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Fig.1 The international development history of plant factories
21 EMEMI] ZRIAE

1957 ¢, FHEHL) 50 AT SO 8 R T A L
FEEREY) T KT LA 1000 m®, SRA AT
Je5 BRI, T BRI KT . N IE T
PSRBT, R4 E S L R R, 2l
TERUERE, EFEE AL 400 JTASKE, 29100 JT ke
1960 4, FEEHBEAAFFRLITE T ALY T
FIBT A TR, O Z IS e 0K . 1963 4, BLHLA
AR A IR 1 — R 30 m BRI T . 12T K
BT AR e sUR SR B T 3, K EE AN
VERIREAESE, X RO IR B SO T R R g
BT IR, 20 2D 60, 70 FEAR, MM T HIWER

SR T 2 MRS 5. EERE A
FEONPLE KM AT VR ERI A F, DA AR
Rl HAMHIL., =38 T%2 KM g4 2 L,
N T AR EEENT KRB . 1974 £, H
A H SEHE BT S 5T I I BRI TN T
WY T MRS S ZERLE T, 1983 4, {EF
M=t 7 HAS - EIES B AT Y
T e ZL) RAT = MARA S5 S =K B R
HR, BT 2R RAR . EX R, YT
J TR S EANTE NN TR, ELE 20 2 90 4
o I A TFUERAR = AT - SR, X P A e TR
ERMERK. REFEm M, RE T eIz M
o k3] 20 el 90 FFAK, HAPA L) 20 HEA T4
L7/

21 thad IR, FrEREIAK 5 N NI T = kA
KT B R A R, WS LED e iH DL &% 40 W LED 41
EOCTR I R I, B0 L T RN R B Ak i R
SR, MY T el T OB AR R KR . YR
REFEE ERMK, RIEEMEHEEL 04m A, =W
PR RE R B ERR, RSl T KIgER . £it,
BT P E N TR RN B, fTEHA, MY T
PR BERA TR 2009 4, HARHEY L] $Eik
P32 BE, F]2022 4, KEL 300 K. Hi, A TE
WE LN LED L), HHEA 2300 m?, FCA
15 JZ2 AR, HFEH3E 10000 £ ;  K BRI 7K
M LED M 1), AN 550 m?, B E kR 18 )2,
H=H3% 5300 B . 5 E E 2009 4588, —R AL
A EF I N T T IR TAE. 465 JLAENR],
EAHGRHEH T 10 2RSS REY T 7. Har, #HE
CLE IR 1) 20 40 J,  Horp o) F R 37 s 16 S 1 11
W) P2 R AT AIA 9000 m?. IEAESR, 25 E A% B BUR
TR G R TE AN NEFB, BMRIF M. 2.
M. KIRZEMD T RS AR, 2 e
T ZmErKE A, Oishii H% T) %2 ARG TR
KR - 15 )T e FH BRI AT BROAS 1 A B H R, AR AR
BERED T B R AN P AL S o 5 [ B £ A F A
A B G R B T ARGA 15000 m® . AEFZ I3 1000 t
T, DL T RRINAERE ) 1) 40088 0 i B 1 A7 J= A
SEE
22 EREMI XRHE

BT E PR B b B R M ER, pEEY T
(1R B BARE D M, (HR B ARG, Bt E
CLAR I Bt R B R e K A A T A 7 | 2 Hte,
2006 4 3 A, HE R RR B T A R T AR N
20m” /N LED ¥ 1) R R4, B 17 HEEY
T HARMEFS. £ ZENERBRASRE, 2009
F£9H, ENE—BIREMEY T f£ERKEER, H
HAA 200 m?. X —drEMEFE, B4 P EEY TR
CES N AR B B 8 2023 SEJE, HETEAEY)
T A OIS T R E R R, Sibrig T H R & — e
RN TG 1) Bt 250 |, 2T %
Jemt. B, REEE. WD, TLOR. IR, BRPE. RS


http://www.tcsae.org

31

MHASE: BEMEY L) KRR RS 99

20 AW AAK . fEEE. T ALHEY T 9K, o+
I A Ml At 27 Bt AT T ARME AT FERT PR R =2 AR BRI 2 i
LSRR ECINENTE 5ol e s c8 & R U SR A T
TEPTE EEORBER S Q08 IR IT I B R A A
KRpE, M e R BRI AN, 3R T LR &, AR
T NACTT T, 32 FH A [ 5 10X 28 RN T 384 B V0 v 42
B, BERKIPLES N AT SE R BUR HR A, Il R
SRS BCRHET, BIMNEAERRBOR . PR =R
AL S, TEEMBAEOR, JFREM T A REY)
AR B L M LED BBD6i, sy itk. H
W, %A R BRI e KB b A AT Ry, 3T 36 = 2 E 3
ey BRI R T BH, BRI 1R T 58 4+
710 BRI ahiEd SRR AR R ER BB AR, T
RtV NEY L) . Eak, SEED LT
PRk 3 s R 2 A, ANBUR T AR GEAGT R
R BIPRE F R 2GR SR, e L) iE
SIS KRR AR S, QST AL FNL A .

3 BEEYI BR#ER

FEMEY LRI BRI R R mgOE A,
RHFE TSN EXREER RN, E
i DR RE LED SGIRSEHLE DG, ERIE A F K
B BO AL R e LI A, IE TR R DL IRR S
I, SR EDCRERI A F I AR K ) R R S
WEIE SRS, BEEHETRECE IR, B R TR
W, FIRSBRLR G ARIRIRE . SR IR 1Y,
R E. BEEY T BALEEREASM. TA
AR &2, 25 B & (6 R P R G v IR T B R Ig AT
ISR, RS, FR. B Rk,
R AE AR LS NG BD SE R PRIEBRIERS I ED, 4
Hah b g am i s B, LI A ERAE, RHA]
el & BOR AT B ZA R, 2 A% R i S R AR
A % 2B, 38 OB A i N R R A i
RNFEIRBOR R, SR R B A P sk AL
ARG 2 Fron, SR I8 L F i) SR AR P A 42 )
ARG, WD SEIR LKL E 3R B S O %
BATIRES, BRI A A T R B KB, SEIUEY
M. L. Zadr™.

B2 Intelligent control system
D 5G+

4® :a = E i.ccessorly r_nachir:ies .
N ir ventilation and purification
— w ( ToT sensors
® 3% P 0 %! M Fertigation system
200009 Aviiil lighng
BELE eat ray interception

=

Temperature control system

s Artificial lighting system
l

&

*:  Humidity control system
#  Phenotyping

(] CO, control system

< (o
| OO DD D

B2 tdT] AganE
Fig.2 The composition of plant factory system"”!
3.1 EYIT AMRASTRERA
B SRR BOR B0 RFS2813%T,  LED I AO63
RBFEET. SHFER, AR EEEEYOCEY ¥
SR BEAT, A ROGECTT KRB ROBIE A AN
W, Xt AL EHES Y L) LED JG AR A EIR I H

KGR o T REP AR SR 2R WG S B R AR 40
SR BOX — E A, RN G A H DLAT
W LED N3 AR i A HE SR, 3 — G137 1 R K M 1 sk
T G A ER TR EE) B A R RE
HH, BE# LED & SHEBEH AR W S, LED b
BRI R REZRE. 20465, LEEKRKT
1 pmol/J, T4 B3R TFE 4.1 pmol/J HI/KFEE, @i 45
FEEL O TR AR 0 A AR BRI NLE], R 51 A T A
BV T B8 TAREDRF . AEAE LR
WACSELY, 45 7S T 2 el )y RS LED 56
FIRE AN, RGN . BAr, @R
FUEYI G RN H b PSR izt S50, Y
S H BB A O R 5 R A R i b R BT 9%k gk
YR REBSARIEE AR A K B & 7R, K
AER e, [, FIFHEERSS) LED JelidE, #
P I TR PR AL B B IR R 4P, X — R4
AR AR AR A K R R ) R AR, B TR R YR A B
MR, FF— P mobRe R AR . o, ok
TV ED AV K HOCIR R MR SR, H#Esh T
A T 37 B 5 B 1 R 6 B S5 4 1l R 1) B K Al
AR T RERERERY. e 3P R, XSRS
AR, NPT R, TREA AR T RS
AR HEP,

B3 AT L) feRftEdn £ 58 B F RS S B AN
Zuagrt
Fig.3 A new cyber-physical-biological system for energy and crop

production management in plant factories””

BLAh, BEE R T SR EOR AL AR A i )
B R ARGREAE KB BT R R T — R51H
REROR, B T RIFHITTRERCR, flin, i 5] 8k 4k
H AR WA E R IR, —E R R TR RS
BAT O B, ARBRGOA ST R A 1 SR BUS R
BENS RS HE A A AR AR A B OB, B G 1 o B
VL) IREE AT R, MR KBRS T M R 4
REAE. SEfif LIRBORED, WY LT Z3iG ReAERRIt,
KR 1 REIRA AR . SRR, SRR SA T
BEVEAUHT REIREAR, A5t — D HIB R S BEAE S I8 1T A
X LG R FE AR T SR kAL R 32T M B AE AR
BUskz, HoAfr 5 HE B R B R, A AR



100 flk TR (http:/www.tcsae.org)

2026 F

b A P R A T O BRI
32 EYI EETERRSZESHFAEA

AR, Hb BRI B e ORI ) R A 2 A 2 Ok
IS EH S5 THEY T W EE 2 W R RRE
DU R IR #2 & LR 8. R —4ik, ADERC
WS 7R R . HAR KBRS S K52 s D Wt i 2 B
M, HREEREZE 182, 78 E R % w i il
(Essex warehouse) I H E A 1], #HIFE ML
BT 17 )2; #£HE AeroFarms AR RIS EEY L),
BRI 12 )20 2023 4, RO R B 8 i AR L B
FURTANE TR AR, AT ARk B E AU 20
EREEMEY T P, T 5IAT 16 MHLEE AR
FHEBERE, SCUL T EE SR AN, R
IR FE Y 120 R5 0L b SR, BLSRILIX K B
YL BIRsE . m0siT, VA2 a5,
w, W ARSI B BE. CO, ST E R R
AR N 38 5 o3 AT, DA e v J2 2 ) 3 R A
Blbk. AHBINLEE NS B a3 & atse, #52 RkE
W A 7 S SR 7 1A)

BEAE MY T AWrm S B E, REMER
RN RGIE&ZIEEH . MR ER, {CEM T 52
FREFARL G, 716 M B AR 25 G R B 0% 4 4> 4 e YR H
FEFEAR 12%~51%, TR 61 7 A58 20 (A8 38 17 o se Bl
BV LT A=, IR I T R 5E 1) oG8 A mT RF 4 R R
PROLE I8, BTk, ERO R R AR i Rt 7
Frdg TEER KJIEAEY 1) (skyscraper crop factory) [
BESEY, BT BN, TRE S ETRRIE R . 3
VG R 5 A] 2L e T5 S0 3 B AR ML A R R OK A
WA= RS, BERE i O BT 4+ Hh 56 5 AR BRI,
N Refa e BERL P FF A, AT AL AR £ W) R R 1)
33 EYI £ SR

TEREY L) HiaE A, 5780 J1 A & Hik 20%
PLER, BRI A . KR T 5 E s KT,
CLSCNIEY) LT HRBE R PR . (& S5
R B ERERA LK B E IR, ReiE
MR T R A (B A 35 Bl AT S I %
FE ST 2 Ak d TR AN 2 A b [ AR A A . A, XA
YL WM. Bk E UGk IR Z R IT
W7, FIHTS B BN AR B AR B, # &
WREF, fEZE. B Bk, M. Bok. BEEENE
W, FERINEENLAE N BERNLE AN . WRPLES A
o E B EN LT SR e 2%, AT AR R ) T
I HINUAL S B, BERET AR, A
BRAR A T A, 297, BB A P B IE 32 o A
ML) kR EEES . @ R EA . AL
] ST, BRRARIRES . KR BB TN LA
T X SRAEESERTI R, AR m i T A
R R, ER T B DR, A T
]RGS AT AR R B T RS R AR SR

Kk, MEEY LT VL. B SR EHEAR
AN WA, O R il S5k S0 )R, EL [ Bt 2 T W
—RAF BRSPS e DT, RE R Re e &

AV S E I BORBENS KR AR N I, S 277 2L
B, AHR SRR B E WA 515 e A
g, XTI REY L) M S, i B e
N RE RO H I 1) B e KPR e RO RHLAS - HL v AR 12
AR AE PR SR R A — L I AR s ) 4% I 5 ]
A, BRI AT RER SR, AT HORE RS
Jrk, RN BEE HAERE SR, R N I EOR
BORKIEIRTE, Hira@ RO Ry T kiR A A
K BONATI R R SRBE IR e — . SR, HLBRIFEAR 2
M, T REREA TSR EE. MK
W LR TSR R FE T R, BEA T S X m i TS
QA BRI LA WS e, HLAE P R AR E PR
AIRT 6 9 PR A T 3 o5 4 S K B, FLRE R BOR D,
B A B, WS E2 B EEHN, HES LM
ALK JE, K AL AR HiG . BRER R0 Bl
IIMT IR S5 SR OGP S, e B BE, BIETE 2
GNP EZ SR

4 EUI] AROEEMTARMEIT R

4.1 FEFRH

BT Rl WEBms, s, 7ELbskiEid
FErf, BB ORI . He, ygE
W TR A B, IR B AT R AR, LU
b 2 FKT 1 AN B AR S 47 i e R 9 ), T e i
PHAG, SRR L) Rei SCELRRal. (@R e ot
4.1.1 IR

BT MAEFEEEENREITRE, FENE—
RYMK TR ERE &, WMmiME 4. SR R4,
NIHERG. LR RS . BIRMIEN RS LL
KA ENIES R %, HRT B, BERAMSERE
PO MY LT R B A R . e, ATk
TRLE S RA  EHEERELE, 240 40%~50%1", R
TR T B RRA RS TRER, HAKRNE
AT 1H v T 0 R B A
412 EATHRAELLYFA

REFE M AR & W LY T KB E s
2, BERERAZ SR T BRA K 25%~30%,
WIT] e B =804l Hh AN TR RS4
b7 BE FER 50%~60%. T ARG REFREL S 15%~
35%- B IR K IZBERESE L1 b 1%~ 5% 4K,
N TOERIZEBE 1188 LED 4T 84X, A LIRpeFerE—&
TR FH TG, 2R, Y L) RIS aReFen R Bim,
BEFS 1 kg M8, ZEAREFERTIL 7~10 kW-hY, IX3KEH
RAGTESIE TR TR T — @b, (HRERpeFE ] &
WIAREY) L) 723G TR i, o & 1 R FE A
BT AP AR, AR TR T R AT
BRI, RREFEATRALE TR, UALERRE
FIA R E T — SRR E . Bar, HATFrEkeE
PREEASY, WIH (BRI . 5l (8L
PERTC  HL 7 AR DL IR 43 3l o AR B S A K AR 3 A
I 26% 21%. 18% FIl 11%; o 438543 404 #E &
(6%)~ ¥ (5% FT (2%) ALl (11%) ¥,


http://www.tcsae.org

31

MHASE: BEMEY L) KRR RS 101

DR, B AT = K 2 S B A A B 0 %o T PRI A 7 AR
BREE,
413 HFhiTH

) T i S TR, X — e
R T LR R T RE LR A R AR T Y )
I HREA RS F . A5 KRB, 2R
ORI R AE PG et R gD, [ 38 TE 75 e
MRS ZSI5 EUEg. 2EWE R =R
MRS, AP AR T L R R S AR e . A
TIEE B SRAEAN S DI RRE S, S I PR e 2
. R, R AR LB B SR B A KR
FEE R LR, AOEREHEY T @Mt
ALK T . fEH. E%E, —MaomEm T Er-mE
FOLMAE LT IARRMUAEY, B8 4 B R AL,
Hlip S s s ke m. EEY T 2Pt
B, LA E BREEEEE, HA Rl T2
—MEKSE.
414 TR A

) T AE N — R AL A= T 5, BN
FRAS AT B e A BRI B R, ANN TR B AR
M7=, AT A BRI R 188 AR . TS AT
B, EYTT ARG, ST REN S5 EE .
BEAFW 2R EN, 2SR 2w A
MHT, MY ETT IR B R T AT D
BB, mlbibis B R A B, AR B RPR LIRS
R P H AT E N ER IR, HAREY T
] H, 29 30% R SEIL AR, 50% 4ERF T oA, A
A 20% AT ZHREYSN, TEEFE,  H AT AU )
"ot EdE. AEER P EBEEENMETHA, W
THEY) T (R 28 1 LA mT 6 B H AR AR
42 ERBEXTIR

NRBAEY T P A s, wTN= A S —
EEAR S E A, ALRIERE, R srERY;
TRIRTEA R, BB QUETZ IR BN, 3855
Wmseg )1, ZRIWR GG R, (SBET ZHE.
W5 RMH, WIFEE1E SIS, Eidix—
RYVZESE, HEEEEY L) AR, #nre il
W, YOREAIAE, NI J SR Tk gk
N PRGHE & (5N
421 SRR RN

Y T VI R A R 2 AN, FEA R
FfE. MR A& . Hasiieds. THARGHEE.
BHEK TR, KPR E R E . ENM IR &I E DL
MARTRERAE, K, @3 T, BRI & R LA
T R vt R v S T T 2 o b, I T R AR
1] 70%5, 25 BB A, AT BAR JLAS SR
HF. FREFEAEY L, TR ma wiE, FH
B3] s R 2SN E S R T SUE R, X
FEBERET 4 T SRR A W R 4, NRE SR B IR A iR
FIH . TERIG AR W, NOEIEE 55 RN,
JUAT B 3 P ARAE AL B P AR RN 24604, 51 e i b kA
T2, AMURECRIERR BT W& A E M, e

AL AE PR B ROAS . X T BRI SRR e £, B 5% R el g
AP I S2 bR SR, DU R A K e IR &N
HEH, RIS, MR, TR
R A KSR IR, A R 2% A
422 BARBATHA A, RAZBFE

T 1) B I R, e A0 2 R 2 A AT B
BRI AT SN, X B R A R A El A S i A
mn TR AR, DA R HIBITRA . W SiE
AT A E B P R, — B RV B A (I
U421 B RAEFT BT A, HA B
(CHTORIE. . EHKEEFERS . &Rl (o
BRI M. CO, R . LAFHSH. Wikia
W, NREHFETLIHRH, HWHERSWITIHE.
MmN E 2 2 7 R R e, BR85S 600,
Az B R S DL A R AR AB ) 1) 7= i A AT 4,
BRI ORBRAE T Re &5 SCILOL AR AN, RIRAE 7= il 1 5 i
SRR E TSk B, HEXZHEY T X
7 LED iR SEARARE: D BN Re A H R 51T
Re I R BRI 4, BE S BORAS W gk 28 R g L B U RR
SEAE, Y L) — Dk A B AR R Ak B T
A g, B RANAEY) T 5h 38 m B A B B e =,
RGN BE Y S, 7 S S NBERE N, A AR AR
T AT amdem, RSB .
423 RHAFZGKBL G

MRS Re A IR T, & KIEHIEY T 1817 % A
S . BARTE, fERdEH, B LED B &4
DGR A RS, AT DUARTEAE Y N v B ORI A R BY
BRI T oK, S REBER A EE S A, TR
FADEIR RS R A LB, it B N EIE,
A 05 R T R BE R/ B B e IR RS, X SR ETRE R
FEREFI R, BRAROGIRRERE . 7RG 71, KA
gl AN IR A TR R T VR, RS SRR R
g, ng TR
424 RZJMEMHIL] 2. =RELFHE

P S SR R T SRR PR A W B AT R . TR
AR, ARHCL TR . H—, XNHES
B R MRS W, AR HRS A iR R
TEREPYL SRR A IR R, MY
A KB 3 B AR, T TR A 2 IR AR A ) AR K T
S ERRE . K, KB K BRI, 3T
Bt srXEREEE, AR B 5 77
SHITERE T, LA KIES, Mo ARMEE
DX 358 5 SR 0o 0 A B L) g 17 A [ 26 K e 30
WIASFEEY), 347G TT 58 TR J7 AT T R 2O
Rt Pe m BN AR BRI AE P2 R0R,  dEi 3G sk = &

FEM AR T T, S E R RIEE S —MECNE
R F B AFREC IR A e 5 R K,
] INF A B 2 178 IR N & SR R & AL, REAE AR
SRR Y i CIOSL AT ST S R gy DA R oA 3
R GRS R . Ak, FERRTHEY) L) &3 RGERT, 16
AR — Lo Tl e B SR k2 F R AL, XK
ARSI M EMTE R, A S mEY) T



102 flk TR (http:/www.tcsae.org)

2026 F

JHrEE, R R A U R AT e g 4.
425 MM I IRFEIEH 46 RS H AR

HRT, FEYT) IREE s - B s e fic 5 %0,
BRI T LR DT S R, X
FIEE FRBAE — 2R E B TEY T HARKKRE.
SR, BEEXHED A KIS R AWIRN, W,
Y. WSS R R A KRB R T R IR
WEIE T EARR M E. BRT, HEHEE AT YIS
B, 0TI e ) B A 55 DR 2 A0 )R A S AL ) AR K TR Y
EMLH] . BAEMER S E L eSS RS & 2 18 (1)
W FE S S T T, ATIAEE R E AR NGB R AR E

CLii3g ), T W) N RK AR, H
MRFRAR AR B T sh P — e 0L, WA, Rk
FKRRFG R, & B I A A T AE AR R AR 3 B 0 A 3
PEEAR R 20% 7 X — IR R T IS A
KIS BB R F1. BRI, 2400 X Vi35 A FE 08
NER, ASFEEWITEA R K M BT % 0 i R4 iE
ChnR e . A MR, = RGMBR AT
AR SR B R 45 37 LA S B E D) e B B R AR SR N
R ESEMERKNHEXR, A THER RS EE
YA B R AL, AMEEY T KRR
IREERE W3 B AR RIS AL A o

LI MRS R R A K P I E R R REAS AT 20 6
AW FRIL, IR R TR R, R R R,
Fi37 VA5 Bl T 36 S R 5 9% 76 2R AOVMRSCRI R FH 28R ),
SR, H AT 3% R0 R 3 16 1 AL 10 A 58 4 1 i
HAEF R Z 258, . /E A% 2 R E R
Mit7Y, LA [ 47 b 2A ek e 37 0 37 1 v 7 A7 5 5
o ML, IR S HABRR R CUeiR. B
WS Z RGN ARAE RFIRATFTE . Fk, kK
XTI RREH R T R SR D E, BT
AN A KR B RIS, R T B M
WA R A KRR AR

RS T R Wi IS4 B3R 5 A
R RRR, RAESEY T SR A H M A] Fr4L Kk
MEEFEZ — EAMUG B TR N A K 5
WP, ERE NI EAEY T B4 R A g IR A A
ROCRIBAE AR IR MBS . Kok, BEL%R
PEUR, NSRBI AR, IRANTT A BT 7T AN R
HARTF R, R T HEeth. R R R 2 B
42.6 EshE T HRTAZ LS

W R TG 2 B R T R S ok
A" ST R H 28 S . A T SE A R
B, EWTNZ o RIEREmS, BERE. X,
R BEBE R BT WY AER S . B
ANFEHIN 3, v DR B e A R . ASFE R
YT 7= 5, AR IR JE R 52 (B i Sk i 3¢
T HE RS G AT IR N OB S A2 A, 5K,
EAbE S B, B TINEEWT, BT EY TR
(T SR E 5 4 X B S PR B B U i L, RIS T
A NUEE Wk rTRATU, #ET) S5EA T IS
EEAUT, D AERTHE PR R, 3 2

Mo Rat, IR R RS R RIE NG Jy . BEAR,
X L) fhdt AT B TAF R EEZR R A
HREMER, RSO T ™ i 7S
fEtE, HIMED S E SR ZR K, RS EELLT 9%
R MR B SR I AiRURE B il 2 A PR AT v i B
w5 PR, ML EERESRME, il
HRBEREMNDERE, PRSI, S
T St 2 B T N 7 K
5 HREREINL

FEN T VRO FT XA 2, B e ORI FH B U
RIHEY =B 5 i, FERARE R RS FE R NS R
b, E Al 24 R B R R BB R R Ty 1M AR
FE R fR I R rh A AE — Lo SR i . IR0 SCRTA, 4
W BN . IBATREFER. R AL A AR, 2 T
MAALHET, Oy Ay RS, STk, 7 A
SRR, IR T 0 S P A HE 1% . BT
IAEBCR B4 T 5 30K, (R e L TIkRRERL, H
InsE N A B IR, MEZERANAER ZTTHRKTT,
DA bt ) 4 K D BRI S AR %
B/ PP EE
50 ERNMAEBHSELL, MAEYI QL
HhE

T T AR seitiAO I i s B R R TR S A2 B
EaiEp iz R e E RSO R ARIL T ANE R
Bt DX A U ) e B AR KT, IR B R AR R [ Bk
WA TE S IR RL BT R 3 SR
AR T, BE— A SR R T GBI R K SR
N HEEMEY) T O SUR CHAS — et R,
T WE 863 THRIT JTRE T BRI T A
FRECRBE T, AT MRS T e AR T
JoRIH” BLE CHE T A MO S AR T
H MBI TR SR AT i 2 BARE, s ™,
[l 5 N T A T H SR, R s — T ot T, R
VL) RRRESR T T LS AR B PR 545 1) 5 Sl B L% A
B i T 5 DO RE R A% e FH il R B 7 S Y DR B
Ao BB ORI, HEREEY T R
FIH R, AT s A A, i A T
PAPALERE,  $ETH AR FE PRl s BOR SR SE 4 7T o
52 NMMABEEHHSUAELR, MAMEYMI BR
MEEHRFENE

ML) AR — MR mEAR ST —
PR, AR IR E 2 ik, HR5ie
AT RARL R ZE SR AT I 8 B A A2 DA b A 8 R TR e
SR A, AR B R EUR AR OV R IR R R . H
RV L] KIEJTH AR et 76 EiE. £
R, HABUMNED SCHEAMEBCR, HEY T MR
R T SRR ). IXPBCR SR A R AR T 4k i 471 3]
BNRAS, EZEY T 8 RIS T RIEFNLst
Mato LHFRK, HAFDARMT#E— DAL “HRFEY
T A T R, I R U SE T S Al 4
JEHEAN T, DR LTk i E Bl R FEAiE 1A A


http://www.tcsae.org

% 3 4 A

BT KIS 103

FAfe ZHIX 20, o E R R O
FEWR, R ) N [ o R R 7 ML H Y .
FEBLRRBL T, SR A2 oA i R B SRE AL R 0 15 B
F, BRI A ERRIR 2R T, SEE
RISCERSR, R A s T g ARSI B, AT
—E B AN, Rt AR St i A Bl AR
ai Y T, SR AN, sS4k AR [ PR3 b
MITE5 710 I a7 BB RE, U HE B it 5 i
R HARBIH AR, O T B AR IR 2
FeRTT R T 5,
53 NAMNAESEMENENII ~IlLR, @it
BRE. BEER. BRSISFAN, EEAXMIAHM
B~ REVATE, IR R

T L) R R A5 AR s X 2 48 B A B I AT 5K
DX IR R AS V- 17 B 1 [XC A 8 28 B 22 B 4 ox HL 7 AR
AT ) 5% ) Rz A e AR 5 s B . A XA SR
b BTRFROEMXE TR E L BRI,
FIALSEAEAE Rt il BRI T UM R AR T
e ds kil DA R 00 I 17 4 [ e dE)
BT, EREMERRETE . SR SN ER
JE, SE/NRU R s, SRR e F AR AL HE T,
B A A R RSz o ARV A3 5 e Xy i o s i A 7 ol
SR AL X S ) T @ oRia ), R Se AR IR L X
BELAH A 25K RGN FIAN = ST 2 f, 22
fEBRS ENBEAA . P T AR T B A S5 AN R JR AR TE K
BAEE, BN TEM T SRR R E S
PSR Y T ¥ K 5Tk a2k
54 NAXEVMRHBEMXBHEDI ~lmE,
BEMAXFMALRSZTE. BHEEGRENT &Y
R RNE, RN T RYHAE M

RRPENG S ALTIRIEREY B, AR E 2 TR 1
PR B8 I, B R UK T BB A R H R E R 2R,
% By 3 R T B D I B T R S TR AL AEURH R
FER T A B AT S I B IR R SRR IC bl
LT BAMREI S, TASZ b BT 25 10
BRAICY,  BENEFEIN T (AR R X T R A =g ), it
BCAESR T A 3 LU T % D B e ks AR I 1 R
— 70, DMK T AR S, R EY) T 5 1
HA A mA A R g, Ak B S R g emE
FEREST, U XA TR N IR L BE AR 53— 5 I
FESRTTAL D R4 B & T AR 28 T I A A 267 iR
SR HWEEMT) PG, NERREMEEGEMN T B
NIY SN R VW E S N =R S S o R VAR 2 04 S
FRRWDASMHERHA G BT, N2 E. g%
R B (AT A, XA RES 1R R T R
() RS MRS, S R BRI T R A . R MR
EFEHUIRBLIIBE T, DRBEIR T BB A e 5 22 42

6 % i&

ARO[ A A T R JE BURS B oAR #E JE EAT
T RN RGP VR R T AS R E 2 X
L) WU EDIRE, BT 7 H B . N A A

Ll A R R S % . FR, RERE AR, Y
BEMR AR E IR BRI R D BOR, IRANERTT T H R
WSt . TR LT R A KL T R
T RET7 V% LS AR B QBT S5 R R U e T 1 A
BEMR TR el A BRI SR T R
SR, ANFTBALEE, Y T AR R b
BB RO E AR R AT BORERE R
ASEE L TN AR BAR S ) A, XL — e e
& B T HOOBHE T 55 . sy T fE3L
ARAME H SEBL AT P B e T AERT FUAN AL g A S
YERZ ORI KT

FERTTURTE, R RG2S RHER R . R
ARG, RARTUEM KR B KN AELE], R
EAAFE K BAEXOEIR, E5E . REEREER R
(i SRIFAE, 18 FH 2 N g 4 B R IR R 2E K R 5 08
ASERHLEL, Y T R P IR AR SCHE .
FE SR 2 UK, IsEA Y T ARSI IWE I, 45
EAEYVE TR AR R B, IR T R R A
FRBICTT, AL A K E RS S F. K
HERE N AR GIHT, WHA R RERT G LED Jed, SEHbt
WEBREZ . UG RS HE %, W AR A KT K.
TFR AENAKIE— AL R G, 32 K B AR KA
R AR AN A RS BOR SEBL A B 2 4 S
WS, RTHAE S B R K. A, &
AR T e 5 A R GHr, TNk 2 ARt HIBL I & 1R 5 28
AP NS N TR REBOR T AR RE R A A A 5 00 A%
gt, S Er ACR MBS L, (E SIS MR
BREAREE R S, UG LT &t 5ikst,
B VR BAS M RE TRV HE -

FEP AL R T, BUR 7S 70 A R R
ERFE AL BARTIETER A AR, W w ) T
kR e B AR, E RS AR R, ol R RES
HEE, e W BN Bt B &I BUR, FEIK
AV BIE B A, B AN T
BEAk, R RA OSSR sk, sl
SR GRS AL P WAL, IR AN, Rk
REESATI, I oRBARCNH A G, BRG] Et
R SRR A G RE AL 3E
$ 10 JEH, BUIT RS2 1 E bR A AE 5 S
SIBEEANEF MR . EEARM T4, HEANED L)
7 ) PR A e o

T T AR DA B BT 1 B 2R, X+
SEBLAR D W] 5 2 O i LA B B AN T S T I AR AT TN
7oA P TET P B TR E A B o R 2 T W 1 2 b
i HESIED T LS R TR SRR, AR
EEIMAEE . MRk, SRR R TR .

[& F X W]

[1] Mordor Intelligence. Vertical farming market size and share
analysis-growth  trends and  forecasts  (2025-2030)
source[EB/OL]. [2025-06-12]. https://www.mordorinte
lligence.com/industry-reports/vertical-farming-market.

[2] The Insight Partners. Vertical farming crops market analysis



104

Flk T2 (http://www.tcsae.org)

2026 F

(3]

(4]

(3]

(6]
(7]

(8]
(9]

[10]
(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

and opportunities by 2028[EB/OL]. [2025-06-12]. https://www.
theinsightpartners.com/reports/vertical-farming-crops-market/.
Siemens Vertical Farming. Vertical farming is flourishing
thanks to digitalization[EB/OL]. [2025-04-05]. https://press.
siemens.com/global/en/pressrelease/scaling-vertical-farming-
siemens-ensures-perfect-plant-growth.

Philips Lighting. Vertical farming[EB/OL]. [2025-06-12].
https://www.lighting.philips.com/application-areas/specialist-
applications/horticulture/vertical-farming.

Mitsubishi Chemical. Greenhouse plant production system
with solar light[EB/OL]. [2025-02-01]. https://www.mcgc.com/
news_mcc/2020/1208127 _7469.html

K EY L) IR KR RIS (], Aol TREHR, 2016,
36(10): 9-12.

JINGDONG. JD cultivates new smart agriculture push in
China[EB/OL]. [2025-04-09]. https://jdcorporateblog.com/jd-
cultivates-new-smart-agriculture-push-in-china/.

SananBio. Vertical farming horticultural lighting[EB/OL].
[2025-06-12]. https://www.sananbio.com/story.

Mulinsen. Plant factory[EB/OL]. [2025-06-12]. https:/www.
mls-co.cn/application/370.html.

M T M. JE5T iR AR 2019.

LEE J G, CHOI C S, JANG Y A, et al. Effects of air
temperature and air flow rate control on the tipburn occurrence
of leaf lettuce in a closed-type plant factory system[J].
Horticulture, Environment, and Biotechnology, 2013, 54(4):
303-310.

CHOWDHURY M, KIRAGA S, ISLAM M N, et al. Effects of
temperature, relative humidity, and carbon dioxide
concentration on growth and glucosinolate content of kale
grown in a plant factory[J]. Foods, 2021, 10(7): 1524.

KANG J H, KRISHNAKUMAR S, ATULBA S L S, et al.
Light intensity and photoperiod influence the growth and
development of hydroponically grown leaf lettuce in a closed-
type plant factory system[J]. Horticulture, Environment, and
Biotechnology, 2013, 54(6): 501-509.

CHEN D, MEI Y, LIU Q, et al. Carbon dioxide enrichment
promoted the growth, yield, and light-use efficiency of lettuce
in a plant factory with artificial lighting[J]. Agronomy Journal,
2021, 113(6): 5196-5206.

MUNYANONT M, LU N, RUANGSANGARAM T, et al.
Effect of far-red light and nutrient solution formulas on
calendula production in a plant factory[J]. Biology, 2025,
14(6): 716.

MERRILL B F. Handbook of Photosynthesis|[M]. 3rd Edition.
Boca Raton: CRC Press, 2016.

MITCHELL C A, SHEIBANI F. LED advancements for plant-
factory artificial lighting[M]/ Plant Factory. New York:
Academic Press, 2020: 167-184.

DEMARTINIS D, HITZEROTH I I, MATUDA R, et al.
Engineering the plant biofactory for the production of biologics
and small-molecule medicines—volume 2[J]. Frontiers in Plant
Science, 2022, 13: 942746.

DECARDI-NELSON B, You F. Artificial intelligence can
regulate light and climate systems to reduce energy use in plant
factories and support sustainable food production[J]. Nature
Food, 2024, 5(10): 869-881.

TIAN Z, MA W, YANG Q, et al. Application status and
challenges of machine vision in plant factory— A review[J].
Information Processing in Agriculture, 2022, 9(2): 195-211.
Food and Agriculture Organization. Global agriculture towards
2050[EB/OL]. [2025-06-12]. https://www.fao.org/fileadmin/
templates/wsfs/docs/Issues_papers/HLEF2050 Global Agricul
ture.pdf.

AVGOUSTAKI D D, XYDIS G. Plant factories in the water-

(23]

[24]

(23]

[26]

(27]

(28]

[29]

[30]

(31]

(32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

food-energy nexus era: A systematic bibliographical review[J].
Food Security, 2020, 12(2): 253-268.

SMED S, DEJGAARD J J. Food safety information and food
demand[J]. British Food Journal, 2005, 107(3): 173-186.
KOZAI T. Resource use efficiency of closed plant production
system with artificial light: Concept, estimation and application
to plant factory[J]. Proceedings of the Japan Academy, Series
B, 2013, 89(10): 447-461.

KIM J W. Trend and direction for plant factory system[J].
Journal of Plant Biotechnology, 2010, 37(4): 442-455.
SHARATHKUMAR M, HEUVELINK E, MARCELIS L.
Vertical farming: Moving from genetic to environmental
modification[J]. Trends in Plant Science. 2020, 25(8): 724-727.
GULANDAZ M A, ALI M, KIRAGA S, et al. LED
illumination intelligent control system in plant factory: A
review[J]. Precision Agriculture, 2022, 4(1): 1.
SANTITEERAKUL S, SOPADANG A, YAIBUATHET T K,
et al. The role of smart technology in sustainable agriculture: A
case study of wangree plant factory[J]. Sustainability, 2020,
12(11): 4640.

LIU Y, MOUSAVI S, PANG Z, et al. Plant factory: A new
playground of industrial communication and computing[J].
Sensors, 2021, 22(1): 147.

KIM B H, CHO J H. A study on modular smart plant factory
using morphological image processing[J]. Electronics, 2020,
9(10): 1661.

HYUNIJIN C, SAINAN H. A study on the design and operation
method of plant factory using artificial intelligence[J].
Nanotechnology for Environmental Engineering, 2021, 6(3): 41.
ZHANG L, YANG X, LI T et al, Plant factory technology
lights up urban horticulture in the post-coronavirus world[J].
Horticulture Research, 2022, 9: uhac018.

KUSUMA P, PATTISON P M, BUGBEE B. From physics to
fixtures to food: Current and potential LED efficacy[J].
Horticulture Research, 2020, 7: 56.

MONTES R M, ESCALANTE-GARCIA N, DENA-
AGUILAR J A, et al. Feature selection to predict LED light
energy consumption with specific light recipes in closed plant
production systems[J]. Applied Sciences, 2022, 12(12): 5901.
JAEGER S R. Vertical farming (plant factory with artificial
lighting) and its produce: Consumer insights[J]. Current
Opinion in Food Science, 2024, 56: 101145.

MARONDEDZE C, LIU X, HUANG S, et al. Towards a
tailored indoor horticulture: A functional genomics guided
phenotypic approach[J]. Horticulture Research, 2018, 5: 68.
HU G, YOU F, Al-enabled cyber-physical-biological systems
for smart energy management and sustainable food production
in a plant factory[J]. Applied Energy, 2024, 356: 122334.

CAI W, BU K, ZHA L, et al. Energy consumption of plant
factory with artificial light: Challenges and opportunities[J].
Renewable and Sustainable Energy Reviews, 2025, 210:
115235.

BAIYIN B, YANG Q. Applications of vertical farming in
urban agriculture[J]. European Journal of Horticultural Science,
2024, 89(4): 1-7.

BLOM T, JENKINS A, VAN DEN DOBBELSTEEN A,
Synergetic integration of vertical farms and buildings:
Reducing the use of energy, water, and nutrients[J]. Frontiers
in Sustainable Food Systems, 2023, 7: 1227672.

ZHANG L, HUANG L, LI T, et al. The skyscraper crop factory:
A potential crop-production system to meet rising urban food
demand[J]. Engineering, 2023, 31(12): 70-75.

KAYA C. Intelligent environmental control in plant factories:
Integrating sensors, automation, and Al for optimal crop
production[J]. Food and Energy Security, 2025, 14(1): €70026.


https://doi.org/10.16815/j.cnki.11-5436/s.2016.10.001
https://doi.org/10.1007/s13580-013-0031-0
https://doi.org/10.3390/foods10071524
https://doi.org/10.1007/s13580-013-0109-8
https://doi.org/10.1007/s13580-013-0109-8
https://doi.org/10.1002/agj2.20838
https://doi.org/10.1038/s43016-024-01045-3
https://doi.org/10.1038/s43016-024-01045-3
https://doi.org/10.1016/j.inpa.2021.06.003
https://doi.org/10.1007/s12571-019-01003-z
https://doi.org/10.1108/00070700510586498
https://doi.org/10.2183/pjab.89.447
https://doi.org/10.2183/pjab.89.447
https://doi.org/10.5010/JPB.2010.37.4.442
https://doi.org/10.3390/su12114640
https://doi.org/10.3390/s22010147
https://doi.org/10.3390/electronics9101661
https://doi.org/10.1007/s41204-021-00136-x
https://doi.org/10.1038/s41438-020-0283-7
https://doi.org/10.3390/app12125901
https://doi.org/10.1016/j.cofs.2024.101145
https://doi.org/10.1016/j.cofs.2024.101145
https://doi.org/10.1038/s41438-018-0065-7
https://doi.org/10.1002/fes3.70026
http://www.tcsae.org

% 3 4 MHASE: BEMEY L) KRR RS 105
[43] LIU W, XU M, JIANG H. Design, integration, and experiment Biocontrol Systems and Plant Physiology in Modemn

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

of transplanting robot for early plug tray seedling in a plant
factory[J]. AgriEngineering, 2024, 6(1): 678-697.

XIE X, QIN Y, ZHANG Z, et al. GY-SLAM: A dense
semantic SLAM system for plant factory transport robots[J].
Sensors, 2024, 24(5): 1374.

CHEN K, ZHAO B, ZHOU H, et al. Digital twins in plant
factory: A five-dimensional modeling method for plant factory
transplanter digital twins[J]. Agriculture, 2023, 13(7): 1336.
VANDELDEN S H , SHARATHKUMAR M , BUTTURINI
M, et al. Current status and future challenges in implementing
and upscaling vertical farming systems[J]. Nature Food, 2021,
2(12): 944-956.

KOZAI T. Smart Plant Factory: The Next Generation Indoor
Vertical Farms[M]. Singapore: Springer, 2018, 238.

KOZAI T. Towards sustainable plant factories with artificial
lighting (PFALSs) for achieving SDGs[J]. International Journal
of Agricultural and Biological Engineering, 2019, 12(5): 28-37.
KOZAI T, NIU G, TAKAGAKI M. Plant Factory: An Indoor
Vertical Farming System for Efficient Quality Food
Production|[M/OL]. 2nd ed. London: Academic Press, Elsevier,
2020. [2025-06-12]. https://www.sciencedirect.com/science/
book/9780128166918.

B A, LR AL D B A, HESh IR 2 R AR D). b R
FERE T, 2022, 37(2): 246-255.

YANG Qichang. Promoting development of urban-rural
integration by urban agriculture[J]. Bulletin of Chinese
Academy of Sciences, 2022, 37(2): 246-255. (in Chinese with
English abstract)

WANG X, ONYCHKO V, ZUBKO V, et al. Sustainable
production systems of urban agriculture in the future: A case
study on the investigation and development countermeasures of
the plant factory and vertical farm in China[J]. Frontiers in
Sustainable Food Systems, 2023, 7: 973341.

ARES G, HA B, JAEGER S R. Consumer attitudes to vertical
farming (indoor plant factory with artificial lighting) in China,
Singapore, UK, and USA: A multi-method study[J]. Food
Research International, 2021, 150: 110811.

OGUNTOYINBO B, SAKA M, UNEMURA Y, et al. Plant
factory system construction: Cultivation environment profile
optimization[J]. Environmental Control in Biology, 2015, 53(2):
77-83.

RYU D K, CHUNG S O, PARK S U, et al. Construction and
operational test of a plant factory[C]/Annual International
Meeting of the American Society of Agricultural and
Biological Engineers, July 29-August 1, 2012. American
Society of Agricultural and Biological Engineers, Dallas, Texas:
ASABE, 2012: 1.

SHAMSI R P, MOUSAVI S S R, KALANTARI D, et al.
Evaluation of the effects of artificial light on some plant
characteristics in the design and construction of a small-scale
plant factory[J]. Journal of Agricultural Machinery, 2023, 13(2):
213-226.

KIM Y, SHIN H R, OH S, et al. Analysis on the economic
feasibility of a plant factory combined with architectural
technology for energy performance improvement[J].
Agriculture, 2022, 12(5): 684.

HEBISHIMA H, INAGE S. Development of a new plant
factory concept with sustainable water and energy supply[J].
Energy Nexus, 2025, 17: 100341.

GAO H, TAN Z C, YANG M, et al. Microclimate air motion
and uniformity of indoor plant factory system: Effects of crop
planting density and air change rate[J]. Applied Sciences, 2025,
15(8): 4329.

ROMEO R, GUILLERMO C, JUAN A, CRISTOBAL N.

[60]

(61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

[74]

(73]

[76]

Agriculture[M]. New York: Apple Academic Press, 2022.

YU W, HUANG Y, JI F, et al. A microfluidic biosensor for
microbial quantitative monitoring of air and nutrient solution in
the plant factory[J]. Information Processing in Agriculture,
2025, 12(4): 478-486

BOROS 1 F, SZEKELY G, BALAZS L, et al. Effects of LED
lighting environments on lettuce (Lactuca sativa L.) in PFAL
systems—A review[J]. Scientia Horticulturae, 2023, 321: 112351
RUANGSANGARAM T, CHULAKA P, MOSALEEYANON
K, et al. Effects of light intensity and irrigation method on
growth, quality, and anthocyanin content of red oak lettuce
(Lactuca sativa var. cripspa L.) cultivated in a plant factory
with artificial lighting[J]. Horticulturae, 2025, 11(1): 75.

CAI W, LI S, ZHA L, et al. Significantly enhanced energy
efficiency through reflective materials integration in plant
factories with artificial light[J]. Applied Energy, 2025, 377:
124587.

ZHANG L, ZHANG Q, ESCALONA CONTRERAS V H, et al.
Short-term high-light intensity and low temperature improve
the quality and flavor of lettuce grown in plant factory[J].
Journal of the Science of Food and Agriculture, 2024, 104(14):
9046-9055.

YU H, WANG P, ZHU L, et al. Optimizing light intensity and
airflow for improved lettuce growth and reduced tip burn
disease in a plant factory[J]. Scientia Horticulturae, 2024, 338:
113693.

SONJAROON W, TEPKAEW T, KUPIA M, et al. Pre-harvest
UV-A supplementation in plant factory with artificial lighting
improves growth, photosynthesis, and phytonutrients in kale[J].
Horticulturae, 2024, 10(7): 701.

CHU Q, QIN Y, LI C, et al. Effects of different photoperiods
on the growth and nutritional characteristics of two celery
cultivars in plant factory[J]. Agronomy, 2023, 13(12): 3039.
XU W, LU N, KIKUCHI M, et al. Continuous lighting and
high daily light integral enhance yield and quality of mass-
produced nasturtium (Tropaeolum majus L.) in plant
factories[J]. Plants, 2021, 10(6): 1203.

CHEN X, MARTIN C, CHEN W. Medicinal plant biology: A
new era for medicinal plant research[J]. Medicinal Plant
Biology, 2022, 1(1): 1.

BAIYIN B, XIANG Y, SHAO Y, et al. Nutrient flow
environment as a eustress that promotes root growth by
regulating phytohormone synthesis and signal transduction in
hydroponics[J]. Plant Stress, 2024, 12: 100428.

BAIYIN B, XIANG Y, SHAO Y, et al. Effect of nutrient
solution flow on lettuce root morphology in hydroponics: A
multi - omics analysis of hormone synthesis and signal
transduction[J]. Physiologia Plantarum, 2024, 176(4): e14435.
BAIYIN B, XIANG Y, SHAO Y, et al. Application of flow
field visualization technology in analysing the influence of
nutrient solution flow on hydroponic lettuce growth[J]. Smart
Agricultural Technology, 2025, 11: 100933.

BAIYIN B, XIANG Y, SHAO Y, et al. How the nutrient flow
environment promotes lettuce growth in hydroponics[J].
Environmental and Experimental Botany, 2025, 233: 106137.
LEE S, OH M M. Electric field: A new environmental factor
for controlling plant growth and development in agriculture[J].
Horticulture, Environment, and Biotechnology, 2023, 64(6):
955-961.

MAFFEI M E. Magnetic field effects on plant growth,
development, and evolution[J]. Frontiers in Plant Science, 2014,
5:445.

NYAKENE N E, MARKUS E D, SEDIBE M M. The effects
of magnetic fields on plants growth: A comprehensive review[J].


https://doi.org/10.3390/agriengineering6010040
https://doi.org/10.3390/s24051374
https://doi.org/10.3390/agriculture13071336
https://doi.org/10.25165/j.ijabe.20191205.5177
https://doi.org/10.25165/j.ijabe.20191205.5177
https://doi.org/10.16418/j.issn.1000-3045.20210904001
https://doi.org/10.16418/j.issn.1000-3045.20210904001
https://doi.org/10.16418/j.issn.1000-3045.20210904001
https://doi.org/10.16418/j.issn.1000-3045.20210904001
https://doi.org/10.3389/fsufs.2023.973341
https://doi.org/10.3389/fsufs.2023.973341
https://doi.org/10.1016/j.foodres.2021.110811
https://doi.org/10.1016/j.foodres.2021.110811
https://doi.org/10.2525/ecb.53.77
https://doi.org/10.3390/agriculture12050684
https://doi.org/10.1016/j.nexus.2024.100341
https://doi.org/10.3390/app15084329
https://doi.org/10.1016/j.scienta.2023.112351
https://doi.org/10.3390/horticulturae11010075
https://doi.org/10.1016/j.apenergy.2024.124587
https://doi.org/10.1002/jsfa.13731
https://doi.org/10.1016/j.scienta.2024.113693
https://doi.org/10.3390/horticulturae10070701
https://doi.org/10.3390/agronomy13123039
https://doi.org/10.3390/plants10061203
https://doi.org/10.1016/j.stress.2024.100428
https://doi.org/10.1111/ppl.14435
https://doi.org/10.1016/j.atech.2025.100933
https://doi.org/10.1016/j.atech.2025.100933
https://doi.org/10.1016/j.envexpbot.2025.106137
https://doi.org/10.1007/s13580-023-00525-y

106 Ak TREZH (http://www.tcsae.org) 2026 4E

International Journal of Food Engineering, 2019, 5(1): 79-87. [80] ZERK. "R is R G HES) Wit B e 28 & HAR AN HT[I].
[771 EDMONDSON J L, CUNNINGHAM H, DENSLEY Bk, 2025(1): 1.

TINGLEY D O, et al. The hidden potential of urban [81] 22ib&h, SuilsdR, HE, & IRZ ub WA~ Ry L

horticulture[J]. Nature Food, 2020, 1(3): 155-159. TN L R[], ERMEFE LT, 2025, 40(2): 338-349.
[78] #MEE, ki, MG, %5 RE WG Z K EIRS B GONG Huaqin, JING Haichun, TAN Xin, et al. Artificial

B RO R 22244, 2019, 42(4): 594-604. intelligence innovation for smart plant factory to diversify its

SUN lJin, GAO Hongbo, TIAN Jing, et al. Development status big food production functions[J]. Bulletin of Chinese Academy

and trends of protected horticulture in China[J]. Journal of of Sciences, 2025, 40(2): 338-349. (in Chinese with English

Nanjing Agricultural University, 2019, 42(4): 594-604. (in abstract)

Chinese with English abstract) [82] CSAMBALIK L, GAL I, MADARAS K, et al. Beyond
[79]1 F¥GE=, ZERL FEHNL DT P RkBIVRERE efficiency: The social and ecological costs of plant factories in

). Al TREHR, 2022, 42(1): 18-23. urban farming—A Review[J]. Urban Science, 2024, 8(4): 210.

Current situation and trend of smart plant factory

YANG Qichang' , BAIYIN Bateer! , CHENG Ruifeng?

(1. Institute of Urban Agriculture, Chinese Academy of Agricultural Sciences, Chengdu 610213, China; 2. Institute of Environment and
Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Plant factory is a highly intensive, technology-driven agricultural production system that enables year-round,
continuous crop cultivation within fully enclosed or semi-enclosed facilities through precise, computer-controlled management
of environmental factors such as light, temperature, humidity, carbon dioxide concentration, and nutrient solutions. Regarded as
the most advanced stage of facility agriculture, it fundamentally decouples food production from traditional constraints like
arable land, climate, and seasonality. The global impetus for its development stems from a confluence of pressing challenges:
rapid population growth projected to reach 9.5 billion by 2050, concurrent contraction of per capita arable land, increasing
consumer demand for clean, safe, and pesticide-free produce, and a severe aging crisis within the agricultural workforce. In
response, the plant factory industry has witnessed explosive growth, with market analysts predicting a compound annual growth
rate exceeding ten percent and a market value soaring into tens of billions of United States dollars within the next five to ten
years. This article provides a comprehensive systematic review of the global plant factory sector. It traces the historical
evolution of the technology over seven decades, from early pioneering systems in Denmark and the United States in the 1950s
to the contemporary era of innovation led by light emitting diode lighting and digital automation. The review highlights the
distinct development trajectories in different regions: the early technological leadership and sustained policy support in Japan;
the rapid scaling and venture capital-driven models in the United States and Europe; and the remarkably swift, large-scale
industrialization in China, which, despite a later start, has leveraged significant investment and manufacturing prowess to
become a global leader in both the number and scale of operational facilities. The core of the discussion focuses on recent
technological advancements that define the modern "smart" plant factory. These include: (1) Light Efficiency Enhancement,
primarily through the adoption and optimization of light emitting diode lighting systems, where research into light recipes,
meaning spectral composition, intensity, and photoperiod, tailored to specific crops and growth stages has dramatically
improved photon efficacy and reduced energy consumption; (2) Vertical Spatial Expansion, involving multi-layer cultivation
racking systems that increase land use efficiency by over 100 times, though this introduces complex challenges in maintaining
uniform environmental conditions across layers; and (3) Mechanization, Automation, and Intelligent Decision-Making,
encompassing robotics for seeding, transplanting, and harvesting, integrated sensor networks for real-time monitoring, and the
application of data analysis, artificial intelligence, and predictive models for optimized climate and nutrient management.
Despite its promise, the path to widespread commercialization is hindered by significant bottlenecks. The primary constraints
are the "high capital expenditure" for infrastructure and specialized equipment, and the substantial "operational expenditure",
dominated by electricity costs for lighting and cooling, which can account for 25%-30% of costs. These factors contribute to
challenging economics, with many facilities struggling to achieve profitability without premium product pricing. Furthermore,
cultivating consumer recognition and a differentiated market for plant factory products remains a protracted endeavor in many
regions. To overcome these barriers and unlock sustainable growth, a multi-faceted strategic approach is necessary. In
technology, continuous research and development is crucial to further drive down energy consumption, for example through
next-generation light emitting diodes and efficient heating, ventilation, and air conditioning designs, and automate labor-
intensive tasks. In economic, strategies must focus on reducing both capital expenditure, via standardized modular designs and
use of existing urban spaces, and operational expenditure, through energy innovations. In politics, government support in the
form of strategic research and development funding, subsidies for energy efficiency, and policies that incentivize urban
agriculture integration are vital. In Social, public engagement and education are needed to build market acceptance for the value
proposition of locally grown, consistent, and ultra-fresh produce. In conclusion, plant factories represent a transformative
model for sustainable and resilient food production. Their future success hinges on synergistic advancements across
technology, business models, and supportive policy frameworks. By addressing the current challenges, plant factories have the
potential to play an increasingly critical role in enhancing food security, reducing the environmental footprint of agriculture,
and creating a stable, high-technology food supply chain for urban.

Keywords: facility agriculture; plant factory; artificial intelligence; vertical farming; urban agriculture
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