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Arduino 88| #5
1 [ZU®IC
BREITY, BRIV TRBCIRVEYS, REREE (2R T J—XNSvT-CO,
AOR) OEIENFIL—EANTITROTOET . EEREEEEBICIRSFIC, UL — S0t EA%
FUFELLD,

2 JL—Z&YRY—ULED
KERRBELAEMRCETHDIE UL—HZONTVWBRTENDNDET,

10 EBISE OT 20 EFILE THWO PRI L—

EERREBEZR?E. 2 BEOUL—HDOVTWBIENDMDET, SEIDEZ TEAVSTVIL -
INIYL— (UNEAHR)  FOEETREINTVBIL—DHERYL—TF, hRUL—(FLDRENE
hzEHEETRE (BZEFro/N\—-. JU-Xt3vD)) OFIEHTHEVES . FEUL—0 ON / OFF (&
N —ZAWTWVET,

DL —DEFRBIREENCOVWTEHRBLTVEEFT, £9(E UL—TITVEVEIEZZZELLD. HIZ
3

e COJBEN450 ppmZ T ELES. COMRIADEHFZHITD
o JEENG65 WZ _LEofes, JU-X v EIERE) / SEEN45 %z T a5, JU-XhS
PPk =

BETT. COBIFRITIES, BEAREEZYFHIRUNEBLE 1
91, Z1YFT ON / OFF HI0BZL\ETBTY, CITAAYFD |
1&ENZI2ONIL—TT, TOUL—-DEEZHT T\,

RIEBNIVCCIETGNDIIEULWDEIED, 5V & GND ([CEEEET,
ZUT. IINI(& Arduino N5ITHIGH L. TLOW IDESHRNTL? ‘ 7z
SO(CEHRLET . THIGH DB, UL—H' ON. [LOW DBF, UL — 3 U L—ORkT
(& OFF ([CID>TULWBIARET T,

IRICTNOJTCOMITNCIISEBUELLS. ENENINormal Openl, [Commonl. [Normal
Close |DBETY, INOJ(FUL—H OFF DEE(CIE Open. DEDEEX(THEIRL TL\BIHTF. [NCIIEU
L—H OFF M&EIC(E Close, DENEER(FEREL TLVBiImFZ2RUTVET, BII§(CCOUL —Z#H
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IAQZET. UL—D ON / OFF TRIFZ(CEFRNRNDD . TRNBVINNREDINDIITY . BN RfE
WHELTE. TCOMIZEBENZ VAL TNOIFZIFINCIZEENMEMAICERIHAD ZECIRDFET
JR(ZTsketch_Record_SDcard_Time_Temp_CO2_Relay_v4.2.inol%247>0—-RLTH
FU&D, COTOISLTE. RIEIFTOIOYSALIIZT, UL—HIIETHEMAFTFNZTOISAILR
2TVET, (COBREOTHRAETOIIALTT, ) UL—2FERICERINEXZBNTUET.
int IN_PIN1 = 7; //Electric Valve for CO2
ED Arduino @ pin UL —D IN ZZEIFENMEEITI2RENHDET . COTOTIATIE.
[IN_PIN1 [EVVOEEZETEELUT 7 & pin ZIBELTVSERTT,
const float co2set = 620.0; // CO2 set (ppm)
UL—® ON / OFF ZEXBIFBERIC, for XZRAWVWTWET , ZOROEEEEZ[ co2set |ELVDZE
HTERLTVET,
pinMode(IN_PIN1, OUTPUT);
digitalWrite(IN_PIN1, LOW);
CZlE& DHT22 Y —DOFRICHTEELIZ, pin Z AN NI ZIEELET .

Rl COTOJSLNSFEBIVEESE. EOLIBENIESZIINEZFELLD.

INTE, EkRafAHET . SHEE COL BECEUT LED 0T - sz FlEIL THELLD,
LED OEcHR(E. 1 BIEDEZETRUVELUZ. BOHULELLD TLYRIR—ROZEWTWVBETAIC
LED FDEIFEEVEDELLD. TR INIL. LED NEEFskTUTVWRIRREIZERBVET

RIS UL —ZEOTOVEELLD UL —DECHRIFD UEEZEVE T S EFREL T, S0 Arduino Kit
TEMULTVBUL—(EINOJETCOMINSERZHLTVWET . (COTFICRAFIORESRZBEL T
WEIH FIEEZITHTKIZEL, )

BRRE 2 UL —ODEiRZMHATHELLD . ERROFEEINEINE, FKFEDTOISLEESAA
THNEIDHDFT .

RAFIDAFRTT . £9. B5EAld. LED DEIFEORICIL—ZIRESEUERBWET FEMNCER
AFE>TOEIN, Arduino DT RIR—ROFHENS. LED EBIUIA UL —%EMMAATE L
FLVEEB AL EVODE. BUIMUCEEICERMRNTOAO T, BlICUL—%$RAT ON / OFF &
BIELTH. BRIEETLYRR—ROS/ > L TRNGEFTUEINSTY . NTEIL—HBEBELFEE A

ZIT. TLYRR=RDSA>Z2EI—DESEEEZET . UL—D ON / OFF i'RBRENZLS(CS
12EFESDTY, DFD, BAFIOLSIC LED OTSZAERIDTAIFELTHISF T, BICUL—%E
HAHET, I5L. UL—H ON OBF(E, LED OTSRANINFIES 251 VICERNRN. LED D
NAFZANCETFRNFEN. GND £TEMET, UL—N OFF OEEIC(E. LED OTSRAIDSAUICE
TETFRNBRVDT. LED (EEITUET . CN TR T

RE3 (RBDHDAMEIT)

EERRED CO2/R>N(E 100 msec EWiFZRWE (STEDL LED hMOWTVLRIREER) 217
TENRDD CO, ZMHUET . DFD, BEEADSNDTOY LT LED MOEHFIIRI (BHAN
ZEEEITDIRT) (I EFREETIIFELLBDER A, €T, 20 F(C 1 [@f21F, CO, BEZE%E
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fEELEELT LED @ ON / OFF iIh& N30 3 LEEF>THELLD., SB(CSDIHFE(E. LED
M ON [CRBIZETH 1 sec fZ1F LED H* ON ([CRBLSCLTHFELLD,

(DD, EEREBOTOISAGEIEET, )

(E>h1) #HAME 0 DZE#ZTEREL. 1 sec C&IC 1 FDHEXBLICUTHELLD TOEEN
20 (GEUTS. LED @ ON / OFF HIEZITV, BEHODEZ 0 (R I LU THELLD.

(e~ 2) LED OsakTBsfEz ST 3(C(EM delay(); 1Z25FAEVELLD.

RE4 (RiBOHDAMET)

CO, DfEZBEHTLBE ., EENMESDIEENHDERBNET , TN TB57ELELT. Bl 20
o CO, BEFIHERELT. TOMEZIRTED COL BEELTERAT 203 L% ERKRL THEL
&3, JOUSAIC 20 BEDOIFT COL BEZRDIXZEBINUT, Z0E%Z COBELLET,

(> 1) for —TORGEHNSRETLLD.
(E2h2) WKONBRTERZERIDINENHDTULD.
(> h3) ECHIDFIENDDESHICENMBLNFR A

RIZEREA (TR BOHBAMEIT)

AUSFILD Arduino ZESIEIIEZVENELLD SETOTIY—RIEF TR E—F—-RELED
ESHICEHBVERBVE T, IARZEICHIALEE(CLELLD,

3 ZEXR

SEIDEZRNBTENT ECH DA HP (CFEOTVWET .. HI I8, 208 S=E(CHBArduino %
FUHLES (353 h%) | (Massimo Banzi, Michael Shiloh &, fiftBI5 R ASA)—-Sv/)(>
F1T) TI. YOI TOISARERBIBZEH INTOTHERVERVET, BROHD AFEHA
THTTFEV, RYNCEEL RERREEENDIDT, ARNTHIOERVWERBWEY, (EARRM %)

HzEEN
BAFHBHCHITIFHATRERIBRE S AT AMEE
[CRF 23R8

AR — RBXZEXRFERESEFFE BLRIE2 F

#E<S . SDGs/Sustainable Development Goals (F#teJeRBFBZE)  ESG &&
JEnvironment (3218) . Social (#t2) . Governance (HN\F>R) (CREXENBLI(TIFH
BJRER L R ORIR(CAIFTARST EBDIAHSEBNEFOTVE T BRICHID(E. AFEDTEB)C
KR IRZEE) - IRIRB R SR AR AREBRRIBAOFED, JO0-/)LBT5(F1->
(CBIT2EEFBICAREINDANEREZBREABHESADEENETON., ZOXKZHEUDIZHIC
(TR ELEBEM CERDBDOTIERL HRPDA 2 HtthEkE—DNDI IS AT ALU THFIERL.
BRAEUTHAILTUKCEN RSN TVE T,

COMBRDIBERIEEE Z20N 2000 FENSIRTEICEDFTRAFCEDALBNHIEL TVBERF
BHAT—230T9, ERFEHEAT-32(E BRER®ROS 7220 15 AENZEL. B 3-10 A
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W 3-6 sARRATEFRL TV DB CHE—DIZAIEROTUVET , UM COEBRFEAT—>
L ZFALUVLIRTEOB AFEHGENL. Fiftn et ReRIRIIM/REAS/BRE (U—F213
—T1J3-) L3O THEY. BLARMREHITUTEREHS/EF (VZ71I0/3-) ZihEsE
TVWBIRRET T, HIZ(E, EFEFHEAT -2 CRFHREMADRX EBLUFERIT 0TS
ZHEFFIDILHICERR) 10 ER2EMENMERNSHISSIN TOEIN ZORFEIEMIEB R
30 h2THADICHKTU TENXICHEERDOTY MG DEETEHY 5,400 hACEHRDE T, DFD.
BRAEINTWSKPXKE Space X D Falcon9 Oy MDE—ERT> S > BISMD 96~99%(3FT
5 IPEEPERFEAT -2 THEAINE . KAKBEBZEATROINIBREVTHEREINTL
ZONBEIRTT T (K1) .

Approx. 98.5% of the rocket, spacecraft, and resupply items are discarded

L Earth—Space Recycled or Waste
aunch
mass 4
(tonlyr) 30
5,400 —
Approx.
5,000 }
. o

Structure Propellant
Rocket

Spacecraft Rel-supply Recycle
tems Water, 1° stage engine

1 BAFHGEIH THIERIERASLOIBI - BEINZEE (M/F)

BIRET 2RI TE TR ISS T, SETFRENMRELTVET, Bfl(CZES-7K-BHl
EVDTEAEMHHFCMERY)E (Life Support System Elements) N REIBIURIEHNIL,
BREEMESHB PR IR FEERAMRRE QoL (Quality of Life) 74T ADREREEZIFSN
F9 (K 2) . FhlE EBEFEAT-2300MEES | BAERELFEAT— >3 iat cone
D1 (HTV) OFERAEFIZEBREC 10 FUERSEL. COFRRZBDHODULTERLUR.

Current “linear” system has various negative effects and is not sustainable

Supply Consumption/Recycle Trash

v Earth’s environmental

impact by inefficient v High CO2 levels

v Garbage smell

-
[7)] K potentially affecting
2 ; launch and _dehverY crew health v Dead space due to
o < v Shortage risk of Life v Lack of clothing and temporary storage of
7] ok Support System (LSS) hyai it 9 garbage
9" 8 item (air, water, food) » LygkIEr;t:I er:s d v Huge amount of crew
- v Huge amount of crew ack of freshness an task for trash transfer
r variety of groceries
5- task for cargo transfer
o
2 v v Stress of wearing same
m 3 v Anxiety over shortage clothes for a long period
(o] [o] of supplies (air, water, of time .
g g food) v Unpleasant meal v Stress by co_mpllcated
) (=) ~ . trash operations
«Q v Stress by complicated v Lack of natural capital
3 o stowage operations as a means of
-2 refreshment
Life Support System (LSS) Elements | QoL Elements

2 ISS [CHITBBIRBIH R TIBVCELLDEE
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ARt 2% KR T3S, EaniERF> AT LA (Life Support System : LSS) H'X
FIBOARAIRTY , ZROKOUBAI)L. BRIOEERENZOHFIT, BEZRKOUS () E%ME
SRED. FEMATOEBREE S AT LAZEDLICHAFREITINRE, SETEFRATMTHNTVET
23, TNBOIZRICED. ZEREK(E 90% L EDUBAIILREZRL THD. SB(CUB(IIVERDE L
HERRFENTVET . BHOARBAEREE REBOTERCEIDTDEEITVRIRETT (K3) .

LSS Elements Energy QOL
Water Food Power Clothes Hygiene
- Healthcare, etc.
Technical
Recycling .
Ratio \ \
AppFox. Appfox. ' 0% ‘ ' 0% ! ' 0% !
(1s8) 91.6% 93% ! !
\ - r / \ - ’
Reserved Air Tank Water Bag Food Package | Secondary | 3 Clothes, Towels, Medical Kits
Resources i Battery (Resupplied)

M3 TFEMYAVINERSLUHEREDTERAR (CHIFEL TV &

UNU. AT RER B AFEFEEZER I30(C(E QoL (Quality of Life) | RHILBOME
RICZEEZSZDBZRIODOVTEEIDIVENDDI— 7. HXBERICOOVWTEDISIIPENEDBL
RSN TLBHNEVIRIOVTEIR([FEN TVE R A IR T &KL LSS OUBAIILERDM L
FTRL UBAIN S AT ABEROMRFICHERIBFER AR NN —YOIERELEESH TIRFTLTLK
CENEETIN UHAIIZEDE _EANFEREBO>TOIDONIERIRTT,

TIT. FMITNETOB AT EHHERORARR CORBRPIAELERAL. WELSARIFI-EL

TRBARZRZFRGCEEFFEOFELRETIUBUCETIEEDT . MHR%E LSS KIFTEBC
QoL FTCRA-TZILFTIHAIIERROIRRZDUTVET (K 4) . QoL (DWVWTIE. 2RAR.
B4 RREVLOEERICEBULTVEY, KRG, FEMATHSEFEZEOH. TUTERHD
RRPRERIBN S —%<FRIHICEETY ., BEAmRE. 4. BUED. TSR E. BRRER
ZHERF I BIDICEBREDTT . AILAT VARG T4y bR AR PEEFYIT, BHPHEROD
FREBLUEIEDOICHEREIRTY, £o. YHMIILS AT ACOVWTEHZS AT LZHEF I 31
DI BINEFEMRPOART N =YREDT7A(T ADIE L E2 E 2t I 5L CEBUFEUR.

This research analyzes the amount of resupplies to maintain life on ISS

Resources Recycling System Resupplies
§ 1. Asssesth | Items to maintain
i. L oL Elements i
C % ii. Volume Elements Recycled the_Rggtr:::u;g:!stem
v Recyclin stem

:) S, v sto!ageg ¥ by the system - Maintenance Kits
a3 iii. Power - Consumables
QL iv. Thermal
g2 "

S 2. Crew Time Unable to recycle

3 Reserved Resources

a8 3. Cost Waste

Estimate the Amount How to Improve Analyze the Amount of
of Elements Required on ISS Recycle Rate Resupplies for LSS and QoL

2
]
8o
2o
I

E

Leach, H, et al, 2021
4 LSS & QoL #HF(CfR3181E
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DI, ISS (AN B ORBET — DB SZAEUAER 1 (THNX. LZHRITHIEL
IEFEFERITEEB LY ISS MEHEGENINEDREEZHHENTE L TEMEDFEHR
TE—AHOMO—BHLDOEEZ2EHUEUL, BB, FERITE—AHLEOHNDO—HAERD
(CHEBERBELER - K- BA- IRIRBEDER(E NASA X2 56 TEDHSNTHN, ZOFUBEERE(C
SN TV BOBE AR I ZE THEMESHUTHORENMERIN TV ERT 3L
HTEET, FEROEMIBBLETN, FIZEERCOVWTIE. FERITLCLOTERINZ —HE
(LR FJENSEUR TERN R DBEDLMERNS ISS DIMNTRNHTLBZRROEEREE 1SS
REBLU THMEREMEB P _ ENSOFRARIIT IO TVBIENDIDELZ. — 75,
ISS (AN 3BENS5. FARHRIIIE 22%UhEHTESITEND 78%(F. BRIAT L%
T ALDDOFRERIEER THRIZENDNMDELE (B 5) . DFED ARICEESZAEIARTIHAIIL
UTRFHIH R OBHHEHNRB(CIEL TS, UBMIIS AT LR ER - #1533 DO F i m
WHEmEBMHEURITA2RENHBIDTI,

Majority of the resupplies are items of spares parts and consumables

02 Required, recycled, loss, and resupplied Ratio of Resupplies
Moz = (Mcoz x RReoz2302) = (LRyir x PPO2) + (Moz 6en s + RMoz reni) Consumables, Spares Reserved Resources
Required  Recycled 02 02 Leakage 02 Generation/Resupply
0.820 0.520 0.0099 Theoretically: 0.290 B
[kg/crew*day] [kg/crew*day] [kg/crew*day] [kg/crew*day] (' Maintenance Kits J Reserved Mass
- Biological testing Supplied by Gas tank
—
AN (includes both N2
Category Element ;5:1-‘;::“";; Note and 02)
22%
Mass of Recycled 02 [kg/g':ﬁ?day]
Mcgz-CO2 produced by crew [kg/:réw*dav] HIDH, BVAD
Carbon Dioxide Monitoring and
RR o3z 502: Recycling Rate from CO2 50% Removal Assembly
(CORA) Control
Mass of Leaking Oxygen [kgf’g‘:ﬁgﬂ " . 46%
Leakage Lrai;Mass of Air Leakage Rate [kg/Engigda ] | 188 Historical Data
PPO2 (oxygen partial pressure) 21% + Includes Air environment items such as;
« Air revitalization and atmospheric monitoring
Moz Gensys : Mass Supplied by 02 0.403~1,610 Ngg:e?;‘tf:” + Thermal control system
. Generating System [kg/crew*day] Assembly (OGA) +  Power supply subsystem
A P Reserved Mass Supplied by 0.269 *  Acoustic monitors
12 Tank: ES€l 1ass SUpE D ” ’y " .
Gas ooy (includes both N2 and 02) (ka/crew=day] || 1SS Historical Data + Coliform detection packets, etc) Y,

M5 =X (BR) OUBAIIIKRBSSIUEHEIEDAER

IKISOWTH, BIHGENBEED 75.8%NKI2IT, FEOD 24.2%N ML OI\-RIT7EHE
MDA S 2572 E TR EFEm T U, QoL BERTH AN R, B4R NVAT 7RG
FATHIERDSBHHIGEIN TLE TN, KRARICOWVWTREL FEZEHREBERIIBVEWFRNDID,
TR CEABOTIRREN SR UTSE BB OB EE R VEWT RV L LN REN G DR ERRE
H&D 7. 2626 QoL DER T HAREBNMHEIN TVZON W IimREHIET, FHEMRD 6
ELFAANLIMMNTHBEZEZ DL SEOAFTTHIRE 3D TU> Mtz VI EE® S AR
DOIBAIINZRAT LAOFRFEICLOT, HIETIMEDEZAEURIRKL. QoL EIRETE IR EEMEND
NFF, ALATTRREH 5 EIWEEMLRDARTEBR THBIENS, LSS £ CHIEROALE
WARERVBA VIS AT AOIREFOART N YR EZE RIS RAT TEE I DREDIRET - BFE
EDHDETEOBRE UV ZAT AOERRIGADIFBEERDONELNFE Ao
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€=£5)
TAE— | REPARFAZRMEEEFFE 15712
RRARFARFRILFRAFRBMZEFTELAE T . JAXA FEAFMAFRPICHEBSYICR
SIAFVPTKRFEEA-TEEFEAT a2 [EFS I BAEERIR JAXA 7514 M4 LI5ZE(CHRE
F, YN I7— AT, SFSETBFEFROBERFAPIE - BB SRES IR ZHE T KDDI ([CAtT.
R, FEHEXR RSB RESSUEETS 3 EEZEY,
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