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China’s “30-60” goal

From Peaking to Neutrality

Japan China

Source: ECIU



Where does hydrogen fit into China’s carbon
neutrality roadmap?

Power
decarbonization

Electrification

Energy efficiency

Industry
decarbonization

storage for

renewable energy

4

FCV
Aviation
Long-distance

shipping

FC-CHP
Hybrid heat pump
& boilers

4

Hydrogen DRI
HCNG
Green chemical




A hydrogen hype

CHN ENERGY

g @ mr %) CGN

wE5w  Dmwn S FEELE

CHINA HUANENG

== hEpE
o (5 86 o EQ-CRRC

cCNoocC  gEey

e @ 9O

..".Olﬂl‘;: m_m Chwns Thwrwm Gorges Cowguin atiun

SOEs

te 00, .. [;’I
2Wleed & BRED
o e 4
hE T3 HE CHIA DATANG

ANSTEEL
ALY  OBAOW  momm

= eI g

vumzem  CEIC wHRE Listed Companies
T m*n crR/AM

ST T «axz (LS ST T

. EEEA - EABE . HEBS . BEEA SHEZ . LREE . =EZL e

L+ SE=E . ZERE . SEsY - Fei - FEEFE . E4EA - ®EEm - TESE

LaF . zsar - zsme - gFHE® - FEEER - FAEEG - EEE - gEgE - BRI

. IEEH - FEEE - BEHE . [Ex=E . EZEEE .- FmeE - EEEE - ARTE

. EGBG - MEAT - AERE - ETEEN - FHES - MFREx - BARE reYl

PR L LR HOE B R a5 R TR

. omemn . EAsE FEZER - EEE£H B LEEE . Eres sesE

L - LEEF . EHFH - Teke - EEEA . LEER . EAME . -EEE . HAE

PEF . zsam . xgsE . sEE) - ke . mE&E . FEEF - AZes - EfsE

. LsR - BEEA - LEEE - EFes . REE . kEEE . BARG - LEFE

. EREG - LERE EXEG - E£EH E2EEE LEHA REBEH RERG

. LEEE - SEEE . SEEE - ZHAE HIEE - 22ns - TOEE *EEL

. E£EEE . S_§T . T8I . 2EBE - EEiH - FFSS - E£EEG - FIEE

Fi#f - £zmE - #saE - #s5az - FEEE .- HI . ErEE . S—@ma - F4EE

. FEEE - %FE3 . LFEL . maEE - £TAH - &8EEF - FaFL - FERE

. 2EEE . ANEE - ARAEZ . BEIEE . LEES . FREE - FHEE - ZEHE



Policy & Planning
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Hydrogen demonstration city clusters




Production of hydrogen

: : : Carbon footprint Cost
hydrogen productlon mix 2020 Hydrogen production (kgCO2e/kgH2) (Yuan/kgH2)

1% Without
Coal CCUS ~19 6.77~12.14
gasification
+CCUS <2 25.8~32.1
Without
= coal gasification . Natural gas CCUS ~9.5 1.5~24.3
= natural gas reforming SMR
= pyrolysis & coke oven gas +CCUS <1
water electrolysis
Grid power 38~45 >40
Water | Hydro <1 <20
electrolysis  power
Solar PV <3 <20

Source: China EV 100



Renewable hydrogen will be mainstreamed
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Lowest bidding price in solar PV projects (2013-2021) Forecast on China’s solar & wind power cost (2020-2050)



Hydrogen of energy, hydrogen as energy
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Global Cost Comparison of Green Hydrogen The Impossible Trinity in Renewable Energy



Hydrogen as storage for renewable energy
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Consumption of hydrogen
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Prospect: hydrogen consumption mix

KR
ek
T

Tk S INEL TR

E
i
Hf TV
REEE
TREH

"
iz
“HA

BR ME

8

Source: ETC

518

AT H
ATREESE”

@ FATemmp4R
@ FTrERERpEAERY

Building & others
2% 1

12720 : g8 813

Global forecast of hydrogen consumption in 2050

1,001

China’s forecast of hydrogen consumption in 2050



Hydrogen in transportation: FCV Vs. EV
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Hydrogen in industry
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Economies of scale

2020-30 Comparative technologies (2010-20)

13% =@ PEM electrolysers 17% Fuel cell stack for passenger vehicles 35% +@- Solar 19% +++ Wind onshore

9% Alkaline electrolysers  11% == Fuel cell stack for commercial vehicles 39% -+ Battery R - .
.. d
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» Electrolyser costs are expected to fall rapidly in the coming decade as production scales up. In EU
electrolyser costs have already been reduced by 60% in the last decade and will halve again by 2030
compared to today with further economies of scale.

« Hydrogen Council predicted that eletrolyser cost will be reduced by 60-80% by 2030 with technology
advancement and increasing economies of scale.



Green hydrogen trade

. Optimal renewable and low-carbon resources

. Optimal low-carbon resources

I Average low-carbon resources Japan/Korea
B Optimal renewable resources E_U _ ° JAPAN
Likely to be a high- demand )
I Average renewable resources location g S . - Hydrogen to account for 13% of
G Japan’s energy mix by 2050.
Renewables-constrained -

J Hydrogen Imports

due to varying load curves

and limited space
availability =

0.3 mt 10 mt
2050

2030

China

Favorable PV _
Large investments

and wind :
conditions in hydrogen economy
Potential to be self-
sufficient
Middle East "\
High PV/wind
hybrid potential )
Chile due to good local Australia
Potential for large-
Favourable PV/wind resources i
hybrid conditions ?:\? uragggn;z v
Source: I[EA

profiles
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All commercial vehicles to run
on hydrogen by 2025.

Hydrogen Imports

0.4 mt 5.2 mt
2030 2050



A rising carbon market

Current study (Sandbag, 2021) CO2 abatement
showed that the financial costs of from green

a switch from unabated fossil

hydrogen to renewable hydrogen hydro_gen_
are very close to the current CO2 substitution
market price of EU-ETS, and
such switch in methanol and
fertiliser sectors will be profitable
based on price forecast of phase
IV of the EU ETS.
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