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scenario application being rolled out

Fuel Cell Industry Research: Hydrogen energy has been put on the national agenda with

The hydrogen energy industry has been included
into the national energy strategy.

Since the 14th Five-Year Plan, ministries and
commissions have intensively issued favorable
policies for hydrogen energy, covering research on key
technologies in hydrogen energy production, storage,
transportation and use, demonstration application of
hydrogen energy, infrastructure construction, etc.

In March 2022, the National Development and Reform
Commission and the National Energy Administration
jointly issued the Medium-and Long-Term Plan for the
Development of Hydrogen Energy Industry (2021-
2035), clarifying that hydrogen energy plays an
important part in the national energy system in the
future and is a key emerging industry of strategic
importance, and proposing  three  five-year
development goals for the hydrogen energy industry
so as to meet the goal of emission peak and carbon
neutrality.

10th Five-
Year Plan

The Tenth Five-Year National High-tech Research and Development
Plan (863 Program) - Major Special Project for Electric Vehicles
established an electric vehicle R&D layout consisting of “three
verticals” (hybrid electric vehicles, battery-electric vehicles, and
fuel cell vehicles) and “three horizontals” (multi-energy powertrain
control systems, drive motors and power batteries).

11th Five-
Year Plan

The National Eleventh Five-Year Plan for Science and Technology
Development clearly listed hydrogen energy and fuel cells as
frontier technologies for advanced deployment and pivotal
research.

12th Five-
Year Plan

The Twelfth Five-Year Development Plan for National Emerging
Industries of Strategic Importance brought fuel cell vehicles into
the development priorities of national emerging industries of
strategic importance, and suggested promoting the research,
development, demonstration and application of fuel cell vehicles to
initially build a relatively complete industrialization system.

13th Five-
Year Plan

The Thirteenth Five-Year Development Plan for National Emerging
Industries of Strategic Importance clearly proposed to
systematically promote the R&D and industrialization of fuel cell
vehicles, strengthen basic research, accelerate the improvement in
engineering of systems and key components, improve technical
standards, and boost the construction of supporting infrastructure,
and achieving the mass-production and large-scale demonstration
application of fuel cell vehicles by 2020.

14th Five-
Year Plan

The Outline of the Fourteenth Five-Year Plan for the National
Economic and Social Development and the Long-Range Objectives
through the Year 2035 (Draft) definitely pointed out that the
future industry incubation and acceleration plans in the fields of
hydrogen energy, energy storage and other -cutting-edge
technologies should be implemented, and a batch of industries for
the future should be planned and deployed.

Policy
Document
s

Measures for the Administration of Carbon Emissions Trading
(Trial), Guiding Opinions on Coordinating and Strengthening the
Work Related to Climate Change and Ecological Environmental
Protection, Guiding Opinions on Accelerating the Establishment
and Improvement of a Green and Low-carbon Circular
Development Economic System, and Guidelines for the Filing of
National Standards in 2021 prompted the preparation and revision
of standards for clean and efficient utilization of primary energy
such as coal, oil and natural gas, and production, storage and
usage of hydrogen energy.

Source: ResearchInChina
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Green hydrogen will be an investment hotspot in the future

(1) Green hydrogen will be an investment China's Hydrogen Output and Growth Rate, 2015-2022

hotspot in the future == Hydrogen output (10 kt)
4000 35%

China, the largest hydrogen producer in the world,

boasts hydrogen capacity of about 40 million tons/a 3300 %
and output of about 33 million tons/a. In 2021, China 3000 _—
produced about 33 million tons of hydrogen, up 32% —
year on year. In 2022, the output will jump by 15% 20%
on the previous year to 38 million tons. 2000

15%
In the short and medium term, China’s hydrogen is e
mainly made from fossil, partially from industrial by- 1000 o
products, but the proportion of hydrogen produced 59
by renewable energy will ramp up year by year. By S0
2050, about 70% of hydrogen will be made from 0 0%
renewable energy, 20% from fossil and 10% from 2015 2016 2017 2018 2019 2020 2021 2022E

other technologies such as biotech. .
Source: ResearchInChina
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Typical Green Hydrogen Projects in China

By region, China's hydrogen production is concentrated
in Northwest and North China where fossils are
abundant. China’s hydrogen market features a scattered
competitive landscape: China Energy Investment
Corporation and Sinopec are the largest hydrogen
producers in China, accounting for about 30%; others
are mostly small and medium-sized enterprises with a
small hydrogen production scale. As other large
enterprises dabble in the field of hydrogen energy, the
hydrogen energy industry is expected to be more
concentrated.

Green hydrogen is the key to the energy strategy and
represents the development direction of the future
hydrogen production. The huge market potential has
attracted large energy enterprises, wind power and
photovoltaic giants. From 2020 to 2022, China propelled
the construction of several green hydrogen projects,
such as hydrogen production from hydropower in
Sichuan, photovoltaic hydrogen production in Xinjiang,
and hydrogen production from wind power in Inner
Mongolia, laying a good industrial foundation for large-
scale production of green hydrogen.

Typical Green Hydrogen Projects in China

--

+ Hydrogen production: 20 kt/a;
Photovoltaic Green * Hydrogen storage: about 210,000
R R MNov. 30, .
Hydrogen Project in Kuga, 021 Jun. 2023 standard cubic meters;
Xinjiang * Hydrogen transport: 28,000

standard cubic meters per hour;
Wind Power & Photovoltaic

Fusion Green Hydrogen .
Chemical Demonstration Dec, 23, Jun. 2024 Hydrogen production: 20 ki/a;
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Project Phase I in Usxin 2022 * Hydrogen storage: 216 kt;
Sinopec Banner, Ordos
100kt/a Integrated
Demonstration Project of Dec 23
Hydrogen Production from ’ " Jun. 2027 + Hydrogen production: 100 kt/a.
Wind Power & Photovoltaic Sne
in Ulangab
Wind Power & Photovoltaic ;
Fusion Green Hydrogen Feb. 16, | mmgen prm::chon.- T k:;: o
Demonstration Project in 2023 e | | :
Ordos, Inner Mongolia e b |
160MW Photovoltaic
Hyd i Jun. , :
PetroChina D:rnﬁ:tr:atlon P:?:::ht:: 2';;5 L 2023 * Hydrogen production: 7 kt/a.
Yumen Qilfield
China & i L) Blech ,_ e * Annual output of high-punty
Hydrogen Production Dec. 28, .
Huaneng Demonstration Project in | 2022 hydrogen (99.999%): 20.8 million
Group Sichuan standard cubic meters.
* Project of Hydrogem production
Green hydrogen  energy and hydrogenation by electrolysis
Sk integrated demonstration Jan. 28, of water from 20,000 kilowatts of
i base project in Zhangjiakou, e 2022 renewable energy;
Hebei Province *  Within two years, the capacity will
be expanded to 60,000 kilowatts;
Ningxia Baofeng Energy
Group
Hydrogen Production b . -
o Szlar:glectrolysis Y Dec. 2022 Dec. 2024 R T A e
Energy Energy Storage, Application standard cubic meters/a.
Demonstration and
Expansion Project
Source: ResearchInChina
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Hydrogen storage and transportation will become the pipeline of the hydrogen energy strategy

(2) Hydrogen storage and transportation will become the
pipeline of the hydrogen energy strategy.
Commercial hydrogen is mainly transported in three forms: high-
pressure gas hydrogen, low-temperature liquid hydrogen and
hydrogen pipeline. At present, China mainly uses high-pressure
gas hydrogen + 20Mpa long-tube trailers to transport hydrogen,

Business Layout of Chinese Hydrogen Storage Cylinder Suppliers

Hydrogen storage enterprises

Beyng Jingcheng

Layoul of hydrogen storage and transporation business

+  Storage and transportation products include liquefed natural gas vehicle

tnks, compressed natural gas vehicle tanks, and carbon-fiber-wound

which fails to meet the needs for large-scale use of hydrogen for B Ak M T Machnery Electic ;-;m :;: :m ;:;:-:;u:ﬂ Imﬁ‘ ;-:wﬂ SR
the time being. In the future, as large-scale transportation of SAIC. Feschi Bus and miegrators '
commercial hydrogen is in demand, China is bound to make o Sinoma * Produce 100,000 type-lil hydrogen storage tanks annuaily.

. . T Sinoma Scence £ Compisied the ressarch and developmant of TOMpa fully wound hydrogen
progress in hydrogen storage materials. = ERE Technalogy tanks with plastic liners (typelV hydrogen tanks) and constructed the
For vehicle hydrogen storage in China, 35Mpa carbon-fiber- 30,000 units/year producton kne which will become operatonal
wound-type-lll tanks are often seen, and 70MPa carbon-fiber- OFEI B8 $:Wm 0 lﬁ’:ﬂmmﬁmw 70MPa type-IV hydrogen tanks, and now
wound-type-ll| tan!<s have also been adopted in a small number - The Shijazhuang i el e B
of homemade vehicles. As concerns the future hydrogen storage CIMC ENRIC CINC Endle systematically assemble type-lll and IV hydrogen tanks, and provide
and transportation technology, China will work on the standards TRREN ;mp";" high-pressure hydrogen tanks of 36Mpa and sbove (including
and industrial application of 70MPa type-IV tanks, independent Tﬂp;gup. vertical storage tanks manufactured by Zhejiang Universty
development of carbon fiber for gas tanks, and reduction of B Jubus Group and Juhua Group were installed in Toyota Hydrogenaton Stabon in
energy consumption and cost of hydrogen liquefaction, and make ok o v . e g e e
gradual breakthroughs in domestic civilian liquid hydrogen The second-generaion 7OMPa-57L type-Ii hydrogen siorage tank
technology and equipment. FURT | moasey | O e g chvens dosaty s 0 €1 ot
It is predicted that in 2025 70MPa type-IV tanks will be widely IS Techo®Y . ETXT Enargy Technology is synchvonously pianning the ineup of type-1\
used, liquid hydrogen equipment will be initially self-developed, mm‘:::ﬁ:g:;"“':“ﬁfv“m
and a number of liquid hydrogen storage demonstration projects hl_l wﬂ e + 5o far, the company has developad and manufactured a vanety of type-IV

will be carried out.; by 2030, 98MPa type-IV cylinders will be
produced on large scale at lower cost, and liquid hydrogen
equipment will come into batch production at much lower cost
and find broad application in mass storage and transportation at
medium and long distances.

hioka  In MO DAThCUar O

fanks, and has acquired patents for plastc lners, metal tank nozzie
sealabilty and carbon fber winding technology

Source: ResearchInChina
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Breakthroughs in localization of core fuel cell technology

(3) Breakthroughs in localization of core fuel cell technology

The Guidance Catalog (First Batch) for the Application
Demonstration of Key New Materials (2021) issued by the Ministry
of Industry and Information Technology favors the breakthroughs in
fuel cell technology, and the technological upgrade of hydrogen
energy and fuel cell industries. The breakthroughs in manufacturing
technology of core raw materials for fuel cells are the crux of cost
reduction for China's fuel cell industry.

Accompanied by the construction of fuel cell model cities, the
technological progress of China's core fuel cell material industry
has obviously accelerated. Technological breakthroughs have been
made in core materials in the hydrogen energy industry chain such
as high-purity hydrogen, carbon fiber composites for hydrogen
storage tanks, proton exchange membranes, catalysts, membrane
electrodes, and gas diffusion layers, and production lines with
considerable capacity have been built to produce some of them,
providing the basis for further localization.

Under the joint influence of hydrogen energy policies and industrial
chain cost reduction, China will build a complete hydrogen energy
industrial system and diversified hydrogen energy application
ecosystems covering transportation, energy storage, industry and
other fields.

Breakthrough Progress in Localization of Fuel Cell Industry Chain

devdopmult

enterprises

Electric reactors
using proton
exchange
membranes
made in China
have been
mounted on
commercial
wvehicles and
have been put
into
demonstration
operation.
Shandong
Dongyue Future
Hydrogen Energy
Materials

SPIC  Hydrogen
Energy Tech -
Wuhan Green
Power Hydrogen
Energy
Technology
Thinkre New
Material
HYPROOF
Sichuan EM
Technology

Small-batch  application has
been realized, which lays the
technical foundaliun for large-
scale commerdial production.

SPIC Hydrogen Energy Tech

Jiping New Energy

Kdcatal

Sino-Platinum Metals

Wuhan Himalaya
Optoelectronics Technology
Sinocat Environmental
Technology

Manjing Doinpower Technology
Suzhou  Hydrogine  Power
Technology

Kaili Catalyst & New Materials
CSTC

Sino-Science Hydrogen

GEM

Qingdao Chuanggi New Energy
Catalysis Technology

Lopal Tech

Jiangsu Huachang Chemical
Shenzhen Academy of
Aerospace Technology

Xiong'an New Power
Technology

Great Power

AT &M

Sunlaite

TangFeng Energy

Shanghai European-Asian
Synthetic Material

Source: ResearchInChina

At present, the
performance of
domestic
membrane
electrodes is
catching up with
international
standards, but the

5mM
still needs to be
improved.

Dongfang
Hydrogen Energy
Sunrise Power
Suzhou Hydrogine
Power Technology
SPIC Hydrogen
Energy Tech
SinoHyKey

Wuhan WUT New
Energy

Shanghai TangFeng
Energy

Shanghai  Maxim
Fuel Cell
Technology

FTXT Energy
Technology
Shanghai Pearl
Hydrogen Energy
Technology

Core Proton Catalyst Membrane
materials electrode
membrane

Carbon paper
made in China
has gradually
enterad  the
stage of small-
batch
production and
application
from

laboratory
stage,

Shanghai Tanji
China National
Pulp and Paper
Research
Institute

KBC

Shanghai Jlazz
Material
Shanghai
Hesen
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In the context of energy iteration, fuel cell vehicles have entered a new development cycle

China's new energy vehicles have boomed, ranking first in the world for eight consecutive
years. In 2022, the output and sales of new energy vehicles went up by 96.9% and 93.4%
year on year to 7.058 million and 6.887 million units, respectively. Wherein, the output
and sales of battery-electric vehicles jumped by 83.4% and 81.6% year on year to 5.467
million and 5.365 million units, respectively; the output and sales of fuel cell vehicles
soared by 105.4% and 112.8% year on year to 4,000 and 3,000 units, respectively.
Hydrogen fuel cell vehicles and electric vehicles head in different directions. Hydrogen
fuel cell vehicles will replace diesel engine vehicles in the future, while battery-electric
vehicles will tend to substitute gasoline vehicles. Hydrogen fuel cell vehicles are
positioned as a supplement to battery-electric vehicles. In many fields and scenarios
where battery-electric vehicles are difficult to popularize, hydrogen fuel cell vehicles
remain extremely superior.

Hydrogen fuel cell heavy trucks now have become a promising segment in development
of fuel cell vehicles. Hydrogen heavy trucks/mine trucks can still run stably in low
temperatures and harsh environments, covering the defects and shortcomings of battery-
electric vehicles. In 2022, 4,782 hydrogen fuel cell commercial vehicles were actually
sold, a year-on-year upsurge of 155.2%. Especially, hydrogen fuel cell heavy trucks were
a strong performer, with the full-year sales of 2,465 units, rocketing by 216% on an
annual basis, higher than the growth of 141% made by new energy heavy trucks, thus
becoming the main force to drive the rapid growth of hydrogen fuel cell commercial
vehicles.

From the "49-ton fuel cell heavy truck project in Jiaxing Port Area", it can be seen that a
batch of hydrogen energy equipment manufacturers have clustered and created a range
of hydrogen energy application scenarios. Port logistics vehicles, forklifts and sea-river
intermodal ships provide rich application scenarios for the hydrogen energy industry in

Jiaxing Port Area. In May 2022, Zhejiang Feichi New Energy Vehicle Technology Co., Ltd.

officially delivered 50 hydrogen heavy trucks to the national hydrogen fuel cell vehicle
demonstration application program in Jiaxing.

In addition to hydrogen heavy trucks, hydrogen fuel cell special vehicles take a place in
the demonstration area. Hydrogen fuel cell sweepers, hydrogen fuel cell refrigerated
vehicles, hydrogen fuel cell logistics vehicles, and hydrogen fuel cell buses among others
come into operation.

Sales Volume and Growth Rate of Hydrogen Fuel Cell Heavy Trucks
in China, 2021-2022

Plug-in

) Hydrogen fuel hybrid Total new
Projects cell heavy ey anergy
trucks heavy trucks
trucks
Sales (units) 2,465 22,659 28 25,152
YoY growth (%) 216.4% 135% 47.3% 141%
2n22 | [VEROTNN 9.8% 90,09% 0.11% 100%
heavy trucks (%) j R i
YoY growth in
proportion of 2.35% -2.27% -0.08% 0
heavy trucks (%)
Sales (units) 779 9,650 19 10,448
2021
TNEAH T 4 7.45% 92.36% 0.19% 100%

heavy trucks (%)

Source: ResearchInChina
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