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PA House Environmental Resources and Energy  

Committee Hearing 
Hydrogen Hubs and Jobs of the Future 

September 14, 2022:  
9:00 AM, in Room 523 of the Irvis Office Building 

 

Testimony provided by  
Richard A. DiClaudio  

President and CEO of the Energy Innovation Center Institute, Inc., (“EICI”) 
 a 501C3 organization created to advance sustainability and resiliency  

for humans and energy systems located in Pittsburgh, PA. 
(See Rich’s bio and the information on the EICI supplied separately for more details)  

 
My name is Rich DiClaudio, and I am an energy investment professional with 40 years’ 

experience investing and managing energy and energy technology assets both nationwide and 

globally. My team and I have managed over $3.6 billion in investments.    

I also helped create and run one of the largest and most effective minority focused workforce 

development programs in the Commonwealth, the Energy Innovation Center Institute, a 501c3 

organization, where I serve as President, and CEO. 

Since our inception about six years ago the Institute has helped:  

• Over 2,700 people get trained and employed in full-time skilled based jobs with good 
pay, good benefits, and defined career ladders 

o 91% of our students are people of color 
o 84% of our students graduate 
o All of our training is free – in fact most all get some pay during their 4 weeks of 

fulltime programing  
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o With starting fulltime compensation ranging from $44k to $85k per year - our 
graduates have earned an aggregate $48 million to date  

• We are under employer contracts to recruit and train over 875 mostly minorities per year 
for our regional employer partners in several different job classification. 

• We also created the Infrastructure Academy™, as an initiative to help the EICI innovate 
and expand its training beyond our center with a focus of connecting minorities and 
others from disadvantaged communities in the regulated Utility, Infrastructure and EV 
industries. 

o Although this initiative was started in 2019, the work of the Infrastructure 
Academy™ closely aligns with the US Federal Government’s Justice 40 
Initiative, which began in early 2021 and is now a critical part of ongoing federal 
contracts and grants considerations, as well as this bodies recently enacted 
regulation requiring diversity outcomes and reporting (52 Pa. Code §§ 69.801-
809) and the rapidly expanding Non-Wire Alternative regulations already adopted 
by several states with several others considering similar regulations. 

o We are closing on an agreement for our first expanded location in Pittsburgh’s 
Mon-valley region and intend to expand quickly to other parts of the state and 
region and eventually nationwide. 

o This innovative activity has rapidly growing industry support and has garnered 
the attention of the US DOE’s Office of Environmental Impact and Diversity 
(OEID) who has invited us to work with them as a possible demonstration as a 
national model. 

o The Infrastructure Academy’s Director is Paul Metro, formerly with the PAPUC 
and here in the audience.   
 

Today, I’m here to talk about the energy transition currently ongoing nationally with a specific 

focus on the potential for hydrogen to play a large role as it relates to Pennsylvania.  To be clear, 

this energy transition is really just an extension of the one that started in Pennsylvania 175 years 

ago with the advent of the first commercial oil wells in Titusville.   

• Then the first natural gas distribution lines,  

• The founding of electric industries AC/DC current wars with Westinghouse and Tesla vs 

Edison  

• The first regulated electrical grid,   
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• The first commercial nuclear power plant 

• The founding of the EV industry 

It has been ongoing and heavily shaped by Pennsylvania ever since.  Now we find ourselves 

once again playing a key role in this transition.  And we do so from the vantage point of 

possessing one of the world’s largest reserves of natural gas, some of the most extensive, but 

aging infrastructure systems, proximity to huge markets, and the most skilled and engaged 

energy, infrastructure, and manufacturing labor forces in the world – although also aging.      

Fossil fuels have allowed man to perform work in highly efficient ways. This work has created 

enormous wealth including building the huge and successful middleclass of the U.S. and most 

western societies.   

Now that same society has determined that we need to reduce and eventually eliminate our 

emissions from the use of fossil fuels and the industrial activities they power while transitioning 

to more sustainable cleaner energy sources.  As part of this process, there is a heavy focus on 

reducing and eventually eliminated carbon emissions. 

The emerging solutions sets to these objectives will be different in different places, but they must 

always balance the tension between abandoning the jobs, income, and lifestyle the fossil fuel 

industry has created with the ongoing societal desire to transition to more sustainable, cleaner, 

and often more expensive fuels.    

The reality is that clean burning and highly efficient natural gas is already proving itself an 

invaluable transition fuel.  It is used to produce increasing amounts of electricity and for both 

residential and industrial heating and power needs.  It also has uses in the petrochemical industry 

and is a key ingredient in the fertilizers that are used to help feed the world.  As society moved 

away from coal and oil to cleaner burning natural gas the U.S. has been able to reduce its own 

greenhouse gas emission by 27% over the last 15 years.  Natural gas will continue to play a key 
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role for our region and nation for decades to come both as primary clean energy source and also 

as a potential feedstock for hydrogen.    

Hydrogen has the potential to be a safe, flexible, and clean fuel source that can be used to power 

vehicles, generate electricity, and produce heat.  It’s the universe’s most abundant element and in 

its pure form is flammable so it can be burned or used in a fuel cell to make electricity.  All with 

the potential of low or even zero carbon emissions.   

Adding hydrogen to our region’s energy mix could attract outside investments, help create new 

jobs, and even increase prosperity more equitably. Working to secure the investments and jobs 

associated with a regional hydrogen hub will also help ensure Pennsylvania’s critical role in the 

ongoing global energy transition.   

However, making, moving, and consuming hydrogen is currently quite expensive.  Doing so 

with reduced or zero carbon emissions is even more costly.  Depending on the type of hydrogen 

produced the costs can range from the equivalent of $35 to $80 per mcf compared to $8 for 

natural gas today.  

These costs, and their negative impact on jobs and the working poor must be considered when 

discussing the benefits of hydrogen.  Including considering how to transition away from oil to 

reduce its use as transportation fuel and to facilitate more efficient distributed energy resources 

to address the nation’s ongoing electrification process.   

If managed well it can help transition to more sustainable fuel use in our region’s overall energy 

mix and ultimately lower the levelized cost of energy.  This will be a heavily lift – but it can be 

done.  To be certain this will take decades, but we need to start now to safeguard our region’s 

continued role as a key player in this transition.   

Also, if the U.S. or PA relies solely on our current resources and ignores the need to innovative 

competitively - we will be left behind and over time this will cost our state jobs, weaken our 

economy, and even our national security.  I believe this need for long-term energy security and 
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strong desire for the cleanest and most affordable fuel sources will continue to drive innovation 

around transportation and electrification which can be supported by hydrogen once the right 

systems and incentives are in place.     

So let me spend a few minutes discussing hydrogen production, movement, and uses and then 

take a few questions.   

As with any new promising solution hydrogen, like renewables more broadly, have many major 

headwinds to overcome. Some of these are technical or matters of scale and will, over time, be 

addressed, others are issues of physics and will be harder to overcome.  As always, a balance 

between common good, national security, and profit must be struck.   

As you will see in a moment, at least in our state, natural gas will be a key component to the 

ongoing transition both as a hydrogen feedstock and the fuel used to create hydrogen and its 

attendant value chain.     

As I said, hydrogen is the most abundant element in nature and has great energy potential. 

However, hydrogen is an energy carrier and not an energy source itself. It is also highly reactive 

and so not found freely in nature.  To get useable hydrogen it must be extracted from other 

compounds like coal, water, or natural gas. This is already done at scale globally mainly to 

produce hydrogen as an industrial feed stock for manufacturing.  

Although hydrogen is a clean molecule itself to break it from its compound requires an energy 

intensive process that can produce significant emissions. Currently producing hydrogen is 

expensive and although costs are coming down a number of other challenges remain, including  

• The cost to produce it as a replacement for fossil fuels is very high in comparison, 

• The lack of infrastructure to transport and store it, 

• And the fact that fuel cells which convert hydrogen to usable electricity are still very 

expensive. 
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Innovative solutions are coming.   As these challenges are overcome the hydrogen energy market 

is expected to grow to over $1 trillion in annual revenues in the next 30 years. (CNBC 

Bloomberg NEF).  Some estimates predict as much as $2.5 trillion in that time.  That is why 

every nation is chasing this solution – particularly those with far less natural resources at their 

disposal. 

Hydrogen can be produced in a number of different ways. Each way is referred to by a color. The 

overwhelming majority of hydrogen is produced today is from fossil fuels.  

• BROWN hydrogen is made from coal in a process known as gasification.  

• GREY hydrogen accounts for vast majority of production and is extracted from natural 

gas in a process known as steam methane reforming. A downside to both of these is that 

they emit large amounts of CO2 and are energy intensive processes.   

• BLUE hydrogen is also made from fossil fuels but incorporates carbon capture and 

storage technology to greatly reduce CO2. With Blue hydrogen natural gas is both a 

feedstock and a fuel. 

• GREEN hydrogen is produced through a process called electrolysis that uses energy to 

split hydrogen from water molecules. When the electrolyzer is powered with renewable 

energy green hydrogen is produced.  

• PINK hydrogen is made by using nuclear power to break the hydrogen molecule. 

• YELLOW hydrogen through electrolysis like GREEN but with solar energy as the source 

of its production power. 

[Below is a schematic of how natural gas is used as both a feedstock and a production fuel to 

produce hydrogen.  Using these methods while capture all CO2 emissions is the most promising 

approach for our state.  The costs are currently very high, particularly in comparison to the cost 

of nature gas consumption in its current form.]   
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There are still more colors in this color wheel – but you get the point. 

The first industry that hydrogen has the potential to transform as a power source is transportation 

where hydrogen can act as replacement of gas and diesel and holds some advantages over 

electric vehicles. 

As I mentioned a minute ago because hydrogen is an energy carrier and not a fuel it must be 

converted to electricity by a fuel cell.   The advantage of a hydrogen car is the possibility of zero 

carbon footprint – but if you have to go to the trouble of converting the hydrogen to electricity 

then why not just use electric battery cars. 

There are several pros and cons in the answer to this question. 

On the one hand the hydrogen car will refuel in less than 5 minutes compared to 50+ mins for 

battery vehicles. It also has a longer range and much less weight than electric battery cars. 

Actually about 5-time better unit of energy storage per volume of weight.  This could be 
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Natural Gas and Hydrogen

AHydrogen can be used in fuel cells to generate power
using a chemical reaction rather than combustion,
producing only clean water and heat as a byproduct.
Natural gas is the best fuel source for this hydrogen
production. Water is also a good source, at high volumes.
Hydrogen can store and deliver useable energy like that
produced by natural gas. Once created it can be used in
cars, in homes, for portable power and many other
applications.

H
Natural Gas Hydrogen

Here's how it works:

Step1 Step 2 PEOPLES

Next a "water gas shift"
V Carbon Dioxide and other

reaction occurs,meaning impurities are removed from
the carbon monoxide and gas stream leaving essentially
steam are reacted using a pure hydrogen,
catalyst to produce carbon
dioxide and more hydrogen.
CO + H 2O • 2 + Hz
(+ a small amount of heat)

0Steam-Methane Reformation
High-temperature Steam (700 -1,000 degrees Celsius)
is used to produced hydrogen from natural gas
CH4 + H2O (+ heat) CO*3H 2

ENERGY INNOVATION CENTER(29 » s 1 1 1 # rHydrogen is combines with
oxygen in a fuel cell to
create water,heat and
electricity that can be sued
to power factors, buildings,
homes,busses, trains, etc.10 Partial Oxidation ( POX)

The methane and other hydrocarbon in natural gas
react with a limited amount of oxygen (typically from
air) that is not enough to completely oxidize the
hydrocarbons to carbon dioxide and water.
CH4 + 1/2O2 - CO + 2H 2 (+heat)

BEDFORD
Carbon dioxide to storage

(CCS)
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especially effective when it comes to long haul trucking and other transportation modes such as 

freight shipping, ocean shipping, and even long-haul air travel 

However currently there are many more electric vehicles and fueling stations worldwide than 

hydrogen.  Interestingly, Elon Musk recently said Hydrogen cars are “stupid”   

When pressed Elon makes a few good points and to be certain there is a lot of hype around uses 

of the most abundant element in the universe as the miracle solution to clean reliable energy.  Of 

course, he is promoting his own solution – battery powered cars – and these to have huge 

headwinds.   Meanwhile Japan, India, South Korea, China, and France are investing heavily in 

hydrogen vehicles.  

Of course, just like gasoline before the rapid expansion of internal combustion engine cars, the 

country needs to invest in fueling stations  - currently there are effectively no hydrogen stations 

in the U.S.  The systems to transport, store and dispense hydrogen is very much like gasoline but 

more costly as currently storing hydrogen must be done either under high pressure or at low 

temperatures – this is expensive.  Many new solutions loom – some will work.  I like the idea of 

having plug and play production and charging stations all in one.  Our partners are innovative on 

this concept as we speak.   

Another head wind is hydrogens efficiency rate.  Even using renewables as the fuel source to 

break the hydrogen molecule, by the time the energy unit is consumed for work 70% of the 

energy potential is lost along the way.  This is part of Elon’s argument as well.Some of this 

entropy will be recaptured with innovation and improvement but the physics lock in significant 

portion of the loss.   
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Other promising applications include using hydrogen fuel to power clean industrial production of 

steel, cement and other hard to abate processes.  Also, in powering base load electric power 

plants – this is already established in our region with the LongRidge 500 MW plant in Hannibal 

Ohio.  The reasons these plants are not currently being considered in our state are several but the 

uncertainty around our potential adoption of Reggie is a real factor.  The investors in these new 

plants – the lowest carbon, early adopters of H2 as feed stock, electricity plants are locating just 

over our state boarders in Ohio and West Virginia because of the ambiguity of position on 

Reggie.        

20
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Other uses for hydrogen include natural gas distribution systems that could soon begin to 

distribute hydrogen to their residential and commercial consumers regional CO2 emissions will 

drop dramatically as well.  This would reduce scope 1, 2 and 3 emissions for these companies 

and their customers.   

Global studies of hydrogen’s impacts on pipelines, downstream installations, and appliances are 

well underway.  Reasonable regulation and education of society are important factors to 

consider.  Labors’ role in building, operating, safety, and training must be included as well.   

This brings us to another important point to make. A Hydrogen Hub is not so much a 1,000-acre 

$10 billion single investment that states compete to secure – but rather a series of distributed, yet 

interconnected nodes in a regional system.  There are challenges, not the least of which is the 

huge investment and then need for solid return on those investments before markets are in place. 

Also important is the cost on those already economically distressed.   
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CO2 is a byproduct of most of all the above-described process.  Although I will not speak to 

carbon capture and sequestration, we have many partners and a good level of expertise in this 

space and understand well its costs and benefits.   

Of course, for hydrogen to be a rational replacement for our region’s natural gas it must be very 

low or even zero carbon in its production, movement, and storage.  To remove the CO2 adds 

further costs to the hydrogen value chain.  Some of these costs will be offset by incentives such 

as 45Q, LCFS, and possible in the IRA.  But these will not always apply, nor cover all the costs.  

The impact these full value chain costs will have as this transition gathers steams must be weight 

against the loss of jobs, and the huge and disproportion burden this cost will have on the middle, 

working, and poor classes in our state and country.   

Otherwise, the expense to drive CO2 out of our energy and industrial processes via hydrogen or 

renewables will affect most those that can least afford it without fully understanding its long-

term benefits.  However, as a counterbalance to this point, these are the same people that are 

often disproportionately impacted by air pollution from industrial activities.  Further doing 

nothing will also eventually leave our region behind.  So, I believe that we must invest in energy 
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advances, or we will lose our 175-year hard-earned place as one of the top regions globally for 

energy dominance and innovation.  This will require considerable industry and outside private 

capital.  To attract this capital, and the jobs they bring, we will need well designed and 

reasonable regulations and incentives.  

The opportunity facing Pennsylvania is both very tangible and also fairly urgent.  Doing nothing 

is not really an option.  Our state must move swiftly to create and legislate appropriate laws, 

incentives and protection for our people, jobs, and resources as we develop and encourage the 

production and consumption of zero carbon hydrogen in the Commonwealth.  Other parts of the 

world and our nation are working swiftly to attract this same outside capital.  Once the bets are 

laid the large first rounds of new capital will be committed.  We should work hard to be within 

this group.   

I believe the best way to attract significant outside capital, which will be key to investments, 

jobs, and innovation is be to harmonize these new regulations and incentives rationally across the 

Appalachian region, or at least with West Virginia, and an Ohio. 

Thank you for your attention. 

Sincere regards,  
 
_________________________ 
Richard A. DiClaudio 
President and CEO 
rdiclaudio@eicpittsburg.org  
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Brief Appendix on Carbon Capture and Sequestration 

CO2 is currently considered a greenhouse gas pollutant. It is a byproduct of most of all the 

above-described process. 

Carbon dioxide is a heavy gas that can be transported as a compressed gas, liquid or even as a 

super critical fluid. It is a colorless, odorless and tasteless gas. Under normal conditions carbon 

dioxide is stable, inert, and nontoxic. 

The U.S. emits about 5,981 million metric tons – 2020 (EIA). The tri-state region emits about 

301 million metrics tons per year (~5% of national emissions). PA emits about 44% - 132 

million metric tons. 

CO2 capture tech is well established with commercially available technologies in place for 90% 

or greater CO2 reduction from the industrial and power sectors are in place. (i.e. Amine). Direct 

Air Capture is being developed to remove CO2 from both the remaining stream and also from 

the atmosphere. 

The storage part of carbon capture and storage (CCUS) most typically means injection into 

underground formations in a deep Class VI injection well. It can cost $2 to $4 per k/gm ($14 to 

$28 per mbtue) to remove CO2 from the hydrogen manufacturing process. Under the Bipartisan 

Infrastructure Bill (“BIL”) and the Inflation Reduction Act of 2022 there are credits, that in 

certain situations can totally offset the costs of removing CO from the creation and movement of 

hydrogen. Including a federal tax credit for each ton of CO2 captured and geologically 

sequestered under 45Q and also under the recent Senator Manchin Inflation Reduction Act of 

2022 section 57b also speaks of another $3.00 k/gm credit if scopes 1, 2 and 3 emissions are all 
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addressed. This is a good way to jump start the removal of CO2 but eventually the markets will 

have to absorb these costs versus ongoing federal support. 

Unfortunately, Pennsylvania does not have favorable subsurface geology to optimize significant 

underground storage solutions. This means that the captured CO2 will likely have to be piped to 

central Ohio for injection. This process has regulatory and public headwinds. 

Please contact Rich DiClaudio at the EICI for more detailed information on this 

topic  rdiclaudio@eicpittsburgh.org  
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Energy Innovation Center Institute (501c3) 

• Established over 6 years ago to focused on resiliency, sustainability and 
equity in the energy industry:

• All phases of energy transition (science, policy, innovation, commercial application) 
• Production, storage, movement, consumption, electricity, renewables, EV, alternatives, cyber 

issues, etc.
• Clean/smart buildings, smart cities, smart grids
• Resiliency, sustainability, carbon and other emissions
• Energy security and energy equity

• Equity –
• Regional scale workforce development with focus on minorities and others with significant 

barriers to workforce entry
• 2,700+ new work entrants (91% POC)
• 1,800+ incumbent worker training and upskilling
• Infrastructure Academy
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Harmonizing the balance between 
human culture and nature in ways 

that permit both to thrive 
optimally and long-term.
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Fossil Fuels
accounted for 78%
of global energy 

mix in 2020Energy 
Transitions 
at a glace

Energy consumption by source – 1800 to 2020

Energy Transition
The change in the composition 
of primary energy supply, the 
gradual shift from a specific 
pattern of energy provision to a 
new state of an energy system

• Fossil Fuels only 160 years

• Several of past global energy 
transitions have started in PA

• Poised to shape next round
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U.S. EIA – April 2021
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Society has decided that CO2 should 
be reduced and eventually 

eliminated from economic activities

Ongoing Energy Transition designed to 
help address:

• Sustainability 
• Resiliency 
• Emissions 
• Jobs 
• Costs 
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Global Investment in the Energy Transition Tops $500bn
The renewable energy sector dominates low-carbon investment
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Bipartisan Infrastructure Law (BIL)
Provide $21.5 billion in funding for clean energy research, demonstrations, & 
commercial hubs under (Funding Opportunity Announcement – FOA)

• $8 billion for clean hydrogen, 
• advance progress toward heavy trucking, industrial, electricity and other sectors to run 

without producing carbon pollution
• $10 billion for carbon capture, direct air capture and industrial emission reduction, 

• providing skills-matched opportunities for fossil fuel workers
• $2.5 billion for advanced nuclear, 

• provide 24/7 clean electricity and create good-paying jobs
• $1 billion for demonstration projects in rural areas and

• $500 million for demonstration projects in economically hard-hit communities.
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Bipartisan Infrastructure Law (BIL)
Also under BIL (BBB)
• Require all construction workers on projects funded by the deal to be paid prevailing wages
• Invest hundreds of millions in workforce development
• Establish a multi-agency Energy Jobs Council

• Work with stakeholders and oversee the development and release of energy jobs and workforce data to 
inform decisions by governments, businesses, and other stakeholders at the national, state, and local level

• Expanding access to energy efficiency and clean energy for families, communities and 
businesses

• Delivering Reliable, Clean, and Affordable Power to More Americans
• Bringing the electrical grid into the 21st century, CHP microgrids, renewables, DER, etc.
• Nuclear

• Justice 40 metric will apply to all FOAs
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OBJECTIVE: to drive energy innovation, investment, and jobs

Tri-state region activity includes:
• All three states have independent activities underway
• Groups currently working to build a FOA team for both H2 and CCUS

• OhioWorks, Ohio H2 Alliance, NW Ohio (nuclear – pink H2), Battelle, WVU (Nuclore), 
Pitt/CMU/OSU-Gordan Gee, DT Midstream, Shell Polymers, EQT, Equnior, GE, 
Allegheny Conference, Clean Air Council, the three governor’s offices, etc.

• All three states agree that a coordinated effort is most likely to optimize 
outcomes for the region

• FOA expected out this week 
• Looks like at least 3 separate applications, perhaps more

• EQT, Shell, Ohio group
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Current FOA Intel
• FOA was expected out on May 15
• US DOE (EERE) had much larger RFI response to the funding 

opportunities than anticipated
• Working to compile and synthesize all responses in final FOA
• Understand that DOE is now considering expanding the grant to be double or 

even more than originally expected (i.e. H2 from 4 grants splitting $8.0 billion 
to 8 to 10 grants splitting same amount)

• FOA expected to be out soon and likely to have a respond due by late 
Oct so awards can be announced before mid-terms

11
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We still believe that the effort to establish, develop 
and operate regional H2 hubs, CCUS platforms, 

and development of other energy transition 
systems and technology will be industry and 

investor driven!

The costs of reducing CO2 and transitioning to H2 
is very high and the average consumer needs to be 

considered in policies and government incentive 
programs for the transition to work.
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**AII funding amounts are
approximate and subject to chargePotential H2 Hub FOA Strategy (DRAFT) "Go/No-Go' Decision Points

Stakeholder Engagement: Webinars, Workshops, H2 Matchmaker, RFI, Pre-Solicitation Meeting, etc.

kEvat/Select,
Negotiation
[9 months)

Phase 2: Hub Deployment
(5+ years)Launch

rm
Phuse 2: 4-6 awards $0.5-$IB A
each (Total DOE funding $4- "
5B); EO% non-Fsderal cost
share required (i.e. , $Q.5B-$1B
per project)

$4- SB
DOE

Share

PUBMi 3-12 awards:
DOE Share each (Total DOE
funding $15-40M); noti-Federal
cost share % TED

H2 Huh I
Open
FOA I Launch
with

annual
close

N Eval/Select
Negotiation
(9 months)

Phase 2. Hub Deployment
(5+ years)

Phase 1: Huh Planning
(3-18 months) o#2 V

$2-38
DOE

Share

Phase1b-10 awards; $1-

4M each (Total DOE funding
$10-35M) , hOn-Federal cost
share % TBD

PhafrC 2' 2-4 awards $0.5-$IB '

each (Total DOE fundingI2-3B); W
50% non-Federal cost share
required (i.e., $0 5E $1B per
project)Launch

ft3 & 4
$1-$2B Add Supplemental Technologies to existing Hubs rDOE

Hub Implementation fit Management (e g.. Data Collection/ Impact Reports. Independent Engineering Firm. Reviewers.
Lab Technical Assistance, etc.)Cross-cutting

Support k
Other Potential Funding Mechanisms to Leverage Funds (erg., Engagement with State St Local Gov., Tribes, etc .)

r

*NotionsI timeline - allows flexibility for each project to be on own timeframe



The H2 Hub concept is based on hydrogen’s potential to meet existing and emerging market demands across 
multiple sectors. It envisions how innovations to produce, store, transport, and utilize hydrogen can help realize that 
potential and achieve scale. (Source U.S. DOE Office of EERE, HFTO)
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Hydrogen production and use is well established mainly as a feedstock

Source: KPMG
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Other Ammonia Refining
In comparison, less
than 0.01 Mt
hydrogen was for
transport-related
application.

Increasing demand for hydrogen

80 -Over the past four decades the
demand for pure hydrogen has steadily
increased in line with the need for
refining activities and ammonia.
Since 1975 the volume has grown to
+70 million tonnes in 2018 — an
increase of almost 300%.
However, an uptick in green mobility
has not translated into further demand
for hydrogen, with transport-related
applications having minimal impact.

70 -

60 -

50 - Of the 69 Mt hydrogen
produced from natural
gas in 2018, only
0.5% incorporated use

< of carbon capture as a
means to lower the
C02 footprint

40 -

30 -

20 -

10 -

0

m
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Projections and production pathways for hydrogen

Source: KPMG
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H Renewables
Natural gas
Coal

Refining33% A long road towards renewable hydrogen

A Including hydrogen that is consumed in combination with
other gases (syngas) adds 45 million tonnes, to make
total hydrogen volumes around 115 million tonnes.
This total is almost entirely produced from fossil fuels,
with 76% of the hydrogen coming from natural gas and
23% from coal. Only ~2% of the global hydrogen
production stems from renewables. The result is
approximately 830 million tonnes of carbon dioxide
emissions per year.

Steeli 3% r Hydrogen
application

and
source

Methanol 11%

\ 76% Ammonia

Other (incl. heat,
chemicals, transport) r

SUMMIT



Source: KPMG

The accessibility of green hydrogen is linked to the availability 
of low-carbon energy sources (wind, solar and hydro power). 
Current projections suggest that the rearrangement of the 

value chain from grey to blue to green hydrogen is unlikely to 
occur at scale before the 2040s

18



Natural Gas and Hydrogen

Hydrogen can be used in fuel cells to generate power 
using a chemical reaction rather than combustion, 
producing only clean water and heat as a by-product.  
Natural gas is the best fuel source for this hydrogen 
production. Water is also a good source, at high volumes.

Hydrogen can store and deliver useable energy like that 
produced by natural gas.  Once created it can be used in 
cars, in homes, for portable power and many other 
applications.

Natural Gas

H
Hydrogen

Here’s how it works:

Step 1

Steam-Methane Reformation
High-temperature Steam (700-1,000 degrees Celsius) 
is used to produced hydrogen from natural gas
CH4 + H2O (+ heat)          CO + 3H2

O2

OR

Partial Oxidation (POX)
The methane and other hydrocarbon in natural gas 
react with a limited amount of oxygen (typically from 
air) that is not enough to completely oxidize the 
hydrocarbons to carbon dioxide and water.
CH4 + 1/2O2 CO + 2H2 (+ heat)

Step 2 Step 3 Step 4

Carbon dioxide to storage 
(CCS)

Next a “water gas shift” 
reaction occurs, meaning 
the carbon monoxide and 
steam are reacted using a 
catalyst to produce carbon 
dioxide and more hydrogen.

CO + H2O       CO2 + H2

(+ a small amount of heat)

H
Carbon Dioxide and other 
impurities are removed from 
gas stream leaving essentially 
pure hydrogen.

Hydrogen is combines with 
oxygen in a fuel cell to 
create water, heat and 
electricity that can be sued 
to power factors, buildings, 
homes, busses, trains, etc.

PEOPLES
An ^Essential Utilities Company

m
ENERGY INNOVATION CENTER

T U T E —

BEDFORD
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Hydrogen efficiency rate
100%

100%

80% 70%

61.6%

Electrolysis Compression
3rd liquificatior

Transportation
and filling

Electric motor
and/or battery

Energy Fuel cell
and generation



Source: EIA: U.S. DOE
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Electricity
SOURCE ENERGY EXTRACTION, PROCESSING

& TRANSPORTATION
GENERATION DISTRIBUTION DELIVERED

TO CUSTOMER

100 3264% Energy Lossw 5% Energy Loss w 6% Energy Loss

95 MMBtu 34 MMBtu 32 MMBtuMMBtu MMBtu

*Based on 2007 actual generation mix of all energy sources

Natural Gas
SOURCE ENERGY EXTRACTION, PROCESSING

& TRANSPORTATION
GENERATION DISTRIBUTION DELIVERED

TO CUSTOMER

100 927% Energy Loss 1% Energy Loss

93 MMBtu 92 MMBtuMMBtu MMBtu

No energy conversion
necessary, therefore

no energy is lost

SUMMIT



Hydrogen is currently very expensive 
Hydronomics and Carbonomics

• Blue hydrogen - $15 to $51 per mbtu of natural gas 
• Produced from natural gas paired with carbon capture and storage — costs 

between approximately US$ 4 to $7 per kg in the US 

• Green hydrogen - $51 to $74 per mbtu of natural gas
• Produced through electrolysis using renewable power - costs US$5 to $10 per 

kg , depending on availability

$1.00 Kg H2 equals approximately $7.40 mbtu of natural gas
Producing 1 kg of hydrogen requires about 5 kWh of electricity for process heat
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Clean Clean

Source: Hydrogen Insights Report, 2021
(Hydrogen Council and McKinsey)
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8.0 -

fil :
w 4.0 -

= 3.0 -

2.0
1.0 -

0.0
Natural Renewable

electricity
(LCOE

$47MWh)

Natural Renewable
electricity
(LCOE

$22MWh)

hydrogen hydrogengas gas
(US$6/ (US$6/
mbtu) mbtu)

2020
Production

2030
Final



Source: BloombergNEF 24

/ Scaling-up hydrogen
VS îich should drivethe deivered Delivered costs could fallfurther Which would make clean
costof cleanhydrogen downto toRegures hydrogen

$150 billion $15/MMBtu $7.4/MMBtu competitive
of cumulative subsidiesto 2030 inmany parts of the w orld by

2030
by 2050 w ith current natural gasprices in

China, India, Brazi and Germany

/ Enables
Making green steel w itha Qean dispatchable power with a Green ammonia w ith a Fuel cell pow ered trucksto compete by

^ $50/tCO2 (® $32/tC02 ^ $78/tC02 Q0 2031-34

^price on cokiig coai price on natural gas wth diesel internal corrtiustion engre^price on natural gas

/
Abatement

Reduction of up to 20% of global Flow ever thesigns of scale-up
emssionsforOf up to

one-third
Investors should keep watchforare

under $100/tC02 notyetthere seven signposts
of gbbal emissions fromfossil using hydrogen at $7 5MMBtu

Vfiuels and industry
as poicy support is insuff icient to determine whether a

hydrogen economy is emerging



H2 Infrastructure (Hub)
A H2 Hub would consist mainly of:
• Industrial hydrogen production facilities
• Pipeline transport and storage
• Distribution systems to homes, residences, power plants, industry
• Hydrogen-equipped EV filling stations near H2 pipelines
• Hydrogen EV stations not situated near a hydrogen pipeline would get 

supply via hydrogen tanks,
• compressed hydrogen tube trailers, liquid hydrogen trailers, liquid hydrogen 

tank trucks or dedicated onsite production, related technology
• CCUS systems

25

m
SUMMIT
Fueling the Future



View of Tri-State region, showing major CO2 sources, transmission, and gas pipelines, overlayed on the Marcellus 
and Utica gas resources. – Source; IN2Market 
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Industry
o Hydrogen

* Fertilizer
o Coal Fired Power Plant
o Ethanol
o Metals

* Cement
o NGUNG Extraction/LNG

* NG Power Plant

* Petroleum Refinery

* Other
Existing Infrastructure

Electrical Lines (760
KV+)
Pipeline
Marcellus Extent
Utica Extent



Natural Gas and Water

Fuel CellsCommercial 
and 

Residential

Electric Grid

Transportation & material 
handling

CCUS, offsets, credits, markets

Hydrogen Hub 

Microgrids and DER
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Contact
Richard DiClaudio
President and CEO
Energy Innovation Center Institute, Inc
A 501 C3 organization

The Energy Innovation Center
1435 Bedford Avenue, Suite 126
Pittsburgh, PA 15219
rdiclaudio@eicpittsburgh.org
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