
Exploring Green 
Hydrogen's Role in 
our Energy Future



Slides from Sunita Satyapal



DOE Hydrogen and Fuel Cell Remarks

February 2, 2023

Dr. Sunita Satyapal, Director, Hydrogen and Fuel Cell Technologies Office 
and DOE Hydrogen Program Coordinator
U.S. Department of Energy



2U.S. DEPARTMENT OF ENERGY

Administration Goals 

include:

• Net-zero emissions economy 

by 2050 and 50–52% 

reduction by 2030

• 100% carbon-pollution-free 

electric sector by 2035

Priorities: Ensure benefits to 

all Americans, focus on jobs, 

Justice40: 40% of benefits in 

disadvantaged communities

EJ:  Environmental Justice

U.S. Energy Landscape and Key Goals

Biomass, 41%

Wind, 27%

Hydroelectric, 19%

Solar, 12%

Geothermal, 2%

Nuclear 

Electric 

Power, 8%

Coal, 12%

Renewable 

Energy, 13%

Natural Gas, 36%

Petroleum, 31%

U.S. primary energy consumption by energy source, 2021

Total = 97.8 quadrillion 
British thermal units (Btu)

Total = 12.3 quadrillion Btu

Note: Sum of components may not equal 100% because of independent rounding
Source: Data collected from U.S. Energy  Information Administration, April 2022, 
Monthly Energy Review, preliminary data
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Carbon Dioxide Emissions by Sector

Source: Annual Energy Outlook 2021, DOE National Clean Hydrogen Strategy and Roadmap
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2005 Baseline: 6,635 MMT CO2e

INDUSTRY

Net-zero 
Grid

2030
Goal

Net-zero
Economy

Light-duty vehicles

Medium- & heavy-duty 

vehicles

Aviation
Marine
Rail
Other transportation

Other industry

Bulk chemicals

Refining
Iron and steel
Cement and lime

BUILDINGS

TRANSPORTATION

ELECTRICITY
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Hydrogen is one part of a broad portfolio of activities
Includes multiple offices and the entire RDD&D value 

chain from production through end use

www.hydrogen.energy.gov
Coordinated across Offices by DOE Hydrogen and Fuel Cell Technologies Office (HFTO)

U.S. DOE Hydrogen Program
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Snapshot of Hydrogen and Fuel Cells in the U.S.

Examples of Deployments

Backup Power

Forklifts

Fuel Cell Buses

H2 Retail Stations

Fuel Cell Cars

>500MW

>50,000

>14,000

~50

>80

PEM* Electrolyzers

>620 MW

*Proton exchange membrane

Hydrogen Production Units

using natural gas

Gaseous Metric Tons/Day

0 – 50

50 – 100

100 – 200

200 – 400

400 – 800

Examples of Hydrogen Production Locations

• World’s largest H2 storage cavern• 10 million metric tons produced annually • More than 1,600 miles of H2 pipeline

55%

35%

8%

Use of Hydrogen 

in the U.S. Today

Refining

Ammonia

& Methanol

Metals (2%)

Other

>620 MW of PEM* electrolysis in the U.S.
>3X increase since 2021

“Planned and current 
electrolyzer (PEM) 
installations 

> 120 MW
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Recent Legislation Highlights

• Includes $9.5B for clean hydrogen:
– $1B for electrolysis
– $0.5B for manufacturing and 

recycling
– $8B for at least four regional clean 

hydrogen hubs
• Requires developing a National Clean 

Hydrogen Strategy and Roadmap President Biden Signs the Bipartisan Infrastructure Bill into law on 
November 15, 2021. Photo Credit: Kenny Holston/Getty Images

• Includes significant tax credits (e.g., up to $3/kg for production of clean hydrogen)

Bipartisan Infrastructure Law

Inflation Reduction Act
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En
ab
le
rs

National Clean Hydrogen Strategy and Roadmap for Public Comment
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The Opportunity for Clean Hydrogen
Clean Hydrogen Use Scenarios

• Catalyze clean H2 use in 
existing industries (ammonia, 
refineries), initiate new use 
(e.g.,  sustainable aviation fuels 
(SAFs), steel, potential exports)

• Scale up for heavy-duty 
transport, industry, and energy 
storage

• Market expansion across 
sectors for strategic, high-
impact uses

Range of Potential Demand for Clean 
Hydrogen in U.S. by 2050

Refs: 1. NREL MDHD analysis using TEMPO model; 2. Analysis of biofuel pathways from NREL; 3. 
Synfuels analysis based off H2@Scale ; 4. Steel and ammonia demand estimates based off DOE 
Industrial Decarbonization Roadmap  and H2@Scale. Methanol demands based off IRENA and IEA 
estimates; 5. Preliminary Analysis, NREL 100% Clean Grid Study; 6. DOE Solar Futures Study; 7. 
Princeton Net Zero America Study

• Core range: ~ 18–36 MMT H2

• Higher range: ~ 36–56 MMT H2

National Clean Hydrogen Strategy - The Opportunity for Clean Hydrogen

U.S. Opportunity: 10MMT/yr by 2030, 20 MMT/yr by 2040, 50 MMT/yr by 2050
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Hydrogen Energy Earthshot

“Hydrogen Shot”

“1 1 1”
$1 for 1 kg clean hydrogen in 1 

decade

Launched June 7, 2021
Summit Aug 31-Sept 1, 2021
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DOE Hydrogen Activities across RDD&D – Examples 



11OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICEU.S. DEPARTMENT OF ENERGY

Examples of Global Collaboration

Regulations, Codes, Standards, 

Safety and Education & 

Outreach Working Groups

H2 Production Analysis (H2PA)

To facilitate international trade

Common analytical framework for 

GHG emissions footprint 

www.iphe.net

Collaborating through multiple global and bilateral partnerships—key priority is creating coordinated 

framework to leverage activities, identify gaps, and avoid duplication to accelerate progress

CEM Global Ports Coalition with EC
Numerous Bilaterals on Hydrogen
Hydrogen Council, IRENA, and more

Breakthrough Agenda in 

collaboration with other partnerships 

is mapping activities across global H2

initiatives to identify gaps, focus 

areas, and prioritized workstreams

www.iphe.net/early-career-chapter

Early Career Network: 38 Countries
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Hydrogen and Fuel Cells Day
October 8  

Sign up to receive hydrogen and fuel cell updates
www.energy.gov/eere/fuelcells/fuel-cell-technologies-office-newsletter

Save the date!

2023 DOE Annual 

Merit Review and Peer 

Evaluation Meeting 

June 5-8, 2023

Download 
H2IQ For Free

Join Monthly 
H2IQ Hour Webinars

Visit H2tools.Org For 

Hydrogen Safety And 

Lessons Learned 

https://h2tools.org/

- Held on hydrogen’s  
very own atomic 
weight-day

www.aiche.org/CHS

Learn more at: energy.gov/eere/fuelcells AND www.hydrogen.energy.gov

Resources and Opportunities for Engagement 
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Thank you 

www.energy.gov/fuelcells 
www.hydrogen.energy.gov

Dr. Sunita Satyapal
Director, Hydrogen and Fuel Cell Technologies Office

Coordinator, DOE Hydrogen Program
Sunita.Satyapal@ee.doe.gov
U.S. Department of Energy
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CONFIDENTIAL

Offshore wind
– Global leader in offshore wind

– Develop, construct, own and operate offshore wind farms

Onshore wind, solar PV & storage
– Building a leadership position in onshore renewables 

– Energy storage solutions and solar

Bioenergy & other 
– Presence in Europe, including bioenergy plants, legacy gas 

activities and patented waste-to-energy technology

Renewable hydrogen and green fuels
– Emerging platform with 10+ pipeline projects (6+ GW) 

– Ambition to become a global leader in renewable 

hydrogen and green fuels by 2030 

Ørsted’s business areas

Ranked most sustainable 

energy company in the world

6,400+ employees 

worldwide
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1. Including EBITDA from new partnerships    2. Taxonomy-aligned   3. LTM: Last twelve months

Source: Ørsted Interim Financial and ESG Report Q1 2022

Ørsted has undergone a profound transformation

2007 20212007 H1 2022 2007 2022

Share of renewables

2007 Q2 2022 
(LTM)3
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1. Any CO2 Ørsted uses is captured from biogenic carbon sources as part of the natural CO2 cycle, 

creating a carbon negative e-fuel

Our Power-to-X business makes molecules from renewable energy 
to decarbonize industry

Renewable 
electricity is 
generated from 
wind or solar 
farms.

An electrolyzer 
separates water into 
oxygen and hydrogen. 
Powered by clean 
energy, this is green 
hydrogen.

Green hydrogen can be used 
directly for industry applications 
or combined with other 
feedstocks (e.g., CO2) to create 
other e-fuels such as e-methanol, 
e-ammonia, and e-kerosene. 

Together, green hydrogen and e-fuels have 
a variety of applications in transportation 
and heavy industry as a replacement for 
fossil-based molecules and as an innovative 
fuel for new technologies.

Heavy road

Steel

Refineries

Fertilizer

Maritime

Input to 
chemicals

Aviation

H2 + 
CO2

1

H2 + 
N2
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Proximity to 

offtake

Access to green

electrons

Technology 

scale-up

Portfolio synergies Trusted Partner

Shaping market 

conditions

Large-scale 

green 

electricity

Renewable 

hydrogen 

project 

development

OEM

EPC/ Turnkey

Dispatch

Own & 

operate

Further 

processing 

including e-

fuels 

synthesis & 

purification

Renewable 

hydrogen & 

e-fuel

distribution

Ørsted role

Ørsted well-
positioned to 
deliver P2X 

solutions

We are leaning forward into the renewable molecules value 
chain as a natural extension of our core business
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Our global
footprint Japan

Poland
Under development: 2,500MW

Germany

Sales of energy

In operation: 1,346MW
Under construction: 1,166MW

Sweden
Sales of energy

Under development: 3,000MW

11/02/2022

Ireland 
In operation: 327MW
Under construction: 45MW
Under development: 466/298MW

Vietnam

Taiwan
In operation: 128MW
Under construction: 900MW
Under development: 6,590MW

South Korea
Under development: 1,600MW

Spain
France
In operation: 34MW

In operation: 4MW

In operation: 22MW

Under construction: 10MW

United States
of America

In operation: 30MW
Under construction: 130MW
Under development: 4,842MW

In operation: 3,013MW
Under construction: 200MW
Under development: 252MW

In operation: 647MW
Under construction: 680MW
Under development: 1,156MW

In operation : 40MW
Under development: 520MW

Under development: 675MW

United Kingdom
In operation: 6,233MW
Under development: 4,000-5,000MW

In operation:
Renescience Northwich

In operation: 20MW

Sales of energy

In operation: 62MW
Under development: 195MW

Under development: 101MW

Denmark

Sales of energy

In operation: 940MW

In operation: our CHP plants,
2,865MW power and 3,560MW heat

Under construction: 2MW 
Under development: 1300MW

Under development: 2700MW

The Netherlands
In operation : 752MW

Under development: 1100MW

Under development: 70MW

Activities

Bio plant

Storage

Sales of energySolar

Onshore wind

Offshore wind

Status

In operation

Under development

Under constructionFossil-fueled power plant

Biomass-fired power plant

Renewable fuels
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•

•

•

•

•

•

•

•

P2X Pipeline in Europe
Heavy TransportChemical/Industrial
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Our US 
renewable 
footprint

Ocean Wind 1
Ocean Wind 2
Skipjack Wind 1
Skipjack Wind 2

Revolution Wind
Block Island Wind Farm
South Fork Wind
Sunrise Wind

Willow Creek

Muscle Shoals Delaware

Maryland

New York

New Jersey

Connecticut

South Dakota

Nebraska

Alabama

Plum Creek
Haystack 

Eleven Mile

Sunflower

Badger

Texas

Tahoka
Amazon

Permian Energy

Sage Draw

Lockett

Willow Springs

Western Trail

Old 300

Helena

Kansas

North Dakota

Arizona

Lincoln Land

Illinois Mastodon

Michigan

Armadillo

Mockingbird

BOSCHI

CHV

AUS

Orsted Offices

PRO

ANA

NYC

Location:       Gulf Coast of United States

Scale:              675 MW electrolyser

Product:        300 kt eMethanol

RES:                 ~1.2 GW ON wind & solar PV

Exp. COD:      2025 H2

Description:
An integrated Ørsted project intended for supplying 
Maersk’s 12 methanol-powered vessels with green 
fuel

Activities Status

In operation

Under development

Storage

Solar

Onshore wind

Offshore wind

Under construction
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#1
World’s most sustainable energy 
company 
– four years in a row
By 2025, we will be carbon neutral. 

By 2040, we will reach net 
zero emissions across our 
entire carbon footprint

Let’s create a world that runs entirely on 
green energy



Thank you for your interest in 
GreenTech’s ‘Exploring Green 
Hydrogen's Role in our Energy 
Future’ Webinar
For future webinars and general GreenTech programming, please check 

out our website - https://www.greentechconference.org/


