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Abstract

Environmental Control & Life Support System (ECLSS) technology is essential for humans to live safely in
space other than on Earth and celestial bodies (ex, Moon, Mars etc.) in our solar system. Life support
systems generally consist of Air Management System (AMS), Water Recovery System (WRS), and Waste
Management System (WMS), and it can enable humans to breathe and live in enclosed dwellings in outer
space. First, this paper described the development trends of life support systems that have been
developed under the leadership of NASA. In addition, we introduced the current development status of life
support system in operation on the International Space Station (ISS) and prospected the development

trends in Korea.
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196190°] QIFE F202 ATAL ol 97 F7 9 vk, 196990 HE=
77k ofd ThE FANTY Bl AL HelReH1 2l 1970902 e 2A@A 2xlop
3} vlo] BAHoE AN LYW SFIAYIRE, 2ol0ld, vZ H)E 1998
BeL A 167450] F4) FEOE Folsle] AN FY YRR uiHle] FRSF

AZ(International Space Station, ISS)°O|EhH= 5 AZER BAY5IY oM, A7 F5
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7O RFEHAE HHRAAAY JHE ST

ARE 93t 93719 Tt A=A 0] RS a¥skal JITH3]. T $HE oF 20do] Au
AAl SF—ARE FEoHL Qs Hls NASAE of2HW]A X2 A E (Artemis Project)g 5-f
ol ThA] QIZhE Bia, & O] 7|AE AMdste] A& FALE ST A UIoH
CH4L. EZE vl=] 717 71991 AHo]A AA(SPACE-X)= 3H3< ARIA|Ssto] 3k Q1R
7t AFS £ Sl 3RS HEIA ok AlEE IS

ojg% 5= Y ol S B3] FAkE 3710] ofyH, g, 528 AH]
A FY S54RI Rl SFHARE B 4l2] BXto R o] FE= MER 5 S,
rmo]A(new space)2] Al Hs7kL Slcth

T2 olgt At Agat G, Ak SEEE Hou $ollA] QlTte] Aottt
= A2 A7 $} I oflth AT QXA ARt 7] gt Ak, T=A ol B
Q3 =3 FHI AL AFSHARE, 9 31} e Al JoFEE AUt 39 EX
Alojet. o] gt fof| A QITto] Aolrhr] ffsiAe HIEA] 2 Ao H ARBRA A HAIA
gl (environmental control life support system, ECLSS, ©|5} AH-GAA|AH]) 7]&0] Q.
sttt AgRAIA A" ols, S3H9] Q1 9 3 E o, 3 59 FAollA] QITte] Aot
7171 gt 371, &, oY, 2% 52 350l Alofsks FAEAN Aol MEER QEASHA
5T F TS Tk o]t A|IAES 1960W o] A8 A2 AEoH, ALE
AIzeE Algto] Ao A7tolsi(Skylab)at Aol = AgEo] 7heolEs
AA|, 7 o] 717 8ol 7FsSHA UG8

& =olie WHel(Mercury), AU (Gemini), °FEZ(Apollo), 27113, A4~
7 & "= NASAOA 7Hdsfe BERAAARE SHOE AIAFS] AT} At tfsto]
A E 1A} St o]E Y3l “NASA-RP-1324(1994) A4S =sto] 2HAJsi3int. ok
ARAAS E-ER 2R 79 BERAAL—T Sejuete] AgRAIAAE i dg;

o tisto] 47hstct.
2. SERXIAMLBL HEHAL

A FAIALRZ Fig. 13 o] F=pedold ARgEe AEaAALdlE Ed= 7S5k
oH[10] #FolM Hz= olE A8t A ARle sEUANA AREI. 19574, da
2 AFEYA 25(Sputnik ] 2tel7Klaika)Rle 7S B 2 AR H(11]
19584, =2 FHE|(Jupiter) "MLl 2% (Gordo)2hE ©152] YsolE HH 8w
AA 2R 715S AAstTHI2). 2719] AgfAIAIA 2 vidH(baralymeye ©1-82t ©]
ARRIRA(COYQ F, Ata S5 FIt 4871, DA 2t 240, thed 228
ol &%t #3571 =, W' A AAR FHPE 0] D5 ARE S0kl orieiAE Al
AshH, @& Aolsks WAl 2ol A At 177] wiEel s AE= At &
I A2 THEA & o] AERAALH S 2F FZ(open-loop) ALFICRA, oF
152712 g2 29 AR SR BEC] 7R3 ol %, ARRAAIA S Hite, A
Y, olER ZRAES F3 RS AEstlon, dAd o2 SAleFEAelM B
2t ARgo] 7hssHAl =it

o
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Fig. 1. Schematic of a typical Submarine ECLSS. Adopted from Wieland with public domain
[9].

2.1 1960-1963: MF2|(Mercury)

19584t o]%, "l HFe ZRHEZ Fof 1.56 m’ 77|19 F2 & FH| &
(capsule) FQ1-9-41S 7ttt ofnf, 7iE AYERAAIARL 25291 §F Ho] AJEo]
EHxollon, 95T} AR A2 FE AHA|A”(pressure suit subsystem)Z} 9541
U 371741015 1t A& ABAAR cabin subsystem) 22 THEEITH Fig. 2= H-e]oflA]
AREE BERAAAEE HolFa Qlrt. 955 ABAIA- A 25919] gzt AgQlE

waisisqns mqe

wansdsqns s 2amssasg

N e esae ik teed

Fig. 2. Schematic of the Mercury ECLSS. Adopted from Wieland with public domain [9] and
NASA with public domain [1].
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7O RFEHAE HHRAAAY JHE ST

& 2 AP 1A EY(solid trap) Wi 27 2.5 cm, Z°] 86 cm©] A2
oF 2] 9lom, 40 pmET 2 RS BEPIH A EFE IR ThAe 952
ufola2EY e HAJS] S8 e fHESde] Aok ddE sl

r
IR
5 ol

i

She] AE71E FeAAT 5718 TRt 7iAE oiletEta 9 o EAlet s,
FAks g E(lithium hydroxide, LIOH)#} &/g8Hactivated charcoa)2& FLAJ=o] Qlct.
LiOH9] olilaletA S WHg-2 of=fi2}F ZTH13].

2LiOH + CO, — Li,CO; + H,0 + heat

F571E Av §REOlA U2 Li,COs%t &2 5 F12|(suit heat exchangen® &
o7} oF 4T 2 YZhe] 2=x]o] Wz BT (water coolant tank)ol] A& =T & Ea)7)
(water separator)= JAE HIQ} AH|E JLA o] 9low AWR|o| B3} 7lAT} o1}y
A Fzof| ofsf AHAE Aol 5 S5 B0 AT =g Ak, CO, H Al Al
A, Y2 9 Al 759 slEo] AT AR o Hi Wiie] 9 571 3
oA E A5t AfeSketA HoH13] ol Zol, oE FE ABEAARY] I £
FRloA AEet 7] S AlFshl &%, SE Alofske ZoltH14].

A ABAIAELS W AL Dl (habitat heat exchanger), 2] W H (relief valve),
AY 37] &4/81& WH (habitat atmosphere inlet/outflow valve)® A= 0] 3lo] A
] 9 258} 7] g 2Eeith A4 ti7] A4S 34.5 kPaclal, 442 4ka 100%
ot} E3h A& gk A, £5410] HittE 253 A thH|sto] ke AleE(snorkel)
o] Zg2a= o] UTH13l.

HiE| ZRAEfA FPRAAAHL] £8 752 Aag, EAlo], Ao, LiIOHS
o]-g3t oilA F, ] T FEE AlA ToE=AN 37 & IEE fIgE A4
FE O|FAL Utk & 2412 54 Uiofl o] Agsialon AMY 2 Al kedlE2

SEte] 93 B0z WSS,

(¢}

2.2 1964-1966: HMIO|L|{(Gemini)

Hie] ZRAES] 2& ARl AujY Z2AEE Gof AS HU7] R ofER Z=
AEO] Y AFZA, 14U 5 5 AA =AY 9549 it 95219 5= Al
okl oh e 4] =47 e, Aee-s(extravehicular activity)?] % 2 71% 952
gAY 52 HHE ot Ay 9] a2 2.26 m* 224 F o] 9Rlo] & 4= 3l
= A5 FXtoleH14]. ofuf] ARG FERAIAIAS HFE oA ARESE AR A o] FAlst

ARt 4ka7kAg7], e, EEe]7] 5ol Hakstitt. ofof digt -8 Table 1 71
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Table 1. The difference between Mercury and Gemini's ECLSS

M2 Aoy Bl 11
LENEda ZU7| A XYY P EDEPICER]
TIZS
Huet7|2t AHX| FEO| = F We|Q & 27| SF NE=EIR-T
=2|719 22| HMAAQ /2| ZA
ECSS #4=2| Hix| 744 3 QX|HA 20|
=

Adopted from Wieland with public domain [9].
ECLSS, Environmental Control & Life Support System.

2.3 1968-1972: O}ZZ(Apollo)

19619 5¢¥ 259, vl= thd® & F. Alvlths 29 fRIARE AFR] FAASS i
2 gt ol EE ZRAEES UHSIGUHIS] olF sl Mot Any Z2HEE Fof 3
H BYFAAARL] 7|2AR] 58S EUE ofERE ZEHEof|A= o] ARH AT
AX AR B B39 A|AR 02 MYt o) ER2E 5.9 m’Y] FXIOlA 379 952
o] & 14Y &<t o] 7hetles AERAAIATC] HAEGoH, FH/AHA HEd
(command/service module, CSM)¥}+ & 25 2-E-&(lunar excursion module, LEM)2.&2
HETH12,14]. 7 BE50] AERAAAES thA] v, Anjyofx ARG A} o], 5
583 A48 HEAAHCR L ofER20] APRAAAFA 7} & HIk= Hi=
STHAIAFo|T o] o] YA ARL &5 0] Asto] ARgSIlon, AT 2
< A #7182 SRSk HiESIIT 13y okE=E CSMe ARBRAAI Aol A = AlH]
2 Bgo] X7t 3709 ARHA(fuel cel)l16]9} Aba BIAERE E& AB4otal gt
5 /dElon, o= Qs FBRAAAHE LR A== &2 FAF A4Stk 3T
OREE YYRAALRNN= B Aol 7]e0] ZAEoH olF fls] AlotdAr Y
EE(sodium hypochlorite}& 24A17ttct Eof 718kt ohat, LEMolA+ 783 242
o g 5F 950 AAste] ARSI

OFEE JPRAAATL T thE 2 AA9] tj7|242] vislo|th. ofEE ZEAEojA
AR Al AA W AbAsTe= 100%%7] dhizoll S f19l/do] mi9- Zitt. o] 2 ?lIs) 3789 ¢
FRlo] APt T1EiA ofEE= AL Al AA W 7EARAGE A 60%, At 40%= A
SFoEN A S FTTHIR O FBRAAAE Z]&oA S titt S84 <
A5HA] = ARH171.

2.4 1973-1974: A7}0|3(Skylab)

s7tolRe ule] 3 WA SRAARORN QREE oA Algto] Aokt gle]
QA WX G ZARI FAI) nlol AR FE AN TRt At St o

=

52 Sasien. 270lde 99l0] B5F7Hel OWS(orbital workshop)et fejet &
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BRAAIA” K

=13
=

=

(airlock module, AM)&E 2=, AJFFAAARL ofojgt o] vj2]stlth. A7 0|9
ABRAAA-ONA 7P & Wk d7| AN SRiA] 7solh A7tolsie] AA
7192 34.5 kPaZH FATEA 28%, AHATEA 72%S B9t 2AJ5H90n ojdtskeia
o] AAE sk 719 LiOH th4l 2719] AlZeo|E AFe] E2E8 AlE(molecular sieve)
£ ol85tytt. 3 A9 A9, A W B2l 361 m’e=E AR whet 1] AH
2 rzhof| o8l Ttksh= Aol E7FsSHAl HI olof AeJA A FA71E AR =M
SHfo] AAE AFsslsigint. ol=et A71olf] <= $50llA Abol A71%F A7t 7hs
sHA | A+ AmE SEE ]I

2.51981-2011: 2F =M HE=M(Space Shuttle Orbiter)

Qo A LR IPe SFEAe] 8-S WY, 90 Aol Sk 9

3 Aol 7R5et 45718 el AoeH 3 BnE I7HY
ui

Zolo] 79 B9k B5T 4 AT AAB) vk YHRANLGL FA120] WS Sloick
ot A FASFHAY BBRANLHIY /Y A FHhEA PA1LS 101 kPa, &

732 Ak 22%, AA 78%=A, ] A 243 s A7 G RARBI. 539,
A=A AL 9R1e] A Holg SHolA A A, A2 =2
FIIE A8 21 HiEskal o€ 88310 #1422 ofo]2H(odineE 3E3 S,
£ Al=Adie vdE ATVEE F7RIC RN A&H 0 R Fof ofo|ee] 2/4de 2Es)
et ES, 919 Al o) HigEs A siEES 7Pbag)ell Eusit=d, o
£ et B7] 48 oA e FISHAH. Fig. 38 & ¥ Al&®l(water management system)
< BoFal ot 5= mholAz2FY S0 el 22 S5 #=sP] flsiA da

7IAE olgslo] ERAE TIMshs AeR S S Fig 4= w7IE EEAAH

Overboard Vent

Potable Water
Use

Waste Water In

Overboard Vent

\ Tank /’(—’\—
e .

—>((D)

\ Tank

Fuel
Cells

N2
Tank

Pressurized Line

Fig. 3. Schematic of the orbiter water management system. Adopted from Wieland with

public domain [9].
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Control of Wet Trash Stowage

From Cabin

W

»
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Filer E Liquid

To Waste
Water Tank

Fig. 4. Orbiter waste management system. Adopted from Wieland with public domain [9].

(waste management system)Q 24 LF2 17 H7| &S HiESSHAY g8 $F5190,
A2 dEe}t W PAED)7|(fan separator)E ol-&ste] AAQ] 7|5 E 2Est=t &
85tk

3. ST MBQAAIAC e sg

3.1 FHSTHANEG WHSKIAAL

FASFAAAGE v, BAlof, fEAT IE, ojgEol, Yt 5 AlA 1671=0] e
sto] 19989 11€FH A4S AlRksto] 2011 ‘rﬂ_ A4S S=stTHI8]l A=A
APFAAAEE 27] A= BAloE HA| Hgof A4S 555132H, o]of 2A[ot
O] YRR AE ARl YHEE(Electron)yz °]&sto] A7|&sfo] s 4H4as st
SEotATH19). E]E, L2 T A(Progress) 54100 28l 67119] Ab4871, 67119] 4871,
& 52 AFERY FFuol & 1SS BEEE FHste] Igotirt20]. SAF=A <
7] S Fa 78%, AkA 21%, olAkRbekA 1%0]H, %= 18.3ToA 26.7CE, A&
L= 25%004 75%E FAI5H 7192 101.4 kPaoltH21, 22].

T8y, of2fet SATE AR AR RAAAE EF0le B2 clkht EAE ARES]
t}. o]o] ul= NASAoA = A&-go| 7135t YA A ABl(regenerative environmental
control and life support system, R-ECLSS) 7i&tof| 34 2kcH23]. R-ECLSS= FA] E43HA]
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AHl(water recovery system, WRS), A-48417](oxygen generation system, OGS)Z 1A=
o] 9lon, EAHIAEL & 2| (water processor assembly, WPA)R} AHA A=
(urine processor assembly, UPA)Z. TJ=H, A7 | = AR IATR](oxygen generation
assembly, OGA), &71ZASIA AH(air revitalization system, ARS), AH}E]o(sabatier)2} o]
AbSterA AA AA](carbon dioxide removal assembly, CDRA)Z F+3=0] St} OGSE=
20079, WRSE 2008¢1[24], ARHFE]o= 20109 (25], CDRAE= 20024 [26]°0 242 1SSefl A
2|=lo] FA -FF=2L lrt. NASAS] R-ECLSSQ] 7Hd =+ Fig. 59+ 2t} I8 & 4= 3l
o], FASTAHATS] FYRAAAEL 7 G50l H|wA SHHoR 8= QEF
Z(open loop) AIAEICIQlOY, 29| Ad5 /NAT} AFFElo] A|ARS] 712 Qls) wF
(closed loop) AlARIC = WHGISITE. @A A AT 371 40%, = 90% ol/d<] A
o] 7hsRt 2o ® HE T QITH271

Fig. 61} Zo|, ZAAR S A= AR a9 &2 vIgAt B8 (particulate
filter)2} F7] & v f7] 2 B9 AAS At o5 o mEi(mLﬂtifﬂtration
beds)g AA olFHrh 1¥ ths, &2 ¥ weV|et SRkgTE 7474 A 7tA/E
7|(gas/liquid separaton)® HAE=H, ojef E2jHd 7tAes AAR FF3th &2 ;37] A=
T AIAE ol&ste] £=E SRlste] FolER] 2 &2 xﬂxia]o]-jl_ Jokd &2 o2 e
H=(ion exchange bed)& §3oto] HolQl= A1t A ES AlASHY ofo|odS H7foto]
5 e AAT 11 H, A B30 &2 Aste] 5799 A, AL, 25 5
of] ARE-EITH19L.

Fig. 7& AHAZZA| o}y, SAFHAT E W YA 9 FHo2RE A4S 5

otar sehEdyt AAeg A2t ), He A% B30 AgE. g A g1 SE
g ¥ Eo] Kol AMATGA = AsoE AFHH, 3% 5' S5 A (distillation
assembly)oll 23 SFIACEN HA|9} @Y EFE Hefsto] E5 it SR IAl=
Fig. 39] HA e A (waste water tank)oll A= o] EX938< % ARA EHH19L.
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Waste
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Potable

Water Sabatier Product Water

Crew System Water Processing Watef
‘ Product
Potable  Hand Waste
Water Wash/ Water

Dispenser Shaving

Fig. 5. ISS Regenerative ECLSS Flow diagram. Adopted from NASA with public domain [7].
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l:ealth operating w/o limits)
Sensor

Accumulator Bt
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Fig. 6. ISS WPA Simplified Schematic. Adopted from Bagdigian & Cloud with permission of
SAE International [8].
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to Node 3
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>
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Fig. 7. ISS Urine Processor Assembly Schematic. Adopted from Bagdigian & Cloud with

permission of SAE International [8].
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Fig. 8& AR S Bl Qltk. A7 = ARAXERE &8 T30 7]
Eoflol] ofofl AkAe} A AJAISE AAkE Abds A ARGe] AR FEE 0] $-
FR19] S5l ARgHol wet olAlstetATt A= o= CDRAR HEHTH?28].

Fig. 92} Zo], CDRAZ HEH olilefetates O — @81 =(adsorbent Bed) — ®9] 3+
§2 AA COZ AA. 09 AFH| =(desiccant Bed)ollH= &2t 50l 93 mlA=
371 F9 82 A7t Asilica geloll 2Js AlAsH, Al2o|E 13X (zeolite 13X)= &
7] % fotEdolud COE dAH o= A AT @F HE A= A&t E 5A(zeolite 5A)

N

xygen Generation System
Oxygen Gene Syste e Cabin
Nitrogen in ). ‘-% Oxygen to
- 0 cabin

Feed-water in
(from Portable '
‘Water Bus) Oxygen Out

| Pressure dome

< Venturi

- sensors

Cell stack

Rotary Separator
Accumulator

Coolant
Water Bus

Hydrogen Vent to
Space or Sabatier

Fig. 8. OGA Simplified Schematic. Adopted from Takada with permission of International

Conference on Environmental Systems [28]. OGA, oxygen generation assembly.

Desiccant Bed CO: Adsorbent Bed
(Adsorbing) (desorbing) Heater
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_ cecee .o f
13X 102
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CO+H20 Air with CO2 1 ' Sabatier
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CO2, H20
Heater
Air save
Air save is the first 10 minutes of the desorbing half cycle
before CO: is evolved from the bed. After air save, the valve
switches to deliver CO: to the vent line

Fig. 9. CDRA Simplified Schematic. Adopted from Perry et al. with permission of American

Institute of Aeronautics and Astronautics [29]. CDRA, carbon dioxide removal assembly.
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£ o]&3to] CO,& AAsk=H], AZEO|E 5A2 Al&o|E 13X0l| Hlg] CO, AA 5ol
U Ao f<psitt. @HloAE AAe $ExES Ao Axst 377 Ayt Aol g
St $ES thA] FEol AR AGEHTh @, @, @] BHo] PR Bt @] 44|
EolA= 71800 E451 COE & slEel sl olUAIE 7Iho=H olilsigtag Al&eto]
EoL g2]7|H, @2 CO,& Sabatier® HiEHTH AlEEO|EZ}F COE E<oto] =3}
Aei7t = @ HiEE JRYRER v, CO,0 T @), @, 9] AR ThA] XIg¥st
A =t

OGSellA /3% $=4x(H)2t CDRACIA L =]o] Hj&H olitsieti= AHlE ofoll A The
3} 22 3151 dhgo] olaf Eo] AAE|e] WPAR FHEH, HEk 952 sfj&Hrt.
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Table 2. Summary of ECLSS

NAE MEAA o172 OfZZ LM E oxgi=M YeM 1SS (R-ECLSS)
CO, -CO, E4H:LiOH -CO, 84M:LiOH - &4K(absorbent): - CO, E4H: LIOH - E4H: £X5
SHA g 2EA - T4 2EA ZAH(molecular - i 2EA - RIS2}0|E BA: CO,

- ETHAME F WY - M AR = Y

sieve)

- STM AR = Y|

H|A

Iy % WA - MIZ2HOIE BATCO,  gr iy - HIZ2H0IE 13X &
A 42|71 (silica gel):
- HZ2H0|E 13X: H,0 H,O XA
A - AXH: HI Y2AS
- XX|(desiccant): kst
TT 00" = _ 7H_J'\_: 4 bed
- 742 2 bed L
= - THAR 7H5( 2 bedM
- MAE 7ts 308 7|2 AKR
= - LiOH (#2)
S
S assd ~ AE|0f(sabatier)
©
5 L H37|
o _
% (Gas |5 OMSIEAE
%) - -
o) recove . L L L 3|10 AlA EIAY
g ry/ sgie =8 lsee Jlseie 3|50 At 2h
< generation) AL 40%
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B ~ AAEHE7](0GS)
ol
0; AR AL
T
] - ENE - ENE - EyE - Sy
LHZZ MO - LioHe - LIOH| A20f MX| - 2XIFQ 420 M| - LIOH) - LIOH2] 5t=0l M|
(Trace A2 (upstream)Of _ =7|Moz j7|2 Sl=(downstream)
contaminant  AX| t7|(venting) ol &x
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A=A JtA AR contaminant control
DUEHY system)g 0|83t
(Trace LE=E Al
contaminant - Z|of 21674
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Table 2. Continued
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Table 2. Continued

NAZ)  MEAAH o2 Of=Z2 LM A7H0[Y oxU=M Y=M 1SS (R-ECLSS)
2 Ojame - ex= - AR IO RN $ - AR USIS K - AR ABKI - AB:UPA
()
5 2] A8 XY 1bag) PFE HiZ 7t 27 & X2 HE  WPAS 012510
(@)
@© .
5 (Fecalfuine - tyst xfopx| 18 - chst i - OiEt JhA STE - e Aejo) oa  MYE AHS MM
8 handing) AAgl(Apollo CM)  7tef(gas permeable #7338t 3, oizslo] /IS 22 B8, 2
©
= bags) R =TE 0%
o
i - O 27|12
o _
N LTG0 THy0l K
=)
TS - AS| SAE - AP SA8 - AP FUE - 48Pk - AB|: 2ZEA|

ol
P

airfel 2x| o

(suppressant) =3t Z4(food

rehydration gun)

-

- 45 AU 2

(Fire detecting and suppression)

=3} Afood

rehydration gun) &

SUE OFRNA
Hl(aqueous gel)

1ot

_)éILH (=)=

OfFOIA M (g2
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Halon 1301 (37H)

2tor

- QLH (=R=|

(BAI0F 25)
OjMBIErA (O]

28)
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- @z0l0| B 2| -

22:010] 2 ZA|

- Aol gx7|

- 0|22 A7| HIA

222 light
obscuration) ¢17|

dx7]

Adopted from Wieland with public domain [9] and Bryce & Humphries with permission of SAE International [8].

R-ECLSS, Regenerative Environmental Control and Life Support System; OGS, Oxygen Generation System; LiOH, Lithium

Hydroxide.
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