Hydrogen: the
Molecule to Power a
Clean Economy?

........................................................................................

...................................................................................

...............................................................................

...........................................................................

o
O
O
3
o
()
=
Q
<
m
m



Introduction

BNEF is conducting a special project to evaluate whether hydrogen can be the
molecule that powers a clean economy.

Significant interest is building around the potential for hydrogen to become one of
the principal fuels in a low carbon economy.

Leading companies are forming business units, major countries are devising
strategies and pilot projects are being constructed.

However the costs of using hydrogen as an energy carrier are still very high, and the
viability of a hydrogen economy remains unclear. No comprehensive, global,
iIndependent studies on the economics have been published.

BNEF has formed a cross-sectoral team of experts to research, model and analyze
the economics and strategic benefits of using hydrogen.

Analysis will be published throughout 2019 with a major report released in mid 2019
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Analytical approach in a nutshell

Do the economics work?

Economics of

Cost of transport
P demand

and storage

Cost of production
What is the lowest

What price does hydrogen
need to be to unlock
demand?

plausible cost of producing
hydrogen?

At what price can it be
transported and stored?

Can the strategic benefits align?

The pathway to scale
Is there a plausible path to scale and industry development?

Who are the backers and are there enough benefits? How much subsidy will be required?
What are the key signposts of industry development?
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Summary of scope

Production costs Cost of transport and storage

Key guestions

What is the lowest plausible cost hydrogen could be
produced for? What is the envelope of likely costs?

What is the most promising production technology?
What will be the dominant electrolysis technology?
Is production likely to be centralized or distributed?

Major outputs

Forecast cost of hydrogen to 2050 (range/scenarios)
Levelized Cost of Hydrogen (LCOH) model
Assessment of different technologies

Learning curves for key technologies

Identification of the key technologies ‘to watch’

Key questions

What is the cost of storing hydrogen at medium- and
large-scale (e.g. in salt caverns)?

Is large-scale storage practical and available (in the right
places in major markets)?

How “hydrogen ready” are gas networks in major heat
markets, and what is the cost of making them
compatible?

What is the cost of long-distance shipping?

Major outputs

Forecast cost of storage by technology/method

Stocktake of salt caverns/other suitable facilities in major
markets

Evaluation of gas network suitability for hydrogen
transport in major markets and estimate of upgrade costs

Forecast cost of shipping by chemistry/method

Case study comparing cost and benefits of hydrogen
shipping vs. electricity transmission via HVDC
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Summary of scope (2)

Economics of demand The pathway to scale

Key questions

Key guestions

e What is the cost reduction potential and commercial
readiness of usage technologies (e.g. fuel cells)?

e What is the required delivered fuel price for hydrogen to
have an economic use case in different applications (e.g.
power, transport, heating, industrial energy, chemicals)?

e Can these delivered fuel prices be achieved (taking into
account production + storage + transport + usage)?

e What is the implied subsidy/carbon price that would be
required for the different use-cases to be economic?

Major outputs

e Fact sheets on the economics and potential for using
hydrogen in different applications

e Simple Economics of Hydrogen Usage models for each
application

e Potential demand curve for hydrogen (mapping costs,
volume of demand, commercial readiness etc.)

What applications/sector(s) can provide the initial
pathway to scale and cost reduction?

How much subsidy will be required to support industry
development?

Do the strategic benefits suggest this support will be
forthcoming?

What are the key signposts of industry development?
Is it feasible to produce hydrogen at the scale required?

Major outputs

Forecast envelope of possible demand to 2050
Assessment of viability of supply at full scale
Map of the potential pathway to scale
Discussion of key backers and their motivations
List of key signposts to industry development
Stocktake of funding committed to date
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Recent BNEF research on
Hydrogen

The big picture

Applications

e The Key Challenges for a Hydrogen Economy
e Beyond Three Thirds: The Road to Deep Decarbonization

e National Grid Eyes Decarbonizing Gas, Using Hydrogen:
Q&A

e Power-to-gas: a technology overview
e Webinar: hydrogen and fuel cells

e Commercial Freight and Future Fuels
e Hydrogen as a Source of Grid Flexibility

e BNEF Watchlist: Hydrogen Forklifts, Remote Control
Ferries

Case studies

e Honing Remote Solar with Hydrogen Gas Infrastructure
e Will Japan's hydrogen dreams come true?
e Japan’s Hydrogen Society: Companies and Projects
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Copyright and disclaimer

The Bloomberg NEF ("BNEF"), service/information is derived from selected public sources. Bloomberg Finance L.P. and its affiliates, in providing
the service/information, believe that the information it uses comes from reliable sources, but do not guarantee the accuracy or completeness of
this information, which is subject to change without notice, and nothing in this document shall be construed as such a guarantee. The statements
in this service/document reflect the current judgment of the authors of the relevant articles or features, and do not necessatrily reflect the opinion
of Bloomberg Finance L.P., Bloomberg L.P. or any of their affiliates (“Bloomberg”). Bloomberg disclaims any liability arising from use of this
document, its contents and/or this service. Nothing herein shall constitute or be construed as an offering of financial instruments or as investment
advice or recommendations by Bloomberg of an investment or other strategy (e.g., whether or not to “buy”, “sell”, or “hold” an investment). The
information available through this service is not based on consideration of a subscriber’s individual circumstances and should not be considered
as information sufficient upon which to base an investment decision. You should determine on your own whether you agree with the content. This
service should not be construed as tax or accounting advice or as a service designed to facilitate any subscriber’s compliance with its tax,
accounting or other legal obligations. Employees involved in this service may hold positions in the companies mentioned in the
services/information.

The data included in these materials are for illustrative purposes only. The BLOOMBERG TERMINAL service and Bloomberg data products (the
“Services”) are owned and distributed by Bloomberg Finance L.P. (“BFLP”) except (i) in Argentina, Australia and certain jurisdictions in the Pacific
islands, Bermuda, China, India, Japan, Korea and New Zealand, where Bloomberg L.P. and its subsidiaries (“BLP”) distribute these products, and
(i) in Singapore and the jurisdictions serviced by Bloomberg’'s Singapore office, where a subsidiary of BFLP distributes these products. BLP
provides BFLP and its subsidiaries with global marketing and operational support and service. Certain features, functions, products and services
are available only to sophisticated investors and only where permitted. BFLP, BLP and their affiliates do not guarantee the accuracy of prices or
other information in the Services. Nothing in the Services shall constitute or be construed as an offering of financial instruments by BFLP, BLP or
their affiliates, or as investment advice or recommendations by BFLP, BLP or their affiliates of an investment strategy or whether or not to “buy”,
“sell” or “hold” an investment. Information available via the Services should not be considered as information sufficient upon which to base an
investment decision. The following are trademarks and service marks of BFLP, a Delaware limited partnership, or its subsidiaries: BLOOMBERG,
BLOOMBERG ANYWHERE, BLOOMBERG MARKETS, BLOOMBERG NEWS, BLOOMBERG PROFESSIONAL, BLOOMBERG TERMINAL and
BLOOMBERG.COM. Absence of any trademark or service mark from this list does not waive Bloomberg’s intellectual property rights in that
name, mark or logo. All rights reserved. © 2019 Bloomberg.
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Bloomberg NEF (BNEF) is a leading
provider of primary research on clean
energy, advanced transport, digital industry,
innovative materials, and commodities.

BNEF’s global team leverages the world’s
most sophisticated data sets to create clear
perspectives and in-depth forecasts that
frame the financial, economic and policy
implications of industry-transforming trends
and technologies.

BNEF research and analysis is accessible
via web and mobile platforms, as well as on
the Bloomberg Terminal.

Coverage.

Clean energy
Advanced transport
Commodities
Digital industry

Get the app
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On IOS + Android

about.bnef.com/mobile

Client enquiries:

Bloomberg Terminal: press <Help> key twice
Email: support.bnef@bloomberg.net

Learn more:
about.bnef.com | @BloombergNEF
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