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Relevant Megatrends

* Increased global focus on emissions, increased policy regulations
(market impact)

 Low, cost intermittent renewable electrons
 Decentralization
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Current Energy Needs
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H2@Scale Concept
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H, is different and changing fast

H, Council*

zz Potential Impacts from Hydrogen

- LaunChed in January 2017 |tS members inC|Ude Council Roadmap Study. By 2050:
leading companies with over $10 billion in + $2.5 willion in global revenuies
investments along the hydrogen value chain, * 30 million jobs

. . . . o 400 million cars, 15-20 million trucks
including transportation, industry, and energy  18% of total global energy demand
exploration, production, and distribution. 4
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Additional upside from other uses:'
+ Synthetic jet fuel
= Ammonia as fuel for shipping

Potential Growth in Hydrogen Demand

MNew feedstock

Peower generation and grid balancing

Fuel for industry

Global Hydrogen Demand Potential (EJ) Us

@y oo Hydrogen [ =
> Demand
Transportation Potential

(MMT/yr) FYB  Transportation fuel

78

Industrial energy

17
Building heat source:
: = 7' ) " 14 H Hydrogen
ana power Council
“Roadmap to a
EW Evisting feedstock US Hydrogen
\ New feedstock Economy”
3 (CCU, DRI) (2019)
i feedstock uses ) . . :
S ) 0% O.I%_ 1% 1% 14% | H,share of final energy demand?
2015
Base Ambitious Base Ambitious
Global energy demand supplied with hydrogen, EJ 2015 2030 2050
Source:
Hydrogen
Council

“Hydrogen
Scaling Up”

H, Council: Opportunity for 6-10-fold increase by 2050 [EEuE



Potential Opportunity: Low

Temperature Electrolysis

Potential Levelized Costs of H, Production Electrolytic H, has
4s [4:20] the potential to be

-3 cost competitive.
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H, production, even
at low capacity

Cost of Electricity ¢6.6/kwh ¢2/kwh | ¢1/kwh | ¢2/kwh | ¢1/kwh
Capital Cost $400/kw $400/kw $100/kW
Efficiency (LHV) 66% 66% 60% factors.
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Capacity Factor 97%

Electrolyzer
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Opportunity for Electrolytic

Hydrogen Generation
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Economic Potential Analysis Results

The economic potential of hydrogen demand in the U.S. is 1.4-4X
current annual consumption.

Scenario | Insights _______ 0oty

Reference Low-cost natural gas drives growth in H, Demand Y nelly
markets with some nuclear participation* Reference

Low NG Higher cost natural gas results in minimal |, NG Resource .

Resources growth in H, applications
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=1 1R .
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Potential Impact of H2@Scale on

Wind and Solar PV Markets

Hydrogen is a potential dispatchable load that can increase economic
demand for variable electricity
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Concluding Thoughts

* Energy requirements are getting more complex
 Hydrogen can play a large role in the future energy system
— Energy carrier
— Energy storage
— Molecular properties

 RD&D is warranted across many aspects of the hydrogen
value chain

NREL | 13



Thank you

www.nrel.gov

NREL/PR-6A20-75399

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy,
LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided by U.S.
Department of Energy Office of Energy Efficiency and Renewable Energy Fuel Cell Technologies Office. The views
expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The U.S.
Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S.
Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published .
form of this work, or allow others to do so, for U.S. Government purposes. TranSfOfmlng ENERGY

NREL




