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Fig. 1 Conceptual map of the international lunar research station"’
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H BRI TT R AT 55 138 th ARG R R, TH I B 2
10 kW L _F (e /A B AR A (R BE RR SR, L BT
FE i b F e R TIRATED . H A R IA
TR K PHBE RO IR ) 77 30 O 52 28R £ 1)
TR . Biln, H ISR nT A 5 AR 5 AR Re
JRILHE—FhaT BB, H R be st sk 5 T B 4 H
TERGERARL, A BB 78 2 KB 6 AE A ik ae = &
B, AR AT DAgERY, FEEAT IS SR, AT SR I AN
1R B 18] 9 AN 18] B 1k B LA B 32 w3 2R 46 1) SR or e YRR
%,

G, ARE A BB K3 2RI AR IR 5
K, K. =S, BRCRRIBR AR R, DLR
HBRIRBE A& B R, s AT KB AE AR + Gt
M KBHAESEAFIH . H T RE3F H e IRE AR .
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
HhBEVEAL R kX R . (B2, ZHHKH RN
YERI S, PR T OKBHREFI M 4 0F. L, ShRpE
FREAILRE, G IAR A (4 T e T F /R A ) i R L
REVR R A5 KBHRE R R AR At . AHaEF %
ZTA MM, BT A BB A 1R
(1.543°) , HIRZRH 5 KIS FAHR, AR K
K14 HERH . TEMRIX i e, nTRRAEE K
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
ToICHR [A], 75 EE A il B R 4 AR SR AR P B 2 191 H
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"”

AN AR O L 4 0 3 A 2 K BH R G AR R HLT 9T
ME RN . 20174, “RA— 570 M H
IR K R TE R ORBA R, A R, RS
AR TTIE30% L B 20204F, b4 A] HL R BT 7T
T R — AN R T8 M 1) 0 S 35 O H e 4 kR
34% [ K BH BE FL L PR 52 K BH R Fa Vb bR TR AR PR 1
“URik 57 H BRERM A R FH 24T 2 R st gk
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™

HAT, NASASU) T 5 T A HK ROkt &2
HE BB E R & AR, DASEIUE I 130 Wikg I EL )
ZEHAR. FR, NASATFRIETE A K H 2R AT b
PEMFC 1) FH SEIRH BRI Hh 8 152 (1) REJR it 45 . PEMFC
BRI LAV MU AUR I REIR T K o {272, TEPEMFC
WBhRGE &, MEREMRAETEGR, 550
BARAGHESBEZIR . Hk, 5K AE b BE B
A, BB B FEERE .

FRAEBRE L (RFC) 2R BB B R A K
FRBIARASE G 0 — PR B AR B, R — MR
PEMFCEX [l 4 AR kL it (Solid Oxide Fuel Cell,
SOFC) . fE N HATLREE AR (400~1 000 Wh/kg)
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
B E8 N FFEE R E fr 5 kKW B A Bk B v R 451,
A R T RFCAE Ak B35 B 78 H BRAT A&
RIMMETEN . 20114, MRP WK T BT
HESHIRFC, 1% AR b 20 AT 72 42500 W
hE, YILMREW, 5B E 0.5 Alem™,
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TEIR R A30% . 20184, EEGCDITRITELI44E N
56 BU/NMIBRFCAE BN, H BRI S H IR~ RFCH] LA
2 H BRI B B IS R R 8 2R 48 (i R 2 N 180 42D
TAE IR AL SN 1. HPEMI R} H it ATPEM H i A 41
A FARFC R 48 Wit 76350 hit) A 7077 4 K Z1100 W)
hE, IHTE H BRI B A R N .

20194F, & KA HIBarbera/MEJE R T F TR
BRR AT 5 192 kWAL Bt ™ . B ASPEMFC HLHE
BIHEAT 1O, 430000 H BREEHOAD H BRZE 4R RE, R
B HETER0 ART B IR N1 kW, XIUEH] TRFCR S
FESEPR R TR BEAES N AT . &, HAR
T —MRFCERRS, ZRGEH 108 kWIHTHE
EEF[SHSIO

RERFCHREEHEE L e FRE&EMAZ, H
HH T H ERBH ol 75 5 YR R ARG, T R
JERFIRFC, 2 my H oG RAA Bl AL Atk 3 n 2k
RGKNGI G BN L5 G Re 2R FH 2 2 I ERRFC 25 [A] B
HAE &R, EaNFAERE b TR AR,
RFC¥ it HAx
(1) BERA#AT: 30 kw=14 d=10 MWh
(2) Wift: 1451

RECHIUR | (3) g asiz: 700 Whikg
HRIEA | (4) Wi LE: 29300 Vde

B4 BRAEH T A R L TR
Fig. 4 Renewable fuel cell design for a lunar base"™
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fian, J9Rx10 kW HERL TR K, EIER A 500 Whikg
e P RE M P AE SRR R, fERE I R ST to [
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HEAT B BRUR FE 5 A2 F R Hh B U5 5 SR 0 3 2 A v
J7 Y, NASAFRGHT K AT 1201 S4F 45 AR % 2 40 H 138
& WF A H IR BAT S IR O FR N . B
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LT A BRI T A SR I AT T R b, VRN
T REBARGMHIIEMERY . 20194F, LappasZ ‘42 H

—MEET RBEMIE ARG, ARG S R H
AR E R PR CYSAE B IR I e, HAE G
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FLAE DA 3 H G 3l . 20204, PatrickZEHEH T —Fb
G I A HBRRL E RIRMERRA SR EREBTR
MRS, HiMARGE R UHANEIRIE, Hbess 7%
il B SRR H 38 Lk R R, BRSO TE
AR 7418 WHLE . 20214F, HuZE g 17—
LT JEALFVEF A (In situ Resources Utilization,
ISRU) HIKPFHAEfEHAR RS, 2 JE 1 H U B4
e B K PH YU e 48, R BRARHE B 19 H 3R XAL 2 AE
ot PGS R O LR &, R 1A BRI
BERBRFEAEAE CPARTTIZR 6.8 kW) . 2023
M, RS ARSER SRR T HE R KA
RO E . HT HEIEALR H Bt fe R G A L 4
HEAMPKHREE/NEB RS (KSR , JFRET
WSS, AT REA7 29394 KIFTIGE, FFmT R Wi pk R
FEAL S I A L A 3

e
- EFATIN oRRE
zue IR
BEe o AR

B

R

IBEAT
K5 SR A B ) BEVRAE 1 1 e e R 8™

Fig. 5 Energy storage and conversion system for in-situ resources
of lunar soil"*!
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428 PRI 2 (R3S

20244F

F|Tephrak il T3 E, @R ME540 WIKIThHEIFELL
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e RIR A B, AT A A IR M i A Th R
K520 kWIKIRER, LL48 mm/sfrI b & Xt ISC-2A K ik
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I B2 N 1.2 MW/m® K FH G AR AL 88 F147 mm/s (1)
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Bedt, DASEOLAT BB R IE . R AR A IR S
IS = PE T RS — K P SR G ik ST Ep RN,
MINASAYS T20284F, 7FArtemisit il Hid id i H Bk
A ARCOR BH R 5 S3DATENEE R (ILEl6) , BTk H
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ZHTrE — I
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Fig. 6 Solar 3D printing"”’

FI R 3R G R AR 7 U S IAE ) BRI A K
A — 0 . T BRI T F A 5 b A A
o ATLATH BT HOER bR S AR IR . Nakamura
SR SRR H K AR R K PR AR S A B e Uk T AR 2k
b, AR, KT A BRI E R b
DAMELE H BRI = A S0 A0 A0 ke B b 1 K BH R
AR GUK PO B AR H Bk X, 3 i 0
W 791.353 kW/m* K FHOGxT H 335471 800~1 900 C#A
AbEE,  DATE A K BH BE R R GETE H BR L S0 T A7 R A
ARME . Colozza%5 "% 5T 5 6 A BH g I H Bk KA JZ
IRV I FIAT T Vs, @ RGWH, URA
B AR SRR R DL AE =261 000 kg3, ARG
BRI K PH AE SR G A I D AE 75 SR 7E8 320~9 961 WX
i), HAe R ERAEZ 1 800 WHIREH T & A 4= 72
51T . 20214F, LinneZ5 "3 — 0T 5T 1 BRIGE
JEE AR A R AR AR R 10.5 R, FTTEFER AR
o ERRE, KRG LITR94.9 kW KPHEE,
A e Rr48.8 kW AE & ik 21 i B 4% A T TR

B2, FEAEHIRBHRERESIH TR BRI IFK (454 W)
Guerrero-Gonzalez"™ 4 H A 2 FIISRU L 2 5 i i
AL = AR AR PR B AR, AT EAH, T
T EE311.34 kW AR BHBE A BE A it KU AE 2 o 2B 7
25 taffigJm, RIS AE723.9 talf ) <o

X TR BHBE SR AL 3G, FERER A B O E
Bro 97 VRN, HERAME 1R T BRI AR IR & A
FORBIREIR TR R 5 AL, EF R —MRARMZ 5
BHTT, AT A AR S LR, DA E R A
REFE IR/ AR S B I ) 18 70
23 RAEZEERAR

MR EA @R A e . KA R PRRE B
PESR . ARG WA R TAESER s, 2 HERF
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Fig. 8 Energy supply system of lunar research station
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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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