making REN investments more efficient



Texas as a case study region: resource rich, grid-islanded 
with demand clusters located far away from resource zones

(Source: Hydrogen in Decarbonized Energy Systems - Hydrogen Council, October 2023)

Hydrogen in Decarbonized 
Energy Systems

Hydrogen Council, Baringa Partners

Hydrogen in Decarbonized Energy System s

The report provides insights on energy system evolution and the benefits of 
hydrogen through analysing three different regional energy systems

Source: Hydrogen Council - Global Hydrogen Flows (2022), Baringa Japan Power Market Model, US. Bureau of Labour Statistics, U.S. Energy 
Information Administration, American Clean Power Association, 

Exhibit 2: Rationale for three energy systems studied

Texas is resource rich, grid-islanded, and has demand 
clusters located far away from resource zones

● Produces 25% of US gas, over 40% of U.S. oil, and has built 
28% of US wind capacity

● Solar, wind, and gas needs to move from rural areas to 
‘Texas triangle’ of demand in the East and South where > 
70% of GDP occurs

● Energy exports from Texas and Louisiana represented $315 
billion in 2022, and 83 percent of U.S. energy exports

● Currently Potential to export 9 Mt of hydrogen and derived 
fuels by land and sea

Texas

Japan

Central Western 
Europe

Japan is an islanded system that will rely heavily  on im ports 
to support lim ited solar and wind resource

● 88% of the country’s primary energy supply is met with 
either coal, gas or oil, and over 98% of all fossil fuels are 
imported. Minimal national gas grid but the world’s 
largest LNG import capacity

● Limited access to onshore renewable energy or 
geological CO2 sequestration to help decarbonize heavy 
industry and power

● Over 30% of the government’s 30 - 45 GW offshore wind 
target is planned in Hokkaido, one of Japan’s least energy 
intensive region

Central-W est Europe (Germany, Benelux, and France) is h ighly 
connected and will rely on im ports and domestic resources to 
decarbonize

● Today Central-West Europe has 60 GW of power connection 
capacity – 43% of average demand

● The proportion of hydrogen and derived fuels imported 
through four major corridors will rise from 14% in 2030 to 
86% by 2050

● Targeting net zero power systems by 2035-2040, but relying 
on 32% fossil fuels for energy needs today

● Increasingly harmonized energy regulation under EU, but 
different system visions among member states

Energy systems have different underlying fundamentals and different starting points for decarbonising which influence their 
preferred pathway. To highlight both the evolution of the system as it decarbonizes, and the benefits of hydrogen to the system 
on that journey, we have assessed three regional systems with contrasting features. By modelling the energy system of each 
region as a set of zones with their own resource potential, demand, and price, we show that each system will evolve differently,
but that each highlights system benefits that hydrogen brings.

Increasing offshore 
wind target

Increasing Electricity 
Demand

Texas gas pipelines today

Japan renewable supply targets 
and demand centres

138,0

Days of 

Natural Gas 

Storage

Days of 

Power 

Storage

0.1
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Hydrogen Council, Baringa Partners

Hydrogen in Decarbonized Energy Systems

The report provides insights on energy system evolution and the benefits of 
hydrogen through analysing three different regional energy systems

Source: Hydrogen Council - Global Hydrogen Flows (2022), Baringa Japan Power Market Model, US. Bureau of Labour Statistics, U.S. Energy 
Information Administration, American Clean Power Association, 

Exhibit 2: Rationale for three energy systems studied

Texas is resource rich, grid-islanded, and has demand 
clusters located far away from resource zones
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70% of GDP occurs

● Energy exports from Texas and Louisiana represented $315 
billion in 2022, and 83 percent of U.S. energy exports

● Currently Potential to export 9 Mt of hydrogen and derived 
fuels by land and sea
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Japan is an islanded system that will rely heavily on imports 
to support limited solar and wind resource

● 88% of the country’s primary energy supply is met with 
either coal, gas or oil, and over 98% of all fossil fuels are 
imported. Minimal national gas grid but the world’s 
largest LNG import capacity

● Limited access to onshore renewable energy or 
geological CO2 sequestration to help decarbonize heavy 
industry and power

● Over 30% of the government’s 30 - 45 GW offshore wind 
target is planned in Hokkaido, one of Japan’s least energy 
intensive region

Central-W est Europe (Germany, Benelux, and France) is highly 
connected and will rely on imports and domestic resources to 
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● Today Central-West Europe has 60 GW of power connection 
capacity – 43% of average demand

● The proportion of hydrogen and derived fuels imported 
through four major corridors will rise from 14% in 2030 to 
86% by 2050

● Targeting net zero power systems by 2035-2040, but relying 
on 32% fossil fuels for energy needs today

● Increasingly harmonized energy regulation under EU, but 
different system visions among member states

Energy systems have different underlying fundamentals and different starting points for decarbonising which influence their 
preferred pathway. To highlight both the evolution of the system as it decarbonizes, and the benefits of hydrogen to the system 
on that journey, we have assessed three regional systems with contrasting features. By modelling the energy system of each 
region as a set of zones with their own resource potential, demand, and price, we show that each system will evolve differently,
but that each highlights system benefits that hydrogen brings.
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Texas will continue to be an energy exporter but with much 
more coming from solar and wind via hydrogen

Hydrogen in Decarbonized Energy Systems

Hydrogen Council, Baringa Partners

Exhibit 4: Vision for a highly decarbonized and export-led energy system in Texas

Source: Hydrogen Council - Hydrogen in Decarbonized Energy Systems (2023), Hydrogen Council – Hydrogen for Net-Zero (2021), Hydrogen 
Council – Global Hydrogen Flows (2022)

Note: 1) Measured in GW of electricity input

Expansion of renewable 
generation and transmission 
capacity

1

Co-location of electrolyzers 
with renewable power supply

2

Repurposing of gas pipeline 
infrastructure for hydrogen 
pipelines

3

Production facilities for 
hydrogen derived liquid fuels

4

CO2 transport and storage 
network

5

Texas is endowed with some of the richest energy resource in the world. In addition to an abundance of oil and natural gas, it 
provides some of the U.S.’s lowest cost solar and wind energy and geology suited to sequestering carbon. This means that Texas 
can abate emissions using hydrogen from both natural gas and its renewable power resource. This will result in six key 
developments within the energy system shown in Exhibit 4. 

Firstly, renewable transmission capacity from wind sources to demand centres will expand as the power system relies less on 
thermal generation and demand for electricity in transport and buildings increases. Over 50 GW of electrolyzers could be 
located with renewable power supply and will be connected to demand and export centres via 16 Mt of hydrogen pipeline 
capacity repurposed from natural gas pipelines.

Natural gas demand will eventually decrease but gas pipeline infrastructure will still be needed to move over 3 bcf/d gas from 
production fields to where over $40 bn of low-carbon hydrogen production investment could be centred along the Gulf Coast.

Production facilities for hydrogen derived liquid fuels (kerosene and am monia) could make up close to 30% of all hydrogen 
demand and can replace existing refineries along the Gulf Coast as demand for hydrogen increased while global demand for 
petroleum products declines and oil production becomes more oriented towards petrochemical products. 

Over $8 bn of investment in CO2 transport and storage networks could enable hydrogen production and industrial processes 
in the refining belt and is likely to expand to encompass thermal power generation from natural gas.
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Energy System Modeling: Conclusions for Texas

(Source: Hydrogen in Decarbonized Energy Systems - Hydrogen Council, October 2023)

Hydrogen in Decarbonized 
Energy Systems

Hydrogen can allow Texas to continue to be an energy exporter

• adopting both renewable and low-carbon hydrogen production

• taking advantage of relatively low-cost solar, wind, and natural gas resource, and carbon 
sequestration potential.

Growth in renewable hydrogen production means electrolyzers and hydrogen-to-
power peakers can help stabilize the power system,

• requiring proportionally less batteries and natural gas firing to offer flexibility for every 
unit of intermittent wind and solar. 

• this should not require temporal correlation rules, as prices alone should promote 
electrolyzers to run when it is best for the system to do so.

Low-carbon hydrogen offers some insurance against any decline in natural gas 
production that could arise from decarbonization.

• Repurposing of pipelines and storage infrastructure will bring benefits through extended 
asset life, avoiding stranded network infrastructure.

Hydrogen Council, Baringa Partners

Hydrogen in Decarbonized Energy System s

Hydrogen can allow Texas to continue to be an energy 
exporter, adopting both renewable and low-carbon hydrogen 
production to take advantage of relatively low-cost solar, wind, 
and natural gas resource, and carbon sequestration potential.

Growth in renewable hydrogen production m eans 
electrolyzers and hydrogen-to-power peakers can help 
stabilize the power system , requiring proportionally less 
batteries and natural gas firing to offer flexibility for every unit of 
intermittent wind and solar. If incentives are structured 
appropriately, this should not require temporal correlation rules, 
as prices alone should promote electrolyzers to run when it is 
best for the system to do so.

Low-carbon hydrogen offers som e insurance against any 
decline in natural gas production that could arise from  
decarbonization. Repurposing of pipelines and storage 
infrastructure will bring benefits through extended asset life, 
avoiding stranded network infrastructure. 

Source: Hydrogen Council - Hydrogen in Decarbonized Energy Systems (2023)

Hydrogen is a bigger part of Japan’s decarbonisation journey 
than elsewhere as indigenous renewable resource is more 
limited. This will require a m ajor expansion of port space –
Japan will need two-thirds more terminal footprint relative to 
today to deal with storage requirements for liquid and gaseous 
hydrogen and provide flexibility in the absence of geological 
storage potential.

Hydrogen and derivative fuels such as am monia will provide 
flexibility required to decarbonize Japan ’s power system 
alongside the development of renewable wind and solar. Japan’s 
limited renewable resource means hydrogen and ammonia will 
be more important than batteries in providing flexible, 
dispatchable power, particularly in areas like Tokyo, Chubu and 
Kansai, where renewable resource is most scarce.

Electrolyzers running on excess power from  wind and solar 
could add value to renewables projects, while still producing 
hydrogen that matches the import price. This domestic hydrogen 
production will play a minor role relative to imports but will make 
more renewable power capacity viable for Japan

There is a role for both renewable and low carbon production 
in Central-W est Europe, across scenarios of low or high gas 
prices, though the share of each will depend on whether long 
term gas prices are more tied to LNG imports or pipeline gas. To 
enable rapid scale-up of production capacity, ‘no regrets’ 
development of storage and transport infrastructure is required.

Allowing electrolyzers to respond to m arket power prices will 
lower system costs versus forcing electrolyzers to link to 
individual renewable power assets. Production rules such as 
additionality and temporal correlation intended to prevent 
market distortions increase the overall cost of the system by 
reducing flexibility within the system that comes from hydrogen, 
forcing other sources of flexibility to overbuild.

$247 bn

$2.5 bn

$5 bn

2.5 – 3.4 Mt

$5.9 bn

2/3

$6 bn

10 – 15%

Investment in Hydrogen infrastructure 
in Texas by 2050

Annual benefit from electrolyzers and 

peakers in Texas power grid by 2050

Cumulative benefit of extending life of 

natural gas infrastructure to facilitate 
hydrogen

Electrolyzer capacity in Europe by 2050

Annual system Benefit from allowing 
electrolyzers to operate freely

Additional port terminal footprint 

required versus today to accommodate 
fuel imports

Annual system benefit from power 
generation from hydrogen and derived 

fuels

Additional value to renewable projects 

selling curtailed energy to electrolyzers

Texas

Central-
West 

Europe

Japan

4
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Chapter 3. Activation of sub-ecosystems  

The following chapter analyses the prioritized sub-ecosystems in depth14. Each sub-ecosystem 

is introduced, and its 2030 vision, key milestones, and catalytic potential are described (Exhibit 

7). Key milestones include clean hydrogen deployment, abatement potential, and investment 

requirements. For each sub-ecosystem, status quo and the constraints hindering the 

acceleration of clean hydrogen deployment are analyzed. Finally, measures across the four 

identified activation themes relevant to the respective sub-ecosystem are presented.  

Exhibit 7 - Sub-ecosystems and catalytically impacted sectors / end use applications  

 

 
 
14 Clean hydrogen for road mobility has been analyzed separately in the Roadmap towards zero 

emissions: BEVs and FCEVs  

Focus item: hydrogen ecosystems don’t grow magically
Ecosystem growth is a staged process

From To
Minimum viable ecosystem Mature ecosystem

MVE: the smallest ecosystem configuration of elements that need and can be brought
 together in order to operate as an ecosystem creating unique commercial value

Example
• 200 FCEV taxis in a city, with 5 HRS with

guaranteed H2 supply and OEM service point

Individuals that make a difference Many more actors brought in the game



Some conclusions & challenges
The need for Planning, Adoption, Collaboration between many actors

The growth of the hydrogen based economy is happening. 
There is sustained momentum, but we also face some headwinds

Success = Infrastructure X Products X Economics

We need to reason in terms of staged ecosystem growth 
(first focus: minimal viable ecosystems)

More than supply & demand: we need to reason in terms of the 
entire supply chain (synchronized rise)

1

2

3

5

4

Governments & industry need to work together 
to maximize the opportunities offered by global hydrogen trade and 

the integrated role of hydrogen (building infrastructure)



Thank you

secretariat@hydrogencouncil.com

www.hydrogencouncil.com


	Slide 1
	Slide 2: The Hydrogen Council A global, cross-sector CEO-led initiative
	Slide 3: The Hydrogen Council Who we are
	Slide 4: The Hydrogen Council Data and insights to inform decision makers
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14: The Net Zero 2030 cost curve sees an additional 25 mtpa of clean H2 demand with more countries entering the mix
	Slide 15: Where are the “natural” importing, exporting countries?
	Slide 16: By 2030, major early trade routes from North America  will already be established 
	Slide 17: By 2050, there are several trade routes >10 million tons per year
	Slide 18: Under Net Zero, over 50% of clean hydrogen is transported over long distances
	Slide 19: Challenge: our energy system is not integrated The energy system is composed of different grids, managed separately
	Slide 20: Opportunity: benefits and added value of hydrogen when integrated in the energy system 
	Slide 21: Texas as a case study region: resource rich, grid-islanded with demand clusters located far away from resource zones 
	Slide 22: Texas will continue to be an energy exporter but with much more coming from solar and wind via hydrogen
	Slide 23: Energy System Modeling: Conclusions for Texas
	Slide 24: Focus item: hydrogen ecosystems don’t grow magically Ecosystem growth is a staged process
	Slide 25: Some conclusions & challenges The need for Planning, Adoption, Collaboration between many actors
	Slide 26

