3. EEEREREBRMME AT LABED-ODERFE - =5t
3.1 =

FHRERVBE LD KEYAY 7EE2HR0E UFETOEYFEICEAT 2HEINERE I LT L
B, BNPAHRE, BRICEWTHFHICK T 2BREEY ERBEICET 2HENRIAIC
E->TEDHENTWDS, TNSORDHEMICDNT,. SPACE FOODSPHEREYJAXAZ F/MC RS
REEZDH N ZF T2018~2020FEICHh T THEZED TETTE o

INETR, 1. BERACE T 2 AR CPHEERFOHMRAE & RITNREICET 22KkHN7%
FAE. 2. ERFHRAT—Y 3> (ISS) #E@LIcH T 2EMHEEE (NASADVeggiet
Advanced Plant Habitat &) YY1 V7 IILEINEICET 2EREDEIMAE. 3. RN (
MELISSAZ 7 2 L%) © FEFICK T 2ERBEZSOLEETOY T A CEHAHEEHRIEE
HRICEAITZAEICOVWT, TNEFNHARRKREE. HX - L. SFHEECERZEO Y TY
1 h 22— REEF OLHBEBREN—RXICEBRNEZTVWERBRE L TEREHTVWS, &
foo 20196 B ICJAXAL DREITSNIEBEBBE 7 —F V77 I — AR EE k1) &L

TlE. ERNDOEMEICINZ T, [HROBETORBREEZEEL., HIEVATA, BWERRE
EEM. WERRY AT LA, 2FEY AT AICET ZBRIFABTIETEHENTWS,

,ﬂﬁh.a*s\.\‘dat ﬂ%@@%wzl?x//\—o)’@ﬁ% Eb‘bs f@;ﬂﬁ.ﬁi’ﬁug%

32 REEREFE
3.21 ERNOHFRRAESEICET HRE

AEICH->TR, FHIUAZEEUG2BREECERBAZICEA I 2ERRIMICET 5%
TR, FHAAZEE UV CBREEYCPERBEZH SAEERICEEL I XMAEZT S,
BRAESBTTIE. &5 EY. MlEE. BRSO F—7—RIZDOWTEE L., HRLEIITICE
UTHREZT . —ACTERBEDBF T, ERVPEAEREDNIE - EFREAERMICEEL T,
YR, YIIBLRENIE, BRABRIVATLAEWSTcF—T—RICDWTGEB L. HEREREICE
UCTREZTS,

PATHERRICEEL cfAE & U TE. KEORAEREIRIEMERBIO-Plex Y FE D FHE iR RIEE
%Lunar Palace-1. BARDHHIREERIEMAXCEEFEICRAT MY FICDOWTHALXIMATE
ﬁ:)l&t?“%o

3.2.2 KE - BRM (ESA MELISSA%) DORHIRRAE

ENDEAERHIRERER CORAEIF. XEAEICIMZ T, ThSEMICOWTHRZHEL T
WBHERENE S 1 N> MICES2021 (20215F7H12-15H. A~ Z 4 ) ICLeave a Nest America
Inc.m/S11L. MELiISSA Conference 2021*|c. Leave a Nest United Kingdom Ltd."’&i1L. %
NZENEEERBEREBRMHIG Y XA T AICEADLZMME - i /LY T—Y 3 v 2lEHE. LR—
NEUTHESDD, BHE. YYUMELSSAD/NNOYv N oV h (ARAY) ZFFEITBDFET
Hofeh. AOFBOEEICLD EMREE B> e feHFIROA Y T4 URHBICYIDEZ S &
& U,
*MELISSA Conference 2021 KFETE - f 7z 6. BIFEER#E S 117=MELISSA Conference 2020
DHEERLR—NERZRAEL. LIR—MeZED,

3.2.3 LEEAEICED K ARBITOES/ESLE

321 "EHRADOHERAAREMICET 55E . 3.2.2 'TESA MELISSAD#LRFEDREE
1 DIFEREUVLTHEOSNCERADEEERBREBRMES Y AT LAICE T2 ERFMOBRIRT
DEMIESLE L. DT %o
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3.2.4 AEIC K DHIAL AT/ ICEE I 2 BEREEET

T4 BRI OWTIHIFRNICFE COBBAEEZ T ORICKRIIPHERAERNDE L RZH. 7
WMOFEICEWVWT, EENICHTAICHENERI N TOVRWRITBERARIA D THD &
MHBAUfcfcdh. RBEICEWTINSICETAEMEIN2ERI D& & Ui,

O BEEYOEEREICH T ZETERRICET DRT

Q@ BEEYDOREERICKEUZLEDXROF AICEEY ZREE
Q BEEEBDFEICOVWTHERET DEEMERDIRT

@ EHMEREY OFEIC D W THHREE G % i 2 1o L EIRST

3.2.41 EFEYOEEREEICET 2 ERSET
(B
FHEBEMNENRETH 2 EARICEEERRIETH D, I EERBDIFHOFRREE L
T, BUNEH., FTEHEHR. BEEO3EZNEETH DN, EBYICDOWTIFBUNES & BEHRIC
DWTOENETHD., BEZE (EH) IEO2WTIHFHERFREL AW, LML, BE - AEDH:

FHOKEFIFEFEOTHD, FABRET CHENRERENAZFEORFIEDET ICKIZTTHE
ZRABEIDIEIFEETH S,
1980FERBEMNS, 7TV, KoY, BER (CUER1-7) 7 EDIFFRHLES - fAREMMEEEY
EERZITo TWB, 2000FUEIE. KE., BE. BEMOLEEDOHRELINDHBEATNS
(3Cfk8-15) - BEE T, 0.2~03K[EFXTEEZETLTH. CODE. O,0FE. KEKD

FEZzBEEICHELTWNIE, EBYEEEEREREERZITV. REBRRZTO>ZENHESN
TW% (k16) o UM UAETERER (TEREEE. TEHFRE. TEHER. M. . BX. &

FOHRRERRET) CDVWTIE. HEDHREINTLARL,

ZZTE5EIE. JAXADHWIRET 2 THEEGET—F V7 VI —RFTHREE, THEREBIEYIC
BlEANTWSrRENRIEY E LT, TEMER. AIEZHE. BFRROIXT—IICDOWT, BE
FIEDEERE Y AT LAZAWT, 2F% FIFRGT coFREABREIT S,

[FE]

EENEF, £FE%30~101 kPa (101 kPa=15E) DOEEICHITE L D DCO2HE. 02 FE.
H:2ODEHHIEA AR O—XF v /\—Z2 Bz (K3.2.4.1-1, K3.24.1-2) . TDF v
N=IZ@FN\y 77—, BRY A BRESBIVEFRSINTNWS, Fv¥ YV /N\—ANTIIERRS
ZITDZENTE, BEREF v V/I\—ADSHIETES, ZDH. —ELEZRITZ I &R
REEOBEERBNETH D, AREBEIFREZ—TEICRDLD, REEZFETEZENIC
REU, 1RXROBEICIE. BEREOEREC (BEEYERY —V I\ I LDRE) 2RV
feo

HELED T > 7
| =1 TOTTTTTT
I |
J\—‘ —— - - . F — zr,rif“_“/‘lj'

INy T T — , tH 2 » @‘

8 Aol l2v % 75" N 52 i
G D¢HX 0 D ¢ ! b
=R ey
Y #8 f - ®

(¥3.2.4.1-1 BEREY AT LDOEAEX
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[3.2.4.1-2 BEREIATLDONR () . FrYN\—& (FR) ELUBERFOA X

3.24.2 EFEYMOZEEFORIZICEEY 2 ERMEEE

(5=

Y DR R ICEE RIS EIC400-500nm (FULVHE) &, 600-700nm (FRWH) TH D, 1B
MOERZRRICTZDEEHRICHTZ2REXLDHEFOL (BRH) IFEMEICK > TERS,
KB DOKIDEICTIE. KDOBESPAELREFET S,

FHZEB O ERIRIE CIELEDXEROERANMEEINZ D, 1R PF 1 XV cETFEY
ICEL T, IEYENKREBFONEL TRENONZDZIC, LEDNRTCOETEEICET
DFIEDIRL (Bl UTFangetal., 2021) . mEBHRADBEAFAS FEAERW, e, B
NRETIRET IEARAZEFNATIRETREIARVLPEBARAR LB ZIEFANEZ BN, FHRE
mIEDRRDESE & 228N H %,

KFEETIH. 1 RBELTY 1 XOLEDHEFREANDBEG M ZBFRIT 52 & T SEROFERIS
MIEDFIZORIRICET %, RBARIE. 41X Y1 XZFNFNORERREBEICEDERTET
Bo

(-1 RDOEEEHE]

ZILEL—5—80mR D TIFRLED/CRIL ((a)REEVEFA300WH &L (b)) KEHE
VEFA46WFJ) . HAELBLEDA TSR ((c)EBIKEILPH411-PFDT-SP& & UN(d)BkEELEDIE
BEILPH410-PT-SP) . LB RD (e)FREBLRENITRATRRE (FLI2000A) ZHWT,
BHEA1 205 R & /o (15058, @E OFEFIZ £ o lEk#FE (Kuroda M, 2015) [ & DS ER
ZiTolco BB RAXEBICHREUVLBEDONRETFE (Umol/s/m?) Z/VXKILET50cmE fcld
BERPOBTAUATET D&, 8ETH(a)250. (b)150. (c)300. (d)260. (e)240& 7423, Fic.
BEENREREAHELUTIE, Q)IFFRE2EDH. £ D1itE400nm-700nm D fE TEHE U fc 2%
%19, LEDEERIEEIET & D600nm-700nmDFREKNE L ()DREHFREIXLHIZ L,

1XRFEELTF, BEZBEELTCORABE Y EAY, LBERE (255397, BIF3
DF) . AYeAVENEERE (JtEE1005) . REKEERE (FXehHY)) 28E U

(71 XDEEHE]
1) LEDX:DB/REELEHKDERS & 25 1 XD K

AT BERAFMEE O E DLED (Vegefarm®) #HWT. EQRBB/RELEKXDEBE DR
REHESDEREL (R3.24.2-1) . 37mmx37mmx35mmDEFERY b (REULJAZvE
BEEL15 2 ANk KM ARE TTYL1) OFEFZHBELZ, =E25C. 12KERIHAT
HIPEKEXH (R6HA) £TBE Tl MIEE COHBMERHODEERZAE L 2,

#+3.24.2-1 LEDEREDHRTE CHTEIHAT : Ry hxEL itk DRE)
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LEDZ&M PPFD(umolm™2s™) PFD-B PFD-R B/RLE

1 864.5 1223 733.2 0.1
2 431.1 126.0 287.0 0.4
3 769.6 312.0 446.1 0.6
4 542.7 226.2 305.8 0.7
5 1105.3 469.2 621.3 0.7

2) LEDIREATY 1 ZEUEZEER ORISR

BIKELED (HARERE, ARY NUIFM3.24.2-1) BEREZAWHEREYI2L—9—0
T, YA RAGE TTVLA) & EEMETY Y ZILRVEXFILEMS) TEESZRLE T
YL AREEZEEDWORETF LIcE%. 10cmx10cmx20mmDRy b (RE UZJA Z v E
BEEEL15%2FE) ICBIEL R, B25°C/7&20 °C. 14K BIETREEAE TE (. BIEETH
HEERPAOEER, 2. REER. RNEEFRZHREL

X3.2.4.2-1 BIKELED (HARELRE) OAXRT ML CAERF : Ry M EE L BiROFRE)

3.2.4.3 Wil FEEDIEEICEAY 2 ERESEE

[E=]

AIRD@ED . FEEBTOAGRZFIALCBROBEZEOLERER. ROBRERD:
HDFEIRFE LT, EYFE L HE THEREBEOESEZFAT 2 EMRET . BEICISSIE®
(T2 EHETORAEI Y F 73 EDHBRIIZEDERS S H 2 (Xik1), ULHULENS, FEHTOD
BEEICEBELGE -k, DULEEBEAERERDODVWTRTRICKEIEESNTWS EIFEZBRWRR
THd, Flo. WIREIEEIEANICIEIRAR TEIET 220HIC. TLBBENRETOIZTE
E. KEB UK IZAEZEE UV EBEENRE COEE CIXBYIRAREERDZ ZENEES N
%, INET. FICAAEREDEENREZERE U LMMREEES A IR I NBAHIEND
THd CTE2) .

BWNAAYREERZB DD, FRICEEDRELZART Z.HOEEEBEBEE LT M
3.2.4.3-11C % % & 5 12 FIRELEZEB1E (Flat plate reactor) ©MERD—D & LTEIF 5N 5, BBE
ICBEINEEDEEL. T V/\— b R=)LDERCHREV, B ICH U TEHBEHNITHEL
TW, 2D, SEREDHMREEBRICEVWTIE. XEKICHETELREDANEETE
DERENMIcmTHDHEH L. HlRENRE LA ZENICFIRT 2 DICIFIEEEZ
BLERT D ENBROBHELGEBRED—DER D, WMEFTEBELEL ULIFEICIE. 31H
XER3ICH B L SIC, IEERZ6 MMDEHTILITS I &ICK > TCO2RM & K DOFIRZIEN
U. BERYEDDOEWNNA AT REEENMIOEND, — AT, ZOHBRICIFTHRIZTEREZ
BRI DIENEHLLED, EEEUNMIEREIGEKEREZ—TEICRDILOHDRDBZERS
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DEERD, SSICEBRONTTA P, BEEORFHREORB LD, D, HEEM
HeDDNAARYREERZZR U CBEDORELEBEEH IRIANDERREE RS, 518
XERICEWTH, BENRRETOFANTELGIEL U TTREESEZHEALTED. In
IEX U TEMGINTIZRY & T BRICKZEROBVWKREZELSEEIITRNH %,

X3.2.4.3-1 FRBTA NNAAVF V5 —DFABAA—Y
(lEFT : SPACE FOODSPHERE)

TIREIEBIECORBIEEIL. ZHRORIPINGFET 2D (X#E4,5) . TENDLEEMRIR
otD%’fﬂ@%bﬁ’@ﬁ&iﬁ.‘%’%’é@%ﬁ%ﬁfﬁ%%b‘%%?’ﬁﬂﬂﬁ‘é?‘%%o WERIESETIE, Xz LEH S
AU, BEOXEGRICHATEN FRET A hN\AA U7 I 5 —EInZiticEicEL. Al
b\bAIy’c’a“:E"’%]‘@“% RORENELT %, FIRET A NN\ A VTV 5 —TEF WAE»SA
THEBFITZIENTES O, 2EOHAEBEZERICRD M IFHELRU S BFETRE
TH 3o

WIRENTTT — YIS TESHBEOFREUBBREZFRT 2 & T LEMEDRIIVER
HEDYZIaL—hEMETERI B EDAREERD, ZDHICIF. b ETOBEEHRICE
U iBBBORMPRE S, ﬁ’ﬁgfdé:’éiﬁﬁ d@:ﬂ‘?%z\%b\%%o AHRICEWTIE, ZDIE
BEREDOHKRZERE - L. KEZAVWCRERBZERICERET 2 & T WEESELR L
NOMESNBNAAVREERZRT I EZRAT B, K. FEOICEWTERT S LS
IC. HWIRA TORBENBHBOBROEMEDER L. BEIN Y TILBETOEEERZH
B9

[F%0 : LEDKEESEE &K A)

KEMRZFBUHAEZEE COMMEEZESICEWVWTIE, XREUTLEDZFIBY %, B8
AT LBEKICEWT, LEDDHBEENHIS~EZ LD I & (IChD EBES N, EYLHEIZDE
ENUEOHRBOESICEE LD, EYITIHHRE TELEDIIFAINDICED., HEEIXHER
HTWEL TVWEN, HMilEEEESRRICEYSEBRZEET Z2LENH S, HICLEDREDE
. K BRENERSH. TRILF—HE, MR LRI IHENH D, ZDfcth, KB
BTETE22ZE LT,

- AR DHEYIRIE F D LEDHER D I & MERELLER
HREL U VBB ETONRICRE R LEDE IR DEE

TEY) TIZFALEDKESREND IV DH B %, © U IEBIRY 1 DS DEDLEDHESBRZHBAL
fco TNFNODOLEDKZS DRBREIRR/INY —> & ARY NOX—4%— (HIFRKRAGH-815V,. MRT
) ZAWTAIE Ufce 51T, BEST (HD2302.0. 7I/ILFA—L) ZAWTPPFD (
photosynthetlc photon flux density) ZBIEUTc. BE5NTcT =05, RABAHLD DEAH

. ROBRKBFAEZEH U,

56



Floe. BAULED#SRZFAL. BERAKXE (LY Z5X7Z Y MF-600SH/B. Ok 7F)
ERWTHMMEELI—2' L+ (Euglena gracilis Ztk) ZSHEREE L. HIMIIRBEED ATHR
EULTHIATER L 2R UL, BIBE. RUAEEDORHIFERS.2.4.3-1. k115&3.24.3-20
WD, KH3.552 M (3C#6) ZAWTEIEE L EER%E 1,295 g 5 BRI GR/IOHE
HP30l, A—% — JLA-9.1000) L. CM3.582# (X@k7) ([c&BHUER LT,

#*3.24.31 HIEESH

HIIEE E Jia

B 100 mL7 5 X

BEER KH3.58Z3th 50mL

mE ~26°C

3 2L (FREIHE# 100 rpm)

b s LED (H®) PPFD ~100 pmol/m2s

HA R 7HME

HE 77U

#+3.2.4.3-2 AIEEFRMHE (AZEULED#ERSA)

rigs EJia

B K& (35LIZ%)

BRR CM3.5553h

RE BI¥33°C = 1#%¥27C

RR 5% CO2 (v/v) 2L/min

FEH LED (<t - B5®) . LED (GR& - B+
uv) . LED (B®)

HARE 7HME

HE OD 860

AIEBTIIKEDA4REEL DLEDESR THBH Uiz, EAEICIEOEN T RT A VI AT —F—
(SSHE-16GDAXx6., /IS ZHEEREERT) ZREURB U, KR, BPXTIEHDITET
AL BEIGSAKBERERE (CCA-1112A. HRIBILI%ER) HSDSRHKEBKT ZKEH
JL¥EEFI—EULTHAUVRERE U, £fco T7—AM—Y (GX-7T4. T=R) #NUL
T5%C02%2 LImin TR U 7o, MIREDIETEISIREHEST (UV-mini1240. BiF) ZHALTA=

860 nm& U TORAEEZEAE USHE U 7,

[FE2 : 1 ETORIEHRERD - DIZHES1E]

BENREZEELLBEELERU, HETEESRICH L THDNZENEZFIT INEND
Bz, BBEICAVWSEREMERSAREERKE S ICHIENG DD, TOHF TELFREDEEEE
LT DI ENKDEND, BENRETIE., FIEMOBEEIRFTE, EMeLTHS
SAFV TNy TR ENFATE ZHREMENH DN, W ETORTTIETZIZYILEMEFBL
foo BS1mMEEOESENRENEE X o, BEIC20 cmKRDHEEEEZ 70 U ILRMT
ERUIBRIC. 77 VIMRDEH .5 cmTHER U cEEN B > fefedd. EHIE1.5 cmZz HDICIR
HU. RBETIE TR 2 RZEMEL T,

- 77V IVIEEE O REREY
- ABRIEERTREY 7 VBB DR EHME

RRELMRIE. BEULERIOLET 2REBZED2DDNEN, ZDfcsh, BEENOBRMIC K
D, HREAEAIC K WIRDFEEZRE Ufce Efeo FETICEWTRE U CLEDEE DY
A, RUOEBROBEEZEA. T2V XTTF 7 VILRMOESEZHEL .

50 cmx 100 cm x 15cm (72 Y JLE 1 cm)
- 50 cm x 100 cm x 10 cm (77 Y JL/E1.5 cm)
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FNEFNoO7 7 VIiRIE. 72 VILEZEICEWTYIRMINIT L., TEEZNFITBHETRE -8
HEIFER S, BELAEBEICEWTIE, T7—HR>Y7 (APN-057TR. L1 ¥—) ZHW
T, YYAYFa—TRATITZT—IAM—Y(GX-61. TZ )W 5BRR UK RZ BHEER L,

[FEO : HELISEETOEEED T

FEQOTER U - PR EISEE (RAIERT10 cm) (. &L TWAEEMIC K D F0Es
[CHDBE LB WREZ(RE UIBE. BITH5 cmDith RS IC 5t U TR AID SLEDISR T
KBHEHULHIILR2EEHEUVWEEEERS, O EEZRBILE LT, HWEEEETOXREIC
FTENAATVREEUZE EICHIEL BB TR ONIRNENAM AT REERZHE U, &
5(C, HEBEHELEDESEN SR EOSNDIHEFHZITIC. HKERICLZ/N\A AN AEELHDIE
BHBRRLHETHEL

[FF20 : SEEEEZAVWEEEDREST]

FEDOICEWT, REABRDKETHERIEE UTZE. gracilis ZIREEZFA L. CM3.58HT
FRUEcLET, SELKETOEEAREERL o AIEBDOEMEIERI.2.4.3-3DED,

#3.2.4.3-3 AKRIEBFME

AIZE &4
B SEIEEE (45LE8)
BEER CM3.555%
RE BI28°C
30 5% CO2 (v/v) 2L/min
R F{81~3,000 umol/m2s
=RFAH 5 FA]~800 umol/m2s
HARS 5HFE
HIE OD 860, &I - IREE L AT

BEBEFE2TREL LS ICRE#ESZHA LT TER U, COMHRIE. T7—Xh—V
(GX-61. T=R) #NULT5% CO,%2 LImnTEBI U, MIEDIEIBEIEIAIHEST (
UV-mini1240. B5F) Z#AWVWTA=860 nm& U TR EBIE UEHMEI Uz, i, RBICIEAT R
2% (GS-25. ZRN\>Fvy) #ZEBVWTIO MLOBEREZ BBL. 7)Y —LOMRE% %
. ZRUERICT 74— DHZREEDEEREL. EERTOMEOFZIEEESRE L
feo

3.24.4 EFBEFEICEAT 2ERET

[(EELE =

MR SELLBENTEFHE TCORIFEICH > TE. BRPEEYZHIREZIRT D I EHVEH
LWicoh, BEREYZERIELLTRRIEERTS> 2ENMKRDEND, LHULEAS, Bkt
BREYHSERETLICBEVU TBRZEET ZFERIEVWELEILL TWRWL, ZDOFEMEILID
feITid. BEEREYZLEBL TEEYICHBEL T, S5IC. BEE R EYCHEEEN R
INEIRE/RFERECEINNT 2 Z ENNEETH D, BEMICIEZ S OFEELERNHB D, w3k
TINEXTHASINTEAUEBEME ZIKIChz5H. FHTHAMRELREREMZ R ICHE
ET2HITiF. TEBLRITZL DIERBUEBFEZNEICHRT S ENKDEND,
INETOMRAELS. BEYPNIE EBLZUEBNERBEDRERBFEE UTRDIAENT
W5, MEYMIRIEX S > FKEEE EMBEEN. BB (LEXBIEIRENTH 5, FIEIEE
ICESHPTKUWIBD, £, BEREICBEERLIED, TNEFNELRSZPBHTRELCE
BELHD., INSHE—DOEREREYPR—DRET. FHICKITZ2ERBEEZENELT
EESRAEINAIEE W, U EDOBEENS, SEIFERRMZEVEU TRET 2 72H DERM
IREREEERIEL . RERITIC K 2 A DR S OICHEYRBIELID TTEENRERZ 1T 5 T,
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[F£]

HMEMRBEFEE LT, AT B £, X5 U RE - EYRICOBIIES. EiEs
OWAMNARERNRERRZHIEL L (K3.24.4-1) , MEFWEBFEE LT BEXBEOESD
BN AIRERNBEERRZEHE LI, INSZENZTNORBRRICDELGERNAME & LT 01
K. Bt Ko, AEYIRE LCEYRBERINDOZNZENICOVWT I SETHFIA
FIBEMMREE L foo BREM D E(ECODCrz. Hic, HEYMRBEOENIEROFEFREZAET
B ETEMU, . BBROLLODBEEYICIE. WEBEFEOHREWSHERNS., ERPHE
RKOBRHMDETINESH (ESHDOEREREEL TAINICER LI D) ZFRALT,

[ e
o @@

[
HERATE AL HETEE S4B EA IEE AT

s
Y EAS IR ERE

X3.2.4.4-1 FEULUf/NEEEROERK
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3.3 REHER - ER
3.3.1 ERAORRRAEEEICET 5RE

FAEICH->TE, FHIUBZEEURZ2BREEVCERBAZICE T 2ERBMICET 2%
THEY. FEABZEE UV CRBNEECERBEZH SHAEERICEEL L XMATZT -
foeo XRAABEDAEE LT, &E. HIROBRBNAEY X T LAZEF T 2 HAEREREMRSR (R
3.3.1-1) PF—T—KhSRAHEINTVIBIPLE2—%2&E Lz, BRT—KEULT, EX
BRIEEDH 2 BEICIERFIDBREB DD ICAREAREZ2018ELEHDICKEL. EE. T
HEHAICEZ 2 DENE U, BE. LEEDRRTEERBILH DN SR WEEIFAFHEEHE
%2018FELLAETIC L TUNE L Tz,

BEMICiE. BREESBT CEESEEY. MilsEE. BERZEOF—T7—RcDWTERLU.
AEPEMICEAL TRAEET> 7. BFEYTIE. FEREMRERER TCORBMEEDREHEE LT
BFonTWdM %, JAF, IvHAE BYYALE F14X. LFTA, MY b 29U,
A4 F O, EYMONE E FHIBRHEZRIEB U, MlEREE. 7/ N7 7 (REILYF) |
A—JLFHFICOWTDFRICOWTERZNEL., BEATIE, 73, 7%, NUDWTODE
RBIcOWTERZINEL I,

ERBEDF T, ERPEE (Y. HBR) ONE - ERBAERMICEEL T, £Y0E,
MBZEBE WS TR EEBESINDIEREMRICOVWTEEZIT o>z, £/ZISRU (3R
HWERFA) EUTEFSNZLIVRICOVWTHHAERT> o

e, EBADIAFEHEAEIRDFE & U TDeep Space Food Challenge D AE F—ADERE ¥
EUK (R3.3.2-8,9,10) « AFvLVIiF, KEEAFFMNEHELUTERL TWBSEENAZRID
IRT A3V THD, REBFEHIvIYaVICEWT, B/I\RDA Yy T, ZL2TREMD
2. BLWULLKBRNENZBREBRKBICEEL., HHEDALKICHEEEEH ST HEEDH D
FUWRREERN - VATLAZBEIZZEZENELTWS,

INSOETHRABEBRZEIC. EH/EEHMOEE IC TFHMZEH L .

#&3.3.1-1. RRILEED R T LZHB T 2 X 0HEHRRIRERR (BRR)

Mgy ivE ERE (FEE)
HZA |Closed Ecological Experiment Facilities (CEEF) 2005-2007
o 2013-2014 (*1)
BE—% (Lunar Palace-1) 2017-2018 (2)
PE —
FRIIT SR 2 PR R ZE R F b 2016
(Space Science and Technology Institute (Shenzhen))
b7 |BIOS-3 1972-1984
Bioregenerative Life Support Systems Test Complex (BIO-Plex) FHEA 1
Lunar-Mars Life Support Test Project (LMLSTP) 1995-1998 (*3)
KE |Biomass Production Chamber (BPC) 1988-2000
Biosphare2 1991-1993 (*4)
iosphere 1994 (*5)
Micro Ecological Life Support System Alternative (MELiISSA)
. 2009-
mey | Pilot Plant
EDEN-ISS 2015-

*1 I Lunar Palace 105
*2 © Lunar Palace 365
*3 : Phase I~
*4 : MISSION 1
*5 . MISSION 2
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3.3.2 KE - B (ESA MELISSAZ) ORI RRAE
EAOFAEIE. XEABICMZ T, TNOSEMICDOWTHEEZHEL TVWDHEENES TE
RNy N SEIREZES T,

3.3.2.1 K[EICES (International Conference on Environmental Systems)

ICES 2021 (2021%F7H812-15H) |dLeave a Nest America Inc.h’A > 24 > TE&ML., 5EE
FREREBRMHE Y AT LAICEDLBMA - K7L EYT— 3 v ziEHE. BERENZSRU.
LIR—bM&EUTED

BHMICIE. ICES2021F D250 EBZ 245t Y ¥ 3 v 6. REERBERIE SRS
VATLICEET 3y 3y - 44EE %mﬁbtoau\ﬁgﬁﬂiﬁ BhadhEyvoE
BEK - BB ERERICEADS NEY 7 DEEFHOEBEZENEE (K3.3.2-1) &L THE
Ufco SENBEBEICDOWTIE, AEXAV/N\— #&é%ﬁ%ﬁ/74zTﬁﬁwt RRE. BRY

NUDERZXEDT

73.3.2-1. ICES2021 BRIAER L VERBERICEDS kY 7 O/ ERHT

# |BEIMRE-RREIBE

PFPU — Microgravity Precursor Food Production Unit nutrient

Thales Alenia Space ltalia - Giorgio Boscheri

1 |PFPU (Precursor Food Production Unit) (. SVUNED T CRADREZHANICEET S
ZexBMNEL, BV IILKOBREEI= Y NEIEICOVWTHREKRL TWS,
MELISSATO RN TONTE D, SEIFREBHIES AT ADOHTRERICDOWTED £IF
Tkl\%o

Development of a harvesting-unit for an automated photobioreactor system

Institut of Space Systems, University of Stuttgart - Johannes Martin

WHEREENR—R & U, BEIXRZERWNAAY PO —I AT LAOBEREICDODWVWTHER
LTW3, ML, KEBRICEDCO, K, . REFDZEFAULTBEE/NAATR
ZWIET DI EN S, FERTTOMBBREIRE UTHIR. HEE - VU VBIEZRINT S
ZET, HEKMBEITSZEHTES, SEI BE/OCXZEELT S/cHICHRES
NEIAYVIR—Y FOBEICDOWTBNAMLTWS,

Circular Food Production System Using Algae/Animal Cell Recycling Culture

Tokyo Women's Medical University + Tatsuya Shimizu

EOFHEEPAEERIC T, BHEAETIV/INY NEBRAEEERIRT 5120, &

3 |¥E - YT VYA IIIEEL. N OFOMBERWTERTHEBZEET L&D
WTHRKLTWD, BECEMOBTERR. ZBRILKRR. 7YEZ7OER. BIIKD#E
UVieBETXZANSF, FILI—X, PI /B, 93 /athé\b@%mmwﬁﬁ
SN EERELTWS, FOHAMIEY—NEBEBLT. HRDOL S LRIRTHEE (5
BIZ)\L) ZERIB LI &%bt;t%ﬁibTm%o

Bioregenerative Food Production System: Using integrated food production systems to feed
the future

4  |University of Arizona - Antonio Gutierrez-Jaramillo

HIER E TCORRBIAEEZBLSSICRE{L L. Bioregenerative Food Production System (BFPS)
EUTHIENICTHEL., RBERZzEEHRITIEICDODVWTHRRLTWS, 2OFOY I b
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TlE, Y. ¥/ 3. BR, BFOEEERZF OBFPSOAEMEZFTHIT 2T ILEER
LicC&icDWTHRELTWS,

Optimizing Crop Selection Using Genetic Algorithms

Interstellar Lab -+ Graham Gordon

Interstellar LabTlE. EMIORIEEFDE UTcBAETRELRREBEVLPEE Y X T LDBEREICDOW
THRELTWDS, SHF. KOBESE., BREOLERRREDHMALELELZTET S L
NTES, EFREYRIRZILTY XL (CSA) ORRICDWTHRELTWS,

ISS Waste Water Pretreatment Via DNA Pattern Picofilter Using Inorganic Brine Simulant

AMENTUM - Franco, Carolina

DNAZ /XY —> E L TARWEYILTIVELEL 2SIy VBEROBIL XY M 2BV L
NEWHEDKEBY AT LICDVWTHERLTWS, SEIF. FEHMPEKDOHEKDRTL
B70CXADOERIRAJEMEZHIMT S/cHic. BEIEKOEREYEZAWCHBRBERICDOW
THRELTWD,

Sodium Chloride Removal from International Space Station Wastewater Brine to Generate
Plant Fertilizer

NASA Kennedy Space Center * Irwin Tesia

HEAK B DONaClZ B E U BERDOERIC D W THEEL TWS, BEZKFRDNaClEftDIELE
EOBLU. IBYOREE U THRAT IR VI 7O INERINTWDS, SOlE.
AA V77O ADEEKFDNaCIHIBD b DEER 7 TO—F TH 3 T & &R UIAIHA
DOFSRIERBEDER L. SHOBREICOVWTHRET 2,

Next Generation Water Recovery for a Sustainable Closed Loop Living

Faraday Technology Inc (FTI) - Santosh H. Vijapur

Rt I RE R BEIRE AR ZRIR T 2 KRR KEIPEREIC D WTHRRL TW 5, RZZERH
BT ZNAABRIEEY AT LZRAEL. RRZHBHEF ST TKEIRS AT LD
PREMAMZE LS ED I EZ2HBELTWS,

Managing Space Food Waste with Fermentation: Novel System Design Update

Space Exploration Initiative at Massachusetts Institute of Technology - Coblentz Maggie

FHCORBEEVYEE I AT LEUVUTOREBICOVWTHERL TV, FMEZEERETO

YEREBODHIC. HEFOEBEFv+/\—DTORNIA FICODVWTHELTWD,

10

A Fecal Processing Technology Trade Study for Water Recovery in Various Mission
Duration Scenarios

ERC Inc., JSC Engineering Technology and Science (JETS) - Camilah D. Powelli

AEOBEFEEEYICEENZKDEWNICOVWTHEEL TWS, HEtICESENBKIDSE0
%LU EZERINTEDEINESHETHHT DODRL —RAIYTAICDWTHREL TWD,

WM UICREOR TOMRARERD B, BREE, ERERICEDLZ MEY 7 DRHTK
SR, HEKFIAE., EEWE BRRE - BE. N1 AVUTFPI5— BREAEVATLRBREFED
BEMP Y AT AL L BEFHM0OEEZ T NEEE U Tl UTce 22N S542DKEDT
ATITEEMRAEZREL. MICREYUZSPBFOTITILNY I RV, BROMAEERHT

=7
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3.3.2.2 MELISSA Conference

FE U TWHMNFEERESAN E I SMELISSA Conference 202113, SHEARFEICD =

2020F DEEERIZEIC. Leave a Nest United Kingdom Lid. WS EEREREBRMEE S X7
LICBEDZHR - BN 7LEYT—ya v OEGEREZSRU. LIR—h&E LTS,
MELiSSA Conference 2020097 DiEEN 5. BEERBEREBEMIE S X T LABRICEET 2
BTEEZHE U, RiC., HICERHEEICEDLZ MY J. K - BYPNIBLCERBERICEDL S
MY, 263 A7 LADHERIICEDL S b EY 7 °MELISSA Pilot Plant& B84 D MR WA ~
Ev o z85108EZFEEE L THE U (83.3.2-2)

£<3.3.2-2. MELiSSA Conference 2020BRIAEER L OERBERICEDL S MY 7 O /EERH

#

| FRIR - RE | BE

PRIAM - A compact intensified artificial light photobioreactor adapted to life support for
human space exploration

Algolight - Charlene Thobie

T7ARNNAAVF7 T —PRIAMICDWTHEEKL TW3, PRIAMTIE, X7 71 /\ZHDA
A TZBrochiertt DLightexiT iz AL TH D, AIICHEBRBZ E A - FEELEBEL/N
AAVFII—ER>TWS, ZOEMIE. BAISEDARRBEED D DIZERTEZ KIF
IKEAIEBRIEIcED, BWAEN (2¥E3.5-3.9kg/m¥A) ZFIRIT B ENTE
%, AEMISHIEMEEBEEZFE O E T, TEVCEERNERTE, VNI KT H
BEAFTEEEOEMMFERICEL TWBHERELTWS,

Effectiveness of Bacterial Amendments on Lettuce Performance Inside a Plant Factory with
Artificial Lighting

Ghent University - Thijs Van Gerrewey

R (E—K) ORBEHICK 2MEY EMEYDOBEERDIRIEICDOWTHEEKLTWS,
Y EHWEMOHREERZRIET 522 & TRERALPEEROA ENARINS EEZS5NT
W2H, COAYETMNIKHBETIEHEDEAINTWERY, SEIOHFTTIL, HEith
M. REMEYEE. BEYONEE RBEOBRRZ LD RCEBRIT ZHDOERZIT
W, ZDHER. BEEBERBMEY & OBICHEERNRO SN ERELTWS,

Design of a module for cultivation of tuberous plants in space - The PROJECT
“PRECURSOR OF FOOD PRODUCTION UNIT” (PFPU)

University of Naples Federico Il - Roberta Paradiso

PFPU (Precursor Food Production Unit) #UNEA T TOHREEY) (v H1E) ZHE
IREVI—INRIATLIRDVWTHEERL TWS, Ei#IE. Root Module. Nutrient
Module. Microbial Contamination Control Module 3D DEEEY 1 — )L TER I TL
%, SEDOFE TIE. Root ModulelC &7 235 DRIE. Y —5HEl. MEDOEFE &
CHEMORREREBRICDOWTEREL TW 3,

Microbes in Hydroponic Crop Cultivation in Space

Ghent University - Danny Geelen

FHTOKHBBE CHBITE2HEDICOVWTRERL TWD, SEIDIHETIE. EYDRERW
RINDOEFRAELICERT 2MEPZEIDH L. BRIERNOMERNZFERICERT %
fehIiciTofco WBRELT, KHMBIRICL D LY ADEEEMEIX. URAXREEIDELE
ICRELKFESINDZZEN DD BRIDEWVNCE D, ELGZ2REOMEMBHEDHERD
REIND &, EYOREEICT T ZHECELFBFTEDLREL TS,
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Seed orientation affects seedling development in hardware for experiments in space

University of Naples Federico Il -+ Aronne Giovanna

BFOAMBERODVERRICSZZEEICDWVWTHEERLTWS, Vigna radiata (RE) &
FOEENNHOROER EARAMICHET DI ENbh oo TOBRRIF. EAICHT
ETFDEE & (FEBFRTHD., BOBRBTEARKEICKHU T, ROEHEDEEHNELL
feo ZDEEE%EITTICWAPS (Water Across the Plant Systems) DR DXEBANR DR %€
TOICRER2DDEFDMNEBEEZRET DI ENTELERELTWS,

Continuous operation of C3, C4a and C5 Compartments in the MELiSSA Pilot Plant
interconnected in gas and liquid phases

Universitat Autbnoma de Barcelona - Enrique PEIRO

EBEFTERA/NA AV 7o 5 — (C3: k) . TFYTRRT7TARNNAAUTIH— (
C4:BE -BREE) . Sy h7AVYL—9— (C5: &I I—) OFBESHEOHES
VAT LDIREEICDOWTHRRL TWS, #BETANTIE, REULL/N\—RKTz7HIELL
BEEL TWB ZEDRERE SN, BV AT LADFHERICEERSEZ 22K, 3200
VIS— R XYV RNDBEBICERT DI ENTE o RINAAY T U5 —ITHELINAAY 7Y
Y —DERERBDHEFECHIGLIBEETH, AV AT LADEENIERICHES
n. IYXBEOBERRL NIV ZEIRUCKREBICHIFTTIDZIENTERLERELTWS,

Dynamics of Limnospira indica continuous culture in and air-lift photobioreactor - David
Garcia-Gragera, MELiISSA Pilot Plant

Universitat Autonoma de Barcelona - David Garcia-Gragera

LEDZRW:eT7 A N\A AU 7 U5 —DBERERICHE T DRBBREEREICOVWTHEREKL
TW3, 2OOVIN—F XY NE, IL—TANS ZHILRFEZEUR L., XERZTTICER
Zitia. BRRAOMBIZHIGET 5, SEIOMETIE. /\OT VYHSLEDNRBEY AT LAZE
ZTCBOXREBRNA AT —DBEERICE T Z2HRBERIEZEICDOVTREL TL
%O

Microbial analysis of the MELiISSA waste degradation compartment 1 (C1) and isolation
and identification of C1 dominant bacteria

KU Leuven - Tinh Van Nguyen

BEEYEE (C1) AVIN—F AV NOWMEYBETECIESEODE - AEICDWVWTHERK
LTW3, iEREE1454HBETOCIOV/\— M XY NOEYBERERICEELTWVWSZ
EDRh oo 2OFDNSIE, 2,500 ELELL EDOTU (Operational Taxonomic Unit) HY[E
ESINfco 3IDDNAAYF7 I T —DETHBETHEREINICOTUIFS00ETERINTH
D, MEBHESEKDBUELEO T\, TNSDIEBELZOTUD S5, Caprociproducens
« Thermoanaerobacterium. Unclassified Ruminoccocaceae. Lactobacillus. Fonticella.
Leuconostoc. MoorellaD TENEEDT5% % 5. 4FIC Caprociproducens &
Thermoanarobacteriumh &R HBETH > Tco e, ROBEB TH - IIENDBES LT,
Sk, MEYRBRORBBEERICDOWTHASHNCLTW ERES N,

Terrestrial valorization of a MELISSA compartment - Photoheterotrophic production of
purple microbial protein on brewery water

University of Antwerp - Abbas Alloul

C2av/{—h XY N THEIHREME (PNSB) OERICK 3. Hikh Sy /0O BARE
DOEEEMEIC DWW TREKRI NI, AT TIE. Bk, COD. BRDIDDERGZREKICHT
FTIET, BVWEREE AR MNERZERL, PNSBZAWL—XV A - UFPI5—
TOMEY VINVBEEDINAAZTICRZD I ENTEERESI NI,
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How to gradually acclimate MELiISSA’s nitrification compartment to urine mixed with
VFA-rich anaerobic digestion (C1) effluent

KU Leuven * Koen Rummens

Black Water Treatment Breadboard (BWTB) 7O ¥ Mc&lF%, C1&£C3TV/N—b
XY N EEEZEEL. AR T 2EREYD1/4AENET Z EICDVWTHERSI N, X
10 |DFER. C3OAV/IN\—h XY MNIHHGT DS nfc. RPDRFEDTLRHRHEE (BLUBEEY
DERE) 1F. 25 COBETERTES 2 EMbh ofc, £foo C3AVI/I\—KM XY MADTR
AZRRICEIMIETW ZEDERITH D, EREF >V EZ D A& EREEEROEE %
NNEZFI TS EZRENH D, E5IC. pHOELDETE=ZSY U VT ITIRENH D,
{LIENDEEREZDEpH 7L L, BT VT 7 DEFRE < oI idpH 8LUTIC R
DENDH D, BAICLZEEICEAL TE. RZEEBXKTT 53U EDEIGETHERUILES
FEN W ENbh S TcEHREL TWS,

MELISSA Conference 20200 1ERBEDAEZEL T, RITOARDEZ L FFHRETOR
REEPSEEREBERESRMGZ K DERNICKRIRT 2O DBEERENZWNC Ehbh >
fco MELISSA Pilot Planti&. 19954 (CFJEREAEMN TR L. IREDPilot Planth &R L 7= D H¥2009
FTHOEFIFEL. ERNLRYRATAIRITTICERLTWS S, REBFEI v Y3 VICTA
SEEHDICHERY AT LADMERMICHARD 7 A —HAEEVWTWS EHRI N, HIZIE. &£
DR IR EELEET D ODOHEY R T LADORAREPERBRICR TS, EELMEYD
BEICET 2HRRENZEIFSND,

3.3.3 LEERECED (RN OEL/EELR

FEHIAZEE US2BHNAECERBAEICHAT 2ERKMICET 2ETHEL. FHFA
ZREVLBHEEVCVERBLEZH S HERMRERICEEL L XEHAREZ £ ICEELRHHERRER
BEROBBEEPERBLE. NSV AT ALICDOWTER/EEFHEZ1T> 7.

3.3.3.1 SRR ICRI I 2 AN D fHMH
3.3.3.1.1. E - MBI TOE - ZHAEBHRRIEHR TOBMERVEEICDOWT

FELHHEEHREERORBREECERBE Y AT LAICETZERICDOWTEE. EMHETHE
DEBZIT> e (FR3.3.3-1)

HAD#EEHIRERZ S U TE. BREN FINICER I NcRAEERRERESR (CEEF
) BB D, FIHEEREERIF2005~2007FICiToNn e, BRRIEEL U TIE, RN TIEY20/ELE
ZKFHTHIBL. BIRERIFBEENRK 95%. VNV F100%ZER LT, BERERE LTI,
0,. CO,NERZIEMFHIZEXE. AEEYXBEICIZ. BHEEEYLIEICKZCO,EIINEEHT
CROBERZRM Iz O#k1) -

FRETIE. 2013FIC5ER U - FAEREEIRIEIEER T 58 ABLSSHE LG ERR > X 7 A Lunar
Palace-1 ICT. 2014 |CEBEN TNz, 1056HDEREREABOF T, 21TBEORBEY DO
B, AIO0—I—)L7—L0DEE. NOHMYDI AT LARMELTONT: CUE2) . 20174
CEYRTLADOT7Yy 77 L—RIc&D, BE. BIEY. NV -4 E3BEDEY = &K,
UREBIFEREZYD U YA 7LD ToNIciER. BBREKD100% Y Y1 7L, BRID8INEL
(FEES) . VAT LASEOEBEMES.2% 7 ZER U (CLE3) . £, 20165, SFEIYITHERM
ERARZERIEZEE (Space Science and Technology Institute (Shenzhen)) TiTh N /zRERT
&, BERTEIR100%. KIEERI9%. BYEIRT0%ZEZEK L TWD (XXEk4) o

KETIE. NASAT. 1995~1998%F (C3EHME = +1/cLunar Mars Life Support Project (LMLSTP)
(3ZH#k19) (THE=. BIO-Plex (Bioregenerative Planetary Life Support Systems Test Complex)
ZEZLEBODOTIOI TV MEL TR, EBRNEBINABEF2000FKICHTEYINICE-T
W23 (OX#k6) o £ D#IF2010F(IC 7 ) YV FDRNEICTHDU-DSH (Habitat Demonstration Unit -
Deep Space Habitat) ZFEH COLERBELEEZHRET. R, TANITBZTAMY AEULT
SEET DA TONE OUE7) o £fo. NASALIATIE, 1986F ICER I . 1991FH
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51994 F DRI EERD T /zBiosphere 20'% 20, BRMNFRE L. KAKRFOBREEHIMET
RE. BIHERBMKRIIRINICIKRZ 2 ZENTETULARY, KXEEEEEEMXMars Desert
Research Station (MDRS) T(32014(C2:BEDEFRERZ TS H T, GreenHab 1
RERRAEEICIRDBATL CUES8) . £fc. 77UV FKEHERLU T\ %Biosphere2 I H iz
TR B SEFR B ER B MEES A Space Analog for the Moon and Mars  (SAM) NS TH D, 2022
FPERRF—LDZFANDNFESNTWVNS CTHEI)
RN T ld. BRINFEER(ESA)D IO & 7> T19874 & D 5EHE U T L)% Micro-Ecological Life

Support System Alternative (MELISSA) 0¥ =7 b (X#k10) NREDEH SN TWS, /N

JLEOFBERKFEANICERE S 11/=MELISSA Pilot Plant Tl&. BEEY D, HEIERIGIC K &R
BIR. MHEEONERICLDEXOEE. BYRBOXLERICLEZ2BRIOEE,
ELTZY M ZEAWCERER CUE11) NEAVI—FM XY N TEBEINTWD, £loo FEHTOD
EDENISSTOY =7 MJE2015FICRIAL (SCHk12) . 20184

EMEEZRBE LR Z
L DIEYMRIBRBRNTONTWS (CE13) o

— -

172

33.3.3-1. RRILEY AT L%ZHB T % X RHEHBRIRIERREAD EEH

SN THE

=g )—

= FE ay 7 KE EU
Space
Scienc
e and
MELIiS
Lunar | Lunar [Technol BIO-PI .
LFWG | CEEF | Palace | Palace | ogy |BIOS-3| ex "M'P'ST Eg;(): B;:gh Psnlzt EDSESN"
365 105 | Institut (*2)
Plant
e
(Shenz
hen)
Oy [ XKE. | XKE.
AmE | BA. .U | TEY | Y | KE. | KE. |EU. N
_ N E3R E3N =, |~ . .
B | (8 | Ao E’:t'? “3% Ef',n'ﬂ” 52| 2m | z2m | 7au | 7uv | en EU@%
&) N - ALz ea—ea—| M | FM ¥ =
g ARV | Ay
[T
(#EE% | 533< 25
486 160 100 370 126 160 | 350< | <20 | 12500 | 214
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m?)
‘Q\Egb 618-16 63
1 01< | 1365 | 500 308 | 1340 | 315 - 927< | 113 |185750 - .
21K . (*6)
A *1)
m?)
fﬂ’%ﬁlﬁ ) 2005-2{2017-2| 20132 | . | 19721 ) 1995-1 | 1988-1 19%%1'1 2009 2%1159'2
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EERD
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SRERER
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*2 D EHE LEOBIE. FIFEDH. 2000FEK(ICEFREF THIE

*3 : Phaselll
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*4 : Controlled Ecological Life Support System (CELSS) program. EASHi@BfIRIEREE TORHIZD
H*

*5 1 MISSON1 : 1991-1993F D24 &, MISSON2 : 1994F D64 B DEET

6 AVTF2DTERESNTVLBHERDSB1D20 IV T FOEZ2EL TEH

T IREDERAINTVS

(>¢mk1-5, 13-20, 22, 23, 26)

3.3.3.2 HEYIRIE R
3.3.3.2.1. FiSHFERHIRIEMEER CORIERBICDOWT

FELAEHRERREMROMEICH D, BREEDORHI THRIBRGICEIZERE. MmB
SEDEEMRICOWTERZT-/z (R3.3.3-2,3,4) . B, BZPETCOREEEELRE
TBEES) OFRRICAIFLIYEI N 2REIT2REEE T —F 27 7L —TREREE (
LFWG) OHIELSE(ICEEE LT

1 X IFFHEBHREER TCORBEBN DAL, ALAFZERELVLTCOFHELTEELTW
27 —ANE M > fz, Lunar Palace-1Tld. 1 ROFIBICHE W TEKIBIC, X TV HADEREN
FERICEKBWEZZFALLG) >TEDOX Y MRS N (L@E24) » Vv HAEIFE
BEULTONAZBREZA CHERHRIERIR CORBEEBN LN o fce —ATHY A EIEHES
ES VNV

FARIE, FVIVEREUVTOFAZREX (SHEREHEREREL CORBNEEI LTV
fco TNEFNDEENERICD WTIECEEFN7.5g/m? - dayeRbEBWMEE AR >z, BPCIZ6.9
g/m? - day. Lunar Palace 365h" 6.1 g/m? - day. Lunar Palace 105h% 5.3 g/m? - day & 78 > f,
AFTE. JI—DRANLZEMNEVWSENTREREE UTIRD ANSNTWSEFNZ M5
1o

BPCI. BEREMRIG—ATIFRWS, FAEBORKBER TILF, IvHAME F1 X,
R b, LYRZE—CRKIBELUTc, CO,ld. BAHAICIE1000K /1E1200 ppme U T, EiRKHZ
BWTWe, OAFHETIE. HEERICTFL VEEN 100 ppb B, ZhISEFHERIC
BREEE5Z22FEE< oo TNICH LT, BYYAVEN) U LAFIGMERILY X T A
ZRAWTIFLYELTZOMD VOC ZBREITNIFINEB LS EE I ENTEZEERLTY
%, FIBPC OHEIRFREDE—INETIFEHL<. 2HEOFIEICEDVWTWSH. 5413
WENABETHDELTWD, FIZIE. T AV Y RETITONIEY v A1 ERETIE. H
RONEE TR DFHEFMZ AWK T 30g/m? - day ZBZTWS (CER23) o EEKH
DOFERIFE. Vv HAETERBRICEIE SN T YA EPL Ty hEa B EMDMFEEYICER
BRZEZERUTco RYATLIZBYPKEDLSBRENRETHHET I EHRELTWS Ok
25) .

LMLSTP®Phaselll Tik. 91HBTOLAFORIZTZIT> TW3, miElFApogeeZ LN, 11.2
m2DJ O—XAF v >V /\—%ZAH. BEID2DICF. PPFD 1,500 umol m?s”' & 24 D ERA T
KHTHE U, BRICHEZMIT2%. H208R S ICHEIM T ZEED1/49 D, ERERNHDE
BERICUNGE - BiEZ1T o 1o, AHIIG. BEENKHRIERAERDOES. BHIFFERRANAATR
HEDED THEL o, FIFEINE (FAENY.87 kg/m? T, BEN2.03 kg/m*THhH o7z, AHEH
K UBHIDEEMEIFFIFT25.1g/m? - dayemWMEE B o Tco UN UM S20BE ZICHEZ T
BHEICE 2T, AUEBRTERZEERT — Y DEMZKHRIET 2ROFRENHSMICHE -
foo EERIADIEYIIKEPZRELKIRING 2ERANH D, £BHOEMICKREREZDLS
JERE LR CLE26) o

FERERIREEROEENRZ LRI L. BRRRFOALE. CO, BRLEEREBERFGNERLRS
ZEMS. —HUTIEFHEDE L L\ LD ULIRMSBPCIEY v 71 £20.8 g/m? - day, L ¥ X12.4
g/m? « day CREDFEERICHERTHEWHIEZH U TW e, LMLSTP®D O AFFHIES K D&M RiE
DApogeeZ AL T25.1 g/m? - day & IDFERR K D HEHWME L 78 o fo,

INSEMICOVWTIE. FRNICEGCFRBZEMOFRICOVWTERNH2HDD, EED
HIETHWSNTWBAIIEEN o UM ULANS, INSHEEICDWTXEN S DR FEH
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TOREEZRIEACEEURICOVWTERIIBES NG, > T, B ETOERE. BUNEHDOEHER
SICDOWTlE. HHERHIRERSAN TOMRRIEIH EDEATVEN S o,

3.3.3.2.2. FHEREIRIEERR TORIZTAIEICDOWT
KRICDWT

TRICKBGHFADHDHER (L. Biosphere2TH o7z, MERDFALRILF—FZDHDHL
Bofeh, LKEOXEIET UEYMDEBEINEL BocEHEL TWS, CEEFIE. —E8KBEH
FHRUTWeHEZ1T> TWe, ZOMOERIE. ALK ZFAL TWe, TXRILF—OXMK
MHBh, ALHXZFET 2 &ETREYHNETEMICHETES 2 &, BEEDCO,ZRINL. O,
ZHETE D, 1990FERN5E. FHTOEYFRISICLEDDFAIHBED ., RELRLFRERHIHAZE
S, BEOELIPEEFNYDLTV A AFIINTA R FEFIRLTWEFERRER
B ICLERNTEESREALELTWS (3Hk27)

BRICOWT

Biosphere2Z fRE . {RMER TIEERFRENFLTH o fco KHARBKERDOE WY, FHZ
BIEZ IBROWMERNBKFBOARXI T TN TL e, BPCYMELISSA Pilot PlantT(d. EiE
K# (NFT) ARXABVSNTWE, BPCTRAARZAWY v 1 ERIBE TERWEEMEN
B51nTW3, MELISSA Pilot Plantic & W THPFPUTEMZ R WY v H1 TORIBHEHHE
ATWBZ ENRERIN TV (XH28) « TN SLAC, EDEN-ISSTIE, BEKHZREWT
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AL EHRRMFIBER K S ICKRETSNTE D, UIEBNEN T TCOEYREBEDIHDI XTI XK
KOG EEDRBE(LETS (LER27) « SHRLEAIVEYICSZ 28EY. KkDOHIG. FH
BEHEDFER E, WEEASHICHE > TOWERWERICDWTHIEIED SNDFETH D,

M E TOERRIMOKRIEICDOWT

HIZRE(ICET 2MAKIE. #ETHEEDHESNTWS, COEEIF. £BICEET DI ENER
BREEICDODWTHREIED SN TE, EHDRAERTIE. 340051,200 ppmETLERIES
& DALFPA RO EIF30~40%IEMNT BH 2,500 ppm (0.25%) £FTES5ICEFSES
&L 1,200 ppm THIZ U B SR T, INENEIC25%FA UTco S 5ICCOREZ2% (
20,000 ppm) FTEIFTH, SSICI0BFDT 2o A RETLFOWBEMIE, TIC1 m2B1e
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P - EFE. 2EFINEIE5,000 ppmTEM L 72D 10,000 ppmDSEREKH THEE U 2 HEY) Tl
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Dwarfrice) . %1 X (Hoytsoybeans) . E—<~ > (Triton peppers) . TV RITX (
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WTNASAESDH TWD (3CHk49) » BRIEEDXIRTIE. LI XZDH D EEYFHRIZ OIS &
UTHWS Z ENTIRENMREINRE THEH SN TS,

INSZEEME L TESHRICIE. BEYON. P, SREDEBERZERBRZRVNTED,
IS INSDIEBMEIF—MRIC. ZILAVME, IS OEWEEND. RKAMEWGRE, 1B
MORRICEEREHZHZRLTWS (XER50) » L O XDIZER - £YHIEXE LY
BH - KENSEZRA LI 2R AIE THWRNG? 7O0—F & U T, Kozyrovskas (&, /81
AZT7iEYELTY Y —TILR (Tagetes patula L) DFEIZERELTWVWD, ZOEDIX. FR
i<, BPEEAICHES, EUWAX—IElARED IF. FHEMOBRERREZELCE
D ANLRAERZERT %, 5T, MR - ik, 22 ERBBFRAREICHIATE
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AAVERETZIENTERZENSEANEFINTWS, ERRTIE, YU—d—-ILRODE
FHEEZMTBEIIC. EVEBME (Paenibacillus sp.& Glomus sp.) ZBIE5E. BF
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LTW%, COFER. REDODVBWRIETEYOEETZX A 5HIc. RALBERZHDT
HZIEDHET NI, A AZTEYEZFNICHBET 2MEYDOERRENICLD . +97REX
ExEO>XEZFEARL. EHADEY (QALF, /X, F14XE) #FHEBL. EYIV, *B
D EEDFOFBELHEERZ AREEICRHEITZIENTEZDOTIERVWNEERLTWS
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LX, A7vY b, MYBM STav¥a, 4% FX7 RILVVYI, Fy4I, TUR
J. XF) D535, RILYYIERLIEENLKE L, IRIBZINVETE & WS EELH
%o FRNAAVAEERZIF. HIRNRBRHBESAERRIENRDZ . ARELIELEIEER
Eh#HSNlc, EOEF (F1I. FM4E. VLR) KOWTEFHRICEWTIE, BER
TETOY 4 AV DOFEFN, HIRHBEIIEICHKRNTERICEN > ERELTWS (OHR52
) o
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3.3.3.5 MHRMDEEICDWVWT
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BELRKDZF >IEBRE. SXIELPIRTEET 2,

Cosmic Eats

COSMIC EATS(E. 1Y), B8, BEOBREETY 2 —I)L%E1
DOVINFEY2—ILVATALAIKEELTEBRENLTWS,

Deep Space
Entomoculture

LIRS

COEEREF. BROMEISEREENRT BcHDETTE
BRDEETH D, RRFSNCERMREZFENEXL.
RS ZAWTRERNA AV 7oy —TEEELEE,
WERDABBICN I ER ERERID/NNA ANY A ZEET DI
EREN%,

Far Out Foods

BMEENK

Exo-Gardenid. EFFII—7OECEEREBSREEY AT A
T, SEIFERIBELT/ IOKRIEOBTNE4AET DI &
NT=E3,

Hefvin

E2Y/)E 3

Hefvinld, REZERIBHTREDOMBEZEEL. KFELIC

SO T FIELRBEHEOMBEER ERAZF ORADREREE
KA 7L T 2EMERBALTWS, ZORIMITED., Bk
B, EODOENINY —HEFET D,

Interstellar Lab

TBEB K

NUCLEUSIE. Fiffia~ronOs U —>, B3, £/3, BR
EEEL, RPEFHI v Y3 vDROOMERBREZMIET S
EV2-INBOEYBEY AT LATH S, EROEBREB T 74
MhOyvaEfE&EDLE. K EBR. REDDOHRAZR/NRICID
ZIcEMBEOBREEY AT LAEEBET %,

10

Kernel Deltech

TBEE K

Kernel Food Production System(&. BEREICEZR S NIcHERR
DNEREE LS NEEENAATVREEET 2EERNEETH
%, BENRET CORFIBERMICLD. NAATREEE
CHBOREUERRT D20, BEFHZEZICHEL TN
AARREEERRT 2,

11

Mission: Space
Food

EVES

co7OYzy hE, EENHDEBEEDEVWEEINILER
VRTLAZEBELTVWEY, FETORREELVWSIFY
AT VT RBFLLWEBELFRALTWS, MlB0FEZHREEN
AAVTF I —%FERALT. ZREHERllEghSAZEET 5T
ETHD. COAEICED, FHEBIFHICEZ24DEAE S
BUT. IFF1,000 8 WEABRTHEZEETED L SICK
%, COYVATALIE, BAYVERGEMORNIEDOEEICHISHA
TE, BOBBIRFREISICIAFBZENTES,

12

Nolux

EYDOHRERITERE LR WEY) - BERRORREENTTRER
AIHERY AT L

13

Project MIDGE

EV2-IURA VT LY TIINEBHNBRREEIR. BULWEBRET
TEBEEZRRSEZLHOFLVWFITO—F T, ETICTHR
BTE, B350 ERRIEZENTESLSICHRETS
nTtwa,

14

RADICLE-X

RADICLE-X(&. /Xy ¥ T TCAN—hBREY 2 —ILABEV AT
LZEFEBLU, FFEIvYaVYOLOORBMEOFWVAZEDE
HEBREEEL WD, TOBERY AT AR, EROBEX
VEEEBRICEMUBE T, FIFIEEHAD/N\A Ty RKEAM
ICEDWTHEEINTED., BR/INROK, ITRILF— FER
TEXOEEISBRADINEZERT %,
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SIRONA NOMs

BAFRLGTFHER L REOHRIME FREHER (SIRONA
NOMs) (&, R/NRDTRAY) &EFERY THRALBRY. FX.
N=T BRZEHIBET 2IRRBEYBLES AT LATH S,

16

Space Bread

FH/IAVIE. FERITEINFE TNV ZEZZIENTESZ T —
RIRFLTHB, ZHEETSAFvINYTITED, 7IL—
E/Cy T OFRICITRTOMBZRTFL. HBAEDE, K< &
T, TCIRBRONZA—ANSAARO-ILEEZZENT
=3,

17

Space Lab Cafe

BMEK

Space Lab®1 7 Tl F/NRDK, BH. HEEY. LERE
T, REMOBVWS FIFRBREZERNICEET S I/
NrEBRETHD. A. XE. FHMOBEEHTEHDE
FECHDDLSITEEL, HEROE LI REH DBE/RIRIET
577—L- by - FT=TIOVY1—>arvEREHTEL
NTE3,

18

uBites

uBites (Za—/N1Y) ETTAF v IPINA AT ADEEY
ERRERDOLEOORFRE L TCHRAT S, MEWEFBLE
RUERBREEI R T LTH S,

$<3.3.3-9. Deep Space Food Challenge

ST7AFT VAN AFTAEF—LA

F— L\ /H4FT F—~ He=
SX77 (BSF) O#REMEMEERNT, BEfbenicy
Pz S 27T | A7 ANTHEEMEERELL. RESESEL, Bty >/
; |Canacompost %E}EE\,\T—ZN—\XZI‘/TR’ V8. BXGEREMY. B ZRERFZENT 5, Ind
Systems - &, OBREEYATATHETZIENTES, HILEHE

Ak

FERE LT, e “RRICRRSEPORRTOER T BR
ERE (XiFARE) OHEBEICHAT %,

McGill University /
McGill Advanced
bio-Regenerative

AAOFEE - RE - &

JAOXEET - IN&E - TV T L (CRCTS) (. #v/XvE
NEERIAOFEHR TS THIES NIZRIETE T, V&

2 |foolkitforLong  |BES 2T A5 TBCEick D, HIR EOEREHIC LD FERT P ABOL
Excursion Trips HDY VINTIRICTED KD ICERETT %,
(MARTLET)
McGill University / HRZANBU6BREDT A kN AYFIH—T, hH—h
McGill Advanced Uy VRBANTHIREZIEE T 2HEOEY 2 — LB A
3 bio-Regenerative |1 VY AEZ 7+ MINAA |UTF V5 —, ZTOEFBEIT DI ENTERLD, HOBRICE
Toolkit for Long |V F7 9% — MU EICEROCREBPRRE UTERSINSBRATILIC
Excursion Trips BERNZEBRTIHICNELNEBI=—y h&EELTY
(MARTLET) %,
AlgaSpaceiZEE& Y AT Lid. WillERZzSBEN DEKETE
S s sy |[BUL RLA—Y— R=2Z K KRE TL—URBE BB
AgaBioom SO CONMIESEN k870711, E ABERORSELET HLBI,
* |international Ltd. | 7L aEEiEE 75 v |/ 11 IVAR—AORRERRT . COTZ Y kA=
kT — I = L. REMOBVWRBRZEET DT TERL, BER. H1E.
FEANSHIEEYZEMEEDLODRERIELTHETSC
ENTES,
University of ﬁﬁ-iﬁﬁﬁthq 7»?3v79x?ém\ﬁ%tb?%%@@%mﬁﬁﬁﬁ%
5 |\waterloo HEEAN\A ROFIRN [SBET OOV RTFLATH D, EHWARHCLD, ke
AAVF 5 — FINF—DFEREZRNRICHZ 2 ZENTE S,
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Ecoation
Innovative
Solutions Inc.

CANGrow TV 12— /L=
BNBmEEY AT A

CANGrowld. FIUWEY 2 —ILRRY AILF v —ENBRLEE
VAT, AFO. FxU—FT b, 2BEORE, Y107
=y, aBEOI=Z—UB/IN\—T. SZAYKLF R, B
A—=\—T7—R, BEICLDZRAORER " AR—IAR—-TV,
BE EYENICHEORWESKRBBRERIET DI ENTE
%, ZDEIMIE. EHE500kg EOREBMOSVWEMEIRHET
ZZMEEENH B,

University of
Guelph

Canada - Growth - F&
BERRRA TV 3y

HFF =R, HMELRYPHER, ¥/ IREZREEICE
EY 5O ORBHEHIMEMHIEET, BREMAKZRR/LT
W3, hF5HmEORIERERNE EFIN#ZERL. aBE
HESRTLARATHERRGZERT 2 EZEREL TS,

PeaPod
Technologies Inc.

PeaPod

PeaPodid. 1BEX YT+ Y RDEY 1 —)LRNBEAERE & DR
RD-HDOREBIMENEBIRE, PeaPodld. HB5W2EM%
HIEZTDHICDERRBEZERT DN TE, ARFICHEY
DHERICAT 27— EZNEL. BBEBICL > TREZMNT
TEBREREILT DI ENTED, PeaPodld. EXRETE.
IGE. BRE. BB, T7AORZv I RRE, —EOBEEFIE>
AT L

Noblegen Inc.

SEuPS - FEHI1—/'L 7
EEVRATA

ANE O A 7oy N7 A —LEYTHZI-TLF - TS
VYRDBERNC T Y THAIILT B T RYLYVONEREE
EERL. BENRBAIVZATAICK > TER - fliflahzIx
IF—NEDEWNNA AV TPV —THEYEBE TR I ET,
MEZRAIIT B FE

10

Concordia
University

ZAMAVZR MY 20
77— L FEHEGR
- JL—N—77UK
IJ —

FHREICHNCES U CBRE (FAMNOA—XN) A0
ER->TWVWEY, ZOERIE. FENORWLBICOERRE
FE, BERBZENCT IAKOAFEEDET, ThE5DR
BRETL—N\—DFOLEEILE. B8 - @b nfcN\1A
VPO =Y RT LATiITbNh%, RIKERIE. EKLL TRS
MOBWERZI LY KT, TLICHEBET DI ENTE S,

$<3.3.3-10. Deep Space Food Challenge 7 = —X1

A=+ aFILAEF—L

N F—x BE
ALSECIE. ¥r20OA 7k, +/F7 /03—, AIH
] Al_SECAnmentosﬁmﬂi fe. 3DV REWVWS4DOTI/ OV —ZED ANBRE
Secos SAS RS EVRFLAERREL, 7F217) - A—HZ vy - BRELY
REMDULAFHEFEEED TS,
Agro-Migra (3. KAENEY) EFEEEYHHET 2ERRE L TH
B9 5. ELSXEEFOZEMNREFrvERY hT. HEBIC
2 |AMBAR EYIBE RX BULBRZAET %, HEEDEREREZERT D&%
ETFHENEL. EREDEBMEEEITDIEICEREZEWVLTL
%,
. N BREABEMEIDTI VI —Ic LD, COCEEY % EERS
0 ) M -
3 |Electric Cow BRihs T BT LN TED,
=T 4—&NA 707 U—VEBREEY T L, HEEED
Eniama of the BEFv RV RATLATEYOBEBRBEREY 1 7 L% HR—
4 &;ms BB R KU, 1890 =—XICH U TRIEERERRET 22 & TRIEX
R—ADWERZZH, TR, RIE40%DNET v T=ER
ERAD
5 JPWORKS SRL |ig#& ChloeNanoClima® . /72> e~y )—>% 35

RENBNE—DEENGERR TRIET 2 ERNLENTH
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%, EREFEFEZREILL. RETE2TRENDRBMD
EVWBEDR—/\—T—REEHT B,

HEREOIVOLEZIHNSOENZFAL, RBESHEAL
BERZEDHIIDIU Y NEBRVYATLATH S, CDERR
6 |KEETA EypiEs & £EE. BH, "BEETERIhTWS, BRHIF. §2/¢
VB, EYZY, ZRIINEEZLEH. T, RARBKEZRME
TEZEMNTED,

KEOFHETPEEFICEHRER (B Y73 40
N) ZEET B, BRI ZFERL. AT YER LD
DR TCEMBRELET DI ENTETH D, COVRATALT
7 |LTCOP BB R & BROEEICKLZEYOREEEY. TILRVEMZR
YMOAOT /A RLRILOFENTIEETH 5. BBISEMER
&, EBEE/NY I ERIGUHE T 20DV AT AICEENT

W3,
KHRE X T L, WIBEYY 12— 3>, KBERESEHNS
8 |Natufiax Edama |1E¥IE K BRBBIN—TOERNBERM T, IRNTHKBELBEMLI X
FALICY—LLRICEEESNTWS,
9 |Solar Foods BmEhE HRFEBEIC &K ZBEMigy VIO BEE,

WIRE FEHDOLHICKFTSNICAERAEMHERRE TH %, 1B
PRIBOIZ—UR77TO-F EBEREYLERE, £UT

BB R . R 0w N
10 |Teamm s TAOVHLT Y R FU Y R DERE RS T 1 T4 VI8 R %
BiELTEREROBREEBER T\,
EZR

FHIAZEE US2BHNEECERBASICHAT 2ERKMICET 2ETHEL. FHHA
ZIRE VICRBAEEYERBEZ H# S HHEREMRIEERORRICBEEL L XBHRER LU EA
ADBEERBRUSHEMHG S AT AICK I 2EREMOFARRNIEER / EEHLBR L. 27
BZZETUTDELSBRIENHESIER ST,

BRAE., ERERICAL T, TEMREZRALD, BES & ICHIBREVCVERGENELD
ZENS, FHlBLEBRIEUN - .

Lunar Palace 365 (4%. 370H) (&. Space Science and Technology Institute (Shenzhen) (4
. 180H) ICHRTHLZH¥DOEE. RETEEZT> CWe, BEMHGHIEENERLR S
MY, Lunar Palace 365 TIEBEID83%HEE (HfEE) . Space Science and Technology
Institute (Shenzhen) TIZBYITEIRT70% TH D WERILAR SN TWB EEZ SNl

BPCMELISSA Pilot Plant T, ¥+ A1 ERIBIERAKM CEBEINTE DB WEERE
TEEATTHIATERZEVWSERbH > &S, PYNAERIETHEANPEFTE
%o FISERRKHIDLBWKETHIBZETESI XYY MHHIN. BRKHICTHNTKNDE W
. BEREICLDEXRKIZATLANMEEUTURS EEMNENTUEST XYY NEFEET S
fch, FETORENBENHENREICBRD EEZ SN,

FHATOREHXRPFE TCORBICEWTIF, BEONISEIEBIRETHD I EZRE
IKBEWTHDHEE ZENRDEND, HIZIE EENTTOKDOES), RIFTOBEYEK, B
HIRIECTOIFL Y PAXY VY HRABBEREICLDENEBNDEEE NS HADRERE. &
ERETORES L ORBEBFEAE. LIV RZAAULEERICEEEFNZ2EERSDORES
U< BRIV BWHEPHENEDBAICL DEBREREERINEADELLH D, FHicAX
FBEOHIBAEDHETIE. TEHEVHSDHAREDRZ D HD. FHEREHIRIERERTD
EERCFH TCOMBICEWTURIDNDEL EEZ 5N 5,

KIcAERIE. HIRD SKMRIBORBIERD ZHF > T, HE., ERZERL W&
FIREMNTIIBWNWZ ENSIERNICIFIRMOEERYNSB/TE I ENKDENDTEE S, FHHlRERE
RIERER THMBRANDOBERZEZ. MEMRKEICL D BERERZER UIEMEEICFRIALTL
foo COHZE. HEVOEEFDEBOELELE > TLZEEZSND, FIZIE. APEYRER
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KOEHEDHSEEERZEZHEEICIE. BEITZ2HEDNEBHEZESILBRVWHRIEN KD SN,
I SICHEMHEFELRBWEFATITS>BEICIE. BERIEFEDRWHEYMDTE, NRICEFE
HEZZOREMEHD 5%, BFERDEBHOTEREFELRWV, APEYICE > THREDDBRWKREH
EREERN T IRENH DS S,

HHEEES . SEOREBEHRERZXTHY 7/ N\IFTUT7 (REILYF) ( 7AOLFH
EDFAMRFEEINTE D, LEDXROFAPIBEEEORRICK DEEDME EAES SN TN
%, —EB. ISSTHMIMEFEDEBNEATVWEH, RERIZEEY AT LADTRICIFE > TLR
W SBLAEBEDEBENRREZRE UICIBEEAEN R INDEEZ 5N S,

FYNRTBOEEICDODWTIE, BEEROFASMAEREIRERR CIIRFT I N TWe, EYE
BZEEUTHRETZEZHEGE. BONEROFNSDY VINVRERD 532325, BEM
falE. I FTICREAERBIRIEER TOERERITEL > 2h. Aleph FarmsHFE TDHD
g TOEEHABRZTZEDTHED, SBHERETHDHEMITEATNC EEZ 5N, Deep
Space Food Challenge D ARF —LA—BN 56, MEUHI ST VIV RELEET ZHA DA
o TWBI DS, FHTCORBEERAED—DICBRBEEZISND,

FRALEBTIE. KODOBEERAKICEREAZEUR. YT 27)LU T, ERICSTENT EATREH
TonT\ws, BEREERZERT IBOEMUEBFERUHEDEOREN. XcZORIL%E
BT ZIHDORIER ERIIEE U TOYMBEENFEOBEHEDLERVARN KO 515,
FRAQIEIK Z {3 - T B RIS D AP FRE (L IE T O BRENRINTVWB L IFEZBWHSED
MEAREREED 55,

TEYFERI BEBDAIE A AIL. Space Science and Technology Institute (Shenzhen) & CEEF A
BEABZF AU THE D DEEIMEOIERICERNTEN 2 fce UM URL S, FEH TOMRGNIEDL
FIBTENE SHEBT IRENH DS D,

RiKIE, BMERIC THEYIE L BB DEAE DT TOMENERBEDEHFEE L
TRORAENTWS, MEVILIEBIEA Y > FKEEEEYBRIEH. BEFLBILEXBIENMEKRIT
HB. BIBIEEICESHOLTKAIED, £, BEREICERRERLIED, TNETNELRSZDE
THREUVTCERBEDHD. BEYREN S DEBLIERZEDZAN, LD EFELVRVRE
TlE YRIDDBWEEZ S5ND, FIROBERIEROFBICOVWTDOYR I Z2EZIHGRIC
. BRBEICLZIERERNZR27 7O—FHARVWDTIERWLES Sh, FERRHIRERRIC
Ko TlE. HEYFEURBLEEBRDEE L, ¥ V/INTIRE LT W, BE OMAEYNIES S D]
ICRBRTOY VIV BEOAEZTV. BRZEAMCFHAL TWAELSE. BEHICANZRE
NHsdEEZS5N3,
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3.3.4 AEICK DHIAL FRRARITICE T 2 EREST
3.3.41 SFEYOBERIEICET 2 ERET

miEld. BERBOEHEC (BEEYERY —VN\VIELDNE) 2AV. A TSRETERK
Ufco Bml (BE~21HB) OFIBRESRMEE. LERBEWNKRETFREE (PPFD) 350
umol m2s™', BBEA 16 h, &UE 27°C. HEXIEE 80 %. COLEE 500 ppm & Uic, 21HBMUE®D
HIEERIELMIE. PPFD 350 pmol m2s™, BBHA 12 h, KR 27°C. 1EXHEEE 70 %. COLEEE 500
ppm & U7z,

BEEOHERXIEIEE 30 kPas U, O277[E%6 kPa. 9 kPa. 12 kPa& 9 5. 30/6X. 30/9[X.
30/M2XD3FAFRX & UTco WRBRXIEEE101 kPa, 020 E21 kPa& 9 5101/21XZRE U o
. CO2E. H20EIEZFNFN50 Pa, 2.9 kPaT—EICHIME U fzo

30/6X DO EIE6 kPaTH D, CNIFEEDERZZDXEFROIKEICET I BREICHEL
Wo 30/9X &30/12K (. 30/6X DO EH6 kPaTH % EBEERZPIEMEBEENFKET DA
BEMEN D BT, TNELRT BIeDIcKT T,

(EREEROD : fEMERRER]

BIEXKNSHEOKRERWT TREOHEX 1T /.

BENE(Z, BOEEBRNODIRELEZRVBICAEERBL. BEEERT D ETITo
foo RERMREFARE UTco 2D, BIEEIC, BOTEHANEZREBE L, 7Y VZE S /L
INZ—hZRHBL. ZOLTHZEIEL, ThZzdESI i, EMICIETARANEENS
H, IAVYZAWTERELEDOE, EYBEHEZAVWEHAIZIT oo ey BETTDA X
DREBHE ETEHFERRICET 2ERTHRREZ FROICHAN,

BAEEX DRI E L Z700-800KITH > fc (K3.3.4.1-1) » KBETEETTHRIET S
5. TEHRIED 700K AR T, FREFRMNIWEL ZRT MIETH %, BERDOIEHRIEIEL. Tt
BXEBEBRBEIRGRLS, 2FE30kPaFICHEWT, 6 ~12kPaDO, D E(E1 RDIEMFRICKE
BREEZRIFIHBWATEENE X Sz, EEESIEBIAEMR . £E30kPaTICEWT, HE
BOEEICHRBRXBE TENEWC EZBHSHCLTWDS, ZDdH. EBETFTHIEMERICHERR
HEREDEI D TH > ENTEHRBICEEENTWEBREULTEZ SN, LAL, HiE
BRICEEICRUTERLEEZ B, BELEBZT-> L2X THIERDOHDOHBANR+2EHEDN
WX EDEHZ BRI NcH, REMEEOFEZZ T2 BEENTE I N, BETFHER
IEDOWTIFRFFEMARERIIES NG o I,

800 1
£ L o ]
&g 7001 [] |1 l
B

;‘a

R 600 1

=

500

101/21 30/6 30/9 30/12
HERX (2F/0, HE)

¥3.3.4.1-1 BEETICHEITDHGBD DIEMAIE (n=12)

[BREERQ : EETFORREHEK]
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BELSLMEBRDEDN 1 ROZHEICKIFIZEZRAE U oo RBRKEITAKRE Uz, BEL
HIHBERERLUCBICEHB L. 20HE1T> 7. 20BBIC. ExX, EH. B BoLEAKE.
EEEODARERLVELYE. EEE. WK BENK. RNz AE L.

HiEEE., 20HE. £E%30kPa TTER UM ROBERIZ. WRX EXREHEWIED S 2

(R3.3.4.11) . E (EH) &% (EH) DFERLU0MERIF. ABRXETEEEIERSIA
Molco MBERERICHEREIFBM > eh. 2F 30 kPa/O2 [E6 kPadD X DFZFEE (F 1 HRX
[CHRTINES WMEBEZRUTc. TAE (1980) F/AFEEIBHEICHE VT, BETT2% (2 kPa)
UEDOZEENHNIE, HELEICEWTHERIEIERFITDZELTWS, LHIU. THRTEHERFD
EXBELIBEDTERERICE T 2TEMEDHR. TRIBEH D WEZBROMEADEREEMICHE VT,
3 kPaDEOZEE IIREAZBEET B ER U, . BHRRAET KB %E Hh D HMERE
R TICBEWCHES., FRIMEZRINOICHL. REDHMEERTICEWVWTH, FMRIFRSTR
MofcE LTW3, . AHERTIEO2DEIX6 kPall EICHERF U el 6. BREZDOEZEILZ(S
BTh-fcE&EEZS5NT,

#3.3.41-1EETICH T2 HEEBE20HBEDES (n=4)
AKX (2[E/0272 /£, kPa)

Cont 30/6 30/9
ER'N [cm] 45.6 437 43.7
FE4L 7] 13.3 12.3 12.0
EERKE lg] 19.3 18.0 18.3
XEHRE le] 43.6 42.6 42.9
# L ERE MR [%] 23.2 24.2 23.2
EmRA [cm2] 1,150 1,089 1,113
L (7] 355 323 324
FREX (%] 83.4 76.1

N EDHER. BETICETZEREE20HENEE (n=4) U LOERNS. £FE30kPaTIcH
WT. O FEHD6 kPall LHNIE. 1 RDTEMZRE L VEFORERF+DICTONDEEZS
nic, SBRIESSICEFRROEFTHIETFDERICDOVWTHANDIRENH D,

3.3.4.2 EFEEYMOZEFORIZICEEYT S ERMEEE
(EREERD: 1 X]

(1) FRBEBLED/CRILEAB WS &, 1 RIFHEYICEL L TERNHPRERLELRD, EERE
BREZ RSB >Tco KEBHELED/NRILTTIE, HHATRALRRZ & FBUIL 2ERE
NU. BFEMEBELRCINETS oo UELD, 1 XDBERICBUTERGHEDERN T %
RILEDMEL TWB TS i,

Q) RARIEICKREUVCAIIRB CHABZRHIELIcE 25, BXHIZE (Midorikawa K et al.,
2014) . K3t (Kuroda Metal., 2015) WIhndiHaEed. LEDBEATISRE TIEELD
BRI, ZEORBE/NEND, BYEORENLRU CEEREBEERZRIGH -

(B3.3.4.2-1) , KEES0%ICIEREEZ LT Z< DEXRTEFOINEZ TRETE:
BN MAREUVTEDREBEMNENDAEE L, INSDIERNS, LEDBEEATIRREBRT
RRBEETSEHICIE. S SRBDBBRERITININREEEZ SN,

(3) BEEA12KF I DR HEHICKRE UL ANTEATIRREB CHIET D&, LE1005EF X h
DOEXIFEOADEA) KD20%UEELS EoTc, £icdtBED2RES. A AHY KD20%
BILEBEWE &> T,

(4) BEAISIREIORBEHFICERE U ATRREF TRIET 2 &, LEDE - #HX/THVWTNDBEE
5. LEEO2RESBHERTEBMURNICERU D, MORBEOLREITZF LSS 5IC5EM
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UEZEUTco INSOBERNS., IUBERERREFEXRINNOENEICEND I EDHE
E?g\énﬁ:o

X3.3.4.2-1 LEDBEE K OEXIMTHDOATRRBICH T DKHBIEA ROEBHE

[(BREERQ : 51 X]
1) LEDXDBREEHXDES ICKZT 1 XDKIG

LEDY¥DB/REEMICHEWN, 4 XDEERINMET I 2ERAMNRE S, BRIEEN0.6E (LED
B 3-5) T 04T (LEDEH1&2) LDEERMNERICEN - (K3.34.2-2) ., AU
BRLLTHDEBENELRDLEDEE 4 E5DETIE. BEENESNAGN Tz, TOFEEREMNS.
HKDBEE LD, BREEDANEZRADEENKENWEEZ 5N, £, BRHM0.6ULEDE
B, EROERIENZ (K3.3.4.2-3) o WTNORXGETTERIELTTCOHKIIAL (298/H)
THH, 5~6HMEEDEFIRETEc, NSO ENS, LEDEHET & 2.
37mmx37mmx35mmDEFER Y N DFIZ T, ZEORN - REH SEMEDOZEEREDNEM R R
J)—ZVIDHEERLEEZ 5N,

FER

100.0
80.0
60.0
40.0

20.0 I
0.0

LEDE+H1 LED&S3  LEDEM4  LEDEHS

X3.3.4.2-2 BRZLEDERGETTY I X@miE TTY L 1) RIEKREBHEOEER(Cm),
ZE1 ~5(CH VT, PPFDIZZFNZEN865. 431, 770, 542£1,105TH D
B/RLtTlE. 0.1. 0.4. 0.6. 0.7&£0.7CdH %,
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LEDZAF 1 LED& 445

[}3.3.4.2-3 LEDZA5T TOBABRAHEZE DIEIR

2) LEDEBBETTOY 1 BT BAEDOFEHE
NANBRALISIRSRICHITBLEDBREADY A 7DS55, L 1) OERINSIEELREBTHERGF
SNBEEDARY MLEFDEIRELED (B/RE : 0.3, PPFD : 529.8umolm™2s™") DEEEAT
T VM RX@EE "TY L1, EZ0OEMEZRFDWORERMEXRABEUER. "ToL1) &
FER UIGERRIC1M9cmITEL foht. BHEZEADWTIEERE I, INFEMIch T h42emTH > T
(K3.3.4.2-4) , ZDOMDFEICDWVWTIE, AREFIFIFEDL ST, TEMERE & REERIEH
SZEERDUEN, BRERRBOSNB e INSDZENS, BEZEKRDWIEFEZEME
TRESNZBOSNICEE TCOFBICEULFEZE D EEZ 5N,

FER(cm) Sk
12

IvlA SEEEREDW v B REDW

s/ (Bl $i /48
13 r 30
16 |

25 N

4 L
12 - 20 ‘

10 ¢
15
10

5

[= T S

Q
Il SEMTREDW TwlA SRR DWW

[3.3.4.2-4 BIRELEDRHAT COFAX@RiE TV L1, &
Z DEMERAEDW O HIER
L AF21—T YV NDOHRE T, 0.01KETEEENHD I EZTRT,

3.3.4.3 iEREIEDITE ICRAT 2 ERESEST

[EREERQD : LEDESRETE & A
EYISETHEAINS 6T EDLEDERZFE L (£3.3.4.3-1) ,
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$<3.3.4.3-1 FAZE U /cLED# 2

X—H— SEESAT ?ﬁ;@ﬁﬂ% (F/
&l
O Smarup Amazon 1200W LEDIEIBR Z 1 b 9,000
@ Tledtech Amazon | LEDE¥IBRKT ERFEZ > 7 | 7,000
1000W 8000LM
® Greensindo | Amazon BB = led BRREBZ | 3,300
or ~
@ Nilipal Amazon | Aokyoung TE¥)BEZ - k LED | 12,000
YERZ A~ 1000W
® Neewer Amazon FIARE2EBLED /O ET A S 4,700
“1 b~
® pN = N= 1) ZLF¥3YTI)LLEDY— k -

S U 7z LED#E8 D4R & 458113 R3.3.4.3- 208D,
#3.3.4.3-2 HKLEDKEES D1k & 45H

A—h— Ti& BABS [ 10cmiBXE |BHLL | BX
(W) (umol/m2s) DDNE

@D | Smarup 40 cm x 21 cm x 6¢cm 135 1,600 11.9 NG
@ | Tledtech 31 cm x 21 cm x 5cm 111 2,200 19.8 aJ
@) | Greensindoor | 30 cm x 30 cm x 0.5cm 33 400 12.1 A
@ | Nilipal 30 cm x 24 cm x 1cm 112 2,500 223 (%) | {
®) | Neewer 20 cm x 20 cm x 2cm 31 800 25.8 aJ
® | KEAEIR 39 cm x 56 cm x 0.3cm 37 330 8.9 Nzl

¥ 4 Nilipal DLEDIFEERDRNAODIZ Y hZ2AULEBEEOTE (R/NIZY hDFES

X 4_Nilipal DLEDIEHEZ R > IcBRDBHH D DHEIF26.3& 735

®D7LFYTILLEDY — b DAFLRNEER - BETH > fchd. MIFRICLEDRFZRD 417
feETH > Tco D QRESICHAHBD 7 7 VHARBENTW e, ZNZENDLEDESDH T
AR MNUE, B - KEeFLeLcdD (D~Q) &, TKEZETHEXDHD (O~6B) 2
BEMNFELRL (K3.3.4.3-1) , FEXIE. BERAMICEAERICEDNICS WESINTE DN
EEBEYICEVTEHRDHLEDICK WEDEFREICHEHIEULT I ABRICE—EDETENH S
E3Ind k) . £feo BEXDADLEDE UTOHELDIENE L, TIHTHHEITDIAD
HBICHEBLWEWS ZEHHD, BFEFEN TG TORBEIEZWVRTFTH > lc, BEBIEBICH
WTH, BEXIESERADMRRICKRINEINT, BEERVEDICEE YT WLWAREELHD.
NAAYREERD ETHIFENRE D ST I EHNBFTE D,

1.3 . =1 _Smarup

a.L.

7= (nm) {nm)

¥3.3.4.3-1 HIELEDEEBEDBHHANRY ML
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SAE U TCLEDHEER 7 FH W TR EIBIERgE T H D Z & 2R T B dic. D, RUQ%H
WTEuglena gracilis ZkDIEE = HH 7= (K3.3.4.3-2) ,

X3.3.4.3-2 $AZ U /LED¥ER Z B W HBHIESOKRT (K EEHBR. A B8KTHE)
BEERESYITIC, BB (~26°C) ICTEBEMGEUILER. XEHNSRELLRICEKD
3BCETKENLER Ufco AMRY T —F—, ROBHKZBERESEZ2F7—THPIET

KEBZ2TCICERES B THSIBTENE S 7&0 BRATIHHED DA=860 nmTOIRFEE (
OD860) & U TOIEDIEMM0.46& 3> (K3.3.4.3-3) &

25
2

15

0D860

1

pammazcs
ERLTLE

0 2 4 6 8
day

[3.3.4.3-3 LEDHEsZ Ao EHERIEE T OMIRDIBTERIR

BRAENHXZEON—FSL<. KDEWIENSAIET S &PPFDT4,000 umol/m2si2E D&
MNEtlE e, Thid. KBEXISRBSNZM ETOEBARRIET TOXRED 2EREICHD.
MEEE UTIXBRITH BN, TLO4ENBINTENTWNS EHIBTL .,

A ZFRA UBRAEGEEICEDESNS

SRR ZANABRINTED, SFEH( | EAE A BE
EHICEESN-ERAMB IO AL CTEFEEREE

EHICEE S NERFAfzZEZNT &, 1@®§§:LEDKH1‘§CC?§<$§L\
HESHYULEDDOHEI BN TWVS

ZLFYTILEDY—hK (®) & BETERRTHLIANMENRTWEHL, ZHZHEBD TS
BT=DIASHDIRICRD T 2HENH D FREL OV IEEEICH U TEHaIcH mh
RETERV, HAFOZEEREDIGRICIIBENERDAHEENH S,

UEDERMS. @@LED%%&WFT&&J JVIIEEETOEINRFEZ I 5 L TRETH S
EwRUc, AMUESR%E 3IMAIRT 2 &, LEDHES THEIES0 cmx1 mDIFREL 7 o 1) JL3E
EESRICRE T BLEDZHEA LT 2 ENTIEETH D (K3.3.4.3-4) . ¥FtyvravI T
DHEE L 800& 1,200 pmol/m2s (50 cm x 30 cm LEDHR 31%) DI TZENREN108 W

Po0oTW
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E160 WTH > feo

X¥3.3.4.3-4 @DOLEDZFAUFRE 7V LEEEERDOYR

[(EREERD : 1 L TORIEHARD =6 DIEEEFIE]

PHRBEES ICE W OEBRZH CBICIE. KRICE>TEWETZ2ENREER D, EEXD
ESEOFEICIE. EENSDNITRTAVIAT—F—ICLDBEBBENTRETH D, /M
BREOEEETHNITEHRETOMERNLRIEHRETETH D, —H T FIREDEEEICEWNT
&, MROFRZHREL. EENSDBIICED., MMAIC WKREFKI TS ENMBERNE
EZ T WHIEEEEICEWVWTIE., XEHRDOHD _BILREMIENDEATH D, TDIHDR
KUCEDEUZKREFNEIT 2 EDFRETH D, FERHNSDRRIC K ZKRNATEHEST NG
WESIE, EECREZRTEEEZERUAELL (K3.3.4.3-5,6) . &b, TIBICHERNIC
EBREERLICOHDNZEH T, B UAHREEZERL .

BRETURIERY 1 X (1850 cm. &1 m) T WEIORITHA15 cmE10 cm®D 2 FEEDARE

(75 L&E45 LRE) 07 7 VIIEEEORRZRS Uic, ZNEFNOBEEZEHEL. FOTER
MEI7—XR—2ICT2 LmnTEBRUEECSD, BEED OKROERIER SNz, — A
T, WAIDETHMNE cmDEDIF10 cmD DD E AR, KFRDOEIEHI PP L <. FaiEl & BR4E
TH—ITKRIERSINIC WHBEENTRE I, SEEOMIMREEE CONEREEERL
T. WAIEFTIEZI0 cmDERED AN ET 2 &iEmL I,

TZIYIE 1 omTER U BBREIE. KEFBULBICHRIBAONKETEN. 1 cmiFEE
HU(X3.34.3-7)0 —AT1.5 cmTERUIBBEIL. KEBLLTHEARELENDZ EER
Moo (M3.34.3-8) o CDIcth. 1xgEN T COFMRET & U JLIEEEE B S BARICH
WTlE. 1.5ecmEDO7 7 JIILIkEBWTESEEZERT 20N @ Ebh > T,

BAAIE. FE1 THERLU@Nilipaltt DLEDEEZSR Z3IREFE L b D ZFIFAL. TLIV5Y—>x
W7 EBWTEEBENS1 cmiZEH U IcRIRIC DD Ulc, REFRAREIF. KEATL TEEKEAN
[CBU, SHAKBEREEZHWVWTEREDREDSHKZRT Z & TLEDHEIEN S DFHRAZHRT
DTN THZD I ExERUIc,. RN EY T« V7 13K3.3.43-9D8D,
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100cm

[ o v
/ 10em
hEEER

X3.3.4.3-5 77 VU )LIZEEDHK }3.3.4.3-6 A 1EmIER

2 A
3.3.4.3-7 3 FKUEEE (1 cmE) X3.3.4.3-8 ¥/K LcI5ERE (1.5cmE)
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X3.3.4.3-9 EEEBEDRENBNE

[FREERQ :: BELIEBETOEEED T

US Department of EnergyhSBEICT7 XA U A TOEMNMEBOEBBEIZE U THRE U BN 25
dry-g/im?/dayd 3 Z ENSBFETE S L ST, PPFDTOXHE 1,000~3,000 ymol/m2siZ2E D H
FOXBRADNEAT S NERKETOENDMEIEEE TOMMRED /N1 A Y REEEF—KRNIC
20~30 dry-g/m2/dayh"EEHR LR &R D, KREIC. PXUATOESZDOENEE (HPRK
PPFD 1,600 pmol/m2sM &EY) (& \\T Chlorella sorokiniana® %2 T19.9 g/m?/day TDIBJEH
RENTW3 (OTEk2)

AREFETHWTWSE. gracilisb EAA TOIZERR CRFDIEBEEREZTR T XTIL/NFAR
Sy 7ENEREUTAHAW, AIEZEYUZER10 cmx10cm, &I25 cmDAFEE—HA—Z B\
T20 cmGRICTEBHRBREEME L /2B (K3.3.4.3-10) (CiE. PPFD 2,400 umol/m?3s [C T24HF
BAILXZEBHEULBEIC. &KLZ50 dry-g/m? /day DIEBINE%ER U CRENH %, kic. B
XN TEMCHAERICFIASI . 5cm, U110 cmACR TREKICHRE 2 ICKFL /218
EZxT5ERETDE. TNEFNKIIAI-IDBIEERZRT & &7 D,

metal halide lamp

thermostat bath
acrylic beaky
aeration__= / A
o -
~Y e AR s
g o
10cm

[3.3.4.3-10 AFE—N—ZRWIEEERE
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%3.3.4.3-3 tHAMEEE(CE 1T D 24B BB TOEE M T
AR | BAMAENZO DBIE | BAEEND DBIE

(cm) (dry-g/L/day) (dry-g/m2/day)
20 0.25 50
10 0.5 50
5 1.0 50

EKRRITIF, BREBHZEBE TS EICED, BELUTVLWSHIIRADEIENEEIND Z &
Mo CUER3) « ERUESEICK L TBRTEIAER. ChicKDFIRS BR8N
H Do IRICHEAIDEITHAM0 cm T, FHE800umol/m2s TN S BE U fc L IRE U e BRD A FEM:
&, 3£3.3.4.3-3D5 cmACEDIHE DIEFEMN (1.0 dry-g/L/day) KR\ XEBEEZE UL TLHAER
& D0.33 dry-g/L/dayiZE & FEEI N5,

1.0 x 800/2400 = 0.33 dry-g/L/day

[FREZRD] DFE3.3.4.3-2(CH > lcLEDKEBRDDE N YD DRAENE(F22.3TH > oo
2D ENS, 800umol/m?’sDHEZ HNT ZBOEEENIF. SIEEEEME ol ZERL
feiza. THERXLD215WRBEE D ENFE I NS,

800/22.3=215W

COEE, 1 HBRHEEFICEEINDENEETHIEITRAERICLD186 MIEK D,

215 x 60 x 60 x 24 / 10° = 18.6 MJ/day

EEERBEINASLTH B2, EEIND/N\AATREIF149drygeHESIh, N\1A~
ZEEICHTZ2IRILF—FAMDEFITRAELD0.73 gMIE RS,

0.33 dry-g/L x 45 L = 14.9 dry-g
14.9 dry-g / 18.6 MJ = 0.80 g/MJ

IS, EBEEICBRNUCAEERLGAEGRICHBATELERE L IIBEDERI/N1I AT
2HEEMDOERE. ZOBROIXILF—FAMERERET 5,

FEEEETIHICBH U TWBREFHITITEHERICKL DI mOIEETH .

800 pmol/m2s x 0.5 m2 x 2 x 60 x 60 x 24 / 10 = 69 mol

FEEHEFORERLED THAERFNATESE L, CO2DF 1 2EBTTT B1cHICSEDL
ETHIRETHD I EE, ARADRINEE, RIEORBEICLEDIRILF—EuREEZRB L
BRAEFIEZEDLET0SEBELRET D L. TiitEXNSETINDCO27FDEZIE1H
Wi-hBe.ImolfEE L K5,

69 mol/ 8 x 0.8 = 6.9 mol

AR UTNA AT RAZIREEDOO%N KRR BB IND EIRELLEE. CD&EFEMT 2N
A AN REIFTRFELD49.7 dry-gTH %,

6.9 x 12 x 0.6 = 49.7 dry-g
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EEEDOREN45LTH B, BIEDER LRI (ED S5800pmol/m2s THERE U 1ci5
&) TRHERICED. 1.1dry-g/l/day& %%,

49.7 dry-g / 45 L = 1.1 dry-g/L/day

FEZFOBD, NAMAVREEICHT Z2ITRILF—FBEMREITRERFELD2.7gM) EBiF L
B) &7,

49.7 dry-g / 18.6 MJ = 2.7 g/MJ

L EDREEBIEICXE I 5800 pmol/m2sBBETRFD /N1 A ¥ REEMDHRE A K3.3.4.34lcEx &
$H 3o

£3.3.4.3-4 FEBBETO/N\A A XEEMESE(800 pmol/m2siBETHF)

RSB ED T — 4 [ L DHETE Him EIR
INA AN ZAEEME 0.33 1.1
(dry-g/L/day)
TRILF—FIARE 0.80 2.7
(dry-g/MJ)

[BREERD : AFIEEEZRAWEEEDESL]

REETOBBEOFT &, AT U CIEIERERIEXS.3.4.3-11D@D TH D, RFEIRRICEWN
Tl XM BIELRZEERELBWKL S, LEDXDE A (FE~3000 umol/m2s) THREL T
BEEEHAMlc, EPETIERICEIEL A, 3HETHENBILUIEICIHD., BIEIMEHT S
ENRER S NIz, E. gracilisldX3.3.4.3-101c 3% 3 & S REBEEE TIF. HEBRUMEEEEICE L
T. INFETHRHICKLZDBIEEESER TS VWAL - D. BARAREBETEDDBLRVWHKETD
B LD, BABREICHEITIEENEL DI ENER I N

ISICHEAEABICRWVWT, BHHhDOERRERDZ T VEZUVLAMAVEEEHNELLE S
5, 1.64mg/LTH D, CMISIERAICETFNDI T VEZT7269 mgILDIFEAEINHEESIN TV
fezEhbhofco 2D, BEIHBIC. ME7VEZVLA%R242gBMULIZ LT, XEZ
FE800 pmol/m2si2EIC T ffc & 2 3. BHMUKE. MEI/ABCRIEUIEMNZHEAL. 4HEHNS
5 HE DA TI£0.22 dry-g/L/day DEZIREEDEMMERA S iz, 3HBERR COEERFOMIZ
DEJRESITATETE WL >7ch. SHEDIRNLE (0D860) & RIAFZIEEEXIFIZICIH
BORREEIF220gLEHETE, IhEHEICI~5HEDEEDEZREEDENN Z5HET 3
£0.38 dry-g/L/dayE HE S Nfc, TORERIF [BREERQ] ICEWTFEIN/NAATR
AEMEIGEWVMETH D, BIELISEEIHFED OLENRZER TE 2 REEEZRT, Fik.
FE800~3,000 umol/m2sDfEIC. Z DIEEIK TE. gracilisziEE T 2BORBEBRNENH D T
ENTRBIN., RELHIEEELASOERERAET DI LICED, TSICHEVWNAATREE
MEEZERTE D EHFTE D,
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0D860/3 18 E & (dry-g/L/day)

0.5 ——0D860
SR EE (dry-g/L)
0
0 1 2 3 4 5 6

4 =ARY (d)
(3.3.4.3-11 BEOKT () CAEE (F)

[2EFEDHER - EX]

—EDRBREBL T, FIREESEOEEEE EICEWTRITET 2O DEBEELEHKRTE -
HEUTco ERICRERMNRBIMEED—TETH DE. gracilis%IZEBT 5 2 & T, HAESETD
BEDEZEABRIS FEINIELRAEDEHEEZRT ZEZFIEL. SEFEEL FIREIEEE
HIBRED DAEFEM ZHRR CEBFRETH B I EEERIT U, BENBETR. E5ICESHH
EEREERRNICHETZIENTEZHRENHZN,. ZOHEES. BT EEEDEH)
MNRZETHNIE., AABRICEWTEMELEEEERAKRDBIHEZ RY I ENPFTE S,

AELFIREISEEOMRIE. ERICREZMMNT S EICEDERZRETZIRZML
foo 3HR3.2.3.3-20 K SR EMLBAIBEZRIT D & T BEENOHBEOER R/ RICHE
ZABIEBTAREEEZ SN, N ATV IEERIG. BEANICIEFIEYT 2%8%. ROHKET
HMESINDH., RECEFZERLBWEEZSND, RPICERIREHRET S & T MREDL
BEISICRDSEZZENTEZHHEMELH DD, RBELDOLHICIIBIEPEBEDS S,
ENREDFELERITZDENHD, AV I2L—Ya Yy TRESESZ I ENAPRIK L,
T, ERPICEK, BIRIC T2 AFvINy I ZEHIEFRETOEEZHIEIT Z&IckD., BR
IRDBRBHNRERIEENED H D, FHROFETOM FRBRZEELL. ASBEDHRIZETIE
SDBEET DI ENEYEEZI SN D,

SEOHBTIEIRRABINZRARNMEEIEE U T, E gracilisDIEEZERT 2ICEE -
fehd, OBMREE CHRRICEBREIEEEZ SN, TNTNOEERE AR TRET
B AIEEE 12D, XAR3.2.3.3-2ICH VLT, EBED B LA AEE TOREEEDREMNZFAED
EHDREBO—Do & ULTEIFSNTWEA, AEIEHITHEICERENRBNE D 2H. BENMED
EHDHBNBS EBD, EYT—EOEMTSEE. BENEEBELREZBRL. BEOEH
{tE%Z EIF TWS ZENTETHD., TNSERDBEERL D,

3.3.4.4 BRBEFEICEAY 2 ERMEET

XY U HBOEYBTIIE BEDHEDEBENER > THD., BEYas (EYWBRH
D DBEHEYTBAE) EXY VEBETEYRIEIDEEVWI ENMSNTWS, KEREIT
. FHEERZITSOIET. TNFNOMEYNBISELU B aRmZzH 5N U HKDIz, %
DFER, XY VEBORIE CIILIER TTIVESHDBRARELI241DEGICHRD LS ICTH
BiUfco X5 VR - £YRILTIE. EEOTRALTX Y VREELU CRZKTIBFICHRL. &
MBS IRLEBEBROBBEHEN4.5:1DEIGE B W e, VB DREL (E TR caliTiEe
RICERRL. BRNICEYRRICR SRUBRDOAELH4:0.20E &% B\ .

[BREEROD : X5 U HE]
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BV DD RBEE XY VRBETERTD/INAAHRERENSKDIZEZSE, ETIVESH
EFMAUCEEYIRICET 2BHIS30HEREZET 5 2 &N ERTE (K3.3.441A) o £
fo. BN R IEEERBEZRI0BETIIThN 2 EBHNEVWS B S, 10BMUEICiThS
EWsRRicohndZEbhbh o (KM3.3.441B) , Ihld. EFIVECSHFICEEND
Y. GOBEDEDEHIBUEDEDNEENDLHEEZSND, BEDHRICED.
XY UEKBETIE. SBHEOEIDDBEINIC< W EDbh>TED GTE) . EYOARE%E
BRIV, EILO—R ASEIO—XDEEMTE I BEBEEDREKATH S, I
A—ZAPAZIE)ILO—RIHEBICIZEDNRARETH DI EN S, BEREREY EMEY TUET
BRIIC, HMT7S E OYPRIEY, B ED(EZAE T, MEOBEZRIRT SRIIEZTS
NEMTHZ I ENREBE N,

CODZIEZE LB BEDAEZ TV, MEORIETHRESI N TVLWSEME (90%
BE. FIZ 332 MERULS>2 xR U, e BR. Yy, U D LADOEREINE
DAEZETN. UYDELHIMEREE UTHEET DMEANH D & Z2HER LT,

Ay UEBORBERZR CER) EEHEOLEREIMES. BIEEEICEN > (K3.3.4.4-2
) o HERBICKZERDBETIE. HMONEBRLDEBELENZEXZERANA SN,

350 100

20

0

jo

B0

50

40

Biogas generation rate (mL/day)

3o

Curnulative biogas generation (mL)

20

i0

o
0 10 20 30 40 50 &0 o 10 20 30 40 50 B0

time [day) time (day)

[43.3.4.4-1 XYUHBLCETEINAANAEREBEE (A) BLULEREE (B) O#R
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¥3.3.4.4-2 TTFIEH. XTUEBER. X7 UHEB-LEYBRICRKR. SRR ERBRIKR
DR

[(EREERQ : £81L]

EVBILIC KL Z2BRIRBLIBD O DERERZEREL o, IFINNEBOEYRRL TIIZRAT
wyamh NS Wi KER8) . —EICAVEDETIVESHUNMUETE R >, Ffew B
WIERBDHEAMNEERE D b FSHNMEDICEDNZEEN S RBIEZER LU, InicD
WTIE, BEREEREZ W DONZEZTHRKRTH > T,

CODZEIBIZE LB DN EEIL, X ¥ VREBRRKIOWEE TH->co BXR. Y. AAY
D LADEREINEDAEZIT>IcE 23, pHOELS ) Y DEINIMEL BB 2 b >Tc, &
YERAIE TR RIGHTEY R BIEGIERIGE UTEETH DN, INETSMCHEEEIESL
BHEYERH D WIECINEEDRE WEEY I T DMEIMEVC EAFShTWS (i)
SEEOEREREY YRt CEREMET 21551k, HRUEZT-7/72D. FiIE%{T->T
EEYRDREEHDIEERELU THSUETZENERTH BRI ERTE L, bo&
5, REUEGRERGIIMICHEEZHD., thDBEGERGEZHAWCSEORIELEVNETH D & H
W U 7co

EMBIEUIBROR (EPBRER) 1. XY VERBEELRLD BERODEEEN S, > (K
3.3.4.4-2) , —AT. MEFBRODENEBIRD XY VB - EYBILEIDEEZL, 2D ENSD
BHMEREY Z BEFSNICHEYINIEYT 2 L O#BEDS I NEMIT ST,

[(BREERQ : XY VEE - £YE(L]

ETIVECHEAIVEBLULEDE, SSICEYBIETUELE 2, BEYNSSICH
BINECHICEENIBEIDIOULUENDMRETES Z ENMDD > feo DRICIFED TIHE
EZxzBLZ &N, pHOEEBNSREB I N, pHIFE®TH D, ERFIBBERE L TKHS
NZBFEEEBZLUTWe, BE. XY VEBBERDpHIFTEE. £MBRILOHDUNIETIE
PHIZBIEE TH 1o BXR - N T L - )V DBFEEILIDDMAEYIIE TR REN >
foo NI, BRZ22BEOHEYVNIER{T>TVWD &, pHIMBEWC ERENERELTER
5ndH,. BMENBERZR/DHICE. BEFRGEZRLICELSEBNSHEZITOLEND
Bo

XY R AL UBOR (XY VB - EYBRIER) . o & BERODEEENS
Mofz (X3.3.4.4-2) . SEEFROELH/NS L., BEEREEYZMOHBRXICHENTHRNICEA
FETETWB ZENTRBEI NI,

[EREEEQD : BHXEIL]

200°C2RE DB RERL IC K 2 B DD BEEREILTSBRE TH oo pHIFERBHIEL . 4~5¢&
Bolco BRI, AT VRBERUK T YEZIVLREERNEZBD, HEBREERILIFEA
t Eint&b\j Tc_o :ET)I//_:E(__&%/ETM'HCl/fc-'fé@éEE‘A_q:%tt_ i{E%%/p\bﬁéa’Eﬁo)?ﬁb\\%
D, ETIWESHODRBRETERUIEE TSI /BHIXA T —RRIGERI LTRSS HhOYE
NMERLTWE I ENRBEI N MRS - RAOBOBEYIEIRBICTAFEL TWSHDHLE
. BEHEO7 I /B - BB E THDEBEMENH 5,

ERDMIEREFTHD. £l BIREBRENEL >z (K3.3.4.4-2) , SEXELTIX. FHED
BENBEETH >fco X1 T7—RRIGERITEEDPFDOAAT—REBENERT D ENS,
INHDEECDERERTHZAEENEND B, AABRTHEWEXBIEEE I THMLE /N TH BT
HIEBRRIEIT > TVWERWHA, SBRXAM T—RRIGTE U 2WENEREIUNO W TIEEYRTE IC K
FITEEZXTHASHNCTIRENHZEEZ 5N,

[2FDER - ER]

%h%h@%ECDMT BREE BEEYLREES TICEYRBEDLOIN) - RICKHERS
Wl %®ﬁE%€thbTéWm%%E%ﬁot(§3MM1)oﬁ%%\ﬁLDMTH
WEMERWCEDFEDLIORREICEL TWe, S5B3¥EDA EICKUL TR, HEI(C
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LEIERERMOBEHPHLBEZITS CENBENTHEEEZASND, —R. XTVEBETDE
BWYDBTREIXTUDEL B EDS, INZMRBESETCO,EHOICAREETH SEDICK
NS B2DENH D, COPBRIGTELZIRILF—FEPERICEKRTESZDT, YAT A
ERTENCHERT A EZRTIT B ESSBIERBEICENDIREND S, ROEEY
PREENBVDIE. MEYRISEHEAESDEICFETHEIXY VREE - EYRIETH >fco BR
BAL TR DRIBTENICE EX > Tce ROBOERYDL IIBFRTHD. BRICEESD
BZWEIBRKEZRET S EICLD, MBREEHOSNDAREELNH D, e, BEXRLZHE
BYORILEE U TRHW., Z0RICHMAEDNIBL TREBEDOLINEZSHS Z EHSERTT S
MEHN BB EEZ 5N,

#3.3.441 ThZThOEREEEVUBTFECKE T2 EFRBE. REBFAE SUEBORIE

FiE BRI DR EROEN 1) > @[ER RIS RS KERBERE
(PBEDBNE (BEENBWE AEENBWE 5\ & BERE) (UhEWE ST
2T BT BT i)
X FEE O O A A A
SR O A A O O
X5 UHEE - £t © @) O A A
piknigld AN O © © (@)

BATEECOVWTBWERICO. O A o, BENMMTERSREXTHMEL 2 (BH. BENPFAELEZI SN
BFERRFBD S e HXIERER)

BN U7 EYRBEICOVWTIE. BRE U YWITNBHUEBRISERBISATFLLTE D, #EYIC
FIFETRETH D I ENERTE oo L. ZOREEVPAGEFREIIMEBICLEDER >fcs X%
VRS VIOERBE CRBREN T VEZILEERZDOHATHD. EYBILESTIC XY
VHEEE - EYBE T T VEZVLARERRRLID BHEBEEZERNZL BRI EVWSHFEN RSN
AV TR, BESEOHIEICKD 7Y EZ T LAREREEBREERIGE HIEERG T
DOREMENH B DS, RIBEYOBMEICKH CIeT 1 UM TAZEHMEIND, e YV
DENUEFAIBRDpHICKELEKEFLTE D, pHZETI S & ThRINEZSHENZ &
NREBE i,

RIGEEE. BERXEBEO2EERIAREEL. DLWTEYRRILDOIHEE. X7 VEBED3I0HTE
B, X5 VB - £YBRLD33ERE. DIEE B>k, HFRNHEYIZEERYAR S5 5N
BWRbDICRIGEE IS <. BENMED EEEYERZEH 5N 210 D I RIGEE [EEL
EWSKL—=KATHHD, TNEZDFERMIZERERB T, HEDBBRIZITHHEMEE
ZYORAEENEL WSS, RIGCKEICHHIT 2, 2D, RIGEREERBEREIHED T
RFHfiE B> feo 2L, BABIIEEOREREIRNEBRDD. BEEEICTNT 255
ERBIeH, EEDEEEIIKELRDIEITTEEITZINENH D,

PEn&Sic, ERBEFEICEZEFNZENAY YN - TXYY KAHBD, BEITZVIATLD
FEICIE U TRRICEGEREVCPEBEZ T A VT 2RENH D EEZISND, FTHICKRITDER
BERNLGEBRBIZICH>TE. BRTIEIERBEDIFEENS XY VREE (HBSHWNLE) - &£
Mgl (FSHE) EBENFE—FEHEELD. FHTOFEEICHIG U CEYREL AEREZ TR
EUEAEEZTVW DD, ChoBREREZ OV /XM McLTw zeEhkedpohsd, il o
FRICOVWTHFAEZMEL CTREEAFKHFZHSMNCLIES AT BREICKH U TFEOEHRP
FUWLEBAEERFULTW CENSBREBEEICKRBEEZSNS,

102



4. FEH
4.1 FIERRBERIBIC BT B3R EQOLDVR—I XY MY AT LERICA - EBREE - £
411 SAEEE

R MEEICE TE23BEQOLONYRXR—I XY MY AT LAICEEL ERNOEEZFAE L
efER. REORBELEHA - EZF YV JEH, F—LAEBH. BRI ZRZFOLELHELESY
DEAEERD. FEVPEZEEROIRICEDERINTE o UTICZOHMELZTLIRT S,

4.1.1.1 FASHPERERES: - RERIE

ERMT SRR BRI RIENTFEL THE D, Z0OH LRSI IEHIEREENEES 1
TWBD, Ty aVICRITDHERRNRC BB IFEFAEEEHDOARES (KEAE) M1EXT S
BMICH >Tz Fle. EEINDRIBEIE. BEAMICETORBRICEWTERE - BENIIL—ICE>
THBCLYTVWESayhO—-ILENTWS, HI-SEASICEL TlE. RERICHDERICH NEB
DSEMTZ2ITRNABRINTVWSIED, 7AVY T DEVWVEMEELEBAIN T,

41.1.2 sHAIIE=4 )V U5
BAFLIFEF—LDANLZAP/INT A=YV RICELUTIF., HRLBEFEECOITAELH
¥ AT TED., BAEEMICEIT2Q0LDINFEZMEILT ZICH>TIE. KDEZXZHD
HWFEZSEICHBOA - MMFEZBEI Z2ONEV THD, —H. T—IDEBHER
ERBBEEFZHD, SEERNICHBUCRBEOHTEAPFEOBELEDZIBES L, KM
BREBLHFHRUDODDES TWKRENSH D EEZ S5NB,

41.1.3 F—LBE - N7 A=YV R

FASEPRBEIRIE S v > a v id. 6RAREBDBEANT. BRUEDONTVRAEEFEBUEREINT
WBT—ZHWEZ W, ZIL—DRAML AEEWLHEERBEZD/N 7 A - Y ZHEICIMZ. F—LA
ELTDITN—TFAF I RADRAEBFARBRFEEZERBVWTEREINTWD, —A. EXLRERK
PIVvIYaVRFCETHRET DT —AIDPEBVWEDD, Z< DIy gy TRHANT TILHHE
LTV, FLEMNICERERESI T TN —DORIGEERTZ2IvyavyeEHb, WIh
DIvya v PERNLBFEEEEZ RIEACKRLBRIEAEETIRULTED EiIFTna,

41.1.4 FAHERRICKEITZR

BICELTIE. WIThDIvYaVIEEWTHEERLTED., &EDDTRBICHT ZELXAD
B O ANEBICEETHDI I ENBRASINTWS, e, k- BB -BR-¥RE-H5- 8
g2 (ZADAN) BRESHRBERTOREICET IR/RENH D, RABREZINVIL—ADDLEERP
INT A=YV ANDHEICEN > TV I EDTHINTWD, EYRENDOBESNOENBRR
EICENZEWVWSHELH D, BHISBROFAERMRRICEITZF—T 775 —THd I &I,
b7V 0% UIEREZED T—RUIERETH > o

4111 REHE
4.1.2 BRERAIE
4.1.2.1 (RIEEASHZERE T O ERERELE

FERRMIRRICE T DN BEHRY AT LAOBRERZ/EL. TDFRNEERILE U TREH
BEEHZEBICEWT, EICHRABZBAVWTEEAX S, VT —DOREY. HE - 2MTOHD
BT —5 CRZEBRPRE. EFT —FREQBRINE L. ZHEAICE T2 ARDEEPLIRR
BEICHIZ2EMEZRILLc, ZREFEREZ AT -TE T HHRT. JEBORE. X
Uy MMTAU Y hOIBE EHEBRTOEATICL 28, RESH SN,

4.1.2.2 X EEBRB IR TOEMRSESE

WRBRBRBAARTH DERNERBATIC T, FAEBHREZEEL L IL—TT7—0 %170\, H&
BEEABURIIN—TIAF IV RAOBRFLRICEAL T, BY - BFZFEMEFERLLTIL—7
T—0 DEHK. ROEEAICE T2 AFEOEBECIKRIEEZIRIE (EMREE) 5 &I, 7V

103



T—RCE > THERRICEDC 70— RNy (BHREE) =87, BMICKBEHRT —F &
PoT—MIEo>THEULSMEBDRBZ LR ULER. SMENSSHRBBERZRLL L
WHT ZENTE, FeZOPRICHLBRRICEDC T —RN\y IV HBHEENTW I &
5, fICHET 2RBEZNRE ULBRNRIEFRCOVWT—EDEENER TE e,

42 BEARERLENHEY R 7 ABEOLOOEBHE - RiE
421 FEBE
BESREBUANMEY 27 ACBEL CERNGRITBREBE LR, KE BN,
FE. BASC. FHICHH SENEEPERAEEBIRLLMAREY. ThoICHT 5
ERIRE AL RARREN I NE CERRMS W TS UTFICZ DBMBE DT 5.

4.2.1.1 SFEYORKIE

FHZEE U ICESEFEYOFRERMCcOVWTIE. SETEZHOMERENEEINTETH
D, KEIFISSICH T 2 S FKIZEE Veggie P IEE M B EAdvanced Plant Habitat D&
ZHU. KEZFICKIT2BREEICH I ZISSIRIED 126 DFHEZEEOhalo lll DFRFENESD Sh
TW3, SBEFEHCOBNAEEZRIEA T, FHRENEORERR. HE' Y —XD&H/IML.
RIEBEYOZEE. BESNLEYORECBIEERDORAIZFICDOWVWT, FH CORBEE
ZRELVREEN L —RATZRHELUBHSEEN - RELLITIDELNHZHDEEZSND,

Flc. FHORSNICHISEE TSN DERE CEE I 2RERENKES TESH SN
TEfco KBIZEWTIEREABIRIC &K 2B/ NEZDOREBEARNREKRNLELS. ZNLANICHEK
OIEY THRERBEROEHNESNA, ERFHRIBZ LT/ AREZOEMMEAEMIEEY
5@ ofc, oo AABOHFTREKEZEERIT AN RESNT. REKORBEIEIRS 1
TWERWATEEMEN B 2,

I 5, HIERD S DFHRERFOBR NS, BYPAEDL T RZBWEMRIEICE T 25
THEFKE LT, APAEDERL Y XAV ETORIERENEE TERINTED., B
BOMIGEICK > THEYOREN—ERENE TH S I EIFEHARTRIII N TWS, —A.
KELTYRICEFNZ2EEHRBERBIEANDOWL, REFEICET 2RI, BEARETICH
(7 2KDEE), SEEYONEEEDHORBELZEBEIIHZRIN TV,

4.2.1.2 YHlEIEDIES
WHEEFZOEWN\A AV REEMISFHICR T Z3BRLEEEERBEEORIZHHEIN
TE oo ERICEVWTERDOHMEBOF AN RS . LEDXROFIBPEERORREICLD
EEMEOEEAESSNTED, —28. ISSICE T 2HEREEDEBEEROEHBINTWVNS,
fefeU, REERZRIEZERMN. TN, SNEDBEICIEIEENHD. SHRENSDEE
ADTHAH KD 515,

4213 YV INVREE

FHICBTZYVINVREROEEDRS., EEAVLERICEAT 2EDEAIED SN TWS,
AAZIILDORYF v+ —1%Aleph FarmsiXISSICE W TIHRERICE T 2 ERMNREEREZEHE L
fefth, BATHERRZFERRZOBENELBRNFEHABZ RIBZA TRE - #ifla0Htigzs
ZOWERZEESH TWD, FELunar Palace-1 TIFEYZRENS I —ILT—LEBTERELTWL
feo ZOM, S X7 TV IAOFXFEY VINTRE UTFETHAT 22O DHELIEARN TESD
5NTWVNS, BERORREICOWTRTET7 c—XTHOHSERDISHRIAEIKROSN. £
ERFMAICOVWTIEOEN/\— RILOCEEROREDOTRAARAREEZ 5N,

4214 ERB4E

FHTOFHNGEBRAEED LS, HIRH S DYEMGEDHIRICHEIT T, EYEE - £ - K
MoBRVPREFZEIN UVEMRIEZFICERYT 2B AN KETEREI N TS oo BINPEK
TIIHEYMZBWTERZ ERRETOIRT 2 RMARNSEED SN THE D, PEDHEERIC

104



BWTIIHEDNIRIC THERRETEIRT 2D EHNFLDLSTHD, KEICEWTIIHEYH
BADERZBNE UIERBEICE T 2D EHA I RENTH >,

4.2.1.5 FEfRRER IR L BYE

FHILBTP2RIFEZEEL. BERINLEZEEICEWTER4AE., ERER. BEREICHE
TEMENBERZITO LD TE IMEBHREGESVIEANTEEERIN TS, AF
TlEEICHEDLunar Palace-173 & 2 D DHEE = FHWCEAEERR Z EHEL TUW 5, KETIE2000
FETICEBINBPC (FcEUEBEERIFE XLV ICH T IEDFHIZORREIEETH >
foo FNLEE. NASATIXZEARDBSEERIIERE S N TWRWD, EEF Y YV F+KEHLEAHEE
BHIERIEMER A R L TW\WD, BUINTIRANRS VICTEBERAEGHIEY AT LADHERIEAD/1
Oy 7SV hEERLTWS,

4.2.1.6 ZDfih

20214 ICKEINASAE A FF OFHEEBACSADZ Z BT 2FHERAHTFOIVYRT 3T
3 % Deep Space Food Challengeh’Fta UTco KEPLHFT T ENSLHDPEDOKENBRE L.
SEEYCHRE. EERAEREAWVERNINTWVS, REFAICE W TIEEMKER ERA
HTIEH BN, FRINEWOEATHZEEZI SN,

4.2.2 ERERIIEE
4.2.21 SFEEYOEBERIEICET 2 ERESET

BYAXEOHERE LIFIFFEERRETHD., RELHEZEEE LA RIBRBEOBE - #iF
ORNDOBEARTEHNEEZ SN, BEICENATEERE TOSEENDOREBRRICHNDH
BEERIEEBINTVSED, FHEBRICHDNBIARIFIFEAERESNTVWERN, FITEREE
CEWTIEA RENRE UTEEEE (£FE30 kPa, 0290E6~12kPa) FlC& T DETERRIC
DO DRHIEEBREERUTc, FORR. BIEICOVWTIREEBE LD EE ST D AR
REEINEH, BEICEWTIHEERBOEEIRSNGD > AIERLD. EEBREBTICE
WTHA RDIEMER B K CBEFORER>TRICTNE I ENRB I N

4222 SFEEYMOZEEORKIEICEET 2 ERESET

RIEBZEELY Y —ZANRSNZ2FEHTCORBEYOREICIE, BIEELPRIEFEBET CORMTE
MHEWolo, I EEIFERZIBETORBRAENNELE RS, UM U, LEDHRT TOFREZ A
REUVICBEBROEAPHERSIFIFEAERN, LEDXRICK Z2FERERA T REBRDOA]
BEMZIRALT D126, 1 REV A XDERDRE - TEAEZFICDOWT, EH/Y —2 DLEDHKIR
ERWCRIEREREEB U, ZORRE. XILEDNROBEN A R - ¥4 XDOFISEME IC RIF

TEZFAEL. ERLEBZRILEDNFREDESE - FiEZzHS M Uiz, 5. BHEZFDE
BREZRIEEAREDLEDIRAT CORFMEZHESMNC L., LEDXEROBEZEYICERNZ ET
BIRNAIBETH B I EZR LT

4.2.2.3 WHEEDIZEICRE T 2EMET

FHICEWT, WA AYREEEZE I 2MMEEIIEREEZ SN, ZREEVCERZ
WERMICHEIRT DO DBIREE LTI TWS, —A. HICAEREDBEAREICH T
ZEFGHIMN DESEBROBEMESICE U IBEFEPIBEYE - BEtEOMRLOFA, & - i
DEBREZFDRNFATDTH D, €I T ERROFIREEESEZ M ERIFAICEHESZHIEL.
INA AR ZEEURIED - DEMEILZEHEL oo FDIER. E. gracilisDIEE (T Hh D B IREE
ZEEET DI ENTE, MMIHREEDIEESRIIHIETH DI ENRE I N,

4.2.2.4 EFBEFEICET 2 ERREL

HIRD S AP KENOYEBRZERT 57cHICiE. BREREY ZRMICTUEL, BRIE
EICERRRBERZLONT 2RIMNDEE B D, HERRMEHE LTI, BEYE & #LF
MIBHERELE LTETSNZD. NS EE—RGET TCOUBRERROMRDBEN R SNK

105



Wo 22T RRMBFEE LT AT UEE. £EYBIE. X5V RE - £, 2Btz
BELU. ETIWVECHZERWCRRZERBL. BEYNER. BEREU VOB, RIGEEEOL
REEMBUIco TORER. BFEDOX VY hETAVY NIFEETSDH. X T UHEE (HINL
) - AYEE (FRRLE) KENE—EHTHD I EDTEEI NI, BL, HFZLEITLD
ERENTEA T Y DERAEICDVWTIZSEDRETRETH 5,

4.3 SERDOEE

FERERMRIBEICH ITDQOLY R —I A Y NIV AT AICDWT, ThETKEZFELCHOY 7,
FEZFOICERR REERE CORERRNMED SN TELH, T HETHHIHREREMERD
BEYLA - NEFREZRBBRACHAEERI Y Y 3 VOENMEEERINTWS, —AT. #h
FNOREERERIEIEBENCERIA X —L, ESBRB. AUREZEICK > TERTE2EH
PHARRKRKELLER>TED, BCHRAINA ADDETHZ I ENERFEXEL RSN
feco T, BABEI VY3 VICBIT2BOEERICOVWTHHABICEVWTEHRRARL. SEBORRAF
EREICAITIERICEELLZY ) 2a—Y a3 VHRICEWTHEEWRT Y v LA H 2 Z EHTRE
=i,

CDESBRREREEZ., ARICEVWTQOLYX—I XY MY AT L% EA T-FASHFREESREE
MERDIEE - EREZES TV fedlcld, BREIT TR, RGP HRABIAT—IRILY—
DEE. FEBEHREEYI 1L —Ya Vv T52EDRBICRIT2MEREEZBEEZ. EREIC
HERAREE U CHHRNREEERE TSy M 74 —LADBEIBEFIND,

BICATZVYUa—yavicoWTid, BROBREELEMRET ZEMY/ V/I\VEDR
HFP. ESHRNBHERICBE>TWET7— Ry IVEDFRREBRFICAND DD, FHYME
Hh, MEHICE Y ZIRBEDORBENMREI DV 7T DHZEICERMEIF. ZIhSEBEEHIN
ZEDBEICHUT—D—2F7 TO—F T EEENEBEEZ S5ND,

Fe. BEEREERABRME Y AT AICDVWTIE, ThE TRETHRABID HAHER S
nTHEDH., METIENASAZC & D Deep Space Food Challengeh'\FtAd 272 L. ZDEIE(LE
FIELUTWBESEZX %, BLU., FHICKIT2RPRTEERERBFSEMHZHISEDZ VAT AR
REEIILTHE ST, RERMOAZWEB THI I ENASELZBL TEIREI NI,

FDES5%HR, BREUVLTSHRTILEVYAERET ZeHicid. ERNTREE L TWSIEYFHREE
BiTED@R&ZHRARERL DD, ERNICEMNEDEWY AT LABEZEIEINRNEEEZISN
%, BADINEF TOWMDEAHTIEIBRHEEDNEDHAEBREINZ T —IANZ WA, QOLZE
BUEERDEAE LT, BAOT 7Y R@ERE, BBROBEZREAREA U LFERITOR
BRRDEWEEEZ D, S5ICIE. BROFMEAEIFEVNSDD, MilEEE BEEAZEH
BhEEREOESHNEERMOBREIETI=—ITHD., XMW EANDERMESL RAEN.
SHEOEBHIEPFIND, £, BREEZERICBEVWCERBEIC DO WTIERINAETL TL
2H, KEOEDEANBRENTH2H., HAE U TEBUMZRIETER/DEEZI 5N %,

. BEESRBEREBRMHGY AT ABEKTIEGRL, BREEHL SIFE, INT. EEYNE
ICEZET. ZOIRICLDDICALEDLDQOLZERT 2N EVWSBREEETHD., AEBD
HEERLEOLFEREEY Y 21— a VEBENMARTH D, TOEANS. SBREAARNT
LEVRZRIET D HICIF. BEERBREBMMEIKEIATLAEQOLYRIX Y NI AT L
DHFEEVATLE U TORMBRAEZBE LI EZRENH D, £leZNS5Y T AICEL THEHfE
ICHE B RN I RE /R EAERBE R ER DBENRORICRD EEZ 5N,

106



5. 5| Ak iEER
1. 58

51 FASCHEREE U

2. A#ERERERIBICE TR EQOLDOVR—I AV N AT LABEICHE T - BRRAE - BT
21 HE

51 FASCHEREE U

22 REEREFE

2.2.1 BT P RMERMICET 5HE
5| FAXXERE U

222 FIERERBERR. ROEBESEARL—Y 3V EICHT 3RS
3| PSR L

223 FEEREICEDSEMY/ VN\VEDEY / EELER

5| PSR U

2.2.4 AETHH SN EREIMICE Y 5 FMERER TOEREE
51 FASCHEREE U

2.3 RIEER - ER

2.3.1 BT PRERMICET 5RE

X1

Momose, K. et al. “Feasibility Study of Using Applicable Space Assets for Disaster Management
and Mitigation in Japan.” 71st International Astronautical Congress. Online, (2020).

Xk2

BEURAIZ . “3G01 #IRk E R OFHIC & (F BREEIHEIRIE O LLBIRET.” SE65EFHMZRIMES
FAES, (2020).

X#R3

Lauren Blackwell Landon et al. Psychology and Human Performance in Space Programs -
Research at the Frontier. CRC Press, (2021).

X4

Lauren Blackwell Landon et al. Psychology and Human Performance in Space Programs -
Extreme Application. CRC Press, (2021).

XHR5 - ‘ ) ‘
FHEHYRAT LRARKASH, FHRBEHREROMABRICET 2H/E (UX-PSPC-534264) BRI
5, FTEMZEMERRAAERE, (2021).

X k6

Mohanty et al. "Survey of Past, Present and Planned Human Space Mission Simulators." SAE
Technical Paper, 2008-01-2020, (2008).

XHER7

Pierpaolo Zivi et al. “Sleep in Isolated, Confined, and Extreme (ICE): A Review on the Different
Factors Affecting Human Sleep in ICE.” frontiers in Neuroscience, 11 August 2020, (2020).
XHR8

Jad Nasrini et al. “Cognitive Performance During Confinement and Sleep Restriction in NASA's
Human Exploration Research Analog (HERA).” frontiers in Physiology, 28 April 2020, (2020).

107



XHR9
R. Woodruff et al., "3D Interactive Model of HERA to support ECLSS anomaly resolution using a

Virtual Assistant," 2021 IEEE Aerospace Conference (50100), ( 2021): 1-10.

X#R10

NASA. “Human Research Program Human Exploration Research Analog (HERA) Facility and
Capabilities Information.”
https://www.nasa.gov/sites/default/files/atoms/files/2019_hera_facility_capabilities_information.pd
f, (2016).

X#R11

Poonampreet Kaur Josan et al. “Experimental Design & Pilot Testing for ECLSS Anomaly
Resolution using Daphne-AT Virtual Assistant.” 2021 IEEE Aerospace Conference (50100),
(2021).

X#R12

Erin E. Flynn Evans et al. “Changes in performance and bio-mathematical model performance
predictions during 45 days of sleep restriction in a simulated space mission.” scientific reports, 24
September 2020, (2020).

X#R13

Mathias Basner et al. “Psychological and Behavioral Changes during Confinement in a 520-Day
Simulated Interplanetary Mission to Mars.” Pros One, March 27, 2014, (2014).

XiR14

Lauren Blackwell Landon et al. “Risk of Performance and Behavioral Health Decrements Due to
Inadequate Cooperation, Coordination, Communication, and Psychosocial Adaptation within a
Team.” Human Research Program Behavioral Health and Performance, (2016).

X#R15

Igor’ Borisovich Ushakov et al. “Main findings of psychophysiological studies in the Mars 500
experiment.” Herald of the Russian Academy of Sciences, 2014, Vol. 84, No. 2, (2014):106-114.
Xik16

Solcova, lva. “Anticipated and perceived personal growth and values in two spaceflight simulation
studies.” Acta Astronautica, Volume 179, (2021): 561-568.

XHER17

Carole Tafforin. “Time Effects, Cultural Infl uences, and Individual Differences in Crew Behavior
During the Mars-500 Experiment.” Aviation, Space, and Environmental Medicine, Volume 84,
Number 10, (2013):1082-1086.

X#R18

Mathias Basner et al. “Mars 520-d mission simulation reveals protracted crew hypokinesis and
alterations of sleep duration and timing.” Proceedings of the National Academy of Sciences,
Volume 110, No.7, (2013).

X k19

Raymond M. Wheeler. “Agriculture for Space: People and Places Paving the Way.” Open
Agriculture, 2017, 2, (2017): 14-32.

X#R20

Yuming Fu et al. “Establishment of a closed artificial ecosystem to ensure human long-term
survival on the moon.” bioRxiv, January 14, 2021, (2021).

X k21

Dong, Chen et al. “Influence of nitrogen source and concentrations on wheat growth and
production inside "Lunar Palace-1"." Acta Astronautica, Volume 144, (2018): 371-379.

X k22

Leonard David. “China’s Lunar Palace 1: First Test of Closed Life Support System.” Leonard
David's INSIDE OUTER SPACE, June 4, 2014,

108



https://www.leonarddavid.com/chinas-lunar-palace-1-first-test-of-closed-life-support-system/,
(September 1, 2021).

X k23

Leonard David. “China's 'Lunar Palace' for Space Research Tested on Earth.” June 17, 2014,
https://www.space.com/26267-china-lunar-palace-space-research-mission.html, (September 1,
2021).

X k24

Ruilin Wu et al. “Ethological Analysis of Crew Interactions in Lunch Time and Correlation with
Questionnaires Data from a Lunar Analog Mission.” Hang tian yi xue yu yi xue gong cheng =
Space medicine & medical engineering, (2018).

Xik25

China Plus. “Lunar Palace 1 opens to public to mark China Space Day.” April 24, 2018,
http://chinaplus.cri.cn/news/china/9/20180424/122084.html, (September 1, 2021).

X k26

Ruilin Wu et al. “Psychosocial interaction during a 105-day isolated mission in LUNAR PALACE
1.” Acta Astronautica, Volume 113, (2015): 1-7.

Xk27

Sandra Hauplik-Meusburger. “Habitability Studies and Full Scale Simulation Research:
Preliminary themes following HISEAS mission 1V.” 47th International Conference on
Environmental Systems, (2017).

X k28

Goemaere, Sophie. “Life on mars from a Self-Determination Theory perspective: How astronauts'
needs for autonomy, competence and relatedness go hand in hand with crew health and mission
success - Results from HI-SEAS IV.” Acta Astronautica, Volume 159, (2019): 273-285.

XH#R29

Andrew P. Koutnik et al. “Human Adaptations to Multiday Saturation on NASA NEEMO.” frontiers
in Physiology, 12 January 2021, (2021).

X#h30

Elizabeth Howell. “Astronauts Simulate Deep-Space Mission in Underwater Lab.” Space.com,
July 25, 2014, (2014).

X k31

Steven Chappell et al. “Final Report of NEEMO 14: Evaluation of a Space Exploration Vehicle,
Cargo Lander, and Crew Lander during Simulated Partial-gravity Exploration and Construction
Tasks.” NASA/TP-2011-216152, (2011).

X#k32

Tristan C. Endsley et al. “Mapping CO2 Concentrations Within A Spaceflight Analog
Environment.” 50th International Conference on Environmental Systems, ICES-2020, (2020).
X#A33

M. M. Mader. “Geological exploration of other planets: Insights from terrestrial desert, sea, and
polar field campaigns.” 65th International Astronautical Congress, (2014).

Xk34

Michael Schirber. “NEEMO's Undersea Operations: Making Telemedicine a Long Distance
Reality.” Space.com, October 19, 2004, (2004).

X35

S.T. Engler. et al. “HI-SEAS habitat energy requirements and forecasting.” Acta Astronautica,
Volume 162, (2019): 50-55.

XH#A36

109



Anne Joan Meier. “Human factor investigation of waste processing system during the Hi-seas
4-Month mars analog mission in support of NASA's logistic reduction and repurposing project:
Trash to gas.” 65th International Astronautical Congress, (2014).

X#R37

Sandro Contenta. “Getting to Mars ‘without killing each other’.” Toronto Star, Oct. 25, 2015,
(2015).

X#h38

Balwant Rai et al. “Human Factor Studies on a Mars Analogue During Crew 100b International
Lunar Exploration Working Group EuroMoonMars Crew: Proposed New Approaches for Future

Human Space and Interplanetary Missions.” North American Journal of Medical Sciences. 2012
Nov; Volume 4, Issue 11, (2012): 548-57.

XHA39

Matthew Allner et al. “Crew performance analysis of a simulated Mars mission at the Mars Desert
Research Station (MDRS) in Utah, USA.“ 59th International Astronautical Congress 2008, (2008):
11-23.

X k40

Lucie Poulet et al. “Greenhouse automation, lllumination and Expansion study for mars desert
research station.” 65th International Astronautical Congress, (2014).

X k41

Cora S. Thiel et al. “PCR-based analysis of microbial communities during the EuroGeoMars
campaign at Mars Desert Research Station, Utah.” International Journal of Astrobiology, (2011):
1-14.

k42

William Clancey et al. “The Mobile Agents Integrated Field Test: Mars Desert Research Station
April 2003.” 17th FLAIRS Conference 2004, (2004): 732-737.

ka3

Gernot Groemer et al. “Human performance data in a high workload environment during the
simulated Mars expedition “AustroMars”.” Acta Astronautica, Volume 66, (2010): 780-787.

XiEk44

Sheryl L. Bishop et al. “FMARS 2007: Stress and coping in an arctic Mars simulation.” Acta
Astronautica, Volume 66, (2010): 1353-1367.

X k45

M. Bamsey et al. “Four-month Moon and Mars crew water utilization study conducted at the
Flashline Mars Arctic Research Station, Devon Island, Nunavut.” Advances in Space Research,
43, (2009): 1256-1274.

X#k46

Kristine Ferrone et al. “Flashline Mars Arctic Research Station (FMARS) 2009 Crew
Perspectives.” SpaceOps 2010 Conference, (2010).

X#k47

M. Nelson et al. “Atmospheric Dynamics and Bioregenerative Technologies in a Soil-Based

Ecological Life Support System : Initial Results from Biosphere 2.” Advances in Space Research.
Vol. 14, No. 11, (1994): 417-426.

ka8

M. Nelson et al. “Living in space: Results from biosphere 2's initial closure, an early testbed for
closed ecological systems on Mars.” Life Support & Biosphere Science: International Journal of
Earth Space, 2(2), (1995): 81-102.

XHR49

Meredith Sattler. “Boundaries and Frontiers at Biosphere 2: 1991-1994.” ARCC 2017 Conference
— Architecture of Complexity, (2017).

XH#R50

110



M. Nelson et al. “Bioregenerative recycling of wastewater in Biosphere 2 using a constructed
wetland: 2-year results.” Ecological Engineering 13, (1999): 189-197.

3XHR51

Francesco N. Tubiello et al. “Dynamics of the global water cycle of Biosphere 2.” Ecological
Engineering 13, (1999): 287-300.

3X#R52

M. Nelson et al. “Using a Closed Ecological System to Study Earth's Biosphere.” BioScience, Vol.
43, No. 4, (1993): 225-236.

X#R53

Bruno D.V. Marino et al. “The agricultural biome of Biosphere 2: Structure, composition and
function.” Ecological Engineering 13, (1999): 199-234.

Xik54

M. Nelson et al. “Group dynamics challenges: Insights from Biosphere2 experiments.” Life
Sciences in Space Research 6, (2015): 79-86.

X#R55

Donna Oliver. “Psychological Effects of Isolation and Confinement of a Winter-Over Group at
McMurdo Station, Antarctica.” From Antarctica to Outer Space, (1991): 217-227.

XH#R56

Jeff S. Bowman et al. “Microbial Community Dynamics in Two Polar Extremes: The Lakes of the
McMurdo Dry Valleys and the West Antarctic Peninsula Marine Ecosystem.” BioScience, Volume
66, Issue 10, (2016): 829-847.

XHR57

Joan Myers. “Antarctica Journal.” Joan Myers Photography, October 13, 2002,
http://www.joanmyers.com/wondrous_cold/ant-journal.pdf, (September 1, 2021).

X k58

“McMurdo AIMS high!.” mcmurdostation.com, August 4, 2020,
https://www.mcmurdostation.com/1819/aims.html, (September 1, 2021).

X #R59

“MCMURDO STATION MODERNIZATION DESIGN Programming Report,” FUTURE USAP, May
11, 2016,
https://future.usap.gov/core_rfp/McMurdo%20Station%20Pre-Design%20Programming%20report
.pdf, (September 1, 2021).

X k60

Kelli Mars. "Experience HERA." NASA, Jun 23, 2021.
https://www.nasa.gov/analogs/hera/experience-hera, (March 10, 2022).

k61

Daniel Oberhaus. "Six Men Spent 520 Days Locked in a Room to See If We Could Live on Mars.
VICE. May 20, 2015.
https://www.vice.com/en/article/ae35y8/six-men-spent-520-days-locked-in-a-room-to-see-if-we-co
uld-live-on-mars, (March 10, 2022).

k62

SRERER. "THMEMY 7— NARL, £5F S50/ =KL, WA 75385H." withnews.
2016/02/17.
https://withnews.jp/article/f0160217001ggq000000000000000W0390901qg000013007A, (March
10, 2022).

3X#R63

Space.com Staff. "Lunar Palace 1: China's One-Year Mock Moon Mission in Pictures,
Space.com." May 17, 2018.
https://www.space.com/40610-china-mock-moon-mission-lunar-palace-1-photos.html, (March 10,
2022).

Xiik64

111



Jonny Baxter. "NASA selects UCD alumnus for undersea mission, University College Dublin."
July 07, 2016.
https://www.ucd.ie/newsandopinion/news/2016/july/07/nasaselectsucdalumnusforunderseamissio
n/, (March 10, 2022).

X k65

Matt Williams. "This is the Habitat in Hawaii Helping Astronauts Preparing to Explore Mars."
UNIVERSE TODAY. August 31, 2018.
https://www.universetoday.com/139862/this-is-the-habitat-in-hawaii-helping-astronauts-preparing-
to-explore-mars/, (March 10, 2022).

X k66

Na.P.. "Mars Desert Research Station." THEPANEKROOM. July 22, 2012.
https://thepanekroom.com/2012/07/22/mars-desert-research-station/, (March 10, 2022).

k67

Alchetron. "Flashline Mars Arctic Research Station." March 14, 2018.
https://alchetron.com/Flashline-Mars-Arctic-Research-Station, (March 10, 2022).

XHR68

Shimada, K. "Biosphere2." Wikipedia, Sept. 20, 2010.
https://commons.wikimedia.org/wiki/File:ShimadaK2010Sept20_Biosphere2-Rainforest-Habitat-
WestLung_DSC07210.JPG, (March 10, 2022).

XHR69

United States Antarctic Program. "McMurdo Station Webcams."
https://www.usap.gov/videoclipsandmaps/mcmwebcam.cfm, (March 10, 2022).

2.3.2 FSERMRIERER. RCBBEEARL—> a3 Y EFICET SRBRE
5| A L

233 LEEREICEDSEKMY/ VN\VEDEY / EELER
5| FASCHBREE U

2.3.4 AETHH SN EREIMICEY 5 MERkE TOERE

5| PSR U

3. SEERBREREMHG Y AT LBED . H OERRE - REE
3.1 =

X1

BEEBBETI—FV 77— . "BEREG T —F V77— TRFHREE H1R". FEHMEAITHE R
BASRIE R JAXA-SP-19-001, (2019): 1-101.

32 REEREFE
3.21 BN OMRHREIMICET AR
5| Ak U

3.2.2 KE - M (ESA MELISSAZ) OR#ANAE
5| FESCHREE U

3.2.3 LEEREICED (HARENOE L/ EELR
5| PSR U

112



3.2.4 AEIC KD YA L R/ B89 2 EREsE:T
3.2.41 BEEEYOBEERIEICEET 2 EREET
3k

Andre and Massimino. Growth of plants at reduced pressures: experiments in
wheat--technological advantages and constraints. Adv. Space. Res. 12(5): 97-106. 1992.

k2

Daunicht and Brinkjans. Gas exchange and growth of plants under reduced air pressure. Adv.
Space Res. 12(5): 107-114. 1992.

XH#R3

Iwabuchi, Goto, Takakura. Effect of O2 pressure under low air pressure on net photosynthetic
rate of spinach. Acta Hort., 399: 101-106. 1995.

Xiik4

Goto, Iwabuchi, Takakura. Effect of reduced total air pressure on spinach growth. J. Agric.
Meteorol. 51(2): 139-143. 1995.

XH#R5

Goto et al. Measurement of net photosynthetic and transpiration rates of spinach and maize
plants under hypobaric condition J. Agric. Meteorol. 52(2): 117-123. 1996.

X6

Iwabuchi, Goto, Takakura. Germination and growth of spinach under hypobaric conditions.
Environ. Control in Biol. 34(3): 169-178. 1996.

k7

Iwabuchi et al. Effect of vapor pressure deficit on spinach growth under hypobaric conditions.
Acta Hort., 440: 60-64. 1996.

XHR8

Goto, Arai, Omasa. Growth and Development of Higher Plants Under Hypobaric Conditions. SAE
Technical Paper 2002-01-2439. 2002.

XH#R9

Corey et al. Toward Martian agriculture: responses of plants to hypobaria. Life Support Biosph.
Sci. 8: 103-114. 2002.

XH#R10

Iwabuchi et al. Short-term and long-term effects of low total pressure on gas exchange rates of
spinach. Adv. Space Res. 31: 241-244. 2003.

XHR11

He et al. Effect of hypobaric conditions on ethylene evolution and growth of lettuce and wheat.
Journal of Plant Physiology 160(11): 1341-1350. 2003.

XHR12

Paul et al. Hypobaric Biology: Arabidopsis Gene Expression at Low Atmospheric Pressure. Plant
Physiol. 134: 215-223. 2004.

XH#R13

He et al. Separating the effects of hypobaria and hypoxia on lettuce: growth and gas exchange.
Physiologia Plantarum 131(2): 226-240. 2007.

XiEk14

Nihal et al. Hypobaria and hypoxia affects growth and phytochemical contents of lettuce. Scientia
Horticulturae. 122: 171-178. 2009.

k15

Paul et al. Patterns of Arabidopsis gene expression in the face of hypobaric stress. AoB Plants.
9(4):1-19. 2017.

Xi#k16
A - B BEREBEICK T 2EYMOES. BYIRETR. 20 (4): 228-235. 2008.

113



3.2.4.2 BFEEMOXEGORIZICET S BRERT
STk

Fang L. et al. “Plant growth and photosynthetic characteristics of soybean seedlings under
different LED lighting quality conditions.” Journal of plant growth regulation (2021) 40(2):
668-678.

XHR2

Midorikawa K. et al. “Additional nitrogen fertilization at heading time of rice down-regulates
cellulose synthesis in seed endosperm.” PLoS ONE (2014) 9, e98738.

XHA3

Kuroda M. and lkenaga S. “Single-tube hydroponics as a novel idea for small-scale production of
crop seed in a plant incubator.” Biosci. Biotechnol. Biochem. (2015) 79, 63-67.

3.2.4.3 HEEDIEE ICFAY 2 ERESERT
3k

Fahrion et al. "Use of photobioreactors in regenerative life support systems for human space
exploration." Frontiers in Microbiology 12 (2021): 1748.

XHR2

Detrell "Chlorella Vulgaris Photobioreactor for Oxygen and Food Production on a Moon
Base—Potential and Challenges." Frontiers in Astronomy and Space Sciences (2021): 124.

XH#R3

Doucha and Karel "Outdoor open thin-layer microalgal photobioreactor: potential productivity." Journal of
applied phycology 21.1 (2009): 111-117.

Xik4

Qiang, et al. "Ultrahigh-cell-density culture of a marine green alga Chlorococcum littorale in a flat-plate
photobioreactor." Applied Microbiology and Biotechnology 49.6 (1998): 655-662.

XH#R5

Koren and Hutner. “High yield media for photosynthesizing Euglena gracilis.” Journal of Protozoology
14 (1967)(Suppl.): 17

X k6

Qiang and Richmond. "Productivity and photosynthetic efficiency ofSpirulina platensis as affected by
light intensity, algal density and rate of mixing in a flat plate photobioreactor." Journal of Applied
Phycology 8.2 (1996): 139-145.

XHR7

Cramer, Marian, and Jack Myers. "Growth and photosynthetic characteristics of Euglena gracilis."
Archiv fir Mikrobiologie 17.1 (1952): 384-402.

3.24.4 EFBEFEICEHT 2ERET
5| Ak U

3.3 EEHER - ER
3.3.1 ERAOMRHREIMICEET 3 RAE
5| SRR U

3.3.2 KE - B (ESA MELISSAZ) ORI RAE
SRR U

3.3.3 LECHREICED <RI OEMS/EE LR

114



3CHR1

ZIER. F1EESHEAENAERREER T AW CHEEERE—RHBRE L UOYEER -
K- BEEVER. BN IINYa—Taovy, FEERR - FETZ/N\VY KTV,
(2015): 448p.

k2

Fu Yuming et al. "How to establish a Bioregenerative Life Support System for long-term crewed
missions to the Moon or Mars." Astrobiology 16.12 (2016): 925-936.

XH#R3

Fu Yuming et al. "Establishment of a closed artificial ecosystem to ensure human long-term
survival on the moon." BioRxiv (2021) doi:https://doi.org/10.1101/2021.01.12.426282.

Xik4

Tang Yongkang et al. "Design and establishment of a large-scale controlled ecological
life-support system integrated experimental platform." Life sciences in space research 31 (2021):
121-130.

XHRS

Albiol Joan et al. "MELISSA Pilot Plant: Animal Compartment design Preliminary Requirements
for the animal selection." MELISSA TECHNICAL NOTE, 75.5, (2007).

XHR6

Romeyn Matthew et al. "Crop readiness level (crl): a scale to track progression of crop testing for
space." 49th International Conference on Environmental Systems, Boston, Massachusetts,
(2019).

k7

Barbeau Zach. "Habitat Demonstration Unit-Deep Space Habitat (HDU-DSH) Integration and
Preparation for Desert RATS 2011." NASA Technical Reports, JSC-CN-24431, (2011)

X k8

Poulet Lucie et al. "Greenhouse automation, illumination and expansion study for Mars Desert
Research Station." 65th International Astronautical Congress, Toronto, Canada, (2014).

X#R9

Staats Kai et al. "A Hi-Fidelity Space Analog for the Moon and Mars at Biosphere 2." Terrestrial
Analogs 2021 (LPI Contrib. No. 2595).

X#k10

MELISSA Foundation. "The European project of circular life support systems".
https://www.melissafoundation.org/, (March 13, 2022).

k11

MELiISSA Foundation. "MELISSA PILOT PLANT".
https://www.melissafoundation.org/page/melissa-pilot-plant”, (March 13, 2022).

XHR12

The EDEN ISS consortium. "Ground Demonstration of Plant Cultivation Technologies for Safe
Food Production in Space". https://eden-iss.net/, (March 13, 2022).

XHR13

Zabel, Paul et al. "Biomass production of the EDEN ISS space greenhouse in Antarctica during
the 2018 experiment phase." Frontiers in plant science 11 (2020): 656.

Xik14

BHESV—FV I 7 I —7 "BEEBST—F V7V I —TREREE F1R". FEMEHFERH
TSI FI A, JAXA-SP-19-001, (2019): 1-101.

Xk15

Salisbury Frank B. et al. "Bios-3: Siberian experiments in bioregenerative life support.”
BioScience 47.9 (1997): 575-585

X#k16

115



R.M. Wheeler et al. "Crop Production for Advanced Life Support System" NASA Technical
Reports, NASA/TM-2003-211184, (2003)

XER17

R.M. Wheeler et al. "Crop Production for Advanced Life Support System" NASA Technical
Reports, NASA/TM-2003-211184, (2003)

X k18

Silverstone S. E. et al.. "Food production and nutrition in Biosphere 2: results from the first
mission September 1991 to September 1993." Advances in Space Research 18.4-5 (1996):
49-61.

X119

Ewert Mike "Life Support System Technologies for NASA Exploration Missions." Army Research
Office Workshop on Base Camp Sustainability, (2007).

X k20

Holmer, Curt. "Bio-Regenerative Life Support Systems Functional Stability and Limitations, a
Theoretical Modeling Approach”. The University of North Dakota, Ph.D. thesis, (2020).

X k21

Barta, Daniel J. "The Lunar Mars Life Support Test Project" NASA Technical Reports,
JSC-CN-36382, (2016).

XHR22

Zabel Paul et al. "Future exploration greenhouse design of the EDEN ISS project." 47th
International Conference on Environmental Systems, Charleston, South Carolina, (2017).

X k23

R.M. Wheeler et al. "Crop productivities and radiation use efficiencies for bioregenerative life
support." Advances in Space Research 41 (2008):706—713

X k24

HFEHZAMRIEN. “AE—5"—AKZEMENZEZREXEBM T AE—5"211itImx)
IR R ERE” (2014/6/5)http://www.cmse.gov.cn/zhuanti/news/show.php@itemid=4102

X k25

R.M. Wheeler "Agriculture for Space: People and Places Paving the Way." Open Agriculture 2
(2017) : 14-32

X k26

Daniel J. Barta "The Lunar Mars Life Support Test Project." (May 26, 2016)
https://ntrs.nasa.gov/citations/20160006345

X k27

Christina M. Johnson et al. "Supplemental Food Production With Plants: A Review of NASA
Research." Frontiers in Astronomy and Space Sciences (November 10, 2021)
https://doi.org/10.3389/fspas.2021.734343.

X k28

Roberta Paradiso et al. “Design of a module for cultivation of tuberous plants in Space: the
project Precursor of Food Production Unit (PFPU).” MELiISSA Conference 2020.
https://www.melissafoundation.org/download/656.

XHR29

Thijs Van Gerrewey et al. “Effectiveness of Bacterial Amendments on Lettuce Performance Inside
a Plant Factory with Artificial Lighting.”

MELISSA Conference 2020. https://www.melissafoundation.org/download/655.
X k30

Tako Yasuhiro et al. "Analysis of circulation of carbon, oxygen and water in the Closed Ecology
Experiment Facilities.", Proceedings of the International Symposium on Application of a Closed
Experimental System to Modeling of '*C Transfer in the Environment (2007): 92-101.

116



XHR31

Tako Yasuhiro et al. "CEEF: closed ecology experiment facilities." Gravitational and Space
Research 23.2 (2010).

XHR32

Tako Yasuhiro et al. "CEEF: closed ecology experiment facilities." Gravitational and Space
Research 23.2 (2010).

XHA33

Hanford Anthony J. "Advanced life support baseline values and assumptions document.”
Technical Reports (2006): 3.

XR34

Peiro Enrique et al. "Air distribution in a fully-closed higher plant growth chamber impacts crop
performance of hydroponically-grown lettuce." Frontiers in Plant Science (2020): 537.

XHER35

Molders Katrien et al. "Selection and hydroponic growth of potato cultivars for bioregenerative life
support systems." Advances in space research 50.1 (2012): 156-165.

XHR36

Paradiso Roberta et al. "Soybean cultivation for Bioregenerative Life Support Systems (BLSSs):
the effect of hydroponic system and nitrogen source." Advances in Space Research 53.3 (2014):
574-584.

k37

Stasiak M. et al. "Crop selection for advanced life support systems in the ESA MELISSA
program: Durum wheat (Triticum turgidum var durum)." Advances in space research 49.12
(2012): 1684-1690.

XHA38

Xie Beizhen et al. "The water treatment and recycling in 105-day bioregenerative life support
experiment in the Lunar Palace 1." Acta Astronautica 140 (2017): 420-426.

XHA39

Nelson M. et al. "Atmospheric dynamics and bioregenerative technologies in a soil-based
ecological life support system: initial results from Biosphere 2." Advances in Space Research
14.11 (1994): 417-426.

ka0
AEIELS . EEREICE T 2N ORI EYEE T 20. 4 (2008): 228-235
Xika1

Joseph F. Romagnano et al. “Dwarf Crop Response to a 16 or 24 hr Photoperiod Under LowLight
Conditions.” Utah State University DigitalCommons@USU (2002)

XHiR42

Bruce Bugbee. “Yield Comparisons and Unique Characteristics of the Dwarf Wheat Cultivar
'USU-Apogee'.” Utah State University DigitalCommons@USU (1999)
https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1009&context=cpl_dwarfcrops

ka3

“Advanced Plant Habitat. National Aeronautics and Space Administration.”
https://www.nasa.gov/sites/default/files/atoms/files/advanced-plant-habitat.pdf

Xiik44

“Historical Summary of the Selection of USU-Perigee.” Utah State University
DigitalCommons@USU (2002)

https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1002&context=cpl_dwarfcrops
XHk45

“Dwarf Crops For Space Flight. Utah State University Crop Physiology Lab College of Agriculture
& Applied Sciences.” https://caas.usu.edu/labs/cpl/research/dwarf-crops

117



https://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=1007 &context=cpl_dwarfcrops

X k46

L X Liu et al. "Achievements and Perspectives of Crop Space Breeding in China." Food and
Agriculture Organization of the United Nations, Rome (2009): 213-215

Xk47

Tapan Kumar Mohanta et al. “Space Breeding: The Next-Generation Crops.” Frontiers in Plant
Science. (2021) https://www.frontiersin.org/article/10.3389/fpls.2021.771985

XH#R48

Liling Jiang et al. “Space breeding in modern agriculture.” American Journal of Agricultural
Research (2020) 5:81

XH#R49

L X Liu et al. "Achievements and Perspectives of Crop Space Breeding in China." Food and
Agriculture Organization of the United Nations, Rome (2009): 213-215

XHA50

Luigi Giuseppe Duri et al. "The Potential for Lunar and Martian Regolith Simulants to Sustain
Plant Growth: A Multidisciplinary Overview." Frontiers in Astronomy and Space Sciences
(January 4, 2022) https://doi.org/10.3389/fspas.2021.747821

3XHR51

Natalia Kozyrovska et al. "Growing pioneer plants for a lunar base." Advances in Space
Research 37.1.(2006) :93-99. https://doi.org/10.1016/j.asr.2005.03.005

XHR52

G.W.W. Wamelink et al. “Crop growth and viability of seeds on Mars and Moon soil simulants.”
Open Agriculture 4 (2019): 509-516

XHA53

L. G. Duri et al. “Mars Regolith Simulant Ameliorated by Compost as In Situ Cultivation Substrate
Improves Lettuce Growth and Nutritional Aspects.” Plants 9 (628): 1-17

Xik54

Natalia Kozyrovska et al. "Growing pioneer plants for a lunar base." Advances in Space
Research 37.1.(2006) :93-99. https://doi.org/10.1016/j.asr.2005.03.005

XH#R55

Frédéric Peyrusson "Hydrogels Improve Plant Growth in Mars Analog Conditions." Frontiers in
Astronomy and Space Sciences (November 18, 2021) https://doi.org/10.3389/fspas.2021.729278

XHR56

Jana Fahrion et al. "Use of Photobioreactors in Regenerative Life Support Systems for Human
Space Exploration." Front. Microbiol. (June 29, 2021) https://doi.org/10.3389/fmicb.2021.699525

XHR57

Nils Jonathan Helmuth Averesch "Choice of Microbial System for In-Situ Resource Utilization on
Mars." Frontiers in Astronomy and Space Sciences (June 30, 2021)
https://doi.org/10.3389/fspas.2021.700370

XHA58

Frédéric Peyrusson "Hydrogels Improve Plant Growth in Mars Analog Conditions." Frontiers in
Astronomy and Space Sciences (November 18, 2021) https://doi.org/10.3389/fspas.2021.729278

X#R59

Jana Fahrion et al. "Use of Photobioreactors in Regenerative Life Support Systems for Human
Space Exploration." Front. Microbiol. (June 29, 2021) https://doi.org/10.3389/fmicb.2021.699525

XHR60

Nils Jonathan Helmuth Averesch "Choice of Microbial System for In-Situ Resource Utilization on
Mars." Frontiers in Astronomy and Space Sciences (June 30, 2021)
https://doi.org/10.3389/fspas.2021.700370

118



XHR61

Tom Verbeelen et al. "Development of Nitrogen Recycling Strategies for Bioregenerative Life
Support Systems in Space." Front. Microbiol. (October 13, 2021)
https://doi.org/10.3389/fmicb.2021.700810

X k62

Shimizu Tatsuya. “Circular Food Production System Using Algae/Animal Cell Recycling Culture.”
50th International Conference on Environmental Systems, (2021)
https://ttu-ir.tdl.org/handle/2346/87127

X k63

Laurent Poughon et al. "Limnospira indica PCC8005 growth in photobioreactor: model and
simulation of the ISS and ground experiments." Life Sciences in Space Research 25 (2020):
53-65

X k64

Lasseur, Christophe, et al. "MELiISSA: the European project of closed life support system."
Gravitational and Space Research 23.2 (2010).

X #r65

Walker, Jeremy, and Céline Granjou. "MELiISSA the minimal biosphere: Human life, waste and
refuge in deep space." Futures 92 (2017): 59-69.

X k66
MELiISSA Foundation. "WASTE TREATMENT".
https://lwww.melissafoundation.org/page/waste-treatment”, (March 14, 2022).

k67

Lasseur Christophe et al. "MELISSA: the European project of closed life support system."
Gravitational and Space Research 23.2 (2010).

X k68

Walker Jeremy et al. "MELISSA the minimal biosphere: Human life, waste and refuge in deep
space." Futures 92 (2017): 59-69.

X k69

MELiISSA Foundation. "WASTE TREATMENT".
https://www.melissafoundation.org/page/waste-treatment”, (March 14, 2022).

X#ER70

Thiron, Benjamin. “Global Control of a Life Support System: Flow control and optimisation.”
Kungliga Tekniska Hégskolan (KTH), Master's thesis, (2020).

X#k71

Noah J. Langenfeld et al. "Optimizing Nitrogen Fixation and Recycling for Food Production in
Regenerative Life Support Systems." Frontiers in Astronomy and Space Sciences (June 18,
2021) https://doi.org/10.3389/fspas.2021.699688

X#R72

Zhang, Liangchang, et al. "Water management in a controlled ecological life support system
during a 4-person-180-day integrated experiment: Configuration and performance." Science of
The Total Environment 651 (2019): 2080-2086.

XHR73

Thiron Benjamin. "Global Control of a Life Support System: Flow control and optimisation."
Kungliga Tekniska Hégskolan (KTH), Master's thesis, (2020).

XH#k74

Doug Messier "EDEN ISS Project Presents Results of New Greenhouse Concept for Future
Space Missions". Advertise on Parabolic Arc Polls Archive. September 1, 2019.
http://www.parabolicarc.com/2019/09/01/eden-iss-project-presents-results-of-new-greenhouse-co
ncept-for-future-space-missions/. March 10, 2022.

119



XH#R75

Nelson Mark et al. “The water cycle in closed ecological systems: Perspectives from the
Biosphere 2 and Laboratory Biosphere systems.” Advances in Space Research 44 (2009):
1404-1412.

X#k76

Zeidler Conrad et al. “Resource Consumption and Waste Production of the EDEN ISS Space
Greenhouse Analogue during the 2018 Experiment Phase in Antarctica." (2020).

XHR77

Liu Hong et al. "Review of research into bioregenerative life support system (s) which can
support humans living in space." Life sciences in space research 31 (2021): 113-120.

X#A78

Nelson Mark et al. "The water cycle in closed ecological systems: Perspectives from the
Biosphere 2 and Laboratory Biosphere systems." Advances in Space Research 44 (2009):
1404-12.

XHA79

G.H. Just et al. “Parametric review of existing regolith excavation techniques for lunar In Situ
Resource Utilisation (ISRU) and recommendations for future excavation experiments.” Planetary
and Space Science 180 (2020): 104746

XHA80

Zeidler Conrad et al. "Resource Consumption and Waste Production of the EDEN ISS Space
Greenhouse Analogue during the 2018 Experiment Phase in Antarctica." (2020).

XHR81

Liu, Hong, et al. "Review of research into bioregenerative life support system (s) which can support
humans living in space." Life sciences in space research 31 (2021): 113-120.

334 AEICEDHIBU FRFE/ETICEE T 2 BERESERE
3.3.41 SEEYOEBEERIEICET 2 ERESE

5| AR U

3.3.42 SFEEVOERFEDOHIZICEY 2 ERERAT
5| AR U

3.3.4.3 R EDIZE ICBAY 2 ERESET
3k

Terashima et al. "Green light drives leaf photosynthesis more efficiently than red light in strong white
light: revisiting the enigmatic question of why leaves are green." Plant and cell physiology 50.4 (2009):
684-697.

XHR2

Huesemann et al. "Climate-simulated raceway pond culturing: quantifying the maximum achievable
annual biomass productivity of Chlorella sorokiniana in the contiguous USA." Journal of Applied
Phycology 30.1 (2018): 287-298.

XHR3
Raven. "The cost of photoinhibition." Physiologia Plantarum 142.1 (2011): 87-104.

3.3.44 EFBEFEICEHT 2ERET
3k

Hendriks, A. T. W. M., & Zeeman, G. "Pretreatments to enhance the digestibility of lignocellulosic
biomass." Bioresource Technology, 100(1), (2009): 10-18.

XHR2

120



Tan et al. "Design and establishment of a large-scale controlled ecological life-support system
integrated experimental platform." Life Sciences in Space Research, 31, (2021): 121-130.

XH#R3

Jouanneau et al. "Methods for assessing biochemical oxygen demand (BOD): A review." Water
Research, 49(1), (2014): 62-82.

X k4
Sun et al. "Effective biological nitrogen removal treatment processes for domestic wastewaters
with low C/N ratios: A review." Environmental Engineering Science, 27(2), (2010): 111-126.

XHAS

Korner, P. "Hydrothermal degradation of amino acids." ChemSusChem, 14(22), (2021):
4947-4957.

121





