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Overview of Fuel Cell Vehicle
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Opportunities and Challenges for Chinese Industry of Fuel
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As an energy carrier, hydrogen will revolutionize the traditional
energy structure, and enable new linkages between clean energy

supplies and demands, enhancing overall energy system flexibility.

B REHNEFRZHB (EReEERAEREIFRTTENTEI(2016-2030)) |, 1§

— Heat network Electricity grid Liquid and gaseous fuels and feed-stocks T&D — Hydrogen %ﬁ*ﬂ%ﬂ%iﬂﬁ“ﬁié‘iﬁ , &ﬁﬂg <<“+E£" E%ﬂ;ﬁﬁ“%ﬁ*ﬂ
¥ BERESEEMRERDEANADIGZRBEREFR DMK~
Solar ¥ Oxygen“ rgaieesy Oxygen !l.l!ﬁ*ﬁsgq:
Fr h H ¥ O Chinese government have published two national plans, one is
Wind \ Y ElectrOIYSiS Hydrogen A
energy 7|/} W cyce ell L “National Action Plan for Innovation in energy technology revolution
Hydraulic 622 Driveenergy (2016-2030), and the other is “13th 5-years plan for national scientific
energy ERAB\Y

and technological innovation plan”. They all highlight the hydrogen

energy and fuel cell technologies.
Source: IEA Technology roadmap Hydrogen and Fuel Cells, 2015
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Pathway for Clean Energy Vehicles
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Prospective Market for FCV

1 Annual Fuel Cell Car and Bus Sales by Region, World Markets: 2015-2024
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Source: “Fuel Cell Vehicles” ,Navigant Research , 2015

B EXER, KESHSTRARERAEAAZREEENERDIER
FERERIEERSERA , TiHBHEX , BEE20245FiXF22.85
§% , 20505 LIESESERY25%LA L. FCVs are regarded as the
most promising solution for traditional powertrain in large
power and long distance drive condition, and a self-sustaining
market could be achieved. As predicted, the annual sales
amount will reach to 228000 by 2024, and the total number

will reach to 25% of all vehicles.
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B RERSEEIE/EINGE 7RG TESEE , 2015F A A2 R Bt S FERIElkd e
Big leaps have been achieved in the past few years, and 2015 is regarded as the first year for fuel cell vehicle(FCV) being

ready to enter to commercialization stage

B REBNSEEPTM T HERISENLTESNA : NathRREEIE,. 500kmll ERSIRERE, AESIMEesHEERN
FUHFESI=Rn e . BEMAGF
FCVs have almost met the requirements of substitute for traditional vehicles, which can be refueled in minutes, have a
330+miles driving range, get more than 65 miles per gallon (equivalent) , provide high power, with zero pollution from the

tailpipe .

Hyundai Tucson Honda Clarity Toyota Mirai
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B 2014-2016%F , F¥H. ¥H. MSEFLECEREANEIRNSE , B LSHERZBISIEESRL. From 2014 to 2016, volume production FCVs had
been launched by Toyota, Honda and Hyundai. In China, SAIC motor released the demonstration model FCVs.

B 2017-20206F , FERELHITRIERS=IREIRNSZE | R ISEZSHENFEACYIHIBER. Automakers release the volume production

plan for 2017 to 2020, and the FCV is coming into commercial stage.
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B HFApSaeSHEat~IEELERNEY | ST ZERFESESREEb=IESE RKEHETIE S LI
AKHO%EE , BEES T, Z2ARTIBFFEIE Japanese is the leader in hydrogen and fuel cell industry owing to the
government’s supports. They had established a council, which had set up a close collaboration between industry, academia

and government, and had published the industry plan and roadmap for hydrogen and fuel cell industry.

B#RE Rt HASaertE R iz asEm
~ Plan for Hydrogen and Fuel Cell Market Prediction
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2015 2020

2030 2040
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| Demonstratlng a hydrogen supply chain that will be established in specific regions in
collaboration with communities, e.g., in the 2020 Summer Olympic Games in Tokyo
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Achieving a reduction of hydrogen price to a level equal to

or lower than that of fuels for hybrid vehicles.
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B ERRBHFEHRSHS FiHT 7 XKENHEANREMARE , AFEXNNMARHTHISFIEMRNERKISEEIZ Many programs on research or

demonstration have been funded by the EU and member states, and financial subsides are provided by each member to applications and

infrastructures.

m ZEFIETIEANNSIHEMISERIZNE . BeiSERIINSIS100E |, iTRITE2023F52K400ENS s , 72030452 1000EENNS
, Baal00%AIA L. German is the leader in developing infrastructures. More than 100 units will be setup by 2017, and 400 units by 2023, and

1000 units by 2030, which can provide hydrogen refueling service for all the population. Il Tier 1 Regionen

Tier 2 Regionen
Tier 3 Regionen

2015 2020 2030
| J e/ N Y
RIEER 7l r; AL il K ;
} e e i - -
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m 201551284 , —EEMEIRBRIIA Y “"EiFZESHESEELEE ( International Zero-Emission

Vehicle Alliance ) ” , FiEISTE2050E AT LFRESRE 2R P FREEEER
ISIHFISS RIS ERFMETSISH , FI20504F |, TIHEREIERE LA
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Departments Worldwide How government works Getinvolved
Policies Publications Consultations Statistics

News story
UK government pledges bold ambition
for electric cars

r Transport, Office for Low
1P

ission Vehicles, and

Partof.
Published

Government reaffirms UK’s commitment for almost all cars and vans
to be zero emission by 2050 at Paris COP21 conference.

The UK government has continued to lead global efforts te cut vehicle
emissions at the international climate conference in Paris today (3 December
2015).

The UK was one of 13 international
(ZEV) Alliance to sign a commitm
transpo

mbers of the Zero Emission Vehicle

o promote cleaner motoring and slash
issions, alongside Germany, the Netherlands, Norway and
California. Itincludes an agreement to make all passenger vehicle sales zero
emission vehicles by 2050

Transport Minister Andrew Jones said:

“ The UK already has the largest market for ultra-low emission vehicles in the
EU, and the fourth largest in the world and today’s pledge reaffirms our
commitment to ensuring almost every car and van is a zero emission
vehicle by 2050

* Electric cars are greener and cheaper to run and we are making them more
affordable, spending more than £600 million between 2015 and 2020 to
support the uptake and manufacturing of ultrarlow emission vehicles here

EfniAEE2050FFIRk AR ZHIIER
7

°
I
e\/ ANNOUNCEMENT MEMBERS

PUBLICATIONS QUOTES

MEMBERS

British Columbia
California
Connecticut
Germany
Maryland
Massachusetts
The Netherlands
New York
Norway

Oregon

Québec

Rhode Island
The United Kingdom

Vermont

THE ZEV ALLIANCE PARTICIPATION STATEMENT

The jurisdictions seek to collaborate with other governments to expand the global zero-emission vehicle (ZEV)
market and enhance government cooperation on ZEV policies, in order to strengthen and coordinate efforts to
combat air pollution, limit global climate change, and reduce oil dependence by establishing an International Zero-
Emission Vehicle Alliance (ZEV Alliance) to increase ZEV deployment.

Each participating jurisdiction is a participant.

AREAS AND FORMS OF COOPERATION

The Participants will cooperate in the following areas, on the basis of the principle of equality and mutual benefit:
Setting deployment targets

= Sharing existing targets for ZEV deployment;

= Setting ambitious, achievable targets for further ZEV deployment in line with their long-term goals;

+ Working to establish a shared vision and target for ZEV leadership jurisdictions;

« Encouraging one another to consider ambitious targets that drive ZEV deployment.
Acting together

« Creating and sharing action plans to achieve ZEV adoption targets;

+ Sharing data, best practices, and other information to inform target-setting and planning;
= Taking actions to achieve our targets as appropriate in each jurisdiction;

= Looking for opportunities to act together to achieve our individual and collective targets

16
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Bloom Energy (SOFC)

Doosan Fuel Cell America ( PAFC)
Fuel Cell Energy ( MCFC)

LG Fuel Cell Systems ( SOFC)

Plug Power ( PEMFC)
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B MSuUSBRENRIRTY SEESHHBINSELRNIAR | BRiRaER2E/E. BAFFISEE Development of hydrogen

refueling station reflects the activities of fuel cell vehicles, the hottest flashpoints including Japan, EU and the USA.

GARE 1062 101
N > < |
S e A L4 12017417 |, SEIEEEEMINE
. j Hfmaons.o,g 5 L IAZ274FE | 20162 IRITILI2RENNS G

Up to the Jan. 2017, the total number of

hydrogen refueling station in operation is

. 274, and 92 units were built up in 2016.
in operation 2\
planned X Hydrogen Refuelling Stations Worldwide
Status January 2017
© Ludwig-8alkow-Systemtechnik GmbH www. lbst.de :U/T:E
2[RE
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Overview of Fuel Cell Vehicle

o HEAHANSE~IEIGAINISSHR

Opportunities and Challenges for Chinese Industry of Fuel Cell Vehicle
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B ERFIVECRSREH , HARRPUBREENEMBRCAT , AZE~INEERR , FEXW=IIIR, ZIERERMSH

fTEABIEREN The guidance of Chinese national government is very clear, and the technical roadmap and milestone are

released. To support the high-speed growth of fuel cell vehicle industry, there should be more supporting conditions, such as

hydrogen refueling station.

2015£F 20204 2025£F 20304
4R EEFE300km LR EEFE500km 4R EEFR500km SR ERFE 500km
B 2551 50km/h B 755 2EE160km/h BEZEE170km/h \ BE%E 180km/
B B RIEEREE-20°C RISANRE-30°C SRR -40°C S EFERE-40°C
B #7 i 10/5km Zan2073km Ein2575km Zan30/7km
Milestone || MBEESTIE WAL FTIE RS SRS S
Targets 1.2kg/100km 1.0kg/10(lkm <1.0kg/100km 1.0kg/100km
7 50/57T A 205 5T il
B2 >50757T @ﬁ%ﬁfnm A<207575C /qm$<wﬁn
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B REERSEAMEISISEEZE 20204 The Financial subsidy policy for FCV will be stably last to 2020

B NS8eHTE200kgAINMNS uL1E+ME40073 A The subsidy for hydrogen station with the capability more than 200kg per day is
4 million RMB

m REIESEAMEREIN TR |, A BAFEIMMES0%0~120%, EEREEEIE his HIhER X FIRENEBNIhZRAY30% , £Eid
BBfEXKF300km, The subsidy for each type vehicle is shown in the following table, and the local governments will provide a

extra subsidy of 50%~120%. The requirements for the vehicles are: FCE rated output power is greater than 30% of drive

motor’s rated power, and the drive range should be grater than 300km.

Vehicle Type Subsidy in 10thousand RMB
Passage Car

R B RZE, RE
Light Duty Commercial Vehicle
AR B R PRI E, PEARE

Heavy Duty Commercial Vehicle
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B EGEFSZIF FEEMEAIUNDPE=HAARIISEIRE , M1 RERA M EH#RITRIBIETT. The 3™ UNDP FCV

demonstration program supported by GEF is been carrying out in five cities, including 112 vehicles, in which there are 36

buses, 41 passage cars, 30 logistic cars and 5 trucks.
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More than 10 hydrogen refueling stations are

being built.
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o 165EAEI iR A2 4288 16 years experience on fuel cell

® 300 RAIAFI B ;S EFF A& 300+ fuel cell vehicles developed
e B/ \BAIEHEFAZE 1,000,000+ hours operation data
o SFEIUCIAEIEBMENIFES 41 Generation fuel cell powertrain -

2011 2012 2014 2016
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® 2001~2005: Supported by National
Research Programs
® 2006~2010: Driven by National

Demonstration Programs

+5 ® 2011~2015: Led by automaker,
2001~ especially by SAIC MOTOR
2005
;. " 2r2sl ® Now: The direction is not clearly,
— — SR ® FZpkrdl e v . & :
ERL A - but it is definite that the commercial
5 EFIREN ® N/ INSuh ‘ :
A0 S vehicle will be the breakthrough for
PY %E;‘Eﬁ{jﬁ% L */\EUT)BEE—ISL‘L : ] ]
T~ commercialization of FCVs. Maybe

o TR R O e LA T
b t REL950 it will be driven by capital

< investment, or National financial

2010tH{E=

subside policy, or by the market

BHls

demands.
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1 RIFASHESS WL IS Application and Service
BEERSR
PRERA TN, A T pyste
HEERMY Key Components
I mi, [Nl SRS, DC/DC e
KHEMEL Core Materials
v e, BRERtR,. WRIR

o R A—EMIRRYIREIBSERAFEIEEEER Agglomeration effect on industry chain has been formed
o LXKt 5SEERA&. FhERITIVEEIEIT2004 , IMHAEIAE More than 200 enterprises are focused on fuel cell,

most of them are in small scale.

o HFEiAEREr. F=IVEXER. EISHENIBRSESFIERFTEZMFILSTIEMZE An comprehensive support system for the FCV

industry is being built up, which includes academia, industry alliances and service platforms.
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%[ MIRAI

‘ A H Clarity

| B ix35

ERER fl“_';
K/ER , mm 4870/1810/1535 4895/1875/1475 4420/1820/1660 | 4996/1857/1502 | 4771/1842/1684
Egg* iHiE , mm 2780 — 2640 | - —
HWERE, kg 1850 1890 2290 2080 2010
Bl |EENE, kW 113 130@500V 100 94
Eet SREHIM , 1.6kWh EmTan | @Eawwtc) | Thi ot e
PREIE RS BE , 114kwW El3,100kW BE110kW@450V 40KW 93kW
REEE , km/h 160 161 160 160 160
E7tE 100km/hjjiE,s 10 10 12.5 12 12
2351 | EIRETE , km 650 (JCO8) , 483 750 415 430 320
MES | EEEE kg 45kq(Fi[62.4L , J560L) — 5.64(144L) 4.2 4.2
I NFEFHEE RINERE 2INEE SIRE PLUG IN 2IRE
L hAdE 2014.12 2016.3 2013.12 2015 &
&fit . AT (AEM) 37 (B#FaJiMg10) | 48 (BFTJME10) 42 — —

IR - B EBIEERE, FHEERRK , (BRENDEGEREIRESIFTE There is a big gap in drive range and fuel

cell engine’s output power, but the vehicle dynamic performance is very close.
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B EREAHETXXESTEHERARUMSEFRHKEERRK |, WA, €F
FetrE2EERE . EPHEEEHNRAREMER.

DI ERE
kw/L

Pt{H
g/kW
(i
#l), °C

1000 5000
MTBF, hr F51, hr

] P =4 10 AR ES TR N S

2020 A F5 (-} H Mirai)
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B ERREEHSERARSEKELFTRLE~TRLIFZE , IETEHNEIMCRIBMER ; BEERSERMTENLFTRL6~TRL7 ZE , BPFHEINHFRBIE
IERRER ; TR RN KRS ER i M EELFTRL3~TRLAZ[E , BMUNCI TINRERIE. The internal TRL of fuel cell vehicle is TRL8~TRLY,

and the industry is entering the commercial stage. While in China, the TRL of fuel cell system is TRL6~TRL7, is under the demonstration

stage. And the TRL of some key materials and components is TRL3~TRL4, is still research and development.

4

HAr: FaienrSEr ResE

Target: Application for stable and reliable energy

4

VAT R R Y REYR O S B

| Regulation: Adjust the output power parameter and quality

Bl eSS KBRS

Integration: Storage and generator system

Al . 3 T RE R H
hse: fuel cell based on
drogen

£ N3 At ERE REMEIE =9l b A 2 PR RS
hydrogen Unstable DC Stable DC Stable AC CHP

Hydrogen Fuel Cell System Integration

PR B RGEARBA
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(,,Challenges

\
\

2017/11/22

ERNATMAMLNERZ VA LIEERISZE | FEIRBATFIEILEEAED

The national macroplanning should be supported by detail local government’s regulations,

and close collaboration between the government and enterprise should be built up.

KT R BB IR R

Domestic technologies of key material and components can’t meet the commercialization

requirement.

RZ R ARED , IMHEEIARBLARIEIFIL & R
Small scale enterprises lack the driving force for the FCV industry, large scale
demonstration should be supported by the government.

MSusEGhEEEREEA B USHEF I EERRE
W% The speed of hydrogen refueling station construction should be accelerated or new
technology should be adopt.

32



n ARERFNEMSEELBESEEEINMAREN , mERERSERBNBTE | BREEERRMN+ERVERN
HEMFERisEE. PHESEERARIRERETEESEIR | o5 MERI0ISE~ I RIER E
Reference to the success of EV, Chinese government and enterprises should make full use of the advantages of FCVs by

investigating the Internet+ commercial mode, such as shared shuttles, time-share rental, and regional logistics

demonstration. So will promote the FCV’s industry chain quickly. Xl Re gi onal L OgiS tics
I
pe RS
Time-share ().,

ERIREZIE Rental
Shared Bus e
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B EFRS{EREXEMHEKETEM RIS =L 4E , SCIRAHE S EF AR SETE,

Develop the technical chain and industry chain of key material and components by international

cooperation to realize the breakthrough in the FCV commercial technologies.

whileaitheayy @ Low cost
Fuel Cell  ®High durability  OMTBF > 1000hr

®Durability > 5000hrs and 10000hrs

S ®High specific power
BREK  oCol
SR .§°: Startdp ®Cost < $200/kW@10k units
Integration ° .USt ] 4 . : oy
and Control ®Online diagnosis ®0Operation Ambient Temp. : —35 50°C
® | @Specific Volume>400W/L
B Rt Compressor . 7
@sgper  ®Hydrogen recirculation  ggpecific Weight >500W/kg
BOPs eHumidifier
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B S5 REFEIEENZ 2 Efficiency of storage and transportation of hydrogen, besides its security.

B NS ERMEEABREAIRES Large number of infrastructures are required and will cost too much.

Evaluation on Demand of Hydrogen Infrastructures

= R (5 E50) LS IIEShES RS uhEY

Cost (10k $) Existing gasoline Existing Hydrogen HST to be
station Station Built

Nation

ZEFEUSA 150-200 114,000 ~63 72,960
B4 500 40,357 ~100 25,828
BIERAR | R/ EREA  BRREAR | Japanese
Hydrogen  Storageand  Hydrogen = 300 14,300 ~100 9,152
Manufacture Transportation Application German
HE 120 97,000 5 62,080
China
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B RE S RESKIIEZERERSEREMFIRIFAIBISRIAR China have already had the primary condition

to develop the fuel cell vehicle industry, and good policy support conditions.

B ETERSEREEIRE S E R AR SR ZEE 1t is necessary for China to realize the commercial

technology breakthrough by international cooperation.

B RS E. HEREZENSE  EdNARIIRNESIAHBESTERRTE0I4T Itis reasonable to

accelerate the development of fuel cell vehicle industry by application driven model, based on close cooperation

between the government, enterprises and social resource.

B REMBUESEA | NS UESINHGRIIEE | EINEEREREBTSTE L2 RRIBIHRSMY Promotion the
construction of hydrogen refueling station is the precondition for the development of Chinese fuel cell vehicle
industry. Which can be achieved by the convergence with traditional gasoline station by using new hydrogen

storage technology.
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