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Is there an opportunity for hydrogen use in China?
Key questions to consider:

Supply Demand
 How competitive is hydrogen with * Which are the most prospective end-use
alternative fuels? sectors for hydrogen use?
 How much curtailed electricity is there and » With the addition of substantial new
will it grow in the future with renewable renewable capacity, how can hydrogen
capacity additions? help to balance the power system?

e Could hydrogen allow for a reduction in
imported fuels?
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Hydrogen deployment is consistent with many of China’s long-term goals

0 Improve air quality
(l? Technology
€= exports

@@ Decrease oil and gas
Import dependency

Reduce carbon
emissions

Increase renewable
deployment

Lessen raw material
Imports for batteries
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Why hydrogen? Hydrogen has multiple applications across the economy

End use applications of hydrogen for energy use

Transport Industry Heating Power
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Intra-day balancing of renewable
generation and power demand

Displace batteries or Seasonal balancing of renewable
fossil fuels generation and power demand

Reduced fossil generation

Source: IHS Markit © 2019 IHS Markit
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Why hydrogen? Hydrogen can help integrate intermittent renewables
Using electricity that would otherwise be curtailed, while also providing low-carbon backup power

Misalignment between quarterly load and wind Use of hydrogen to support integration of intermittent

production profile renewables
Potential for hydrogen to
provide low carbon
- __— storage and backup
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Hydrogen is one of many competing options
Economics and practicality will determine scale and pace of adoption

Power-to-X-to-power? Other solutions may be better

X
Power B (storeltranspert) » End use
Battery @ Power
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Source: IHS Markit © 2:)-:? :S Markit/Shutterstock: 1695554

Power to hydrogen to power is in
direct competition with batteries
for intra-day balancing

Power to heat requires a heat
sink

Power to gas could replace

natural gas in industry, where the
need is often for its hydrogen
content

Power to liquids and power to
hydrogen competes with
gasoline or diesel
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There are many routes to produce hydrogen in China
The cost, size and production potential varies significantly

Existing and potential hydrogen production in China

* Curtailed electricity
» Dedicated generation capacity
» Grid power

Specific-use * Coal
hydrogen Gasification - Biomass

production » Waste

* Natural gas

Reforming . Biogas

Source: IHS Markit © 2019 IHS Markit

The study will use a levelized cost of hydrogen model to assess the competitiveness of different sources of

hydrogen production and hydrogen’s competitiveness with other energy sources.
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Power to gas (electrolysis) or gasification technologies could be options for
China to expand hydrogen production for energy use

Power to hydrogen and power to gas Solid fuel gasification with CCS
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Hydrogen grid Gasgrid  Transport  Industry H, Hydrogen
H, Hydrogen O, Oxygen CH, Methane CO, Carbon dioxide CO2 Carbon dioxide
Note: CHP - combined heat and power
Source: IHS Markit © 2017 IHS Markit: 1713280 Source: IHS Markit © 2017 IHS Markit: 1713281
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Large-scale hydrogen production potential is likely to be situated far from
the major demand centers

« Hydrogen produced from curtailed electricity
or coal gasification could be used in local
demand centers near the point of production

Hydrogen production distant from major demand centers

« The greatest potential for large-scale
hydrogen production is located far from the
major demand centers

Coal base

: Wind base
Solar PV base

O Demand centers

~ Disputed border  Large-scale adoption of hydrogen across the

______ Disputed region

A] 1 economy would require the development of
‘ ’ hydrogen transmission infrastructure

]

© 2019 IHS Markit. All rights reserved. Provided “as is", without any warranty. This map is not to be reproduced or disseminated and is not to be used nor
i evi i

cited as evidence in connection with any territorial claim. IHS Markit is impartial and not an authority on international boundaries which might be subject to Source: IHS Markit
unresolved claims by multiple jurisdictions. )
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Research topic areas — production and transport:

« Hydrogen production supply costs—creation of a levelized cost of hydrogen model for the following
sources:

 Electrolyser — three sources of electricity: (i) Curtailed electricity, (ii) dedicated generation capacity, (iii) grid
power

 Gasification — three sources (i) Biomass, (ii) coal, (iii) waste
« Reforming of natural gas
« Technology developments—focus on electrolyser costs

« Example cost calculations of producing hydrogen at distant rural locations and transporting to a
demand center

« Comparison of hydrogen costs to natural gas and other energy sources
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Research topic areas — end-use sector analysis:

Heating sector—is there an opportunity for hydrogen to be the energy source in CHP?

Transport—sector analysis for use in road transport.

« Can hydrogen vehicles compete in any part of the transport sector with other technologies?

Power sector analysis
« Use of curtailment—power that is produced for which there is no demand
« Balancing power system—how can hydrogen play a role?

Global developments—what is happening in other regions that could be applicable to China?
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Overall quantitative approach

Putting together costs and opportunities

Supply cost analysis: Levelized cost of Green H, (electrolysis)

Green and other herogetn utr:delr Case study on costs of
- various technology -

hydrogen producUon starting points Other H, technologies hydrogen transportation

technologies analysis (coal, etc.)

Total product H, netback value
value Total = total product

Distribution N2 value — H, costs
cost cost (could be
HEBEINE), Space conditioning

Opex
Capex
Industry
Transportation

Tipping point Identify the netback value
analysis by end use  ©f cost of hydrogen in
sector eaqh major e_n_d_use under
various sensitivity cases
of future costs and policy.

Source: IHS Markit © 2019 IHS Markit
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Project timeline and deliverables: an approximately eight-month schedule

Study kick-off

February 2019

Intermediate workshop
and presentation materials
Beijing
June 2019

Final workshop and
presentation materials
Beijing
October / November 2019

o Study kick-off

* Introduce the study
participants.

» Overview of the project timeline
and scope.

» Discuss the first workshop
agenda and logistics.

 Why hydrogen now: an overview of

policy initiatives supporting hydrogen
development.

Hydrogen supply analysis:
presenting the results and insights
from the IHSM Levelized Cost of
Hydrogen (LCOH,) modeling from
electrolysis, gasification and
reforming.

Cost competitiveness: determining
how hydrogen compares with other
forms of energy.

Practicalities: understanding the technical
and policy issues impacting the potential role
of hydrogen in power, industry, transport, and
heat in China.

Identifying the tipping points: determining
the triggers and conditions required for
hydrogen to be used more widely.

Costing: quantifying indicative costs needed
to move hydrogen from demonstration to
commercial success in each principal end
use.
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IHS Markit Customer Care

CustomerCare@ihsmarkit.com

Americas: +1 800 IHS CARE (+1 800 447 2273)
Europe, Middle East, and Africa: +44 (0) 1344 328 300
Asia and the Pacific Rim: +604 291 3600

Disclaimer

The information contained in this presentation is confidential. Any unauthorized use, disclosure, reproduction, or dissemination, in full or in part, in any media or by any means, without the prior written permission of IHS Markit Ltd. or

any of its affiliates ("IHS Markit") is strictly prohibited. IHS Markit owns all IHS Markit logos and trade names contained in this presentation that are subject to license. Opinions, statements, estimates, and projections in this

presentation (including other media) are solely those of the individual author(s) at the time of writing and do not necessarily reflect the opinions of IHS Markit. Neither IHS Markit nor the author(s) has any obligation to update this

presentation in the event that any content, opinion, statement, estimate, or projection (collectively, "information”) changes or subsequently becomes inaccurate. IHS Markit makes no warranty, expressed or implied, as to the accuracy, 7 -
completeness, or timeliness of any information in this presentation, and shall not in any way be liable to any recipient for any inaccuracies or omissions. Without limiting the foregoing, IHS Markit shall have no liability whatsoever to any i C:: | | | E M ™
recipient, whether in contract, in tort (including negligence), under warranty, under statute or otherwise, in respect of any loss or damage suffered by any recipient as a result of or in connection with any information provided, or any \ a r I
course of action determined, by it or any third party, whether or not based on any information provided. The inclusion of a link to an external website by IHS Markit should not be understood to be an endorsement of that website or the \

site's owners (or their products/services). IHS Markit is not responsible for either the content or output of external websites. Copyright © 2017, IHS Markit™. All rights reserved and all intellectual property rights are retained by IHS

Markit.



	Hydrogen as the Facilitator: Meeting China’s Energy Needs
	Is there an opportunity for hydrogen use in China? �Key questions to consider:
	Hydrogen deployment is consistent with many of China’s long-term goals
	Why hydrogen? Hydrogen has multiple applications across the economy  
	Why hydrogen? Hydrogen can help integrate intermittent renewables�Using electricity that would otherwise be curtailed, while also providing low-carbon backup power 
	Hydrogen is one of many competing options �Economics and practicality will determine scale and pace of adoption 
	There are many routes to produce hydrogen in China �The cost, size and production potential varies significantly
	Power to gas (electrolysis) or gasification technologies could be options for China to expand hydrogen production for energy use 
	Large-scale hydrogen production potential is likely to be situated far from the major demand centers
	Research topic areas – production and transport:�
	Research topic areas – end-use sector analysis:�
	Overall quantitative approach
	Project timeline and deliverables: an approximately eight-month schedule� 
	Slide Number 14

