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1) PESE> VL RRM
Bottleneck of Hydrogen Industry Development in China

a1 PESEET R RESG BNFERASE. EitiREZIRAENESE, REA
A, FEEENERK, —BRND, BiRSEEENTIREAMKIIE, B, Seer-Latiy
5@% ERARRANS,
?"_3 * At present, China has preliminary conditions for the development of hydrogen industry, but there
"’ are still obstacles such as high cost and insufficient infrastructure. | believe that since China takes
ad pride in its strong infrastructure construction capacity, the construction of hydrogen
W infrastructures will not be a bottleneck. Therefore, the biggest obstacle of hydrogen industrial
chain is high cost.

RENANEFELRGFEIEEWHLFEFATENNSEANTF. B S8MNBCR. FRMiRE, BR#S, MK
5B~ RS RENEFHE,

In my opinion, in order to realize the economic benefits of green hydrogen industrial chain in China, the following four aspects should
be the starting points: hydrogen related policies, regulations and standards, technological progress, scaling up and localization,
and philosophical support for hydrogen.




2) SSEETERR. EM. HEXR

The hydrogen industry needs support from policies, regulations and standards

NENBREARTENTHERE (88) AR RE Ta8~ LM,
The existing policy system is not compatible with the renewable energy
(hydrogen) system, which increases the cost of hydrogen industrial chain.

540 For example

- EREtREESEERRmINEENBORLE

The management of hydrogen’s attributes of hazardous chemical and energy commodity
according to related policies

. HE T BIEEN TEKX Hydrogen plants must be located in industrial parks

- SEEREENRE 205kE?

Pressure standard of transport vehicles of hydrogen gas: 20MPa?

s BERFENEHSRE, MEHDTEARE LA

It is required to build hydrogen production stations and hydrogen refueling stations
separately. Hydrogen refueling stations must use commercial land.




2) SREFTEBUR. EM. HEX

The hydrogen industry needs support from policies, regulations and standards

EREFIEFI0FL12B TFUIMAR B EERPETHN (EYEH
MAL) BTAERBAFRERSAESHZREEWHA.

On the afternoon of 12 October, Chinese President Xi Jinping delivered a
keynote speech via video at the Leaders' Summit of COP15 on Biological
Diversity.

EREFEIEF: "AEINLIBIAE. RPAER, FERGSELHE
RGN T I BRAIE IR E A BN — RV B RETEE, MEERIAIE.
BT I+NESRE R,

Chinese President Xi Jinping: To achieve carbon peaking and carbon neutrality
targets, China will release implementation plans for peak carbon dioxide
emissions in key areas and sectors as well as a series of supporting measures,
and will put in place a "1+N" policy framework for carbon peaking and carbon

neutrality.

2021-10-12 14:58 R#E#/H CCTV News .
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3) EeeHARMEHS Hydrogen Technological Progress
3N HERESARKD, FUFERBEERRARNNTE, AZSLIMEFHEIT TEM.

Technological progress in renewable energy reduce cost per KWh, laying the foundation for the economic
benefits of green hydrogen.

ZEREMHFREIRM2010FZI2019F +F 8] A TFEER . MHTTIL, KBABEASAT
feT82n, THREEEZESTHMAERERA.
The graph shows the cost reduction of various new energy sources during 2010-2019. The

decrease rate of solar energy costs reached 82%, significantly higher than that of any other
power generation technologies.
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On August 20, 2020, Zhong Baoshen, Chairman of LONGi Group, said in an interview that, in

terms of power generation cost only, it can be as low as under 10 cents per kWh in the first-
class areas in China, i.e. areas with more than 1,500 hours of sunlight.

SEiE FRZ5EE {£58 4457 Source: By Ren Gang and Xu Lianlian, National Business Daily

20214198 HHJ,OFweek A FHAESLAMIZAE, £ ERRARICIR_E M B HE FARRIHT, —E
X104 (NEART0.0687T). #&E1ZH & B HIAIERE U XD HFAI Shuaibayt R
THE.

April 19, 2021 Recently, the solar PV website OFweek became aware that the record of the
lowest on-grid price of PV power in the world saw a record low at 1.04 cents (about RMB
0.068) per kWh. It is reported that the PV power station involved is the Al Shuaiba PV project
in Saudi Arabia. 6




32)FARBHEBBKIRFESR NG, BEFISHA
Technological progress increases the production capacity of water electrolysis equipment and thus reduces the
cost of hydrogen production.

© BRMSERE/ERKREESENEM, BILBFA/N, B#S5EF
IF4-75 /R, BB ARTARG e RA 7T ARTART 6.
Technological progress has increased the production capacity of
individual water electrolysis facilities from several hundred Nm3h to
1,000 Nm3h, and the price has been reduced from 10,000 yuan/Nm3

capacity to 7,000 yuan/Nm=capacity.

© BARESEEYTERES, BEREEN, BREEFERAE.

Technological progress has improved the production capacity of

= 1000NmAr R KB iR H SR B
A domestic 1000Nm%h medium pressure
water electrolysis hydrogen production individual facilities and reduced facility unit prices, making hydrogen

facility

production cost lower.



3.3) BAHRDFEFCHRRNERERF, (REFCRATHE

Technological progress improves FC volume power density and thus drives down FC cost

NEDO(H A Fr IR = W H RS FF R KT 1 20405 H AE
RRIRE it B ARit R, HBBIhERBEKW/L. BFETFHmirai
% B TR B E T 3. 1kW/LETH25.4kW/ L,

NEDO (New Energy and Industrial Technology Development
Organization of Japan) released Japan’s domestic fuel cell target plan
toward 2040, setting its goal for stack power density at 9 KW/L. At
present, the stack power density of Toyota mirai vehicles has been
increased from 3.1kW/L to 5.4kW/L.




34) HFHEAR, ERFERALKRE, RASE~WHNEZFHT
The development of digital technology and smart manufacturing technologies will improve the
economic benefits of hydrogen industrial chain.

c BFHRESRSVEREREHAAKRRAREHASIERNNBENE,
Digitalization will significantly improve the overall efficiency of energy
supply and consumption of hydrogen industrial chain at the system level ,
leading to remarkable economic benefits.

© A BEEFERAREL AL MFELETW AN~ mAVERES, B RRAR
BEAR, bEANTERECVEFHSEERNMNES, W, NI
B BILRIETHILE (CBAM) .
Using digital technology to continuously monitor carbon emissions of some
sectors and products from on-line helps create a better carbon emission
accounting system and enables hydrogen enterprises to be more competitive
in domestic and international market. For example, addressing to the
Carbon Border Adjustment Mechanism recently introduced by EU.




34) HFHEAR. EHFERAKR, RASE~WHNEZFHE
The development of digital technology and smart manufacturing technologies will improve the
economic benefits of hydrogen industrial chain.

AT
LGN ILER,

D AEMIE

Tpruﬁw»cps

ARZEERFIERARTESHNEESEE. EFURRETEE~LHEBTRERE. B

EMEHRFE. SRS BERRESHA, BOmAR. SUFEHE FE6ENSEE a1,
NS BEEEHNEARNRESETHER, RERASH - LENZFE,

Developing green smart manufacturing is an important tool for hydrogen development in China. Digital
technology enables hydrogen industrial chain to improve quality, lower raw material loss and shorten
production cycle, so as to reduce cost and carbon emissions and realize green manufacturing. Intelligent
manufacturing can improve production efficiency through automation and dynamic monitoring and

management, and finally improve the economic benefits of hydrogen industrial chain.

10




4) MiEd. EETE R Scale and localization bring benefits
4.1) &SRR K2 Scale of green hydrogen industrial chain brings benefits

ARG, 2020F HESRK R E=HENFIN1199FMLLTTH. TESE5LVEETE. T8

ZF10K, FHFRETI002 6%, R BHBERRENHEEEESR T,

It is reported that the numbers of hydrogen fuel cell vehicles produced and sold in China were 1,199 and
1,177 respectively in 2020. There are ten major producers such as Yutong Group and Zhongtong Bus. The
average annual output for each company is about 100 vehicles and the cost of fuel cell stacks and vehicles
remains high.

BE, BUSRAASESERENRX, FEIEN, EUSREAR K. BRTEANERATIRNIB-75KWEHE: 2008 #E 19997T/kw, 200067
15997t/kw; 100004742 11997T/kw; &4 https:/xueqiu.com/8972527392/164860415

In general, unit product cost has a negative correlation with its output. The output increases while the unit product cost decreases. At present, some domestic
companies quoted for 38-75KW stacks at: 1,999 yuan /kw for orders of not less than 200 units, and 1,599 yuan/kw for orders of not less than 2,000 units, and
1,199 yuan/kw for orders of not less than 10,000 units. Link: https://xueqiu.com/8972527392/164860415

ARERE BAFE BRENNE, FEHXRSETRESNAERZEHE, KENRSE TREXAFEPHEVARKE. XEHRZRET
BRI =

In order to reduce the prices of special-use components such as fuel cell stacks, Toyota uses the same electric components in its hybrid vehicles, while Honda
uses the same chassis in its plug-in hybrid electric vehicles (PHEV). All these measures are taken to enhance the scale production of parts.

11
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4) MiEk. EEERSes  Scale and localization bring benefits
4.1) ZFS = aEiEL K25 Scale of green hydrogen industrial chain brings benefits

c REEAHMERERAGREREHKE, PEBEREEIX1000TXKESR
/INEE, BARE TRHEZE7000T/kW 24, (RAKEERH—FEEZER.
Domestic Chinese alkaline electrolyzer technology is world leading, with single electrolyzer
capacity at 1,000 m3H, /hour and cost at about 7,000 yuan/kW, merely half of that in developed
countries.
« ERARLE bR M = b sE A W [E 7= 1L #0798 B3 Domestic enterprises in the
upstream industrial chain of fuel cell stacks have achieved preliminary success in localization.
o FEBMR. B AR IEFIARAR B E A& E M #E 17 There has been domestic
manufacturers of membrane electrodes, proton exchange membranes and bipolar plates.
o S BEM W FFia/ N IA=4 = Gas diffusion layer enterprises have started small-
scale production.
o EUFIM FANFHIAMEE Catalyst enterprises are working on R&D.
o EEMMRAR FFIEE =1 EE Metal bipolar plate enterprises have started
localization.

EFRBRER+E RS +E R -2FN A RE

Largest production scale + Highest localization rate + Intelligentization = Best Economic Benefits 12




5) SRERAELRT D
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International cooperation on hydrogen is essential

EREFEHRLREESR, SREENARERSIER
B

AW/ o

With global energy transformation advancing rapidly,
hydrogen is likely to become a new hotspot for
international cooperation.

ERE—H—%

Follow the Belt and Road Initiative
HHR&

Equipment renting

WHEAR

Technologies export

£=RE. 8%

Produce green hydrogen, green ammonia, etc.
HEZS. &EF

Sell green hydrogen, green ammonia, etc.
HEFE. £EEH

Share profits and enjoy prosperity

Green hydrogen brings an opportunity to China: the strategic support from the Belt and Road Initiative




6)

SHEENEEXIE: S8 Philosophical Support for Hydrogen: Hydrogen Ethics

ﬁ‘?ﬁ S g0 (Hydrogen Ethics) REEARNZERNEZMEDEN ., SEAERNIZ D

Hum

RIS\ -

RN ERNE THEL R, SRAERERCEN—&Y, BSEREFRHBLE,

M

Ric Hydrogen Ethics is a variety of moral principles that should be followed in the development

K. ol kiR of hydrogen. Its core is nature and sustainable development. Hydrogen Ethics is a part of

energy ethics, which could guide the healthy development of hydrogen.

EPESERRENESKRE. BRI ARAREXMESMREEETL, HHEZCO2,

Coke oven gases are a good source of blue hydrogen. However, the coking industry should not be developed in order to obtain
it; otherwise, more CO, will be emitted.

AN TRREEE, NZREREEREZIHE, aBIHtsE. EENE. EBlls,

Energy diversification should be promoted for energy security purposes. Both hydrogen and electrification shall be developed
and adopted where suitable.

WWERRSREVR, NERRSRBEAINA T, MNXTOTRFEM.

The original intention of developing hydrogen shall never be forgotten. We should pay attention to the sustainability instead of
sticking to the current economic benefits of hydrogen.

k. (AZ4A) bERaF TR, 2020  Source: Hydrogen Safety, Chemical Industry Press, 2020




7)

A)

B)

INGE Summary 1/2

FEELABRFEANREAE, PE2060FE %P BFstE T EEFEKAEENM, FPESSH RPN ZHEL
EPEGgEFEMYZA, BEFENALIHSLBNEZETR,

China has begun the great energy journey with the goal of carbon neutrality by 2060 as its destination. The day when
China realizes carbon neutrality marks the day it achieves energy independence, which would also reflect China's
important contribution to the development of human society.

REE2060FAE “BRP ", MARDABFIHYARES. FHBR, REKESR-VHENEFERAE
BE5.

In order to achieve carbon neutrality in 2060, it is high time that China replaces coal with green hydrogen and green
electricity in a well-planned manner and make it an important task to improve the economic benefits of green

hydrogen industrial chain.

15



7) /g5 Summary 2/2

C) BEa&ESR~VENEBIR. FRMPER I TREZEBRE~VENEFIE,
Policies, regulations and standards compatible with the green hydrogen industrial chain are helpful to improve its
economic benefits.

D) S~ W FHEBRA#L, BFEKFE. Tk,

The economic benefits of the hydrogen industry depends on technological progress, including digitalization and
intelligentization.

E) #lEH. B EEtEse gk LENERt.
Scaling up and localization could remarkably improve the economic benefits of green hydrogen industrial chain.
F) ARS®ERLEE, A—F kS, XEAEHR. SHXT.
International cooperation should be carried out to serve the Belt and Road Initiative, promote green hydrogen
gloably and realize common prosperity.

G) ENMSRMNEFEIE: FERBRAR, LARSREFT.

Attention should be given to the philosophical support for hydrogen to promote the healthy development of
hydrogen and to realize its economic benefits.

16



WHET R, WOFTERIE !
Thank you for your attention.
Comments are welcome.

maozg@tsinghua.edu.cn



