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Clean energy

m Fossil fuels

i)

2019 2020 2021 2022 2023e

For every USD 1 spent on fossil fuels, USD 1.8 is now being spent

on clean energy:

five years ago this rafio was 1:1

Notes: 2023e = estimated values for 2023. Nu

* 0|0|X| £X: World Energy Outlook 2023,

3) World Energy Outlook 2023, HO|X| 88, IEA

mbers are in real 2022 US dollars.

International Energy Agency (IEA)
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Notes: 1.5-5 = 1.5°C Scenario; GW = gigawatt; PJ = petajoule.

* 0[0|X] £%: WORLD ENERGY TRANSITIONS OUTLOOK 2023, H|O|X| 89, IRENA
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4) https://about.bnef.com/blog/1g-2024~global-pv-market-outlook/
5) WORLD ENERGY TRANSITIONS OUTLOOK 2023, IRENA
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Recent years 2030 2050
Clean hydrogen 0.7 Mt/yr 125 Mt/yr 523 Mtfyr
production
Electrolyser 0.5w 428 ow 5722 e
capacity
Investment needs A
for clean hydrogen 100 so biionyr
and derivatives 11 USD billion/yr
infrastructure

Recent year= 2020, more than 10 billion USD in 2023
* 0|0|X| &X: WORLD ENERGY TRANSITIONS OUTLOOK 2023, m0|X]| 23, IRENA
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6) WORLD ENERGY TRANSITIONS OUTLOOK 2023, HO[X] 23, IRENA
7) https://about.bnef.com/blog/2023-hydrogen-levelized-cost-update-green-beats—gray/
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(13 5] A= HWLA EXj, HoHX HIY, FHSA MM
Levelized cost of hydrogen production from renewable electricity, 2023-2050

Cheaper Renewables and Electrolyzers Will Cut Cost of Green H2
Levelized cost of hydrogen production from renewables, 2023-2050

» China  Brazil » US Germany . Japan » Indonesia
%12 per kilogram
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2023 2030 2035 2040 2045 2050

* O|0JX] &X: https://about.bnef.com/blog/2023-hydrogen-levelized-cost-update—green—beats—gray/, Bloomberg NEF
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* 0|0|X] &X]: U.S. National Clean Hydrogen Strategy and Roadmap, 2023

8) https://about.bnef.com/blog/2023-hydrogen-levelized-cost-update-green-beats—gray/
9) U.S. National Clean Hydrogen Strategy and Roadmap, 2023
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Hgo] &gt 9 Aoz dif
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T A71HR1 A A] XV* SHI SR FA oUA] A FEe e oL, SR oA

- H=s E2HHE, gE dHE St SRl A9 MWh 2 A1~ o9
7141 oA A% 58& HolFal Sl

- 5229 79 GWh~TWh th7#2.9] ofulx] 44528 231 9o, 5A~14 o the] 943 7]
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GREY/BROWN Production

Uses natural gas or gasified fossil fuel as feedstock through
a steam reformer

Heat: 5.7 MWh _ CO,: 5457 kg

Methane: 1989 kg
(SMR) CH4 + H;0 > CO + 3H,

Hydrogen: 1000 kg (WGS) CO + Hy0 — > CO2 +H,

Water: 4468 kg
BLUE Production

Grey/Brown with carbon capture

Oxygen: 7936 kg
. GREEN/PINK Producti
Electricity: 39.4 MWh Electrolysis roduction
Uses water as a feedstock through an electrolyzer
Hydrogen: 1000 kg

2H,0 — > 2H, + 0,

Water: 8936 kg

Hydrogen: 1000 kg TURQUOISE Production

Uses natural gas or a gasified fossil fuel as feedstock through
a pyrolizer

Methane
Pyrolysis

Heat: 5.2 MWh -

Carbon: 2978 kg CHy —> C+ 2H,

Methane: 3978 kg

* 0|0|X] &X:https://www.bakerinstitute.org/research/advanced-carbon-economy-sustainable-hydrogen-pathway
- AA7IA, At 5 A AR 2 5E AY HE 2] 2 (SMR: Steam Methane Reforming)®}
A7k AOoREH(WGS: Water Gas Shift) 0.2 o] = ZHA S24 AARA] 1E 24 AJARA|
AR AR 5.7MHholAL, T 4 A4 olE 39.4 MWh, 35 a4 AiHAdlle
5.2MWhe] o | A7} B a3t oy A] AR FHA T 47k EF st T1g|o] 40 A%
Y ol4kslEA AR E 913t CCUS 7 374 482 AAgHNA BAAY

10) https://waww. bakerinstitute.org/research/advanced-carbon-economy-sustainable-hydrogen-pathway
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87 717k0] Ak wol 98
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[J2 8] CH2¥ &A 24 2 XX A2
H, conversion for storage and
Clean H, production transportation as well as reconversion H: offtake
Goseous H; son i Storape
(pipsling) Pt B —
:.:tga?:l;ulk = _ﬁ@_’nm‘:ﬂ:ﬂjy\ - I—o = Um“"'{?‘;"m”
5 ELE) ks
Liquid bulk l Kd\me;;lﬁsfﬂtl jon
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Solid-state g Hydrogen| q-_n)l':h_r{}f‘ s Storage & mnyfyo\jpenmxm
i oooo B (s (o, -+ b
(metal hydride) a5 _.0_‘ | '_k\ ) ¥ —"" [y - + q_ﬂ —_— @

* OPK| SA1 https://wwvrolandoerger.comyen/Insights/Pudlications/ls-solid-state—storage-the-missing-ingredient—in-hydrogen-transport. hirrl

11) https://waww.rolandberger.com/en/Insights/Publications/Is—solid-state-storage—the-missing-ingredient-
in-hydrogen-transport.htm!
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38.6
28.5
13
- ks

Coal -fired power

Coal gasificarion

Martural gas

Hydrogen production source

Renewables

* 0|0|X| &X: Prospects of Renewable Hydrogen in China and Its Role in Industrial Decarbonization!4)
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EHE= 20304714 SOGW. ESH F=
2.498E= F MY AL 7 ERE EF
- 2030W7kA] A=ro
F15%7HA] S71

ALz d%
[ 11 3= 5

2 2025714 A7F A BHE 200,000 0% AF
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PRODUCTION

Using clean
energy to
produce
hydrogen

STORAGE

Using high-
pressure
tanks and
cryogenic
temperatures
to store

hydrogen

Long tailors,
pipeline
network for
hydrogen.
and blending
hydrogen
with natrual
gas

Goal 1: by 2025, industrial by-products and renewable
energy are the primary sources of hydrogen production;
FCVs reach 50 thousand: green hydrogen production
reach 100-200 thousand per year: deploying hydrogen

refuelling stations.

Goal 2: by 2030, a wide range of deployment of
hydrogen production from renewables

Goal 3: by 2035, the whole value chain of hydrogen will
be established. The share of hydrogen coming from
renewable energy will largely increase.

Medium and
heavy goods
vehicles,
shipping.
and aviation

Adapting
existing
petrol/gas
stations by
adding
facilities for
hydrogen
vehicles. On-
site hydrogen
production and
storage for the
refuelling
station

RSty

Power to Gas:
to Power:
grid
flexibility

Decentralised
combined heat
and power
system

* 0|0|X| £X: China's hydrogen development: A tale of three cities(2023)15)
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:?&"E%ﬁoigl https://www.coalchina.org.cn/
S5 https://smartcity.go.kr/

GIZ, Prospects of Renewable Hydrogen in China and Its Role in Industrial Decarbonization

The Oxford Institute for Energy Studies, OIES PAPER: CEb, Dr. Arabella Miller-Wang, OIES-Aramco Fellow
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. Coal ﬂ!] Natural gas H Industrial by-products

. Electrolysis powered by renew. able ener gy

* 00K &X: SAAMAATL16) RIFS STUDY'?), Prospects of Renewable Hydrogen in China and Its Role in
Industrial Decarbonization'8)

16) SAMAARLY  https://m.chnci.com/
17) RIFS STUDY, China's Emerging Hydrogen Economy(2023)
18) GIZ, Prospects of Renewable Hydrogen in China and Its Role in Industrial Decarbonization
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Hydrogen Pipeline in Hydrogen Pipeline in
Yumen Qil Field the Ningdong Energy
and Chemical Base .
Y. and Chemical Base Heilongliang
a,
- TN s Tongliao
o Pipeline
inner Mongolia Jilin
Liaoning
Kinjiang Beiling
: Tianjin Dingzhou-
Gansu : B, » ‘Gaobeldian
- Hiabel Pipeline
- anxi "
: Ningxia Shandong Jiyuan
SinghEiEE. . R e Luoyang
Pipeline
Shaanxi Henan Jrangsu ipeline J:nllh_q-
ANk i """"""""""""" P Yangzi
i L 2 Pipeline
Xizang Chenaing lbbal Shanghai ipeline
Sichuan ) Zhejiang
Jiangxi
P Hunan -
Guizhou Fujian
4 r
Baling-Changling Yunhan Guangdong Tag"
AR et k Guangxi
Pipeline Hongkong
Macau
Hainan

* QK| S&f SARIHIAN9) RFS STUDY20), Prospects of Renewable Hydrogen in China and Its Rdle in Industrial Decarbonizatior? )

- A 2= A4 507) oAt AJAY S AP TR AE T} XY Fo|H g 2L BH

= 2] o]

Jg 3ol sjulo] A o] YEHo] 9. NEIE QAEL A A5 54 BT S4L
Qe @3 Yom, FRo|A 7 2 Ee A 8%(39.9 GW)T 7HE &2 H|F oA

AL BGL glol A fa ZEAE S fe)
- YET QEEAAE & geo] A7t AAHES] 7700 A AR5 Sa A mE
[23 14] 53 4 28AH

Beijing-Tianjin-

Hebei Region

.

Ningdong Energy and Heilongjiang
Chemical Base

b ..\ i

“Jinner Mongolia, Jilin

wLTaoning
Beuing
Gansu : Tianjin ‘Hydrogen Corridor’
8§ Hebei . lecated in
o Shanxi Henan province
: : Ningxfa Shandang isanunmnnre
Qinghai oo AR - -

Shaanx} Henan Jiangsu Yangtze River Delta

Xinjlang

' Anhul LA

Chonging Hubei Shanghai

Sichuan Zhejlang
Jiangxi' ¢

Xizang

u .
Guizhou Fujian
Yunnan Guangdong Tajlan
Guangxi
Hengkeng

Macau."*
o - -
Hainan Pearl River Delta

* 0|0]X| &X: RIFS STUDY22)

19) ZMMARTLL  https://m.chnci.com/
20) RIFS STUDY, China’s Emerging Hydrogen Economy(2023)
21) GIZ, Prospects of Renewable Hydrogen in China and Its Role in Industrial Decarbonization
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Yumen OQilfield 160 MW China National
1 Renewables Petroleum Corporation Jiuguan, 7000 Solar 2023
HydrogenProduction (CNPC) Yumen Gansu
Demonstration Project Qil Province
Zhongzhi Tiangong Wind
and Solar Power Zhangjiako Both Wind
2 Generation andUtilization Zhongzhi Tiangong u, 8000 and Dec-2022
(HydrogenProduction) Hebei Solar
Demonstration Project
Sinopec Ordos Green Ordos, Wind and
3 Power Hydrogen Sinopec Inner 10000 Jun-2023
. a . Solar
Production Project Mongolia
Narisong Solar to Hydrogen Ordos,
4 Industrial Demonstration Hanxia New Energy Inner 10000 Solar Jun-2023
Project Mongolia
e
5 ; ) China Hydrogen Inner 9300 Solar Jun-2023
EcologicalChain Mongolia
Demonstration Project 9
Sungrow 1GW Wind and . .
6 | Solar Hydrogen Production | Sun9row Power Supply, |- Baicheng, 133340 Wind and N/A
. Baicheng Government Jilin Solar
andStorage Project
National Comprehensive
Demonstration Project for Yinchuan
7 Hydrogen Production by Baofeng Energy Nin Ma‘ 21571 Solar Apr-2021
Solar Water Electrolysis by 9
Baofeng Energy

22) RIFS STUDY, China’s Emerging Hydrogen Economy(2023)

23) 71% 71 SJH|olA mo|Z2[oIo] AL 145 kmO|H, 1 9| Jinling-Yangzi(% 32km) 2 Jiyuan-Luoyang IfO|Z201(2¥
2bkm), Baling-Changling TH0|Z2tR1(Qf 42km), Tongliao LIO|Z2FI(QF 7.8km)0| US. Ningxia Energy and Chemical
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Sinopec Xinjiang Kuche
8 GDreen Hydrogen Sinopec K_u9he, 20000 Solar Jun-2023
emonstration Xinjiang
Project
* Prospects of Renewable Hydrogen in China and Its Role in Industrial Decarbonization®iA AP} Q96101 Xk
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- A 4 BARE At ZEA Eof &8 = AU A P2 2 HFFE AL FE Yo,
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FU H7Y 4 A TEAE= YEal X HojA Ho| o]Fojx|11 9o, o] Z|o] Zjof LA
o E15}7] W20
- Wa A9 dEFA AFYS ROk 2024\ 7HA] &= A4
- 29439 mRAEC A F ZRAERS 71 0E B v HBI0] A7} ol Sk YT
20259 =7+ 5321 100,000~200,0008/ W& 23} AgH 2 A ES xolotH Ha=9
AR AZE YA F4 YA SHL 1408 E 72
[E 2] 329 WS XY IHHUUXIZEE MY $4 i OZHE S48
Project status 2023 (tons) 2024 (tons) 2025 (tons) After 2025 (tons)
Operational 10,884
Under 68.871 222,782 25,600
construction
Aggregated 79,755 302,537 302,537 328,137
w.o. planned
Planned 60,450 323,225 81,000 643,300
Aggreated 140,205 686,212 1,436,112
* 0|0JX] &X: China's Hydrogen Strategy: National vs. Regional Plans, 2023
- gEHo maAEL 3M=AS AT 9518 2R ol o1 A3 A x|l Yo 2|51
nem, F{71Ho] A 7He et A Z2A E JfEo] Zlo] Hwojstal glow, YeEy 7|&
Z2AE 507 5 3270 = 77190l 2. 5707l =774 jITt 7ol E¥stal i,
U7 719 127 Z2AE Yo
- BA i ERAES F97]Q0] AR Pk RS A 7Fs S W] e FF F
Wao] 27k 220 A HES ZAsk 94eg o
24)Prospects of Renewable Hydrogen in China and Its Role in Industrial Decarbonization, 2022,

www.energypartnership.cn

25) China’s Hydrogen Strategy: National vs. Regional Plans, 2023, www.energypolicy.columbia.edu/about/partners.
26) China’s Hydrogen Strategy: National vs. Regional Plans, 2023, www.energypolicy.columbia.edu/about/partners.
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- 200049 A8 = LONGi Green Energy Technology Co., Ltd.(LONGi)= Al Ao A 7}
3 ER

& 2 HFF 71 7H-dl sholH, o] gk g A Aot 1
Ao AFES AlFstR o, o] AdS AET AS|AZ LONGi Hydrogen Energy
Technology Ltd. & 2021 A§sto] &7e] HARE BAL B
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F5Y. o] AEFES Fst DC A AR
2500A/nf Mg WroAE o=
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AZF Gkl A8 F 20-2000 Nm3/h & 35041 EQF PEM A3 % 0. 01—300Nm3/h
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1 Plug Power 3GW us PEM

2= Longi 2.5GW China ALK

2= John Cockerill 2.5GW Belgium ALK

2= ITM Power 2.5GW UK PEM

5= Ohmium 2.0GW us PEM

b= Bloom Energy 2.0GW us SOE

6 Cummins 1.6GW us PEM

7= Peric 1.5GW China ALK/PEM
7= Thyssenkrupp 1.5GW Germany ALK

9= HydrogenPro 1.3GW Norway ALK
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16= Topsoe 0.5GW Denmark SOE

15= Reliance Industries 0.5GW India ALK
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