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Application Status and Development of PEM Water Electrolysis in Aerospace Field
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Abstract: In this paper, the characteristics of proton exchange membrane water electrolysis (PEMWE) are
introduced. The application status of PEMWE in aerospace field is also presented. Based on the analyses for the
development tendency and the requirement changes of energy, power, environment control and life support system in
space missions, it is believed that in future manned space missions, the mutual-use of energy, power, and materials for
life support may be the optimum solution for the independence of ground support and the achievements of autonomy
and sustainability. Furthermore, the challenges of the PEMWE as the key link to realize such technological approaches
are put forward.
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Tab.1 Comparison of the general performance of PEM and alkali water electrolysers
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Fig.1 Comparison of the performance characteristics of

PEM and alkali water electrolysers
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Fig.2 Comparison of the total mass and ESM of the high

pressure oxygen supply scheme for environmental

control and life support in the 180 d open mission
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Fig.3 Comparison of the total mass and ESM of the high

pressure oxygen supply scheme for environmental

control and life support in the 10 a closed mission
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Tab.2 Hydrogen production equipment and technical parameters by PEM water electrolysis
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Fig.6 High differential pressure water electrolyser and large-scale water electrolyser
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Tab.3 Distinct characteristics of various space missions

FRAE 251 25 ) 3 EML NEO KR
TS i) 20~30 a 20~30 a ~1a ~3a
WHANATRG | ~3 1 ~6H ~la ~3a
I 2R (A INEF | ~3dB3dUT | kEla| k£ 2a
Fed NHL/ N 6 3 3 3
Ji a6 A (AT ) 1 3 5 10

HI R 3AT DL Bl AT R B A SE S, K B AR 2
I 0o AR B TR 3 BRI A =5 8]l N TR K
A7 AT 55 AN (BN 30T B 4 S i AR AR D FESE A
i 23S T L N SR (e R BLSE R BR TR R
P A i SR MO b TR 45 IR IE S R
b A 2t AN RE T A oK, K 8 1 R Y AT R TR L

(b) 3.5 MPak Jf 7K HLfig 2%

AR DR B R R BT R AL R R SRR A
i, SEBLRE IR B ) (BRI ) 5 AR i O ) S EL A
fO i D7 26 5 BUA Y L4 B S B R TR DT AL
HA TRk A i HR 5 2 TR0 3, B B R ok 2
WRAL 5 R REIR BN 1 ER ARG R ETT 1A

PEM 7K HL fife £ AR 35 28GR 4 o RE 5 2l )
PI ) RBE AR o A B i EOR B 5 A S E T
AR RN AL R R A S B R RE T,
HAT TCG BT 45 AL T 1 52 B g s 4800 B U
Y BE T, AT R TR B R SO R L R R U
RETT 5K o PEM /K L fiff £ A 76 3l 187 AT 74 RE I & 48
HRRR) R RILARE RS A i AR T SR ) R A 4
)% B AR AR 23 A U R BB o RV IR R
C 22 15 25 1) ol A A 2 48 b 45 BT, ELAS HERE UL
&) J1 R BESR , PEM /K H A 348 THI I 40 AR 22 5
DA B Hy T A R B B AR B - 1) RE TR &R GE BB RL Y
i SRR AR R R G T R Ry al
T 7 255 e AR A R K T I IR X 5 2) H
Tt 3 T R U R B 1O LB g A Bl g e
IR E 7 25 1R T HL A A% B A% L S AR RE FE 11 £
T I PR XEE 5 3) i i He 7 B 100 A% LA F iy 38 i, JE 48
e HL Tt I A % B Kb R R AL R ) R A
R B T M Bk G



o5 37 & 2020 4EH5 2 1)

EOK A PEM K HL R AR K b i R IR 5 R A 29

S

4R iE
BT 3R AT 55 16 2 4R R 19 R R RE TR

Bl Iy AR R 5P I R DR 0 s R IR AR R i TR S
R, S8 A 0y AT RS R R L iR AR MR X —
T A ST ¢ B ER A PEM K B AR HE R, GBS %
AR ASWR S EECHAMBEARBR WA
BT EX — RGN RAF S o 7E R Ak i P i i
Ik B4 7 1) A FS, PEME 7K HEL i 2 A K 7 28 [a] i ] v
PEE R ER .

2 % 3Lk

[1]

[4]

SAMSONOV N M, FARAFONOV N S, GAVR-
ILOV L I, et al. Experience in development and long-
term operation of Mir’ s system for oxygen generation
by electrolysis [R]. SAE 2000-01-2356, 2000.
ROBERT I E. International space station United States
oxygen generator development testing [R]. SAE 2000-
01-2351, 2000.

FRED M, BLAKE M, ANDREW H W, et al
Applications and development of high pressure PEM
systems [C]// Portable Fuel Cells Conference. 1999:
UCRL-JC-134539.

COLLING A K, ROY R J. Development status and
testing of high differential SPE  water
electrolysis cells [R]. ICES 981802, 1998.

BN B AR S I A R R AT S
5 e R Ll Bt wE s 7). B ALK, 2017, 34(5) -
9-15.

SRR W AR — ST A5 A ()l P AR AR R G BE R R B
FLTL MR ESEY TR, 2018, 31(2): 105-111.
EER/ N 3 5 o I a3 i S = RS Nl 1T D
[T, LR, 2005, 22(2) : 39-42.

MITLISKY F, WEISBERG A H, CARTER P H, et
al. Water rocket-electrolysis propulsion and fuel cell
power [R]. ATAA 1999-4609, 1999.

FRANK F J, BRUCE C, MICHAEL K, et al. High-

pressure oxygen generation for outpost EVA study

pressure

[10]

[11]

[12]

[13]

[14]

[15]

[R]. ICES 2009-01-2534, 2009.

ANTHONY C, KEVIN P. Hydrogen generation
through renewable energy sources at the NASA Glenn
Research Center [R]. NASA/CR-2007-214682, 2007.
CLOUD D, ZARZYCKI M. Development status of
the ISS oxygen
components [ R]. SAE 2002-01-2269, 2002.
GREGORY J G. International space station (ISS) envi-
ronmental control and life support (ECLS) system over-
view of events: 2016-2017 [R]. ICES 2017-059, 2017.
EDWIN W S, TIMOTHY J N, MCORTNEY K M,

et al. Developmenttesting of high-pressure cathode feed

generation assembly and key

water cell stacks for
environments [ R |.ATAA 2011-5058, 2011.
NELSON A K, TOMAS LL G, DAVID B O. A solar-

powered, high-efficiency hydrogen fueling system using

electrolysis microgravity

high-pressure electrolysis of water: design and initial
results [J]. International Journal of Hydrogen Energy,
2008, 33: 2747-2764.

PIERRE M, DIANA D,
GenHyPEM :

SERGUEY G, et al
a research program on PEM water
electrolysis supported by the European Commission
[J]. International Journal of Hydrogen Energy, 2009,
34:4974-4982.

AR VIR S IE A L 2S T) l e fige o AR R A Y
BRI MRESSEY TR, 2013(3): 216-220.
TR, I BLSE 2 5, 4 ol fifk ol GeUhe 2 R 058 33 7
Wi SRR I A REFSES TR, 2015(5):
358-262.

JAPUIE AT W, T, 45 .5 MPa i R F 22 6 Il K
fife 28 A DR 508 [T ] MR BE 22 S R 22 T, 2012
(5): 368-371.

RO YU, £ AF L BT A4 IR L g R
oI B AMK, 2015(2): 121-129.

JABLIE, E R R AF | AL R T 38 4 K
il e AR B 5E [ C 1/ /585 = i 43 30 00 3 00 2 A A4 2%
P75 18 3C4E . 2014 300-309.



