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I. EXECUTIVE SUMMARY  

This paper lays out a framework and process for investors to build their investment theses in clean 
hydrogen innova�on. This framework was developed based on conversa�ons with industry experts and a 
literature review that informed an analysis of a range of investment opportuni�es in innova�ons within 
the hydrogen value chain. The framework func�ons in five steps: 

• Answer four key ques�ons corresponding to various investment criteria categories; 
• Refine specific investment criteria based on these answers; 
• Rank investment criteria from highest to lowest priority;  
• Iden�fy op�mal investment niches by using this paper’s internally developed opportuni�es 
heatmap; 
• Build a clean hydrogen innova�on investment thesis that targets the top-scoring niches. 

With plen�ful opportuni�es for innova�ve solu�ons for the produc�on, storage, transporta�on, 
transforma�on, and u�liza�on of clean hydrogen, investors are showing an appe�te for tapping into this 
space. These innova�ons hold the promise of revolu�onizing a variety of ac�vi�es within the hydrogen 
value chain to enable its use in tradi�onally Greenhouse Gas emissions (GHG)* intensive sectors.1  Yet, 
iden�fying the right opportuni�es within an emerging space could be challenging. 

Clean† hydrogen is an important lever in the decarboniza�on of the global economy‡, expected to 
account for roughly 10-12% of global annual energy use by 2050.2,3 To meet the levels envisioned by 
most global decarboniza�on scenarios4, 5, 6, low-carbon hydrogen produc�on and use in applica�ons 
where it replaces a higher emi�ng fuel or energy source needs to grow 100 �mes from today’s levels by 
2030.7 An es�mated total investment of $1 trillion8 would be required to reach this target; yet there 
remains a $430 billion gap between current commitments and what’s needed.9 Stronger investment 
frameworks like the one put forth in this paper could help narrow this gap by enabling investors to 
deploy capital where it maters to usher in the ubiquitous use of clean hydrogen across the economy. 

II. PROJECT OBJECTIVES 

Investment opportuni�es to bridge the gap between the current levels of clean hydrogen use and what 
is es�mated to be needed in a global net zero decarboniza�on scenario abound across the clean 
hydrogen value chain. However, many investors across the innova�on capital stack are struggling to cra� 
their investment thesis in this space in a way that best aligns with their investment philosophy and 
objec�ves, as it is both a fairly new space and opportuni�es are extremely varied. This paper aims to 
remedy this by providing a map of the clean hydrogen innova�on space and a framework tool that can 
be used by investors across the innova�on capital stack to beter understand the range of opportuni�es 

 
* CO2 is the primary greenhouse gas of concern in the case of hydrogen. Therefore, the rest of this paper will focus 
on CO2 emissions only.   
† Defined as low-carbon or zero-carbon hydrogen on a life-cycle basis. (See Clean hydrogen for more informa�on.) 
‡According to the Interna�onal Energy Agency (IEA)’s NetZero Emissions by 2050 Scenario (NZE), a normative 
scenario that shows a pathway for the global energy sector to achieve net zero CO2 emissions by 2050. Link: 
htps://www.iea.org/reports/global-energy-and-climate-model/net-zero-emissions-by-2050-scenario-nze  

https://www.iea.org/reports/global-energy-and-climate-model/net-zero-emissions-by-2050-scenario-nze
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and develop their clean hydrogen innova�on investment theses* based on key investment criteria and 
priori�es.  

The three main objec�ves of this project can be summarized as:  

1. Understanding the hydrogen market and clean hydrogen poten�al; 
2. Conduc�ng a landscape analysis of the investment opportuni�es in clean hydrogen innova�on; 

and 
3. Providing a framework tool for investors interested in making a bet on clean hydrogen 

innova�on.  

III. PROJECT METHODS 

This project employed three primary methods to develop a robust framework for inves�ng in clean 
hydrogen innova�on. 

The first step was a collabora�on with an impact-driven climate tech Venture Capital (VC) fund client to 
develop a tailor-made clean hydrogen innova�on investment thesis for them that would suit their 
specific needs and ambi�ons.  

Second, this project’s approach included a series of expert interviews. A spectrum of specialists across 
various sectors including investment firms, energy companies, startups, and governmental and academic 
ins�tu�ons shared their knowledge in semi-structured conversa�ons. These discussions provided diverse 
insights and a deep understanding of the industry's landscape. It should be noted that while the 
knowledge acquired through these conversa�ons informed the development of the clean hydrogen 
innova�on investment framework set forth in this paper, no personal interview references, direct quotes 
or specific data points are included in this paper. This is done at the request of the interviewees who 
wish to remain undisclosed.   

Third, a considerable amount of �me was also dedicated to a thorough of reports and papers from 
reputable organiza�ons such as the Hydrogen Council, the Department of Energy (DOE), the 
Interna�onal Energy Agency (IEA), the Interna�onal Renewable Energy Agency (IRENA), and others, to 
ensure that this study was not only comprehensive but also grounded in current market understanding 
and industry benchmarks. 

These methodologies made it possible to cra� a detailed and ac�onable framework for inves�ng in clean 
hydrogen innova�on, aligned with the industry's growth trajectory and global net zero aspira�ons. 

 

 
* Most commonly used in Venture Capital (VC) and Private Equity (PE), an investment thesis outlines a fund’s 
approach to using capital to generate returns and any other desired outcomes. It could be broad, at a por�olio 
level, or specific to a certain sector or ver�cal.  
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IV. HYDROGEN BACKGROUND 

1. Hydrogen as an important lever in global decarboniza�on 

Introduc�on  
In recent years and in light of global decarboniza�on commitments and net zero scenarios, hydrogen has 
gained increasing aten�on from both governments and the private sector as a poten�ally carbon-free or 
low-carbon alterna�ve to fossil fuels in some of the hardest sectors to decarbonize such as heavy 
industry, avia�on, and mari�me shipping. As the Interna�onal Energy Agency (IEA) put it, hydrogen “is 
an increasingly important piece of the net zero emissions by 2050 puzzle”.10 In their “Hydrogen for Net 
Zero” report11, the Hydrogen Council and McKinsey & Company es�mate that clean hydrogen can abate 
up to 80 gigatons of CO2 by 2050.*12 This is more than double what the world emits in a year – total  
global emissions in 2022 were 37.15 gigatons CO2).13  

However, many challenges remain in realizing this poten�al. The rest of this sec�on dives deeper into 
what hydrogen is, why it is touted as a poten�al clean energy source, the state of the hydrogen market 
now, and what it is projected to be in the future.  

Hydrogen proper�es  
Hydrogen has several inherent proper�es that make it an efficient and poten�ally carbon-free energy 
carrier or fuel. First, it is the simplest and most abundant chemical element in the universe14, making up 
approximately 75% of its mass.15 Its molecule (H2) is comprised of only two hydrogen atoms. On Earth, 
hydrogen is mostly found in its compound forms: water16 and hydrocarbons;17 although recent 
discoveries of hydrogen deposits in the Earth’s crust in 2023 may suggest a paradigm shi� in this mater. 

Addi�onally, hydrogen has a very high energy content by weight (gravimetric energy density) of 120 
MJ/kg18; in fact, the highest of any fuel (See Figure 1 below).19 Its gravimetric energy density also 
competes with that of bateries, making it a prime candidate for energy storage (See Figure 2 below).20 

 
* This is a cumula�ve number represen�ng an 11% contribu�on to the annual decrease in emissions from 2021 to 
2050 required for the world to remain on a path towards a 1.5-1.8C degree scenario. 
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Figure 1 Gravimetric Energy Density by Fuel21 

This is primarily due to its low density as a gas with a very small molecule and therefore, light weight, 
and high reac�vity with oxygen.22 In the words of Bill Gates, Founder, investor and Chair of the Board of 
prominent climate tech venture capital firm Breakthrough Energy Ventures, “Hydrogen is pure, reac�ve 
chemical energy.”23  

 

 

Figure 2 Energy density of hydrogen tanks and fuel cell systems compared to the energy density of 
bateries (2009)24 

Because of all of its proper�es, hydrogen is considered a very flexible or versa�le energy carrier25 – as 
seen in Figure 3, it has many current and poten�al applica�ons as a fuel, heat source, or feedstock.26 
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Some experts have gone as far as to call it “the Swiss army knife of decarboniza�on,”27 alluding to its 
versa�lity and myriad poten�al uses.28 

 

Figure 3 Summary of poten�al clean hydrogen applica�ons.29 Exis�ng uses are highlighted in grey. 

What makes hydrogen atrac�ve as a decarboniza�on lever, however, is the fact that unlike fossil fuels, it 
is a clean burning-fuel, meaning it burns without emi�ng CO2 or other greenhouse gases.*30 Therefore, 
it has the poten�al to be a clean energy source on a lifecycle basis (produc�on, use and disposal phase†), 
especially in applica�ons where electrifica�on is not possible.31 As a result, many decarboniza�on 
scenarios contemplate some par�cipa�on of hydrogen in the energy mix. For example, in its Net Zero by 
2050 scenario the Interna�onal Energy Agency expects 10% of the energy mix by 2050 to come from 
hydrogen.32   

Clean hydrogen 
However, while hydrogen doesn’t have emissions during its use phase,33 this is not always the case for 
the rest of its value chain, and most importantly, its produc�on phase. In other words, not all hydrogen is 
made equal. That is why, here we explore the most common hydrogen produc�on approaches in more 
detail to beter define “clean” hydrogen for the purposes of this study.  

Currently, there are two main hydrogen produc�on methods‡:  

 
* This is a simplifica�on to an extent because the high temperature, to which hydrogen heats up the surrounding air 
when it combusts, can generate NOx emissions higher than those of natural gas on an energy output basis. This 
local pollu�on issue is outside the scope of this study. Source: Douglas, C. et al. (2022). NOx emission impacts of 
hydrogen combus�on in gas turbines: A short paper. Georgia Ins�tute of Technology. Retrieved from 
htps://research.gatech.edu/sites/default/files/inline-files/gt_epri_nox_emission_h2_short_paper.pdf  
† Fossil fuels, for example, have emissions both in the produc�on and use phases, but the majority is in the use 
phase because of their burning and releasing CO2 in the atmosphere. 
‡ Extrac�ng geologic hydrogen from deposits in the Earth’s crust has emerged as a new poten�ally source of low-
carbon hydrogen in the last 6 months. However, as further studies are needed to determine its technical viability, it 
is excluded from the present analysis.  

Fer�lizers 
Fuel refining 
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• Steam methane reforming – separa�ng the hydrogen atom from the methane molecule (CH4). 
This is an example of extrac�ng hydrogen atoms found in fossil fuel compounds.  

• Electrolysis – spli�ng water (H2O) into hydrogen and oxygen via a technology called an 
electrolyzer.  

While the first process inherently emits carbon (C) as it separates the hydrogen (H) from the methane 
molecule (CH4), the only by-product of electrolysis is oxygen. However, it requires large amounts of 
energy to overcome the strong bond between the hydrogen and oxygen atoms within the water 
molecule.  Depending on the fuel used for genera�ng that energy (coal, natural gas, renewables, nuclear, 
etc.), the resul�ng hydrogen could be carbon-free through the point of produc�on (well-to-gate)34 or 
not.  

To facilitate the discussion around hydrogen and its associated produc�on methods, there is a commonly 
used color-coded terminology, according to which the process type and energy source determine the 
“color” of hydrogen. While there are many different hydrogen colors, the most commonly used ones are 
the following (Figure 4): 

 

Figure 4 Hydrogen produc�on pathways color code35 

For more details on each type of hydrogen, see the Appendix.  

The defini�on of “clean” hydrogen is complicated as it pertains to the intensity of carbon emissions 
associated with its produc�on and could refer to any range of low carbon or carbon-free hydrogen 
produc�on. Consequently, there is no clear consensus among the scien�fic, government, and business 
communi�es on which hydrogen produc�on pathways are clean. While most agree that green hydrogen 
falls into this category, the status of blue and pink hydrogen is more debatable as carbon capture and 
storage (CCS) does not eliminate 100% of the CO2 emissions and nuclear power has other poten�al 
environmental impacts. For the purposes of this study, innova�ons enabling both green and blue 
hydrogen are explored as viable low-carbon solu�ons of interest 
to climate tech investors.  

For the majority of the existence of a hydrogen market, it has 
been primarily grey and, in many cases, derived as a by-product 
from different opera�ons, such as naphtha crackers.36 This largely 
remains the case with 99.3% of global hydrogen produc�on in 
2022 being grey37 (95% in the US38) and only 0.1% and 0.6% blue 
and green respec�vely (Figure 5).  
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2. Hydrogen market trends 

Current state 
In 2022, the global hydrogen market reached 94 million metric tons* (Mt), a nearly 3% increase from 
2021,39 and was valued at $155 billion.40 

However, despite its poten�al as a clean fuel, hydrogen con�nues to be primarily u�lized as a commodity 
in two tradi�onal applica�ons: oil refining and ammonia fer�lizer produc�on. Together, these two uses 
account for more than 99% of the current global hydrogen demand with the remainder used in the steel 
industry (as a reducing agent) and for special applica�ons in other industries (Figure 6).41   

At the same �me, the growth of the clean hydrogen economy faces some headwinds. The uptake of 
hydrogen in new applica�ons such as heavy industry, fuels, and energy storage remains minimal, 
es�mated at 0.1% of global demand by the IEA.42     

 
Figure 6 Hydrogen use by sector and by region, historical and in the Net Zero43  

The US market follows a similar patern. A total of 11.4 million 
metric tons of H2 is currently consumed annually in the US, 
valued at approximately $17.6 billion,44 of which 77% is served 
by hydrogen from steam methane reforming and the remaining 
23% is a by-product from oil refining. Not only is hydrogen in the 
US not produced in a clean way, but the large majority is used in 
tradi�onal applica�ons (oil refining and ammonia and methanol 
produc�on), which themselves are heavy CO2 emiters (see 
Figure 7 for a full breakdown).45 

 

 
* A metric ton is a measurement unit equal to 1,000 kilograms and commonly used in the metric system as a 
measure of weight.  

Figure 7 US hydrogen market today (2020)44 
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Therefore, clean hydrogen adop�on across the economy has a long way to go to reach its full poten�al as 
a decarboniza�on lever both on the supply and demand sides. The challenge to scaling green and blue 
hydrogen produc�on is that both processes with exis�ng technologies (electrolyzers and carbon capture 
and storage) are very energy intensive and consequently, not cost compe��ve with steam methane 
reforming. Addi�onally, as previously noted, hydrogen is a gas with a very small molecule, which 
accounts for its very low volumetric energy density, i.e. energy content by volume. These characteris�cs 
contribute to many challenges associated with its transporta�on and storage* and add to its overall cost.  

As a result, many experts have proposed a target price for hydrogen (produced, delivered, and 
dispensed) of $1/kg.46 Current price es�mates as of December 2023 for green hydrogen on an LCOH 
(levelized cost of hydrogen) basis are about 4.5 to 6.5 USD/kg.47 This is about 30-65% higher than 
previously es�mated in May 2023 due to interest rate hikes affec�ng the capital expenditure cost of 
hydrogen projects.48 According to the DOE National Clean Hydrogen Strategy and Roadmap, published in 
June 2023, demand could be expected to reach the levels illustrated in Figure 8 in each sector if clean 
hydrogen was available at the corresponding threshold price from the figure. That amounts to a total of 
between 23 million metric tons and 50 million metric tons in annual demand in the US in a base case and 
high demand scenario respec�vely if the H2 $1/kg price target is reached.49 

 
Figure 8 Expected hydrogen demand at different hydrogen price levels in the US  

Given the gap between where the hydrogen market is, and where it needs to be to meet ambi�ous 
global Net Zero targets, both governments and private capital con�nue to invest hundreds of billions of 
dollars in all stages of the hydrogen produc�on process. The following three sec�ons discuss the 
investments made by governments and private industry to close the gap within the hydrogen market. 

Government support 
Recognizing hydrogen’s poten�al as a clean fuel and the need to bring the cost of clean hydrogen down 
to compete with tradi�onal (grey) hydrogen50, 52 country governments have developed hydrogen 
strategies to boost clean hydrogen produc�on. 51 In total, their targets would add up to between 20.4 
million tons and 40 million tons by 2030† (Figure 9).52  

 
* This is going to be explored in more detail in the Opportuni�es sec�on of this report. 
† Compared to a litle over half a million tons (658,000 tons) or 0.7% of the 94 million metric tons consumed in 
2022 (Source: IEA Hydrogen Insights 2023).  
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Figure 9 Countries with hydrogen policy support as of October 2022* 53 

In addi�on to policy support, many governments have also allocated hydrogen subsidies to jump start 
the hydrogen economy. In 2023, hydrogen subsidies jumped more than 43% year over year globally 
reaching $280B with growth in all regions’ commitments (see Figure 11).54 On a global scale, the 
Americas lead the charge with $155B (Figure 11) in subsidies, $137B of which are in the US (Figure in the 
Appendix). 

 
Figure 10 Funding for hydrogen† by announcement year and region, as of August 202355 

 
* Considers policies in place, in prepara�on and ini�al policy discussions. 
† Includes funding schemes that are announced and in force. Includes tax credits, grants, research and 
development funding, contracts for difference and fixed premium subsidy mechanisms. Excludes loans, loan 
guarantees and funding for fuel-cell passenger vehicles. Funding from US Infla�on Reduc�on Act tax credits for 
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Most available subsidies are in the form of tax credits, followed by grant programs and R&D funding. 
Fixed premiums and contracts for difference that guarantee a set addi�onal payment to producers or 
suppliers of clean hydrogen, over and above the market price, thereby ensuring a consistent revenue 
stream, are another two mechanisms used by some countries, but are very infrequent (see Figure 11).  
 

 
Figure 11 Global Hydrogen Subsidy Mechanism Types (As of August 2023)56 

More informa�on on the different policies and subsidies employed by countries around the world can be 
found in the Appendix. 

Private investment in hydrogen projects 
These programs and incen�ves have helped derisk some clean hydrogen technology and value chain 
ac�vi�es and atract aten�on from several classes of private investors. Most notably, technologies such 
as electrolyzers have reached a level of maturity that allows their commercial-scale adop�on.57 
Addi�onally, many industry players have been pursuing the build-out of infrastructure for the 
produc�on, storage and transporta�on of hydrogen. For example, companies that have synergies with 
hydrogen such as u�li�es, independent power producers, developers, and oil & gas majors (e.g. 
Dominion, AES, Nextera, ExxonMobil), among others, have announced investments in hydrogen projects 
that span the value chain from produc�on to distribu�on and delivery. There was a pipeline of projects 
for 174 million tons of H2 annual produc�on by 2050 (as of September 22, 2023).58 More detail can be 
found in Figure 12 below. 

 
hydrogen and carbon capture and storage es�mated based on the announced hydrogen project pipeline as of 
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Figure 12 Cumula�ve clean hydrogen supply pipeline of proposed by developers as of September 22, 

202359 

However, produc�on capacity and infrastructure build-out projects are usually financed through project 
finance vehicles such as debt and use exis�ng technologies. Therefore, they are outside the scope of this 
study and its intended target audience, innova�on investors.  

Innova�on 
Significant amounts of private capital have been flowing into hydrogen technology innova�on as well.  

For example, hydrogen was the second largest clean tech sector by total cumula�ve deal amount in 
2022, according to a PitchBook report.60 There were 148 Venture Capital (VC) deals for a total deal value 
of $3.2 billion.61 Companies that received funding included Monolith, Sunfire, Electric Hydrogen, TES, 
Guofuhee, Universal Hydrogen, Amogee, FE Fuel, and Syzygy Plasmonics.62   

When it comes to clean hydrogen innova�on, making the produc�on of clean hydrogen more efficient 
and cost effec�ve has received by far the most aten�on from governments and investors alike. 
Electrolyzer investment has been significant and growing since 2018 (see Figure 13). As a result, there 
has been a prolifera�on of electrolyzer innova�ons over the past decade.  
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Figure 13 Venture and Growth Investments in Deep Tech (2018-Q3 2023)63 

Addi�onally, there is also ongoing innova�on work in all parts of the hydrogen value chain to enable a 
fully robust, safe, and cheap hydrogen economy at scale. This creates many opportuni�es for investors to 
get involved.  

Projected growth 
The global hydrogen market is expected to increase significantly in the coming years driven by 
decarboniza�on targets and poli�cal support spurring a surge in its use in new applica�ons. According to 
the 2023 edi�on of IEA’s Net Zero Emissions by 2050 Scenario (NZE Scenario), the global demand for 
hydrogen for new applica�ons is expected to grow by 6% annually un�l the end of the decade.64 This 
would entail reaching more than 150 Mt of hydrogen use by 2030, of which at least 40% will be for new 
applica�ons,65 and 500* million metric tons by 2050.66  

This projected demand for hydrogen is illustrated in Figure 14 below.  

 
* Other es�mates go as high as 615 million metric tons. Source: Interna�onal Renewable Energy Agency (IRENA). 
(2022). Global hydrogen trade to meet the 1.5°C climate goal: Part I - Trade outlook for 2050 and way forward. 
htps://www.irena.org/-
/media/Files/IRENA/Agency/Publica�on/2022/Jul/IRENA_Global_hydrogen_trade_part_1_2022_.pdf 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jul/IRENA_Global_hydrogen_trade_part_1_2022_.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jul/IRENA_Global_hydrogen_trade_part_1_2022_.pdf


16 
 

 
Figure 14 Projected Hydrogen Market Growth* 

V. INVESTMENT OPPORTUNITIES IN CLEAN HYDROGEN INNOVATION 

To capitalize on this enormous opportunity to bridge the gap between the current state of the hydrogen 
market and its projected 2030 and 2050 levels, investors can consider backing innova�ons along the 
en�re clean hydrogen value chain. Each phase of the clean hydrogen value chain faces its own set of 
unique challenges and consequently, presents a variety of investment opportuni�es to tackle them (see 
Figure 15). This sec�on examines the challenges and poten�al for innova�on  within each stage of the 
value chain. 

 
Figure 15 The clean hydrogen value chain 

 
* The 2030 hydrogen market value of $240 billion assumes global hydrogen consump�on slightly below the 
projected, at 120 Mt by 2030, split up into 2/3 grey hydrogen and 1/3 green with an average price of $3/kg. In 
2050, that figure could reach $750 billion with 500 Mt green hydrogen produc�on at $1.50/kg. 
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1. Produc�on 

Making the produc�on of clean hydrogen cost compe��ve with tradi�onal grey hydrogen was the first 
big hurdle to the commercial li�-off of clean hydrogen67 that many entrepreneurs and investors alike 
flocked to solve. As a by-product and a commodity, the cost of grey hydrogen has tradi�onally been very 
low ($0.98-$2.93 per kilogram H2),68 while blue hydrogen costs $1.8-$4.7 per kilogram and green $4.5-
$12 per kilogram (as of August 2023).69 Both green and blue hydrogen have therefore been selling at a 
premium.  

That is why, for a long �me, the focus was en�rely on bringing the levelized cost of hydrogen (LCOH) 
down by innova�ng around the two technologies for clean hydrogen produc�on: electrolyzers and 
carbon capture and storage (CCS).  

Electrolyzers  
Electrolyzers are the main technology used to produce green and pink hydrogen.  

Electrolyzers work by spli�ng the water molecule, which is comprised of two hydrogen atoms and one 
oxygen atom (H2O), into its building blocks. This produces hydrogen and releases oxygen as a byproduct. 
There are three common types of electrolyzers:  

• Alkaline water – longest history, cheaper catalysts, most commonly used; 

• PEM (Proton exchange membrane) – dis�nguished by its ability to operate at high current 
densi�es, which makes it uniquely suitable for some applica�ons. For example, when coupled 
with renewables, it can u�lize any sudden spikes of energy input; 

• Solid oxide – most recent tech, uses less electricity but is further from maturity. 

Each electrolyzer type is most suitable for slightly different applica�ons. More details on electrolyzer 
types are provided in the Appendix.  

Alkaline electrolyzers have existed for ammonia produc�on with hydropower since the 1920s.70 While 
some companies con�nue working on electrolyzer improvements such as scale (capacity), different 
membrane materials, and anodes, among others, companies such as AirLiquide, Nel, and others have 
almost reached maturity.71 Innova�on investment opportuni�es in this space have therefore shi�ed 
from early-stage VC to late-stage VC, PE and industry players.72   

Four devices and materials companies that produce green hydrogen (b.spkl, Evoloh, QD-Sol, Sungreen 
H2) and five alterna�ve fuel companies (Dimensional Energy, Koko, Networks, Metafuels, Nium) were 
included in the October 2023 edi�on of the “Cleantech 50 to Watch” by Cleantech Group, making a 
significant percentage of the overall growth in cleantech for the year.73  

Carbon Capture, U�liza�on and/or Storage (CCUS) 
Carbon capture and storage/sequestra�on (CCS) or carbon capture, u�liza�on and storage (CCUS) is 
required for low carbon blue hydrogen produc�on. There is an opportunity to invest in innova�ons in 
efficient carbon capture technology development as a result. Innova�ons in this space are par�cularly 
atrac�ve to oil and gas majors and tradi�onal energy companies because it would allow them to 
capitalize on their re�red oil and gas wells as storage for the captured CO2, in addi�on to being able to 
con�nue producing hydrogen as a byproduct of natural gas. Notably, companies like Exxon Mobil are 
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already developing this approach both for their own opera�ons and as a service to heavy industry 
customers.74 They have the advantage of the already exis�ng extensive CO2 pipeline network of over 
1,500 miles and 15 onshore storage sites75 76 along the Gulf Coast including in Louisiana, Texas and 
Mississippi, originally designed to move CO2 for enhanced oil recovery, and can now be u�lized for 
carbon capture and storage in these largest U.S. markets for CO2 emissions77. The Gulf Coast is made 
even more atrac�ve for blue hydrogen produc�on by the presence of more than 1,000 miles of 
dedicated hydrogen pipelines.78  

Some prominent carbon capture, use and storage companies to watch (from Cleantech 50 to Watch 
October 2023)79 include bluemethane, blusink, Mission Zero, Octavia Carbon, Arca and Vesta. 

Hydrogen hubs 
Another avenue for bringing down the cost of produced and delivered clean hydrogen is innova�ng on 
the business model by co-loca�ng produc�on facili�es with cheap renewable energy genera�on sources. 
This concept of hydrogen hubs, with the support it has received from government funding, has boosted 
the pipeline for clean hydrogen produc�on by 2040 to 174 million tons (see Figure 12).80 These hub can 
boost the demand for technologies such as electrolyzer and carbon capture and storage, but do not 
directly atract innova�on investors.  

Overall, the produc�on of hydrogen is the most mature segment within the clean hydrogen value chain 
with government backing and interest from large corpora�ons. 

2. Transporta�on & storage 

While the cost-effec�ve produc�on of clean hydrogen may be reaching a �pping point, important 
challenges in the storage and transporta�on of hydrogen remain. What is more, there is less of a 
consensus among the scien�fic and business communi�es on the most promising route to solving them. 
As a result, there are a range of opportuni�es for investment in finding solu�ons to these challenges (see 
Figure 16 for the range of opportuni�es). 

 
Figure 16 Different opportuni�es in the transporta�on and storage ecosystem 
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Challenges for the transporta�on and storage of hydrogen 
Importantly, challenges related to the storage and transporta�on of hydrogen stem from its inherent 
proper�es as a chemical element.  

First, because of hydrogen’s low volumetric energy density at atmospheric pressures and temperatures, 
it requires a significant amount of physical space to store and transport in its gaseous form. That means 
that it requires a larger storage and transporta�on network to move an amount of energy comparable to 
that of the exis�ng natural gas network.  Alterna�vely, it could be compressed or liquified to be able to 
transport it by specialized trucks, storage tanks, pipelines and ships. However, this requires large 
amounts of energy to create high pressure and/or very low temperatures. Finally, it could be 
transformed chemically into other materials such as ammonia (which has its own challenges) or 
ethanol81 before transporta�on. 

Second, due to the small size of its molecule and how reac�ve it is with oxygen, leakages and safety are 
also major concerns in handling hydrogen. Special storage and transporta�on vessels or pipelines and 
sensors are needed to ensure safety at all �mes and avoid hydrogen embritlement*.  

For all of these reasons, currently, it is very costly to store and transport hydrogen, and, therefore, it is 
only transported over short distances or produced on-site for use in niche applica�ons. Transporta�on 
via pipelines and tankers, while theore�cally possible, has rarely been put into prac�ce. Innova�ons that 
provide a solu�on to these challenges are a great poten�al investment opportunity.  

System perspec�ve 
From a system perspec�ve, this energy-intensive and expensive solu�on to the transporta�on and 
storage of hydrogen is only possible because grey hydrogen is a cheap commodity.  

That is why building infrastructure for the transporta�on and distribu�on of hydrogen, and developing 
new technologies that could poten�ally reduce the associated cost, are key levers for the wide-spread 
commercializa�on of clean hydrogen.  

The Hydrogen Council and McKinsey es�mate that a total of $430 billion in infrastructure investment are 
required to meet the IEA Net Zero scenario hydrogen par�cipa�on. Based on the announced projects, 
there is a gap of $210 billion in infrastructure funding – the largest gap between required and commited 
investments within the clean hydrogen value chain.82 

This is a tremendous opportunity for several different types of investors: 

• Adap�ng exis�ng natural gas transporta�on and storage infrastructure, building out hydrogen 
infrastructure, and colloca�ng hydrogen produc�on with renewable resources and off takers in 
the short to medium term – best suited for infrastructure and scale investors, o�en project 
investors like banks, O&G majors, and energy companies, and government funding; 

 
* Making metal pipes and vessels britle by infiltra�ng their pores thanks to the extremely small size of hydrogen 
molecules. Source: Dwivedi, S. (2018). Hydrogen embritlement in different materials: A review. Retrieved from 
htps://www.researchgate.net/profile/Sandeep-Dwivedi-
4/publica�on/328526701_Hydrogen_embritlement_in_different_materials_A_review/links/5c406482458515a4c7
2c36e3/Hydrogen-embritlement-in-different-materials-A-review.pdf  

https://www.researchgate.net/profile/Sandeep-Dwivedi-4/publication/328526701_Hydrogen_embrittlement_in_different_materials_A_review/links/5c406482458515a4c72c36e3/Hydrogen-embrittlement-in-different-materials-A-review.pdf
https://www.researchgate.net/profile/Sandeep-Dwivedi-4/publication/328526701_Hydrogen_embrittlement_in_different_materials_A_review/links/5c406482458515a4c72c36e3/Hydrogen-embrittlement-in-different-materials-A-review.pdf
https://www.researchgate.net/profile/Sandeep-Dwivedi-4/publication/328526701_Hydrogen_embrittlement_in_different_materials_A_review/links/5c406482458515a4c72c36e3/Hydrogen-embrittlement-in-different-materials-A-review.pdf
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• Technologies that will revolu�onize the safer and cheaper handling of hydrogen in the medium-
to-long term – most atrac�ve to early-stage to late-stage VC investors, angel investors and 
impact investors. 

3. Transforma�on & u�liza�on 

Despite the countless poten�al applica�ons of clean hydrogen, as already men�oned, 99% of the 
exis�ng market in 2022 globally and in the US remains from tradi�onal users, namely oil refining and 
ammonia produc�on (see Figure 6 and Figure 7). Enabling the demand side for clean hydrogen is a 
significant factor in aiding it to reach its full poten�al.  

Opportuni�es in the transforma�on and u�liza�on of clean hydrogen are as many as its prac�cal and 
theore�cal applica�ons. For a more structured approach to exploring these opportuni�es, this research 
focused on the three avenues by which hydrogen can be u�lized as a clean energy source*:  

1. Direct combus�on – as a subs�tute (or blended with) natural gas and other fossil fuels directly. 
Applica�ons include industrial processes that require high heat such as cement, steel, aluminum, 
etc. 

2. Fuel cells – to generate an electric current from the energy stored in hydrogen. This can func�on 
as energy storage, for power genera�on, or in fuel-cell vehicles (passenger and light- and heavy-duty 
trucks) 

3. Power-to-X – hydrogen can be used as an input to produce e-fuels or synthe�c fuels that can also 
act as drop-in fuels to replace fossil fuels such as gasoline, diesel, etc.  

 

Figure 17 Power-to-X: Carbon neutral fuels83 

As seen in Figure 18 below, the most promising applica�ons of clean hydrogen, are in heavy industry 
where it can be used to generate high heat via combus�on, and as a fuel or as a feedstock to other 

 
* Addi�onally, hydrogen can be used as an input to the chemical and pharmaceu�cal industries for many non-
energy applica�ons. These are outside of the scope of this study.  
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sustainable fuels (Sustainable Avia�on Fuel (SAF), green ammonia, etc.) for long-haul trucking, mari�me 
shipping and avia�on.  

 
Figure 18 Poten�al hydrogen applica�on and decarboniza�on poten�al.84 

VI. FRAMEWORK FOR INVESTING IN CLEAN HYDROGEN INNOVATION 

This sec�on seeks to provide specific guidance to investors who are looking to finance clean hydrogen 
innova�on based on their profile and priori�es such as risk appe�te, return expecta�ons, and other 
investment objec�ves. The framework and process are designed to help investors develop their 
individual clean hydrogen investment theses according to their unique profile and needs. 

The capital stack for clean hydrogen technology varies depending on the development stage of the 
technology (R&D, Pilot or FOAK, Scale-Up or NOAK, and Growth). Figure 19 below illustrates a 
hypothe�cal capital stack, which would not be atypical for technology innova�on in a space such as 
clean hydrogen with all its complexi�es and challenges as discussed in previous sec�ons.  
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Figure 19 Hypothe�cal Capital Stack for Clean Hydrogen Innova�on by Development Stage (Generated 
with the help of AI) 

This framework is relevant for innova�on investors across the capital stack up to FOAK, poten�ally 
excluding grants and subsidies providers.  

1. Investor Types 

Investors across the capital stack for clean hydrogen innova�on and in par�cular, early-stage innova�on, 
or pre commercial scale-up, can benefit from this framework. This development phase was chosen as 
the focus of this study because it is the most crucial and unique to climate tech. Many of the 
technologies addressing challenges in the clean hydrogen value chain can be considered “tough tech”, a 
term popularized by The Engine85, a venture capital firm founded by MIT in 2016. It refers to 
technologies that address significant global challenges, o�en requiring long-term development and 
substan�al capital, involving advanced scien�fic and engineering innova�ons. The most challenging 
development stage for those is in-between tes�ng a lab-scale pilot and installing a first-of-a-kind (FOAK) 
commercial scale pilot before fully derisking the technology at scale.  
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Figure 20 Distribu�on of some climate tech investors' par�cipa�on across financing rounds in H1 202386 

The four main categories of investors who would find this framework useful include: cataly�c 
capital/impact VC funds, tradi�onal early and late-stage VC funds, strategic corporate investors, and, to a 
lesser extent, financial ins�tu�ons. The framework reflects the different interests and approaches that 
these investors could have. Based on 25 personal semi-structured interviews with representa�ves from 
each group and a literature review, below are summaries of each group’s interests and how they might 
align with innova�on investment stages in climate tech and clean hydrogen technologies.  

a. Cataly�c capital/impact angel investors, VC funds and PE/buyout firms 
These investors (e.g. Breakthrough Energy Ventures, Autodesk Founda�on) o�en priori�ze investment 
opportuni�es in new technologies based on their poten�al to abate/avoid emissions in hard to abate 
sectors where it truly counts (see Figure 18). Their main objec�ve is to achieve a very high posi�ve 
impact on climate commitments, usually are open to a longer �me horizon, and projected returns are a 
secondary considera�on. In climate tech, these investors o�en back companies to achieve milestones 
such as ini�al lab tests and first-of-a-kind (FOAK) commercial-scale facility or project.  

PE or buyout firms provide private equity capital, which usually comes in during growth financing 
rounds. However, because of tough tech’s heavy capital requirements and longer development cycles, 
which include the FOAK to NOAK phase or the so-called “valley of death”87, there could be space for 
more impact-focused PE firms to come in pre growth. An example is Core Sustainability Capital, Danish 
firm founded in 2022. It seeks to make impact investments in renewable energy and other climate 
technology sectors.88  

These investors would want to focus on disrup�ve technologies for clean hydrogen that have the 
poten�al to accomplish a paradigm shi� in hard-to-abate industries such as steel, cement, and avia�on.  
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Figure 21 H2 Green Steel Case Study89 

b. Tradi�onal VCs 
More tradi�onal VCs normally look for technologies that are on the brink of commercial-scale 
deployment and can be expected to make returns within 10 years (usually through an exit such as an 
Ini�al Public Offering (IPO) or an acquisi�on).90 Within the clean hydrogen innova�on space, 
opportuni�es that fit this profile support improvements in the cost compe��veness of electrolyzer 
technology and improvements to exis�ng methods for the transporta�on and use of hydrogen such as 
sensors, beter storage tank materials, and so�ware for monitoring and tracking. These technologies 
have been developing over the past decade and are about to reach a �pping point for commercial-scale 
adop�on with growing government support. 

 
Figure 22 TDK Ventures Case Study91,92, 93 

c. Strategic corporate investors 
This category of investors encompasses companies whose business models could have synergies with 
hydrogen, such as a distributor, OEM, off-taker, or end user, for example. By inves�ng in clean hydrogen 
technology innova�on, these investors typically aim to ensure access to it once it’s been sufficiently 
derisked. Strategic corporate investors could be energy companies in different parts of the energy 
ecosystem, such as developers, owner operators, or tradi�onal ver�cally integrated u�li�es (e.g. AES, 
NextEra, and Dominion Energy), oil & gas majors (e.g. Shell, ExxonMobil), automo�ve and aerospace 
manufacturers, airlines, cement, steel, and aluminum producers, and others. 

For example, the venture arm of an avia�on company would want to bet on technologies or 
infrastructure that would enable cheap and accessible hydrogen-based sustainable avia�on fuel such as 
by Air Company and Universal Hydrogen. 

   

Case Study: H2 Green Steel 
H2 Green Steel is a Swedish hydrogen steelmaker working toward building the world’s first large-scale 
green steel plant (use of hydrogen). Their capital raised since 2021 includes both debt and equity for 
close to $11 billion across 35 investors (as of January 22, 2024). Investors span the whole gamut of 
investor types: impact and tradi�onal venture capital, PE, government, angel, corporate VC funds and 
strategic investors, asset managers, sovereign wealth funds, infrastructure fund, and a lender. For 
example, their most recent round was co-led by Altor, GIC, Hy24, and Just Climate.   

Case Study: TDK Ventures 
TDK Ventures, the venture arm of industrials company TDK, invested in Verdagy in 2022 for their 
“scalable, low-cost approach to hydrogen electrolysis.” Verdagy is a developer of electrolyzer 
technology that can reach 200 MW scale with patents pending on improvements of various 
electrolyzer components and aspects. As of April 2024, Verdagy already has secured a contract for 
the supply of electrolyzers to Doral Renewables to be used by the developer in commercial-scale 
projects through 2030. This investment falls within the Produc�on phase of the hydrogen value chain 
as discussed in the Investment opportuni�es in clean hydrogen innova�on sec�on of this report. 
Despite TDK Ventures par�cipa�ng in a Series A funding round, the technology was already close 
enough to maturity to be deployed commercially only a couple of years later.   
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Figure 23 Case Study ExxonMobil and blue hydrogen produc�on and distribu�on in Texas94 

Some of these investments could poten�ally have a limited climate impact if innova�ons target only 
exis�ng non-decarbonized users of hydrogen (oil refineries and ammonia producers) and prefer low-
carbon (but not carbon-free) op�ons for their compa�bility with exis�ng infrastructure. Nonetheless, 
projects that are built with these types of technologies, may s�ll be eligible for government incen�ves in 
the US, which are based on the level of CO2/kg of hydrogen produced.95  

Most corporate investors, however, would fall outside of the innova�on funding realm that is the central 
focus of this study and invest instead in large-scale projects with proven technologies from companies 
like Nel Hydrogen, Plug Power, and BLOOM. For that reason, many of the short-listed Hydrogen Hub 
proposals slated to receive DOE funding are an atrac�ve opportunity for this type of investor.96 

d. Financial Ins�tu�ons  
Financial ins�tu�ons could include lenders and debt providers, asset managers, ins�tu�onal investors 
such as pension funds, sovereign wealth funds, and others. These organiza�ons will typically provide 
loans or other debt financing instruments to specific projects that can show evidence of future cash 
flows. For this type of investor, mature technology with commercial scale and an experienced project 
developer and operator in charge are key. That is why they represent a very small share of the clean 
hydrogen innova�on capital stack but can par�cipate in it albeit in rarer instances.  

While not the focus of this study, for a quick comparison’s sake, these are the important metrics for 
investors in hydrogen projects iden�fied via an analysis of large-scale green hydrogen projects that have 
successfully secured financial commitments conducted by Liz Mullen97:  

• Levelized Cost of Hydrogen (LCOH) – includes electrolyzer CAPEX, renewable electricity OPEX, 
u�liza�on rate, and financial considera�ons such as the discount rate and debt to equity ra�o of 
the project98 

• Strong public sector support – na�onal hydrogen strategies and market incen�ves (low-cost 
loans, tax credits, or grant programs)99 

• Access to renewable energy resources, geologic storage, and access to water and raw 
materials100 

• Guaranteed off-taker101 
• Experienced developer102 

Government grants and infrastructure investors are not included for various reasons.   

2. Five-step process 

 

Case Study: ExxonMobil and blue hydrogen produc�on and distribu�on in Texas 
Oil and gas major ExxonMobil can sell its natural gas to blue hydrogen produc�on facili�es and, at 
the same �me, use exis�ng CO2 pipeline infrastructure and re�red oil or natural gas wells to 
transport and store CO2 captured from the same facili�es. That is why the proposed Hydrogen 
Hub in Texas (HyVelocity Hub) relies primarily on blue hydrogen genera�on (80%) and only 20% 
green hydrogen. 
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Developed using the informa�on collected throughout this study, this tool can help investors develop 
their investment theses for clean hydrogen innova�on. The five-step process to using this framework is 
summarized in Figure 24.  

 
Figure 24 Process for u�lizing the framework to build an investment thesis for clean hydrogen innova�on 

The first and second steps require investors to answer four key ques�ons and refine the underlying 
specific investment criteria (summarized in Table 1) to ascertain their strategic investment approach. 
Category ques�on number 1 pertains to the desired atributes of a technology in which to invest. 
Considera�ons include the technological maturity and its capital intensity —essen�ally, the extent of 
financial resources required for its development. For instance, so�ware solu�ons generally demand 
minimal capital investment, while the development of a novel power genera�on technology such as a 
fusion nuclear reactor entails a significantly higher financial commitment. Subsequently, the investor 
must assess their investment profile in rela�on to their desired clean hydrogen innova�on bet (ques�on 
2). This includes the investment horizon or the �meframe within which a return is an�cipated; the 
expected magnitude of the return; and the check size that the investor is prepared to allocate to each 
investment venture. Moreover, the investor ought to deliberate on the desired degree of climate impact 
of their investments, ranging from a substan�al to a moderate contribu�on towards decarboniza�on. 
The final considera�on in this step involves iden�fying specific challenges (if any) within the hydrogen 
sector that the investor is par�cularly keen to address. This ques�on is op�onal and could be informed 
by insights from the three previous ones.  

The ques�ons and criteria are summarized in Table 1 below:  
 

Category Criteria 
1 What tech characteris�cs are they looking for in an 

investment? 
• Maturity 
• Capital requirements 

2 What is their overall investment philosophy and 
profile? 

• Investment horizon 
• Expected returns 
• Check size 

3 What level of climate impact are they looking for?  • Decarboniza�on poten�al (CO2) 

4 What hydrogen-related challenge are they trying to 
solve? 

• Lowering the cost of produc�on 
• Scaling produc�on 
• Enabling transporta�on/storage 
• Enabling u�liza�on 

Table 1 Four category ques�ons that investors need to answer in step 1 of the process 

St
ep

 1

Answer 4 key 
questions 
corresponding to 
investment 
criteria 
categories

St
ep

 2
Refine specific 
investment 
criteria based on 
answers

St
ep

 3

Rank investment 
criteria from 
highest to lowest 
priority

St
ep

 4

Identify optimal 
investment 
niches by using
this paper’s 
internally 
developed 
opportunities 
heatmap

St
ep

 5

Build a clean 
hydrogen 
innovation 
investment 
thesis that 
targets the top-
scoring niches
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Once the investor has defined their criteria list, they can proceed to organize the list in order of priority 
from highest to lowest. This step ensures that if two or more criteria point to conflic�ng investment 
niches, they can easily be resolved. 

These criteria across four dimensions translate directly to the heatmap of clean hydrogen innova�on 
opportuni�es developed as part of this project (Figure 25). The heatmap scores prospects across the 
hydrogen value chain on their alignment with these criteria. Step four entails u�lizing this heatmap to 
iden�fy the specific hydrogen niches that best match the investor’s priority criteria.  

 
Figure 25 Opportunity heatmap – investment thesis building tool 

Finally, based on these results, the investor can build their investment thesis for clean hydrogen 
innova�on that targets the iden�fied niches. The complete five-step process for using the framework is 
illustrated in Figure 24 and the heatmap – in Figure 25.  

3. Case Study 

To help illustrate the prac�cal applica�on of this framework, we consider the following case study.   
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Figure 26 Case Study on the use of the framework for inves�ng in clean hydrogen 

This case study serves as an example of how a company might employ this analy�cal framework. 
However, in prac�ce, any fund or investor can adapt it to their unique priori�es. By answering the ini�al 
set of strategic ques�ons, they can formulate a tailored investment thesis.  

VI. CONCLUSION 

Driven by the key role it is expected to play in global decarboniza�on and government support around 
the world, clean hydrogen presents many opportuni�es for a variety of investors. Clean hydrogen 
innova�on investors across the capital stack can u�lize the opportunity heatmap and investment thesis 
building process in this paper to iden�fy specific value chain phases or technologies that they are best 
suited to support. With this framework at their disposal, investors can both capitalize on the clean 
hydrogen technology innova�on opportuni�es and at the same �me contribute to building and scaling 
the hydrogen economy of the future to reach our societal net zero target of 2050. 

Case Study: Corporate Impact Climate Tech VC Fund  
A philanthropic corporate climate tech VC fund interested in deploying cataly�c capital in clean 
hydrogen innova�on was the client at the start of this project that was able to use this framework to 
build their investment thesis in this space.  
 
First, based on their primary objec�ve as a philanthropic fund, they recognized that climate impact 
takes precedence. Using the hydrogen innova�on’s capacity for decarboniza�on as the principal 
criterion of significance, the heatmap revealed that the most substan�al poten�al lies in the 
transforma�on and u�liza�on of hydrogen, alongside certain storage and transporta�on 
innova�ons, and less so in nascent produc�on technologies. In second place, in terms of maturity, 
their investment interest gravitates towards early-stage technologies, which dovetails with their 
overarching impact thesis and therefore points to similar opportuni�es when using the heatmap. 
These results crystalized in a pronounced interest in solving certain challenges in the clean hydrogen 
value chain such as enabling its transporta�on and storage, and u�liza�on.   
 
This evalua�on allowed for a concise ar�cula�on of the fund’s investment thesis. Given the 
significant exis�ng investment in produc�on, and the maturity that such technologies have already 
achieved, it would be strategic for them to pivot away from inves�ng in produc�on technologies. 
When considering transporta�on and storage, numerous innova�ons appear to offer only 
incremental enhancements over exis�ng technologies, which do not align with the fund’s vision. 
Their focus should, therefore, be directed towards pioneering innova�ons that have the poten�al to 
substan�ally impact decarboniza�on efforts and scalability. Furthermore, in the sphere of hydrogen 
applica�ons, emphasis should be placed on transforma�ve uses beyond ammonia produc�on and 
oil refining. In summary, this fund should target groundbreaking innova�ons in hydrogen 
transporta�on and storage, as well as technologies that enable clean hydrogen's applica�on across 
various industries. 
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VII. APPENDIX 

Hydrogen Glossary 

Term Defini�on 

Energy content by 
weight 

highest energy content of any common fuel by weight (about three �mes more 
than gasoline). 

Energy density Energy content by volume. 

Energy carrier  Energy carriers are different from energy sources. They transport energy in a 
usable form from one place to another but need to be produced (or 
separated). Can be used as a source of energy or fuel.   

Flexible (energy carrier) An energy carrier that can be used in a variety of ways for many different 
applica�ons. Synonym: versa�le.  

Drop-in fuel A subs�tute to tradi�onal fossil fuels that does not require infrastructure 
modifica�ons.  

Synthe�c fuel/E-fuel Iden�cal to fossil fuels but chemically manufactured from inputs such as 
methanol, hydrogen, etc.   

Power-to-X Conver�ng power (electricity) to an energy carrier, for example Power-to-
Liquid is using electric power to produce a liquid fuel.  

Table 2 Hydrogen Glossary 

Colors of hydrogen 

Produc�on 
Technology 

Color Defini�on Carbon 
Intensity 

M
et

ha
ne

 st
ea

m
 

re
fo

rm
in

g 

Grey Produced through methane steam reforming without 
carbon capture or storage (CCS). Some�mes coal 
gasifica�on is also called grey, but in this report, we are 
using “brown” to refer to coal gasifica�on.  

High 

Blue Same as grey hydrogen but the carbon dioxide is 
captured and stored through carbon capture and 
storage (CCS) technology. 

Moderate 

El
ec

tr
ol

ys
is Green Produced through spli�ng water with an electrolyzer 

technology while using renewable energy (solar, wind, 
hydro) to power the electrolyzer 

Low 



30 
 

Pink Produced through spli�ng water with an electrolyzer 
technology while using nuclear energy to power the 
electrolyzer 

Low 

Yellow A subtype of green hydrogen marked by the use of 
solar power exclusively for the electrolyzer’s energy 
needs 

Low 

Co
al

 
G

as
ifi

ca
�o

n Black103 Coal gasifica�on which uses bituminous coal as the 
input and inherently emits CO2. 

High 

Brown104 Coal gasifica�on which uses lignite as the input and 
inherently emits CO2.  

High 

O
th

er
 

White 
(some�mes 
Gold) 

Naturally occurring hydrogen extracted from the 
Earth’s crust. Historically considered limited. Recently 
discovered deposits of poten�ally “billions to 
quadrillions of metric tons of hydrogen trapped in 
rocks underground.” By some es�mates, this could 
meet humanity’s needs for 200 years.105   

Low 

Turquoise106, 

107 
Made using a process called methane pyrolysis to 
produce hydrogen and solid carbon. This is a new 
produc�on method, which hasn’t been proven at scale 
yet.  

Low 

Table 3 Selected commonly used color-code typology for hydrogen produc�on  

 

US hydrogen subsidies compared to the rest of the world in 2023 

 

Figure 27 Hydrogen subsidies US vs world as of August 2023108 
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Country-specific government policies and subsidies in support of clean hydrogen 

US 
The US has been one of the starkest proponents of a hydrogen economy star�ng with a hydrogen 
strategy, followed by a series of funding and incen�ve schemes:  

1. Hydrogen Shot 

The "Hydrogen Shot" is an ini�a�ve by the U.S. Department of Energy (DOE) as part of its Energy 
Earthshots program, aimed at accelera�ng the development of abundant, affordable, and reliable clean 
energy solu�ons. Launched on June 7, 2021, the Hydrogen Shot specifically targets the reduc�on of the 
cost of clean hydrogen by 80% to $1 per kilogram within a decade, an ambi�ous goal referred to as "1 1 
1" — $1 for 1 kilogram in 1 decade.109 The DOE's approach involves engaging stakeholders, suppor�ng 
relevant research and development, and providing incen�ves that promote regional diversity in clean 
hydrogen applica�ons. 

This ini�a�ve also lays a founda�on for clean hydrogen deployment within the American Jobs Plan110, 
suppor�ng demonstra�on projects and poten�ally unlocking new markets for hydrogen in various 
industries, such as steel manufacturing and energy storage. 

2. IRA Produc�on Tax Credit 45V 

In 2022, Congress passed the landmark Infla�on Reduc�on Act (IRA). It offered, among other things, a 
hydrogen incen�ve provision in the form of a produc�on tax credit (PTC), which created a 10-year 
incen�ve for clean hydrogen of up to $3.00/kilogram called the “45V produc�on tax credit”. These 
credits are es�mated to amount to $137 billion disbursed over the next 10 years111, making it “the 
world’s most lucra�ve incen�ve for making clean hydrogen.”112 A guidance proposal on what projects 
would qualify for the $3/kg PTC was issued in December 2023113 and is s�ll under considera�on.  

3. Hydrogen Hubs 

Government funding is also available for the development of large-scale clean hydrogen manufacturing 
and consump�on clusters, the so-called Hydrogen Hubs. Nego�a�ons are ongoing with the seven 
proposed hubs that were short-listed by the DOE. The finalist hubs are poised to receive $7 billion in 
Federal Investment114 and span the en�rety of the United States, varying in produc�on method and end-
use hydrogen applica�ons.115 (A full list of the seven finalist hydrogen hub proposals can be found in the 
Appendix)  

EU 
The next largest government incen�ve program for hydrogen deployment is in the EU, where the 
commited funds are only about 27% less than in the US.116 The EU and country governments are using a 
variety of mechanisms from grants to loans and venture capital and R&D funds.  

Ins�tu�on Mechanism Amount Detail 
EU Hydrogen Bank Fixed premium per 

kilogram of 
hydrogen produced 

€3 billion EU Hydrogen Bank €3 billion. EU trade 
bank for funding hydrogen produc�on 
through “pilot auc�ons for renewable 
hydrogen produc�on” 
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for a maximum of 10 
years of opera�on 

htps://www.euinnova�onfund.eu/ . It 
offers a fixed premium per kilogram of 
hydrogen produced for a maximum of 
10 years of opera�on. The bank has 
€800 million available for the first 
auc�on slated to launch in the autumn 
of 2023.117 
 

Germany  €3.6 billion H2Global plan €3.6 billion (disbursed 
over 10 years) 

 Contract for 
difference 

€50 billion 15-year-contract for-difference plan for 
industrial decarboniza�on (WIP) 
 

EU  €100 billion Earmarked 
UK  £900 million 

($1.1 billion) 
Earmarked 

Table 4 EU hydrogen funding mechanisms 

Japan 
Japan is planning to spend ¥7 trillion ($47 billion).118 

Others 
China has commited $10 billion.119 

India has announced $2 billion.120 

 

Short-Listed Hydrogen Hubs  

• Appalachian Hydrogen Hub (Appalachian Regional Clean Hydrogen Hub (ARCH2); West Virginia, 
Ohio, Pennsylvania) 

• California Hydrogen Hub (Alliance for Renewable Clean Hydrogen Energy Systems (ARCHES); 
California)  

• Gulf Coast Hydrogen Hub (HyVelocity H2Hub; Texas) 
• Heartland Hydrogen Hub (Minnesota, North Dakota, South Dakota) 
• Mid-Atlan�c Hydrogen Hub (Mid-Atlan�c Clean Hydrogen Hub (MACH2); Pennsylvania, 

Delaware, New Jersey)  
• Midwest Hydrogen Hub (Midwest Alliance for Clean Hydrogen (MachH2); Illinois, Indiana, 

Michigan)  
• Pacific Northwest Hydrogen Hub (PNW H2; Washington, Oregon, Montana)  

 

Electrolyzer technologies comparison  

Type Commercial 
Status 

Considera�ons 

https://www.euinnovationfund.eu/
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Alkaline Mature • Slower dynamic response; less suited for variable renewable 
energy (VRE) support. 

Proton exchange 
membrane 
(PEM) 

Commercial, 
fast growth 

• Pla�num and iridium are required. Current global iridium 
produc�on could support annual deployment of up to 3-7.5 
GW a year. 

• Faster dynamic response; well suited to VRE and voltage 
regula�on.  

Solid oxide 
electrolyzer cells 
(SOEC) 

Demonstra�on 
plants 

• No cycling (ramp up or down); well suited for constant base 
load hydrogen produc�on. 

Anion exchange 
membrane 
(AEM) 

Limited 
deployment 

• Does not use any precious metals. 
• Membrane is less expensive than that used for PEM. 

Table 5 Main electrolyzer technology comparison121 

Electrolyzer technologies maturity level 

 
Figure 28 Electrolyzer technologies maturity level122 
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Companies innova�ng in clean hydrogen technology along the value chain 

  

Monolith Materials

Aurora Hydrogen

Electroactive Tech

Ekamor

Sierra Energy

C-Zero

LanzaTech

Syzygy

SGH2

Production Transportation & Storage

Many CCS

McPhy HY2GEN

Electric Hydrogen

H2Pro

Advanced Ionics

EVolOH

Enapter

ITM Power

Ohmium

Green Hyd. Sys.

Sunfire

Hysata

Verne

Hydrogenious LOHC

Infinium

Dimensional Energy

SparkeFuels

Found Energy

Electriq Global

HSL Technologies

Rejool

Universal Hydrogen

PowerTap HydrogenElement 2

Steelhead Composites

H2Scan

Ivy’s

Hydra Energy

Everfuel

Proton Technologies

Joi scientific

NEL Hydrogen

Plug

Transformation & End Use
Infinium

Amogy

Dimensional Energy

SparkeFuels

ZeroAvia

Industrial Microbes

HyPoint

Infinity Fuel Cell

Plug

Ballard

Copernic Catalyst

Ocochem

ReMo Energy Loop

Bloom

FuelCell Energy (FCEL)

Air Compnay

H2 Green Steel
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