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The Team BN It TR AR

EREBEHESSFLEEFESRESE
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Yan Xiang Shanfu Lu  Haining Wang Jin Zhang Yunqgi Li Yiyang Liu
Director Duputy Direcior
RSC fellow

| SAE Committee

Achievement

» Pls of 50 key projects fiom MOST, NSFC etc. |

» 300 publications in related area

» Innovation Award of China Energy Research Society

» Hydrogen energy and fuel cell techi|

» Fluid battery and related materials
» Electrochemisty solutions for » Aard of Excellent, The 9th Dongsheng Cup for

» Innovation Award of National Entrepreneurship, Suzho

environment protection Entrepreneurship
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Green energy is ¢he key

» Facing climate challenges, aviation faces immense emission reduction pressure.

» SAF and hydrogen aviation are key to zero-emission and sustainable development.

40
Traditional Tech. Efficiency

Carbon Emissions
+4% Annually

Hydrogen Fuel
30 Reduction

20

Unit: Billion t

2%~3% of Global Carbon Emissions

Traditional Tech.
+2% Annually

10

50% Reduction
s 2050 Target o g o e e e _\_-'—: vs. 2005

2005 2015 - 2025 2035 2050

Aviation Carbon Emission Trends (Source: ICAO)

Aircraft Hyd
© rrr—TTTET
i

Utilization Synthetic Fuel

° Carbon Capture Storage

¢ T —— E—)
o © o)

-
2020 2024 2023+ 2050

Traditional Power Upgrade

Aviation Carbon Neutrality Roadmap (Source: Airbus)

Green energy is key. Current transition reliesion SAF; hydrodgen is the future direction.
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@ 2020 EU "Hydrogen-powered = '@ 2021 UK "National Hydrogen
AViation . UK Hydrogen Strategy Strategy "

Lead globally by 2030 with 5GW low-
carbon H, capacity

4 areas: core H, components, H,
aircraft systems, infrastructure |
barriers, governance framework

2024: Electrolytic H,, Aviation Trials
2027: Scale up H, Production & Stora|ge
2030: Large-scaie H, Dev. & Aviation Use

2028: Commuter Aircraft Certification
2035: Medium-haul Aircraft
2050: Med/LLong-range Prototype

@ENERGY € 2020 US "Hydrogen Program on ¢ ot ® 2023 China "Green Aviation
a Plan " RS S Mfg. Development Outline"
g . . _ Eﬁﬂg%i :
- & 10+ years R&D framework; study SsSB4 :
: ) fuel cells & gas turbines \y = "W ¢ Focus areas: Green+, Electric &
Department of Energy‘. ° 2025: $7B fundlng for H2 & FC key 2 % Hydrogen AVlat'on

Hydrogen Program Plan

tech (National Labs) |« Accelerate H, storage & power

tech; research new structures for
H2 aircraft
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Rapid Development of Hydrogen Technology

Seats
500
Short-haul |
H, Turbofan | Y
300 . / .8 ' ;”‘\H ~
Reg.o'..al o — P ATI Flyeero\
FC/H, Turboprop G e A 204985°%
o N § - ZeroAvia
AIRBUS Zeroe -
l 203557% AIRBUS Zeroe %\ 20405°¢
| ] ‘ — v, 3 ® >2035§_5 - "!
100 f_ S R Medium-haul
. 2
BL 2037&% 204455% H, Turbofan
L
10 ; s N
=\ ZeroAvia
5 ZeroAvia 20215'¢
2023
2 Flight Range
100 1000 4000 7000 15000 [km

I IIF__

Over past decade, aviation companies have researched H, aviation(@and established initial proposals

In 2023, 2 FC regional aircraft achieved maiden’flight (Universal Hydrogen, ZeroAvia).
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Hydrogen Aviation Powe , AR T

Reduction in climate impact . Scalability | NetImpact Key challenges

. Water vapour &
Direct CO2 NOx '

contrails
; Weight of the powertrain; Higher volume
H2-electric . ‘/ ° @ . fuel tanks required
Higher non-CO2 climate impact than fossil
H2 combustion . . ‘ . fuels; Even higher volume fuel tanks
: required
' 7 Bio feedstock sustainability; High cost of

Sustainable aviation fuels

synthetic fuels Same in-flight emissions

/ Weight of battery precludes large aircraft;
: ~ |
Battery EIGCtnc 5 - . ' Frequent replacement
. . Small incremental impact (10-20% max) on
HYbrld'EIECtrlc ' ' . both economics and climate
@ Comprehensive Moderate @® Limited

Twomain paths: Fuel Eelis and HiEnhgines
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Application of Hydrogefn“Energy.i | Gy ILTIT KA

€ US ZeroAvia Dornier 228 Propeiler Aircraft € UK Aerospace Tech Inst. FlyZero Propeiler Aircraft
Seating: 19 Seating: 75
Power: Hydrogen Power: Hydrogen
Fuel Cell | - . Fuel Cell

=== = — Planned

7S commercialization
before 2035
§ Closed

r 10-min test flight
completed in Jan
2023 first trail
2026 Airworthiness

¥ European Airbus Zeroe Aircraft 4 US Unlversal Hydrogen Dash 8 Propeller Aircraft

Seatlng: 40-50
~ Power: Hydrogen
Fuel Cell
First flight
completed in Mar
2023, range 333km,
duration 1 hour
Bankrupted

Seating: 90

< Power: Hydrogen
. Hybrid (Turbine +
1 Fuel Celi)

Engine selection
planned for 2023
2026: 2MW
ground testing




Fuel Cell Classification,& Fuel Selection @S LTI T I RRY

@B Hydrogen @ Protoni+vel Pure hydrogen Alcohols NG / Diesel
@ Oxygen Electron{-ve) l
(= ‘ [ |
tise i .
o )
Qs o E
e @ =
- - Air anad
H: Recycling Y | @@ S w:t;-"-mpm
=y |
Gas Diffusion Layer  Catalyst Camalyst  Gas Diffusion Layer W
=0
~ 5
5=
Power %%
Tech. Path 4/ Temp (°C) Output g g
35
LT-FC <100 SW~MW Pure (Liquid) H, X
MT-FC 100~300 10W~100kW Methano!
LNG, Diesel, -
HT-FC 400~1000 kW~MW Methanol. etc 20 100 200 300 600 800 1000
o Temperature / °C
PEMFC PAFC MCFC SOFC



Fuel Power Efficiency and Cost(Comparison (4
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1000.0

._6 -

E a DI F-C.f# Fuel Consughption -4% Aircraft Cost +31% Cost from lower

+ Cost per k +42% Maintenance Cost +47% efficiency +7%

d( 1 ﬂﬂ.ﬂ T I T I

b Dlrect 4.5 cents
+ ® PAFC _ FuelCell e , :
3 Lo

0 10- ] H Hirth

2 tur‘bme Engine w Combined :

- 1.0 ¢ Catalyst Cycle

ﬂ &mal Lean burn E

E Engine

] Turbine  Average US g

2 0.1 Fossil Gen

E_ ®

g 0.0 . ; : . : ; kerosene Fuel Cost Aircraft Cost Maintenance Cost Other Costs

60% aircraft cost H, aircraft extra cost

25% 30% 35% 40% 45% 50% 55%
Electrical Efficiency

2040 short-hauil 2000km, 165-seat H, aircraft cost (per pax/km)

H, aircraft extra cost is huge;
low-cost fuel is crucial.

_ Phosphoric Acid Fuel Cel!
High Temp. Direct Fue! Cell: LNG, Quinone,
Alcohol, SAF, etc.

9/37



Liquid Hydrogen Sources<n Aviation
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Low volumetric energy density: 1/8 of aviation fuel (70 MPa)
Difficult liquefaction & storage: -253°C, insulation tech.

Low safety: regulations & certification issues

Material compatibility: H,-induced metal embrittlement

High infrastructure cost: storage, transport, distribution

B R o

Production = Transport! e Siorage! WP Usage

Green Methanol

v" Room temp & pressure liquid H,
storage 18.75%

v" Produce & use on-site; mild H,
release conditions

v" Helps carbon sequestration

CH, Ot & liqui
H ,%‘“ |s|utnlsllj1 ilnga

H, Storage Method Grav/(kWh/kg) Vel)(kWh/L) Emissionsf(kg CO,/kWh)

Explosion Risk

Compatibility. Infracost

Comp. H, (70MPa) 33.6 1.3 0 High
Lig. H, (-253°C) 33.6 2.4 0 High

LNG (-162°C) ~14.0 ~6.0 0.20 High
Lig. NH; (-33°C) 6.0 4.1 0 Low
Methanol Sol.(Room 48 43 018 Low

Temp & Pressure)

metal embrittlement High
metal embrittlement High
Good Low
Good Low
Good Low




Energy Density
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1500W/kg
t/

&

[
w

» Aviation requirement for FC Specific Power:

2.0 ~2.5 kW/kg

1.5 kW/kg+
T/W Ratio 0.61 J
F%m #—, f > Current industry level: 1000 W/kg
1000 W/kg | -,:?1@ » Appiications: small propulsion & UAV power
| o ~ 500Wh/kg
200 Whkg ( Li

Impossible Mission?\



HT-PEMFC Technology @ I FRT R ARE

LT-PEMFC 80°C) TRL 9410 HT-PEMFC(120~200°C) TRL6~7

Exhaust

Waste

Fuel Cell

Purific
ation

o B SN S IR SR S R E Sl

Inffastructure

« High H; purity requirement, poor impurity tolerance -+« Coimpatible with industrial byproduct H, & reformate

« Complex water & thermal management « Simplified water & thermal management
- High power density « High overall efficiency 90%+: Electricity + heat + Cold
« Fast start-up « Slow low-temp start-up

Japan NEDO2040 "Fuel Cell Roadmap for Automobiles and Heavy-Duty Trucks" and "Stationary
Fuel Cell Roadmap “
MOST Major Research Plan



H, Aviation Fuel Cell TechIndicator Forecast (i s T i AE
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-Mzammm

LT-PEM Stack P/W Ratio(kW/kg)

LT-PEM Stack & BOP P/W Ratio(kW/kg) 15~20  2.0~25 25~30  3.0~35
Max Stack Efficiency(%) 60 65 70 75
'F-II;':EC"(;'" Durability Target(h) 5000 10000 15000 25000
Operating Temp(°C) 80 90 100 100
Stack Cost ($/kW) 920 600 320 160
System Cost ($/kW) 1560 1100 640 500
HT-PEM Stack P/W Ratio (kW/kg) f .1 enV <3 —I <5 16
'F"J‘;ngm HT-PEM Stack & BOP P/W Ratio (kW/kg) 0.5 1.5~2.0 I 25~3.0  5.0~6.0
Operating Temp (°C) \ 160 120 Yy 160 > 160

Aeroengine, 2023 (5) 31~35
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German Lange Aviation
Antares E2 Surveiilance UAV

Compression System & Cooling Fan

:tlg:;r??gfi{rmer (‘/ s Takeoff We|g ht 1650kg
. Payload & Baltg
/) ﬁt L Max payload 200kg

pH 79 Fuel tank 300kg methanol
?w.. : Endurance 40 hours
tors & inverters Fuel Ce” 6X67 kW

Is it achievable?



Fuel Cell Technology for‘Aviation (gl LTI TR RRY

Piasecki & Zeroavia Jointly Develop PA-890 eVTOL Fuel Cell Powered Helicopter

Validatiqi-Platform /4 Development Process =y

yertor//
EDM Aerotec CoAX 2D Twin- HAXEL Demonstrator ’

Seat Coaxial Helicopter Ax16 kW fuel cell + battery peak CopfRglroler
Modification Platform shaving + 210 kW motor, four 350 A

Fuel Cell System I bar H2 tanks on fuselage. o SPI20
Adopts high-temp PEM 660 kW Propulsion System Fans
fuel cell system, ~80kW Modular stacking, left/right
class, followed by ~660kW redundancy, fully packed into cabin _
fuli-scale propulsion space same size as turboshaft engin
system . g

Propul€an MethodZ § PA-890 Production Aircraft

p v (Slow Rotor + Wing Compound)

EIectric.propuIsion, incl. 7,000 Ib MTOW, 1,660 Ib payload,
motor, inverter & rotor 200 nm range, certified under FAA

drive system Part 27.



Progress in HT-PEMFC tech. By ILTRITIARE

TP + PAloss at low temperature
Key scientific issues P
* Proton transfer efficiency

Supported by Key R&D Programs, National Key Scientific Funds

2010-2016 2011-2026 2019-2026 2022-2026
asicResearch ol Afplid Research_____Engiteding Researc
HT-PEM _ Catalyst layer MEA

PR sl

Large-size MEA W7 SkW stack 5kW Test CHP  Scenario

e i Three-phase
First paper Conductivity preparation process interface :tructure o
Adv. Mater. 2010 >0.1S cm! S Coupling system of stack nodule  platform Hregets - application
3 Z1L.202210648655.4 .
Z1.201910748699.2 20221138604 4 4| and methanol reformer  Adv. Funct. Mater. 2023, 33, 22100
Z1.201910873513.6 ;::201310593;05-1( | e Adv. Funct. Mater. 2023, 33, 2214097
ZL201010256732.9 —Mém‘briane_ . ZL202210648655.4 Adv. Mater. 2024, 2310584;
Z1L.200910243704.0 . ZL.201710888971.8 71 202121073556 Int. J. Hydro Energy, 2025, 145, 548558.
electrode interface 7| 201811227577
ZL201410265801.0 8 577.0 71.201910124444.9.5 Int. J. Hydro Energy, 2025, 166, 150971
Mass preparation -
J. Power Sources, 2025, 645, 237178. CN2024109171983
Nat Energy, 2026, 11,1043—1054. Chem. Eng. J. 2025, 518, 164518. J. Membr. Sci. 2018, 553, 26; Z1.202221695716.4
Adv. Mater. 2024, 36, 2310584 Chem. Eng. Sci. 2025, 302, 120830. Adv. Sustain. Syst. 2018, 2, 1700184 CN202310509915.4
Adv. Mater. 2010, 22, 971-976 J. Mater. Chem. A 2015, 3, 8847; Int. J. Hydro Energy, 2018, 43, 22487.  CN202411202189.2
Adv. Funct. Mater. 2023, 33, 2210036 J. Power Sources, 2015, 286, 458; J: MembreS{ugfl9, 572, 436; CN202411257801.6
Adv. Funct. Mater. 2023, 33, 2214097 J. Mater. Chem. A 2016, 4, 1174 J. Membr. Sci. 2019, 592, 117395; CN202411512630.7

J. Mater. Chem. A 2015, 3, 148; J. Power Sources 2019, 443, 227219; CN202510124725.X
Adv. Energy Mater. 2014, 4, 1400842 J. Membr. Sci. 2023, 677, 121618,



BETHANG UNIVERSITY

HT-PEMFC Product System * @ LER IR IRE

SENOHERS

BT 24

) 4 4 /\ y . | 4
) — ‘s\ o
y 4 N 0
v o Ny
‘ﬂ ; )

AT AT .. & e e I AR V. -\ O A, =
High-temperature MEA Stacks 5kW Power generation CHP Systems Testing Platforms
proton exchange 3000 m2/year 1000 units/year system modules 500 sets/year 100 sets/year
membrane 800 sets/year

50000 m?/year

O Selected for the first batch of Beijing Key New Material 0O Build the largest high-temperature membrane
Application Demonstration Guidance Catalogue electrode production base in China

O Mass production of high-temperature membrane fuel cell and "1 Direct revenue of 40 Million Yuan
methanol reforming fuel cell power generation systems
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4 A
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Technological Innovation

10 ’ PA/Cu-PBI Back pressure: 1.5 bar 304

@ \ 08%{“% T §

F] SO p¥¥7 T Ty 242

S . O -?w. B (-] %06 «3,:"* =

@“ L) k! 162

@ ol DX ¢ @ S04 T, ht

i © , \ 02 T los %

- 9% 0.0 & 160 °C4— 180 °C—4— 200 °C 00 a

0 2 4 6 8 10 12
Current density (A cm)

P,,..x breakthrough 3.1 W cm-2

Synergistic effect of
muitiple proton
conductors
40~180°C wide
temperature range
operation

(200°C)
The voltage (?ecay rate
decreases by 3 orders of

Technologlcal
innovation

Performance
breakthrough

Materials
innovation

Fine tuned construction

PA confined aggregation

Fully self-produced HT-PEM with an annual
productlon capamty of 50000 m?

PE

Batch preparation of large-sized HT MEA with
an annual production capacity of 10° pieces

Hers-C20 comblned heat and
power (CHP) technology

Hers-P5 Base station
power supply

Hers-C30 Zero-carbon park  FL001 Methanol reforming
CHP extended range power forklift

of MEA 24 = >
1 times higher conductivity, Volta ; o Methanoli reforming ; 250Nm3 M h | hyd
. : . ge consistency deviation kW HT-PEM K Hers-C5 Agricultural CHP m3 Methanol hydrogen
% 7 times higher stability <10 mV@ 33A ) 5 stac fuel cell system production equipment )
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.~ | System efficiency:42.9% AR
[ kOT Lab| Overall EE: 90.9% SIN Fﬂf{:;‘:f . E’f:;:‘ ~ > i o= o T%%
el Operating Tem: -20~55°C ' ;T AL DO S e

OIS R 4 . .,.r,_ L :ltﬁﬂiﬁﬁﬁﬁﬁ?tﬂl(ﬂﬁﬁ')

WEHS, KOT20240614066C [ LA 2 B i R R 4 R L2 ) TEE 4 5 XCP2023NMO 141
. B AR o TR e B ol 2 JEEHW): 20234E02)
AT | SKHTEB AN SR SRS | : R
I 1 iy 5 5 ¢ PPrec—5000 R WA

2] e PPtec

BO5: Hers—P5

HOE A | EERRNEHEARRAR
FERTANKEKE CREFED 105535

A emees %
<
B | SRR § B OAFHRE (0 343.5
\5% ADKFHRE (K 298.5
ESETE :;/f}) S Beijing New Tech/Product (Service) Certificate
m
e Beijing Energy-Saving Tech/Product
FAIRRELBE E N (k] /s) 8.84 4
BHE 0 2.9 Recommendation Catalog (New & Renewable
REBGE (%) 8
Rk: www. KT=Tab. con BERRE (%) 90.9 Energy Category)




Typical Applications

LRI AR RE

BETHANG UNIVERSITY

[ Base Station Power w7 e

e ) i g RAFT 2024 43 A 25 HELRERALFHAARAEARMY 5

i : [ ] 1 % Heracles-05 B i A MR KRG (REwE SkW), ATFHHE
BREE AL LR ARG R R Rt B AR A, HETRE RA,
WA PR RRIETH P ER.

YA E TRIFRE AN, 024 MR, BEMAMEKH,

The system adopts advanced
design concepts and
technology, operates well,
meets the power supply d
protection requiremeﬁ%lfj )i
base station. .

1 Beijing Mobile User Certificate

f Emergency Power: Miyun Flood

( Combined Heat & Power —

RAATF 2024 4 1 AEA T IRFBAREHTEAERA 7 FRH

“HBEEGRBRS MR RE”, HERNE 4 SHELA S

REGIARAERRLE, FRAT 2024 48 1 ARNEBIF UK, BIFRER
%, HEBAER.

Running well, meets
application requirements.

CHP Demonstration Project

User Certificate

\

Relief Power Supply
P P45 TR

FRMTF 2025 £ 8 4 2 HE 4 H, EFAHFREEFEAT L
THRENEFEARAMA VARG TR EEFE RN R B R L,
EANARBER . YRR TEERLERE St R ENH A EEZ
ER, AXRFAHTEAGE,

ERHN, RRERERSKTERBRTERTRRE, HZER
RRBAEGT RATRWEEH LR RRERFHTR, AFHLH
AEAGERER, TURELE. XAEANASRRETHHE, 8304k
BE®, BAIETH, WREIRBAARER.

Maintains stable and quiet power
generation for a long time, providing
safe and reliable living power for the
victims.
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Research Foundation % @y I RIE RARE

Stack Design for Reformer Design, 30kW Methanol Reforming HT-PEMFC
Development, Verification and Testing System De5|gn & Appl|cat|on

SENCIHERS
e s

30kW System Application at Beijing

Daxing Int'l Hydrogen Zone 30kW System Appllcatlon at Yixian, Hebel GOkW Beumg Ft Set

IERTEE (B) EARRERE
Wt

LFEBAEFEAGEAT:




New-Gen Aviation‘High Specific Power HT-PE BN It TR AR
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120 \ e s/ P ‘>¢// . Rated Power 36 kW
—O=—1bar = ;; ; > -
T L - i

o= Weight 18 kg

- T , " Specific Power 2.0 kW/kg
& ' 20000 4
& A = ®
60 g{g ) MEA Type PPtec®G3
4 S oo Bipolar Plate Metal
20 / ' 5000 Operating Temp 150-180°C
0 0 Fuel H, or MeOH
0 50 100 150 200 250 300 350 400 450 500
B /A Reformate
Design new-gen high-temp PEM FC stack specific Electrical 51%
power 2.0 kW/kg Efficipres

5 L TRERAXE SENOIERS N& DERMAENEREEAS

BEIHANG UNIVERSITY Vig 48 F| 2% comAc Commercial Aircraft Corporation of China, Ltd.
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O Ultra-thin HT-PEM Tech Acddemician Expeft Panel Evaluation
Cu-ion Crosslinking HT -PEM NERBIENMRE

'(-Dynamic Cu-ion crosslinking R SIE[2024) # T2 5
v Thin, low resistance

RAARR:  BIRIEUR T2 B R A ] S s TE R A

AN

Lower H, permeability

v Higher mechanical B AR ﬂnkk'%

strength

SR TR R
L <P Qo '

n | R EIE: 2024 12 A 04_H
New-Gen High Power HT-MEA G3 é 3.1W/cm2fff> |

25 L n IR H AR BT, AT E LR IR R SRR

0T 1.5 bar & SCBL T 4 MWAERLES L= fg, %JHIHL YT, SURBARIL B [E Ilafréﬁﬁ*n

0% 0.8 24 # ML TR A LN PRSP
2 1-5‘35 =08 -3 TITH
o = o 2 ° °
i £ Overall tech reaches international
= e 2T b .

0s § leading level.

o 0.2 g
Lxalalk B
5 —A-160 °C -y~ 180°C¢-200°C | o ~$-160°C #- 180 °C—#-200°C | LRAAK T
0.0 16 32 48 64 8.0 2

o

7 Z 5 AGF (2 LA
Current density (A cm?) \_ J

=]

Current density (A cm?)

Nature Energy, 2026, 11, 1043-1054.



New-Gen Aviation High Spécific Polver HT-PEMFC (igs st & iz iz xx%
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O HT-PEM FC MEA Scaling Tech
Project target MEA performarice: >1.0Acm-2@0.64V (H.,/air)

1.1

, O 25cm? Obar
1ol O 25cm? 15bar
A Test Condition H,(1.25)/air(2.5)
S osf Current Density 0.57 A/lcm?
2 | @0.64V( Obar)
R Current Density ,
8 | @0.64V/( Obar) 0.97 Alem
0.5- Verified small-size 25cm2 MEA,
[ confirmed MEA composition and
04 . .
_ fabrication process. Currently
0

200 40 6o soo  dooo 1200 1400 1600 developing 350cm? standard-size MEA.

Current density (mA cm™2)
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New-Gen Aviation'High Spécific Powel S EMFC (a5 2t ant i A k¥

O High-Temp Bipolar Plate Tech - Lightweight Metal Substrate 553161
« Corrosion-Resistant Coating
New-Gen Corrosion-Resistant Metal Bipolar Plate: -« High Mass Transport Flow Channel Design

Current geometry:

%

Targeted geometry:

Overcoming 4 challenges in commercializing HT-PEMFEC metal bipolar plates:
Corrosion.“Coating~Lifespam-Cost
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New-Gen Aviation High Sp

O 30kW HT-PEM FC System Simulation

HT_PEMFC_35kW.anode €L — Temperature
mol/m? A/m2 K

=§:?::g T_ 1.2277E4 1_ 4.4313E2 . .
oo 0.5 ] Y M. o Anode & cathode flow channel iIsomorphism:
9.075E0 8.929E3 : 4.4106E2
soze0 500 s 506 sz Concentration!, Current!, Temperaturel
o 5048 .::j;:: s0.4 | \ . .
lggggg » ‘3‘5325: 63 IZEZZ;Z « Concentration dominates current density;
. J116E . 4.3623E2
| barso | ==« Reaction heat raises temperature;
0.5 1 0 0.5 1
axial x ~axial x
Flowsheet HT_PEMFC_35kW.cathode CLmolar_eoncentration mol/mg A/mz HI_FEMFC_35kWeathode CL < Temperalure. K
. : Eis Eg N 1.2277E4 4.4321E2 .
— o e M= . Mass concentration decreases along the flow
1.398E0 8.929E3 4.4115E2
(s = ione channel
% E \5.581E3  ° 4.391E2 . . .
py oo S “usae o Current density decreases with concentration,
a4 N B2 more significant along z-axis
& 0E0 4.3567E2
s 05 1 0.5 1 » Temperature rises along the flow channel due
axlal X

Time = 0.0, phase sel = Yapour, components = axyger

axial x

axial x

H: decreases only 2.4%"along the channel, O:

to reaction heat

decreases ~307%7 Trends are isomorphic, but

concentration changémagnitudes differ by an order of magnitude.
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O 30kW HT-PEM FC Sy.,tem Simulation mw

O Aspen Plus and gPROMS

Design Rated Output Power (kW) 35
H,/Air Stoichiometry Ratio (-) 1.5/2.5
Stack Operating Current (A) 367
Single Cell Output Voltage (V) 0.64
Total Stack Output Voltage (V) 96.56

Rated Output Power (kW) 3544
' Rated Net Output Power (kW) 30.46 ,
Coolant Stack Inlet Temp (°C) 160

168. 56

Coolant Stack Outlet Temp (°C)

System simulation shows nét output powerreaches 30.46kW,
ele‘ctricalefficiency/reaches\v1.36%



Data-Driven Digital/Twin for’BoP Reliabilitym_& f

SEN

HERS

MSR-HT-PEMFC @ Operational Data mmmsw) Al-Driven Data Analysis m@ Model Training and Fault Diagnosis

Fault
Correlation

Feature
Selection

| Class
] Imbalance

AUC-PR

AUC-ROC

LRI AR RE

BETHANG UNIVERSITY

vFl-Sc-orc

1 532 0.45j é N\
Centralized %530 Fault area y e ~ Federated 104 — =‘\<A\. 120 0 [ PFL [_]PFL-LoRA [ PFL-LN-SAM
e o z I Attention weight I E" ° 0.9+ 101
tra I n I ng -g . - Temperature_combustor 030; Lea rn I ng ~ 15
s 528 / :I R 0.8 \ . 08+
£ F0r] heie 25
. TempOI"a| giab M/—’_/_/\/ -0.15§ ) = o ::;Aﬂ;)m ap "0§ = 061
) £ ® Retain os
Convolution = Normalization o
N etwork 472 473 474 4 Szﬁs 476 a7 . . ' . e 0r ]
. & X éezlth ;s RS So o Layer L B 4 M M M M, M
® Attention | Nen™ v/ 300 ® | ow-Rank
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HT-PEM )

Design & Mass
Production of

HT-PEM

\ Performance Reliabilit
Scientific Challenges <@ e ———

HT-MEA

Prep Tech & Dynamic
Evolution of High-perf,
Long-life HT-MEA

‘Qintegrated Control)

Sys Energy Mgmt
Principles & Safe
Operation

Catalyst
Design, Prep &
Service Behavior of

High-activity Catalys}

HT-Stack

Structure Design &
Packaging Tech of
High-eff HT PEM Stack

/

Application



Key Challenges of Aviation FC. lech- FC (S ILFIREIRRRE

Fuel Cell Performance Scientific Challenges in Engineering Solutions
4 \ Humidity ~ Humidity!
U SAow eratin: 1 | == Sulfonic Acid flembrane 4 : . A
‘E St‘l’"l‘l‘t’; ! gPremp IDehydratio === PA Doped MeTnbrane "E : == Multi-proton con
-; ‘-____"_»'D_--_:_t...l—-—"'--: ................ .; ----- 1
E é ............ :,..--—-1]..‘ : ! é Low r..-——
- WY | _PA onductivity erating Tem
ol S [T T
I | €= —P)--- > ) L] L L »
2 60 100 140 180 220 20 60 100 140 180 220
0 Temp (°C) Temp (°C)
—> Maintain high conductivity in wide temp range | Wide-temperature-range PEM
/
= LT PEM Fuel Cell
= = |deal HT PEM Fuel Cell 7
Actual HT PEM Fuel Cell =
S
Theoretical Advantages of High Temp 8
Phosphoric Acid Poisoning + Carbon Corrosion
v" Faster Kinetics
v Catalyst Anti-poisoning
v Simplified Hydrothermal Mgmt
v Faster Heat Dissipation <L Low O: Solubility & Diffusion Coefficient
S (3.3x104M, 1,21 x10-6 cm2s")
Bottleneck: ) : Precise Multiphase Interface Construction
Insufficient Power Density! Slow Mass Transfer + Insufficient Stability Enhanced Transport/Reaction Kinetics

Lack of In-situ Characterization!
New Energy Conversion Theories & Methods!
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Industry Supply Chain New Technology Iteration

Mass synthesis of high-efficiency catalysts

 Design & synthesis of high-temp polyelectrolytes

Mass production of domestic high-
performance carbon paper

* Design & evaluation of corrosion-resistant
high-temp bipolar plates

= Mass producggijidesign of highZpressure « Other hydrogen source adaptation & efficient
CiolCIoIRNlacte thermal management technologies
E &7 wgH, — © ==mnEs (LOHC+)
Bt > ” &
g ,'/L v NH;-H, conversion
g v LOHC

ESENEE (LOHC-) B B — H, Fif

Dehydrogenation
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