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Fig. 1 Conceptual map of the international lunar research station"’
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2.1 KPARERAR + fiEBEER A

ABECHEZEWEE, TR T RERBR., =
FY 5 I LR E AR TR R B AR S 9 255 1 380 W/m'.
T TA) L 457 485 4 A o HEE S5 056 45 A BH E A FH Bl H 3R
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YERI S, PR T OKBHREFI M 4 0F. L, ShRpE
FREAILRE, G IAR A (4 T e T F /R A ) i R L
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ZTA MM, BT A BB A 1R
(1.543°) , HIRZRH 5 KIS FAHR, AR K
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WIRESE R, R VAT R, K BHAE X 5 B2 B[R] ATk
170% CERI553H100%, HAEH200%) , XA FT
KPFHBERI 780 R o (RS RISk, H T LG R A 8
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TS B RV AL S 1 8 o

F1 FARERARES AR R &G
Table 1 Solar light conditions in the typical crater edge plateau

of the moon's South Pole!

g HAFRCS, °W) H HE2/%
WRURW KL A%, A 89.68, 166.0 162
YRR A%, B 89.44, 141.8 164

RIRPLAT Kl D04 88.71, 68.7 170
YRR A%, C 88.79, 124.5 172
SRiARrILA 86.04, 2.7 148

SR Fr b 86.00, 2.9 148

FIF AR A& HL G A B Hth A2 H BRER I 2% RE IR AL 0
MAEBEREZ —. HAIK175” (Luna-17) #7071
HEBE—aLRNERHARERMH T Hit%E N160 W
(AR BH HB Ry H SR E ARG 2k, &I T H
AL L. 20205, “if % o5 RN 25 R FH e
(K PH BE BV AR SEIL TR I A G E s T
EAENIRIE, AR EIE 195 Whikg & Ha it 4H {15 i
T AT AR HAR R A B, HARHUR AL R A
FH A FAA TR T AT B K B AR H B AR v 2H
PR A REIR RGN A BRSNS KB T EH , T4k
AiB KAl i£16 000 km!'.

2.1.1  KBHAEAR K BE AR

X BH BB G AR HL 2 38 I ' H KOS KE K BH Y6 6 R
HLAE MR, @ K BH RS H PR ST BE,  R 2308 K
178 FEBRIREOR . 19584E“%e#15” (Vanguard -1)
PREERMNAKMAERE" . HE20194, EprzE
SRS 44 (262 4008 fit: oK B fik HLth 425 () K BH
BE AR B A Sk 120 kW HL R, S T SREUE = I 2h
REEWCRRPUR S, TR 2 E1-VikE S
s B J2 K BH B FEL L A 2 T AR AT 55 1Y) 1 3 7
Mo 20224F, ZE[E Artemisit &G P EE” (Orion)
KRR T AN OK BH RE FRIB RS O H Bk, TR
BEL 11 KWHIBLRLBE /7. ArtemisitRI7E H BR g A 5
IR BB KHAERES RS, ZARG A LLE EHE
PRI 325 U K BH BB FELV R A, A 0 A S [l DA g
AT PRI AR D e BAR AR, I HOoR A vk 3Kk 5 i R BE
Ut T2 T A DA SRR BE S I i, 202148, 3 E E K
fii 2 fii X J§ (National Aeronautics and Space
Administration, NASA)NArtemisitRI#EH T T #r
ML RER, % RGUK AN AR SR K FH O, R E AN
2~4 mifEREEZIAEN, Tk 2R 10 kWIRTHLRE™ . THI
) AR H BREMIF S 22 %, K BH A AR K F R R R
o FE D2 A B e AR T AN L SUFR R

BE v b D e i) B, K BH g L R 22 0 T A
PEV BRI B SR, DU 2 s is 80T B
KINFH TR, 20194F, Game Changing Development
(GCD) 2w JE 2 FE N AH BROKBH R B 51 & Ge i
U, B b 2w — /ME R R 2 18 H FE A1 5K 58 )
10 KWL Th a4 Y, 3T LB sty 5 5 R g K IR P52 b g
£ F BRI X AT 55 1 AT I BH 6 20214F, Matthew 3 B i@
g AR Hth DL B 5 A7 TR 5% 2 30 v 285 3 AR A
AAEAR e X 1S KWHRERPHER, SRIVERELL, &
SR KFHBERES] (ROSA) 18D 1 33%I 5 A1 75% (1)
BeFARF. SEE 4 ) By s A5 R ST ROSA K BH g
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i (E2) . Spectrolab’y Fl¥e 4 H Dh 2+ 444120 kW
1425 8 2K FH FL R 2 1 00T [ B 2 () o 1 5%, 3R
N FERE100 kKW OR D Z A il 3R $E (BRI . o [H 42
BR UCR H = S5 A 85 OK BH Be B b A v — AR MK
PR3, N RE =7 RAEZ1100 kWHL T

B2 L TR SRR AE LA
Fig.2 On-orbit flight testing of Roll-Out solar array"”
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ITIRE A, A3 K BH AR B A R 5 T 131% DL L
FEHT AR ST K PH B L S R R, 7 I IR
K BH T T S AT g 5802 45 I R K A PR S % ~
10%, fEH T EKINREAETHNLEN T, K25
IR BH B8 LI A AR 2% ~ 3% I P R 3 R
212 fifRemIEAR

AR T S 7 i LL AE 8T 1A200 Whikg, {H
i e AN A ERBIF L 10 kW LT R, R
(I Re EEE20 t, KPHARGAR + fERE I 2R & Th 3
AR T0.5 Wikg, MELA R BR™, FARAR] H i R
REARBAEARZ, AR REMMAH, (ARG
MLtbRe RS, BEDIE. AR, HEr L Ee
FEE300~1 000 Wh/kg 2 [F]*", A5 B8 F Bk Bl F
REIRH .

T A B iR L (Proton Exchange Membrane

Fuel Cells, PEMFC) K TAEIREEIRA, ShorvEas, T
R, I H AT DU SR P O T %, 1S
AT AREM T REIBIE. ERRIRE TE%
FARZRIFEBIE, £ EIEH RSN R NN TR BT %S
FR T H—APEMFC™, A KM 3 HIE RG34
1 kW SR 2K 0 T % W e TR ) e VB B A B, A K
ITAES (360 h) $RALAFRREISVEFE. 20074F, EEE
FM ALK\ (National Aeronautics and Space
Administration, NASA) AAi | “&42” (Altair) H
MER# (LSAM) M-S (ALE3) , LSAM
YN, TR B %5t 1967 A ZH A f) R it
RN, F T A3 h RBEFI7 AR B AT 20 9l i
T E3.345 KWAI3.9 kKWHLTh %,

B3 sl F T b B A PEMFCT
Fig.3 “Altair” lunar lander carries PEMFC™
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MfkfE R4, RFECAEEER. RBESER (FiE
70%) A (RIEZ10 000 h)  EIREEE 4
SRR . SR, H RTRECTE B & I 52 61 BH A
PE. BETIEEME. PRORME AR S R 2 R

20064F, NASAKARHEFTH O I E 7 —Frfe
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TEIR R A30% . 20184, EEGCDITRITELI44E N
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2 H BRI B B IS R R 8 2R 48 (i R 2 N 180 42D
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(2) Wift: 1451

RECHIUR | (3) g asiz: 700 Whikg
HRIEA | (4) Wi LE: 29300 Vde
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Fig. 4 Renewable fuel cell design for a lunar base"™
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Fig. 5 Energy storage and conversion system for in-situ resources
of lunar soil"*!
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Fig. 8 Energy supply system of lunar research station

ZARGAE T EWIE, & AR R IR Aot #
Pt B K FHOGTE R SN A S 8, DU 46 H 1
B 220 I H R H BEROR SR L AR (i 33
(S AN e S E i B S N R S A ED I
RNCROCRER HONHLRE, TR Tk i, T ) L
T AR A gt R, IF A R AL SR CH, O B A
R Hy Oy, IR RIS S A s A BRI,
FAEBROR LR T AR A AVRE . Hyy O BEAT R,
) PR I FR RS, P AR HIHL O A% 50 2 H, O 46
T Y, TR SR ik A R BERE ORI T BRBL AT 3 )
MEER R, T A AP E -  TAMERE, M SEE
TARMWRRH L AR A .

sbAt, 25 &R H BB i R IR 2R G & D AR
B R R, AR AR BOK B RE— TR 3R eI 12 S
HE R 2 O A I BOR B A S — Rl B SE 4 T I Ak
J7 5. KPFHRE HL B AEIE S0 RN T 9 H BR H F 5 3 32
BEREUR, T B RE I AR X R4 A B AT L E ) S A
TRb

HERBHIES AT 55 R 0%, W ZA G RBHAE . BRE.

PR T S5 2 R REIR BRI AR, RIS [F 10 REVR
R, BWIFBEARB NSRRI AL, @i H A
M REVREAN, M) 5 Z MAEN, RESEILAEIR
RGEWARTT RIGRH .

4 %

JITH R W2 3 BRBHIT o 222 e NS AT 1R 2 Atk A
B o AR SCHE BT o ROR (1 H ERBL AT 3 A 55 A A 2R
IR, TR IR . ZRELIREIRT R, K
Rt RS BRCREIBTIAEREEER,  BLK& A BR3A
B N ESR . R T ORI REE AR + fEREH
oy RFHBECIAI . A% BE3 A0 H I RESHEBOARLE H
ERBIAI 3 o 0 L AC S BRI 2 1R SR R s . K
AE P B B R R R TR K AR
B, RS PR T R G S AR K PHBE G
RABFAREI, AR, TR ERL, TR
AL AR, SRS AR AR AR R, K
g TR AR RE AR R R S8 A BT L
R TR HEH . 0 Pia R A Bt
WA T R, 7 E R AR AR AR B . 2
T, ASCHRM T AT KB RE RO MR
WA FHERER . REBOCHF . BRI 5
BORBEMSHEMRIE R Gt TR, B AR 2 H BRI
BaiE F e K T et Hh K A7 o AN T T 55 RE DR 5 oK
SEULH ER BT oA I SE I L SRV BB
Bt Xy ep E Rl R S MR A B AT RIS %,
(7] e %o [ R 2 R M e PR B AR fre A

2 £ x #®

(11 5Kk, AL Ji—, 55 A BB A T8 RERORBT FE[]. R R
AR (R FED, 2022, 9(6) : 560-570.

ZHANG Z,QIN T, SHI Y S, et al. Research on artificial intelligence
technology for lunar scientific research station[J]. Journal of Deep
Space Exploration, 2022, 9(6) : 560-570.

21 PEEZGRR. R REWRS & F kR B [EB/OL]. HE .
[ [ %X i K J=5, 2021-06-16. https: //www.cnsa.gov.cn/n6758823/
n6758839/c6812148/content.html.

[3] CREECH S, GUIDI J, ELBURN D. Artemis: an overview of NASA'S
activities to return humans to the Moon[C]//Proceedings of 2022 IEEE
Aerospace Conference (AERO). Big Sky, MT, USA: IEEE, 2022.

[4] BT "HrHE SRR AR IR, RETR TR BRI A [ R EORT R F 2 ()], R IR
%,2022(10): 42-49
YANG K. Can the "New World" roadmap open a new chapter in
European space exploration?[J]. Space Exploration,2022(10) : 42-49.

[5] Spacenews. China, Russia reveal roadmap for international Moon
base[EB/OL]. (2021-7-16). https: //spacenews.com/china-russia-reveal-

roadmap-for-international-moon-base/.


https://doi.org/10.3969/j.issn.1009-6205.2022.10.013
https://doi.org/10.3969/j.issn.1009-6205.2022.10.013
https://doi.org/10.3969/j.issn.1009-6205.2022.10.013

432 AR AR CRIE30) 20244
[6] IACOMINO C. Global space exploration landscape: strategies and [22] MASON L, RUCKER M. Common power and energy storage solutions
programmes[J]. Commercial Space Exploration: Potential Contribu- to support lunar and Mars surface exploration missions[C]//Proceedings
tions of Private Actors to Space Exploration Programmes, 2019(2): 7- of International Astronautical Congress (IAC). Washington: IAC,

33. 2019.

[71 ZHANG H,HU Z X. A tentative idea for robotics lunar base[J]. [23] CHAMBERLAIN M K, KIEFER S H, LAPOINTE M, et al. On-orbit
Spacecraft Engineering, 2010, 19(5) : 95-98. flight testing of the Roll-Out solar array[J]. Acta Astronautica, 2021,

[8] SAHA D,BAZMOHAMMADI N, RAYA-ARMENTA J M, et al. 179:407-414.

Space microgrids for future manned lunar bases: a review[J]. IEEE [24] E3L, EIIFE, Boat, & = 20K BH Lt B 3 FE 24 AR 1 22 1) )92 FH
Open Access Journal of Power and Energy, 2021, 8: 570-583. FUikRE[I]. RERR ER 4, 2022, 50(5) : 1436-1446.

[91  XUZE%, 5k, 6, 25, F BRBMIF G 445 sREIR R G0 7 Z&TT[I]. % WANG K, WANG X C,QIN B, et al. Recent development on space
BRI AR (P30, 2022, 9(6) : 579-588. application for high-efficiency solar cells and array technology[J].
LIU Y H,ZHANG M, YANG Y,et al. Scheme design and key Journal of The Chinese Ceramic Society, 2022, 50(5) : 1436-1446.
technology research of distributed energy system for lunar scientific [25] BENAROYA H. Lunar habitats: a brief overview of issues and
research station[J]. Journal of Deep Space Exploration,2022,9(6): concepts[J]. Reach, 2017, 7: 14-33.

579-588. [26] GARCIA C P, CHANG B, JOHNSON D W, et al. Round trip energy

[10] KACZMARZYK M, MUSIAL M. Parametric study of a lunar base efficiency of NASA Glenn regenerative fuel cell system[C]//Proceedings
power systems[J]. Energies, 2021, 14(4): 1141. of NHA Annual Hydrogen Conference 2006. Washington: [s. n.], 2006.

[11] FH, B2, E. HRRIEM T R[], RN 254 (b3 [27] COLOZZA A J. Small lunar base camp and in situ resource utilization
0),2018,54):374-31. oxygen production facility power system comparison: NASA-2020-
YUAN Y,ZHAO C,HU Z. Prospect of lunar base construction 220368[R]. USA: NASA, 2020.
schemel[J]. Journal of Deep Space Exploration, 2018, 5(4):374-31. [28] REID C M, MILLER T B,HOBERECHT M A, et al. History of

[12] MITROFANOV I G, SANIN A B, BOYNTON W V, et al. Hydrogen electrochemical and energy storage technology development at NASA
mapping of the lunar south pole using the LRO neutron detector Glenn Research Center[J]. Journal of Aerospace Engineering, 2013,
experiment LEND[J]. Science,2010,330(6003) : 483-486. 26(2):361-371.

[13] LU X,MA R, WANG C, et al. Performance analysis of a lunar based [29] FRASER S D. Power system options for lunar surface exploration:
solar thermal power system with regolith thermal storage[J]. Energy, past, present and future[J]. Moon: Prospective Energy and Material
2016,107:227-233. Resources,2012:295-323.

[14] BUSSEY D B J, MCGOVERN J A, SPUDIS P D, et al. Illumination [30] BENTS D J, SCULLIN V J,CHANG B J, et al. Hydrogen-oxygen
conditions of the south pole of the Moon derived using Kaguya PEM regenerative fuel cell development at Nasa Glenn Research
topography[J]. Icarus, 2010, 208(2) : 558-564. Center[J]. Fuel Cells Bulletin, 2006, 2006(1) : 12-14.

[15] XI5, R, 8, & ‘WA SUEH MR B Rgm R [31] GRIGORIEV S A, MILLET P, POREMBSKY V I, et al. Development
THI] R AR (R 330, 2021, 8(3) : 237-243. and preliminary testing of a unitized regenerative fuel cell based on
LIU Z Q,ZHAO C,CAO Y,et al. High specific energy design of PEM technology[J]. International Journal of Hydrogen Energy, 2011,
power supply and distribution system for Chang‘E-5 Orbiter[J]. Journal 36(6):4164-4168.
of Deep Space Exploration, 2021, 8(3) : 237-243. [32] GIACOPPO G,HOVLAND S, BARBERA O. 2 kW Modular PEM

[16] BROWN C, THANGAVELU M. Helios-lune tranquillitas: artemis iii fuel cell stack for space applications: development and test for
exploration mission with retrieval of solar activity records[C]//Proceedings operation under relevant conditions[J]. Applied Energy,2019,242:
of 73" International Astronautical Congress IAC). [S. 1]: IAC, 2022. 1683-1696.

[17] BAILEY S G,RAFFAELLE R, EMERY K. Space and terrestrial [33] ITO H,MIYAZAKI N, ISHIDA M, et al. Efficiency of unitized
photovoltaics: synergy and diversity[J]. Progress Photovoltaics : reversible fuel cell systems[J]. International Journal of Hydrogen
Research and Applications, 2002, 10: 399-406. Energy,2016,41(13):5803-5815.

[18] NASA. About the space station solar arrays[EB/OL]. (2019-08-10). [34] QIU D, PENG L, LAI X. kW-grade unitized regenerative fuel cell stack
https: //www.nasa.gov/mission_pages/station/ structure/ elements/ design for high round-trip efficiencies[J]. Energy Conversion and
solar_arrays-about.html. Management, 2022, 270: 116277.

[19] FR&20E, Vrifids, Fa. 3R H BRI A S 3 & R A8 [I]. Bl [35] GARCHE J,SMOLINKA T,NAVARRA M A, et al. Chapter 11 :
KEAFFESD,2021,383):109-117. regenerative fuel cells[J]. Electrochemical Power Sources: Fundamentals,
ZHANG C F, XU W Y, WANG Y. Development ideas of manned Systems, and Applications, 2022, P365-406.
lunar surface exploration[J]. Aerospace Shanghai,2021,38(3):109- [36] OKAYA S. Aerospace fuel cell rapid prototyping power system
117. concept[C]//Proceedings of 12th International Energy Conversion

[20] NASA. Industry to mature vertical solar array technologies for lunar Engineering Conference. USA: American Institute of Aeronautics and
surface[EB/OL]. (2021-3-23). https: //www.nasa.gov/feature/nasa- Astronautics, 2014.
industry-to-mature-vertical-solar-array-technologies-for-lunar-surface. [37] SONE Y. A 100-W class regenerative fuel cell system for lunar and

[21] ROBERTSON B E,RINES M R, TAYLOR C; et al. The light bender planetary missions[J]. Journal of Power Sources,2011,196(Q21):9076-
concept for power distribution on a lunar base [J]. ASCEND, 2021: 9080.

4160. [38] SANDERS G B,LARSON W E. Progress made in lunar in situ


https://doi.org/10.1109/OAJPE.2021.3116674
https://doi.org/10.1109/OAJPE.2021.3116674
https://doi.org/10.3390/en14041141
https://doi.org/10.1126/science.1185696
https://doi.org/10.1016/j.energy.2016.03.132
https://doi.org/10.1016/j.icarus.2010.03.028
https://doi.org/10.1016/j.actaastro.2020.10.024
https://doi.org/10.1061/(ASCE)AS.1943-5525.0000323
https://doi.org/10.1016/S1464-2859(06)70909-9
https://doi.org/10.1016/j.ijhydene.2010.07.011
https://doi.org/10.1016/j.apenergy.2019.03.188
https://doi.org/10.1016/j.ijhydene.2016.01.150
https://doi.org/10.1016/j.ijhydene.2016.01.150
https://doi.org/10.1016/j.enconman.2022.116277
https://doi.org/10.1016/j.enconman.2022.116277
https://doi.org/10.1016/j.jpowsour.2011.01.085

5 3

iR, S I ERRHITL REIRBORW T R S R 2

433

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

resource utilization under NASA's exploration technology and
development program[J]. Earth and Space 2012: Engineering, Science,
Construction, and Operations in Challenging Environments, 2012, 7:
457-478.

BALASUBRAMANIAM R, GOKOGLU S, SACKSTEDER K, et al.
Analysis of solar-heated thermal wadis to support extended-duration
lunar exploration[J]. Journal of thermophysics and heat transfer, 2011,
25(1):130-139.

CLIMENT B, TORROBA O, GONZALEZ-CINCA R, et al. Heat
storage and electricity generation in the Moon during the lunar night[J].
Acta Astronautica, 2014, 93:352-358.

LAPPAS V,KOSTOPOULOS V, TSOURDOS A, et al. Lunar in-situ
thermal regolith storage and power generation using thermoelectric
generators[C]//Proceedings of AIAA Scitech 2019 Forum. USA:
American Institute of Aeronautics and Astronautics, 2019.

FLEITH P, COWLEY A,POU A C, et al. In-situ approach for thermal
energy storage and thermoelectricity generation on the Moon:
modelling and simulation[J]. Planetary and Space Science, 2020, 181:
104789.

HU D, LI M, LI Q. A solar thermal storage power generation system
based on lunar in-situ resources utilization: modeling and analysis[J].
Energy,2021,223:120083.

LIUY W,SHEN T R,LV X C, et al. Investigation on a lunar energy
storage and conversion system based on the in-situ resources
utilization[J]. Energy, 2023,7(2): 126681.

NAKAMURA T, SMITH B. Solar thermal system for lunar ISRU
applications: development and field operation at Mauna Kea,
HI[C]//Proceedings of 49th AIAA Aerospace Sciences Meeting
including the New Horizons Forum and Aerospace Exposition. San
Diego, California, US: Society of Photo-Optical Instrumentation
Engineers, 2011.

MEURISSE A, MAKAYA A, WILLSCH C, et al. Solar 3D printing of
lunar regolith[J]. Acta Astronautica,2018, 152:800-810.

FATERI M, MEURISSE A, SPERL M, et al. Solar sintering for lunar
additive manufacturing[J]. Journal of Aerospace Engineering, 2019,
32(6):04019101.

il Phth, 200K, & — AR AT RIS AR OL IR R e A4S 1 SR s
FRALER R 45 L 201810183951.5[P]. 2018-09-11.

NAKAMURA T, VAN PELT A D, GUSTAFSON R J, et al. Solar
thermal power system for oxygen production from lunar
regolith[C]//Proceedings of El-Genk M. S. Space Technology and
Applications International Forum. New Mexico, US: AIP conference,
2008.

COLOZZA A,HELLER R, WONG W, et al. Solar energy systems for
lunar oxygen generation[C]//Proceedings of 48th AIAA Aerospace
Sciences Meeting Including the New Horizons Forum and Aerospace
Exposition. Orlando, Florida, US: ATAA, 2010.

LINNE D L, SCHULER J M, SIBILLE L, et al. Lunar production
system for extracting oxygen from regolith[J]. Journal of Aerospace
Engineering, 2021,34(4) : 04021043.

GUERRERO-GONZALEZ F J, ZABEL P. System analysis of an ISRU
production plant: extraction of metals and oxygen from lunar
regolith[J]. Acta Astronautica,2023,203: 187-201.

CATALDO R L,BENNETT G L. US space radioisotope power

systems and applications: Past, present and future[J]. Radioisotopes-

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Applications in Physical Sciences, 2011:473-496.

ZUNIGA A F, TURNER M F,RASKY D,et al. Building an
economical and sustainable lunar infrastructure to enable lunar
industrialization[C]//Proceedings of Pisacane V. AIAA SPACE and
Astronautics Forum and Exposition. Orlando, USA: AIAA,2017.
LITL,LIUY H,ZHANG Y Z, et al. Comprehensive modeling and
characterization of Chang'E-4 radioisotope thermoelectric generator for
lunar mission[J]. Applied Energy,2023,336: 120865.

), BB, TR, . RS TRN Se it IR HOR SRR )], TR R
A4 (R0, 2020,7(1):24-34,

NIU CL,LUO Z F,LEI Y J, et al. Advanced power source technology
of deep space exploration[J]. Journal of Deep Space Exploration, 2020,
7(1):24-34.

HULA G. Atomic power in space II : a history of space nuclear power
and propulsion in the United States: INL/EXT-15-34409-Rev000;
TRN: US2309061[R]. Idaho Falls, US: Idaho National Laboratory for
DOE, 2015.

BENNETT G. Space nuclear power:opening the final
frontier[C]//Proceedings of 4th International Energy Conversion
Engineering Conference and Exhibit IECEC). San Diego, California:
AIAA,2006.

BENNETT G L. Mission interplanetary: using radioisotope power to
explore the solar system[J]. Energy Conversion and Management,
2008,49(3):382-392.

WINTER F D, STAPFER G, MEDINA E. The design of a nuclear
power supply with a 50 year life expectancy: the JPL Voyager's SiGe
MHW RTG[J]. IEEE Aerospace & Electronic Systems Magazine,
1999, 15(4): 5-12.

VINING C B, SERVICES Z, BENNETT G L. Power for science and
exploration: upgrading the General-Purpose Heat Source Radioisotope
Thermoelectric Generator (GPHS-RTG)[C]//Proceedings of 46th
ATAA/ASME/SAE/ASEE Joint Propulsion Conference & Exhibit.
Nashville, TN, USA: ATAA, 2010.

BALINT T S,JORDAN J F. RPS strategies to enable NASA's next
decade robotic Mars missions[J]. Acta Astronautica,2007,60(12):
992-1001.

WHITING C E, WOERNER D F. Lifetime performance of spaceborne
RTGs[J]. The Technology of Discovery: Radioisotope Thermoelectric
Generators and Thermoelectric Technologies for Space Exploration,
2023:183-212.

WHITING C E. Nuclear systems used for space exploration by other
countries[J]. The Technology of Discovery: Radioisotope Thermoelectric
Generators and Thermoelectric Technologies for Space Exploration,
2023,10:77-84.

ANDERSON D J. NASA radioisotope power conversion technology
NRA overview[J]. AIP Conference Proceedings, 2005, 746: 421-428.
MASON L S. Dynamic energy conversion: Vital technology for space
nuclear power[J]. Journal of Aerospace Engineering, 2013,26(2):352-
360.

ANDERSON R V. Technological implications of SNAP reactor power
system development on future space nuclear power systems: DOE/
SF/11687-T1; ON: DE83016162[R]. Rockwell International Corp. ,
Canoga Park, CA (USA) : Energy Systems Group, 1982.

EL-GENK M S. Deployment history and design considerations for
space reactor power systems[J]. Acta Astronautica,2009,64(9-10):


https://doi.org/10.2514/1.49843
https://doi.org/10.1016/j.actaastro.2013.07.024
https://doi.org/10.1016/j.pss.2019.104789
https://doi.org/10.1016/j.energy.2021.120083
https://doi.org/10.1016/j.actaastro.2018.06.063
https://doi.org/10.1061/(ASCE)AS.1943-5525.0001093
https://doi.org/10.1061/(ASCE)AS.1943-5525.0001269
https://doi.org/10.1061/(ASCE)AS.1943-5525.0001269
https://doi.org/10.1016/j.actaastro.2022.11.050
https://doi.org/10.1016/j.apenergy.2023.120865
https://doi.org/10.1016/j.enconman.2007.06.051
https://doi.org/10.1016/j.actaastro.2006.12.003
https://doi.org/10.1063/1.1867158
https://doi.org/10.1061/(ASCE)AS.1943-5525.0000318
https://doi.org/10.1016/j.actaastro.2008.12.016

434

AR AR CRIE30)

20244F

[69]

[70]

[71]

[72]

[73]

[74]

[75]

833-849.

POSTON D I. The Heatpipe-Operated Mars Exploration Reactor
(HOMER)[C]//Proceedings of AIP Conference. New Mexico, USA:
American Institute of Physics, 2001.

POSTON D I, GODFROY T, MCCLURE P R,et al. KiloPower

project-KRUSTY experiment nuclear design: LA-UR-15-25540[R].

Los Alamos, NM (United States) : Los Alamos National Lab. ,2015.
POSTON D I, GIBSON M A, GODFROY T, et al. KRUSTY reactor
design([J]. Nuclear Technology, 2020, 206 (sup1) : S13-S30.
MCCLURE P R,POSTON D I, GIBSON M A, et al. Kilopower
project: the KRUSTY fission power experiment and potential
missions[J]. Nuclear Technology,2020,206(sup1): S1-S12.
SCOLESE C. NASA’s nuclear systems initiative[J]. National
Aeronautics and Space Administration, 2002, 14(2): 1-9.

BARTH C, PIKE D. Lunar power transmission for fission surface
power[J]. Nuclear and Emerging Technologies for Space (NETS-
2022),2022(8):11-17.

KOROTEEV A S,0OSHEV Y A,POPOV S A, et al. Nuclear power
propulsion system for spacecraft[J]. Thermal Engineering, 2015, 62:
971-980.

[76] ANDREEV P V,GULEVICH A V,ZARITSKY G A, et al. Physical

and engineering potential of thermionics for advanced projects of sub-
megawatt SNPS[J]. Nuclear and Emerging Technologies for Space
(NETS-2012).2012,2(3): 12-19.

YE#F TR

(1978~ , Lo, WF LI, 1T, FEBF ST ) BEIREL AL BER Sk
AEARE H 338 S5 BE VR A o

TS AL A6 5T E XA %1045 B (100094)

i (010)68111079

E-mail: hzhreach@139.com

FERIB 1994, 4, BhEE TREIT, 32 B0 5005 14 - REIR i A B 5 ik
REAT L H 48 50 BRI o

TS L AT E XA %1045 B (100094)

i (010068111897

E-mail: dongkeqi46@163.com

AR (1972-), 53, W4, WF5C R, TR0 7 il - Hh A B2 R AR ST
BEEE.

AL AL 5T E X AE B 1045 (100094)

i 010-68747483

E-mail: yaowei 72(@qq.com

Progress and Prospect of Energy Technologies on Lunar Scientific Research Station

ZHANG Hui, DONG Keqi, YAO Wei
(China Academy of Space Technology (CAST), Qian Xuesen Laboratory of Space Technology, Beijing 100094, China)

Abstract: Lunar energies are the essential foundation and prerequisite for construction and operation of lunar scientific
research stations. This work analyzes the energy features and requirements the lunar research station, including high power and
diversified energy, high- reliability and uninterrupted day-night energy, and energy adaptability towards the lunar environment. The
application advantages, limiting conditions, and development suggestions of lunar energy technologies (solar photovoltaic + energy
storage batteries, solar thermal utilization, lunar nuclear energy, and renewable fuel cells) in lunar research stations are summarized
and emphasized. Based on the analyses and comparisons of the energy techonologies, we propose new energy system architectures

for lunar scientific research stations to provide reference for the future energy design and development of the lunar research station.
Keywords: lunar exploration; lunar research station; energy technologies; energy system scheme

Highlights:

e According to the long-term mission challenges of the lunar research station under extreme environment, the requirements of

various energy technologies for the lunar research station are summarized and analyzed.

® A lunar research station energy system is proposed by using mutual supports of high-power solar concentrators, high-efficiency

photothermal conversion, heat storage using lunar soil, long-term photoelectric conversion, and renewable fuel cells.
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