$39% Ho M 1
2020 4 11 A

L S PN

Journal of Huazhong Agricultural University

Vol.39 No.6
Nov. 2020,144~154

B — 0, AR R T, 5. BT ORI R O AR R R S IR A AT [T ] A b Rl K 2 2E 4R 2020, 39(6) 1 144-154.

DOI:10.13300/j.cnki.hnlkxb.2020.06.020

ETX#HITEFHNEEXRGARARS N

EIS——-”_L%I,)%] ﬁ/f‘%laéﬂ%&‘?

', LU Chungui®, Z &'

1. RILKRFEAFR,. T 210003; 2. EDETRBFEIHEXFHY. 4 H5 TR F K .NG25 0QF

FE T AR A RN B 5 5% B 2 B AT A 55 O e Il 2 — . A LA CNKI, Scopus il Web of Sci-
ence(WoS) 2y F2 Z A S I8, LA OG5 1) A 2OKE 8 8 11 PR 0 A DG SR 184 5, SR I STk o 2% 19 77 vk 0 HfE AT
WOHT, RS T RGO R BUR R R S DL s PR . S5 R B R ERYALE T 1999 R
S5 HIT 10 4F A R AL N 218 . Kk F MR SC ST AR 20 5 1T 2010 4E DUS K R3Okt ik & Bt #ad, (A
AN DA SR B I SR A O BN PR I U SR LR B A DGR SRR R AR W AR o X WOS B0 & S8 P it 21 3
SCHR AR BT B, WF 5 1Y BB B U B AE AR MY BB T 1] [ ), 3R A T IR ) 22 L R R AE SR BB O 1 KA
Ao AEXT BE AR BT 2% SCBRTIF 90 P4 25 1 R ity 10 2 B AR 37 1 BF 5 Rl — 2B R R R RS OB i A 5 vk . A
W, L H ARG R BORNME A BRI AT PR AT T 40T R TR R R A R R T I .

KR WEHAKRY: WAL ORI S AR BURE; kgL e

mESES  S058 XERARIRED A

YR HE A Y N E I K DA R e i S
TR b, T 30T A A bl A R P E Y
TR i A R A AR T B AN B S P R R
B X BRI ARl A 77 52 e B R, 51 & T AATTXF
AR R AL . 1999 4F, 38 E BRSO K 2
Despommier £ $2 1 T 3l T “ & 5 4 37 19
AU IR T T DL IR 4 I A A Ok Ry X
PRACAL 25 i 1o i 1 — R B PR

e P AR 37 HE A S AU B AR B ) ARl A
K FL b T 55 1) 22 )2 & i i A =, B AR i B
AR JE 4B AT LED SR R #0  nl
A R UR A R A8 T A S N HE AT AR AR
MR T gl 3 A 1) ZARHA : (D) &Rk
I - MU B8, 2 FNHL P i . (2) % N FR S n] 2 1
R T A TR it v AR Ml A= 7 28 38 1 ) B 3l £ il T A
25 RIE T B A, (3O F AT FAE g R A TR A
IR 457K 5 B8 S B R REAR AR Ml A= 77 5 2 v
B2 ARG I DR E L0V A Fb Wi SN TR P R M (B
Xof R IR A A T B ) kD TS AT ZE . (5) 4R 1R 4O
(e S =R AR B, ER, RS B &
A EEAHAR T A [F Y 5 AR NIE 1T

Y H 481 2020-05-30

NERS

1000-2421(2020)06-0144-11

HBCR AR R AR R B
A FEATS Ak T B B

VTAE SR, SCHR T 5 27 & R a3, R FH 52 327 Rk
F TR SR — S R — B ) N B R ik 4
FeR O E o &2 ARG — AN EEFBE, —
SR SCER R () 220 S AR A — e R b Rk T X
AR KRR B HE R R R B, S H A B
CNKI.Scopus YA Kz Web of Science (WoS) %45 /3 .
I SCHER T 6 27 5 v 0T 53 T 9 2 EAR 3 9 AH G
SCHRHEAT TR F FE St 40 B s X [ P Ak 3 AR 5
FEHAT 3T IR IE H TG T 1 B AR5 A BUIR
JEE J FA T I B Bk S AR 58 B, DU o [ P 1 2
KRGS

1 HIEREMFRTTE

BOHE FE R IR = RBOHE P CNKIT 2 E
LR A H S SC R SR 4 1T Y B8 P 5 Scopus £ 1
JUz s T O A R DY B S Sk s T 38 Y
Web of Science £ 4 FE SR Tt A A R BE 2= A&
B2 N SCRE 2 % 408k i — i Scik, AR T A
e e dE W F I8 K e . BT A SCER A R L R 2l 3

SR, X T EH AR Y

HEWH. BEHARBIEESTHE (51708283;41871189) ; IT.HA HARB RS W H (BK2017011); mHBE AN BHREAS S WA TN E

RIS (R R2#) 2019 ARAL AN R (2019030101)

BB—ng -, WEEE Dy A T EHAR Y L ARG S S @ IR EE. E-mail: sym19851021@njtech.edu.cn



% 6 3]

A — Mg 4. BT SCRRTT o 1 T R 5 IR 2

145

IR

B 1 X% CNKI 4 SCHE e v e A vp SCOCHk
TR AR, KRy IR R B A
7555 2 2 % Scopus BUdE FE R WoS B4l 2 v ir
A SCERFEAT R A48 R 00 3 2R R AR “verti-
cal farm” “vertical farming” DA & “vertical agricul-
ture”; 55 3 0 K HS 2 0K R AT B Ay b SCSCHR B
K TR I L WoS Bidli e v i 4% 0 2 K080 T, 75 3
%0 SCHR

KR SE T 15 Bl Excel T H R SCHk A9 28 SC i
F 5 AE# WEFE B L e 5| SC A JE A B R 47 v 41
o3 Wt . SRIG 238 AR 58 SCHR 4317 7 125, AT i 3R 1%
ST AR OC T I AR S W 9T kR Y B TR BR AR
A5 EE ST R BEE DA A S e A 3 1 A 5 B
FEE. B MRS ER, Sa5 R R Hk Y
KRR BRI IR T 58 K ey S FEa e, 535k,
W rh Ab I AR 7 1Y B TR B0 BE AT X HE L S R R B F
FE RO,

2 WEHLR

R R

55 1 07 CNKI Bl e #E17 ke R 5 it 4015
99 Fcic sk . S B A1 SCCHR AR A G SR L 15 2 66
M AERMIC R, NCERR & FRof R LA
(D), [ A28 3 R ) 1 — R SCiik 2 2004
AEAECHE PR A 25 T B 45 S0 ) R RS UGE
SCL RN IR R — M AR IR T RS R R
gy & L7, fH 2004 — 2006 4 8] A5 18 S0 Kk 3.
2007 AEAAHE 1 RO T 3 EUR B A0F 55 3 ) Sk
kI, WG B A XK R, &2 0L 2015
ELIRE 13 5. R RIS A E A TR, &
THORAFRE 6 AL . WIEHR & SC8UE LR E
BT &S5 UL B ER . KX
Bk Z WERRIBE Lk R T 3 G AH Sk, X
Je HE B AR E R A R 2 ROk A 54 &
YEHAAL KRR T 1 k. 2R A, B W
5 AR I A GBI 5E 1Y 24 B 43 A AR P AR RO B
B arS5EMalE L & TR, &b m ik
88.8% . MAEFRRKM I F , 4K L 8 SCHk#6 ok A
), 3 55 5, i b 83.3 %0 s FIETE AR I 1Y SCHR F 23
WOCHR Y N 4 5 405 6.1% B R 3 k¥ ARE
o 4.5% . MWEFRCERMK T ER ERE D
B UL EAFIN 705 A5 B8 10.6 % . T4 SC

2.1

BRBEAT 51 303 B, B T Ak I 7 21 51 30O i i) 3
PG (B 2) . FT LA W 78 B A 8051 T SCRR
Bt 22 1 S AR Al Bl b i BT AL 2 Y
KA RE A T B AR R AE 7 RO R R A
B,

14 13
Z 19tk
g 10
v E 10} N
M S
S 8r 7
ﬁ; 6 s s 5
== 5) .
5 4
2 4t
g 2
Z 2t1 1
0
2004 2006 2008 2010 2012 2014 2016 2018 2019

% F4E4y Published year
ENEERGXBHUEREESTH

Fig.1 The number of domestic vertical farm

B 1

documents distributed by year

1 HARY,
Vertical farm = )fﬁkiﬁ_{\lkl
g . uture agriculture
KA 5 a0
Farm A EBE
construcion

Al KoK
" Agriculture
WAL~ development

Plant factory model

Ecosystem

Aol Az =
Agriculture
production

To Ak
Soilless
cultivation

AP X
Agriculture
model

I E AR KR

Vertical agriculture

B2 BENEERSHESICKERLNEL
Fig.2 Citation keywords co-occurrence atlas

of domestic vertical farm literature

22 X XEKBE

55 2 2B AE Scopus B B AT K &L Mt 3Rk AS
117 s 3cik . 5Bk A HH 56 B9 Sk L 15 51 84 4
FFEEORMIE S . A T 5 E A RS AT BT 4F b XF
Ll B A5 B3k 84 s SCHR AR 42 & RAFAR AEH L
G RN b DX 28R S a0 28 S0 28 A D B A R 200 A A AR
AT 2 . I SCHR Y & R Bt iE] (&1 3) B, B
W Y e SCSCRR B i R IR R ak b . N
2008 4F-1 5 Fa 3 2019 1Y 24 FE VKIS E B .
MAEE K& SCHCE T I B K R A & Des-
pommier(7 %) . Sivamani (4 5§).Cho(3 f). %
Hh R FICHR 2 B UL R R 25k 22 i, SCER
T ] 5% 5 Hb IXC 11 iP5 255 8 3 A 1) B0 o AE — R I
J W T SR R P A5 A L R e DX 1 B 5 AR ) A



146

o Al R R R

%39 &

L. MWEZEAMIX & CORFE . K SCEEE KL, I
205, HEACHEM 23. 5% HEMIEREK EFE O

AL BE (11 00) o HoA 3 K 3 A9 2 B U A 175 i
AR NI ) R R 4

Joi o i 10,700 3 LR AR YRR B P 2 (6 i 7.190)

30r

IEE R (5 45.5.9%) 28 [ RUET NG (4 4 5L 4 g 2f 2
4.8%0) R BRI K 3 B & 5,690 30k BT g
A REAB KR 2 B RUT, MERXm e B3 1 7 i

7 50 96 B SCHKR 2 9 P13 3C. 32196 & [ B 2 WL ERE FRPEEE

B FEVEIR (4.8%0) A S (2.4%0) L T g Y008 2010 2012 2014 2016 2018

% £y Published year

3 EERFIIILHBEREESR

Fig.3 The number of foreign vertical farm

2V FAFEMF (1200 % R AE N F i, R
oy BE B O R 2ER SRz o
e 109 DL B 2R 128 TREAR (Y 22%) (38
BREGE I 1390 AR # 300 fF BHAR 2%

documents distributed by year

W T#* Engineering
W #5FH¥ Environmental science
B tE&FH2# Social science
m iTEPLEE Computer science

¥ Agronomy

AEE"# Energetics

LARMAZE?: Artand anthropology
AWk Biochemistry
B Yy Physics
FHEHELE: Material science
O HAh Others

B4 EERFHIIIBHEERZREINKS

Fig.4 The number of foreign vertical farm documents distributed by subject category

2.20%,
3.40%2

23 WoS #ZlEEHE\XHK E

VG5 2 A0 8 4 3 1 B S0 SCRoRG AT R F G L 2
WoS #Z0 A W I 153 B 8% 0 SCk 25 5. M E
FHIX K SRR E (K 5)  BREREZ (LR e[,
TEED UG, I E S, Ry T8,
FEA LR Jm PRGN E . Rk E (8 6) 5
oA B SR T B AR (12 5, 57.1%0) FEHY)
FH2E (10 5. 47.6 Y0) AR (9 7 . 42.920) L TR 2%
(7 55 33.370) VB i HORBL 2% (6 7 . 28.6 Y0) L Hh HiL A7
(5 5+ 23.8 V) ML &34 (4 R, 190 46 .

e
(=)
5 6
25
554
Z E 3
183 2
%-01
*&? A B C D E F G H 1 J

B R HLIX Countries or regions

A.ZE[H America; B 2% England; C.f%[E Germany; D.3fi[E Ko-
rea; EJNE K Canada; FoBi ¥ Singapore; G.+H-H Turkey; H.HF[H
s Hong Kong; LA KA Ttaly; I E (KBl China mainland.

B 5 WoS#ZLAEHHEERY
XHHBEERCGEX )T/
Fig.5 The number of WoS core collection vertical

farm documents distributed by regions and countries

6 5
TRidz2222222,,
ABCDEFGHIJKLMNOPQRST
W98 77 ] Research direction

documents
0

k% Number of

AR Agriculture; BAH Y B2 Plant science; C.¥5EF}2% Envi-
ronmental science; D.B}2% 4% K Science and technology; E.T.F&2%%
Engineering; F. & &% H R Food science and technology; G. b
2% Geography; H.R 47 Business economy; L #3145 #) Building
structure; G.REVRARL Energy fuel; K.Y £$i% % Equipment; L.t
BHLBL % Computer science; M. il Fishery; N.#K2% Forestry;
O.BUF M Government regulations; P.fb2% Chemistry; Q.4 #l%%
Physics; R 5 Fl %% Communication science; S. 4z ¥ £ k¢ 14 {4 47
Biodiversity conservation; T.ZZ %% Communication.

6 WoS#ZlEEHMIERERY
XHBERMRFTEASHE
Fig.6 The number of WoS core collection vertical
farm documents distributed by research direction

3 SISt
& P b 4R B9 X L 53 4
M SCI R A [ A O T 2 B AR B 4 BT 5

28T 2004 4, 1AM G E BAR T ARSI BR 51 A
MRSt 2008 4F 2 J5 AR AT — 5 B 19 SCRR &

3.1



% 6 3]

A — Mg 4. BT SCRRTT o 1 T R 5 IR 2

147

L H) 2015 AFSCHR R R BORE IR B T AR R BB
YOI R I O A R A B [ N A R G
P Xk 2 A 5 B AR S BIE 5T L ST B B L AN L
[ R, 2008 4R J5 A FR 20 T T e (H R
T JLAE R AUHT R . A AR [ AR GBI TE B
5 2015 438 B WL Je B T AT 452 R R JEE 1 [l 9%

WA A B A 3 S0 B S5 OR[N Y 66
i SCHRIE Hy 58 44 1 2 5€ WL e i BRAE 5 & 3C 3 i
A 54 NUKRFR TR Xkl = NS LB o L
D22 B R 4 S R BA . [ P SCRRE A H A
SR B SCRR BT 7 R (L 10,690 R A 2 1
{51 4 ST R B 1 T R IO — T A BUBUAT B —
FRAG D kD B BIR AR A . A
AT 5 AT A DU AR X £ oL B T ELR A B B A
Despommier #4572 7 Ak 3 B AR 09 & AT T 7
[ P B 8 51 A [R] IE AT A 2 AT B T 00 S B, BA
TARZH —THs, AT TIRARTIE, 24t 75
WS PRI LAl . Scopus IS 1 Ah 3CSCHK A G
1/4 HR VLT WoS KA HEE I UEW] T A5
Jit

M B i) 24 B UK 7 [ A SMTAE — JE 19 22
St BN H AL R S 2R R S0
HEA 5 2. 0 T TR, HoA 45 28 R A A F
127 s EAN TRER AR A 5 1, W I 3 9 2 B 4080
I A

o AT O B 1) R A8 SR HE — > S ) AT 9 A
X 5 | SO R T T LA B L BR T R AR
T T LA T A 5 B T L HG A B R s 1 5%
FRTA] N G AR R T R SR A L A S EREE N
Al AR 7 A X S S B ] — AR B R T T
A 5T B Rk B . HEXT ARG R AR B 0 BT A SC R AT
it B 22 S5 & I, R A3 SCHER A 2 B 5 1 1 M 34 2
XEL R TFRARG W RiZE AR B
ma L BE PR R ST A — F R A . TR, K
TTXE BT A Sk 15 A7 0 1E . K 26 b SCRZ O 51 R
WoS H4 12 i ) AR & SCHR , Xof 33k 2 Sk aE 17 RS 1352
SPRGEERIE 1 PR,

Hop FExE R 1 AR SOk A TS IS & B N
AT IE BRI A F B P E LR L 1 -

DEARE N, 768 5 ALY 2850 7 . ) 1
Gl gh S gR A RBE S a4t X 2 A6,

VLR e R 1 T B 1) — Mt S A Al . 7ERh
R B 5 TR, RS T SR B X A ) AR
R T Y5 R LA S BR T S X AR ) A B RDE 25 1 5%
W, %3 LED A TG i K e He XA 9 A K
B, e R M A W5 3 WK TR o O % X AR
/e Ny A=l A N CIE R i R RO SR 7 R
St T N Y OGRS . A BRI 2R R A 5 I,
Vaughan %52 5112& T 3 B A 3 78 5 /K &b R 5 18 A9
YEHT . 2 B AR 37 m] DL FE 3 ) T 285 [l e 4 335 1) 48
Hiy5K . —MAb 3 {5 K o J TR AR Y iy wE ik, —
G Hb B T KR B VS IS A Y SR W RT DGk B o
BARG KB SRR K BT SR , AE T PR g R
FH 5 T 2 B AR v R B 22 59 A) P A R TR 2 K FH
fE o K BH B8 6 AR L K PH BB FAJ2 2 Ah f 8 WL 7
kY, Safikhani 585 B 58 & B, K — JE K EE R
44 m R 11.5 m WY 3E B A 3 0 Y = T 3 D
R B A LT DU T L 24 1200 ~ 22 i LR . AE
Despommier #3109 “Skyfarm” Frt®1, Sy 8 45 9 Fi ki
YA K RAE SR L BB F5 2N FE 8 200 7T kW - h /Y
HHLAE, A2 T #RBe 45 000 t YR AEEL AT F= A e =
TSR A 37 2 v B R e 5 i B B ) AT LYY 2 —
HBE R, FEARIEY) BE R J5 18 . Khalil 5857 9 5% %
WY I R — o IR R A T R I LR T L
FIAE A B AAEY) . B i T 2 3= 0y B Al
Py A A T T Y 2 ) RIS R A I e R A SR R I BR
il s B Hr A A A 7 B R UL T R A S BRI R
S VHUZ B RN RLRESEDT  FEHEAE SR M T, T
G5 YA SR AN ) 1A% GE Al 38 R FH K 85 4
AR, IR RE IR — oK B W) AR B e A B TR
Jo MR . I SE R B, K B 1 mT LLSE o F
WG K T LA K #8 0T 38 95 %6, AH L T 4 g A
P AR ST 10 £ . A K IE B SR T
SRSy b R 2 HUE A R S, SR
ARG EREELAGH R RENRZ —, L
AE0OT DHEUE A ORI G = R 5% 18 it Y R A LA K B 3R
FER 045 AT T 18 3 BT T 0 38 A R 4 A S
FHHT S . MR RS H 2U e R 8 U8 & 1 o i A
f 2 (8] F) 38, HLEE A5 5 719 48 B ORE RN T BE /Y 223K .
e AR S, SR AR A I R A P ek
7= A RO BEARES G S A R 4
A IR E X T H AR R A R A HE) TR



148 LE AP N e 39 &
F£1 HXZOETI Wos BATIX BN BN K
Table 1 Content classification of Chinese core journals and WoS journals
SCHik %4 Document content 2% ik References
. &5 A Concept introduction [3.8-11]
WE A General
Z 153 M Case studies [12-13]
e HR W R e Ay 2546 R A SR e [14-20]
Structure of vertical farm  Structure and building materials
R GAE 0 BRI R SE R TR [21-23]
. Natural light as the lighting system ener ’
SR R e el g i“y gy
Light source system K BH G ARAE Sy R B 2R 4 g [22-24]
Solar photovoltaic as the lighting system energy
LED &% 40 & %1% LED system combined spectrum [13,21,25]
KGR 4538 %5 Bl i /K Dehumidification method to recover water [15]
Water resource utilization  F{F¥F 5 [l K Recycling method to recover water [15]
EXEN
Technology Al F A R TR KIHfERACH fiE Solar energy replaces wind energy [22,24,26]
Renewable energy JUBE R L HLAE Wind energy replaces solar energy [22,24,26]
TEY £ Crop selection [15,27]
JK K5 1 fK 559 Hydroponics and aeroponics [19,28-29]
FIE AR SE Planting system K= FEIEF R B Aquaculture system [13,28,30]
Pl 4= 7% Animal husbandry system [27,30]
g 25 )8 248 HVAC system [15,31-32]
il & 48 Control system B HE W15 2 4 Intelligent monitoring system [15,18,33-34]
B Ab P R 45 Waste treatment system [15,22,31-32]
LA ST [5.16,26,
(N Economic analysis 28-29,35-38 ]
Economic and DR

feasibility analysis Feasibility analysis

[5,32,36,39-40]

i X Ventilation [13,41]
YE I8 Tllumination [13,25]
EL2E7/BLETEr S ¥ Temperature [31]
Indoor physical environment WL Humidity [31]
75 Noise [42]
HEE R T AR JE Carbon dioxide concentration [22,26]
Environmental
benefits SR TIT A 25 4 57 e A Waste treatment [17,22,30-31]

Urban ecological environment

JR K AL B Wastewater treatment
M 1% %4k Environmental purification

[13.22,30-31]
[13.22.25.31]

) GFFES A AT PE 43T, Touliatos %7 i 18
W 3 B A b A K 5 TR KPR R A K
HEATXF B, 43 0 D0 B T S B A A D FR Y 7 S
AR R Z . S5 R R W, A6 % JE AT ] 5 % 5 6r
TR AR 7 B 5 M B, PR T I AR VR R A ) Y A
e 51K 7R T N E I - S WL L VA N T AR = 7 ]
FolAR e 2 K SRR YL 89 20 4355, BT LA J 38 2 b A 0
B AR Y - SE iR T 13.8 fif. X R T I
B A FAEG KA K R G T 28 [ R
B4R, DT 38 i 7 B 1 ALY 7 &, Shao 48N T
BT AL T T I B AR VAR 1K
P o FH SR A FEL Pk AN [) b X AS [) A0 R T] 4 R 7k
VAEZ R T, AR I 0 B85 A 4% 5T ] i

OB KU FE R AR . X LI BB A
2y 25 [ R R Il 7 BEAT RLLPEAG 0 A L S R R 2
A 7 R i S K g BE TRUBUAS AR L N T A g ) 3
DA 5 1) HE (L S 22 U B T 4 R 9 AT
5177,

DAEBHBERLE . Yuan M B RER R £
FLAY B 3 3 AL 1R 124 CCFD) FF B, BT 58
THEEEAR AR @R A R E KRR, B R
W, 5 5 1 BEL B 23 1 25 52 ) 1 R SUAM R Y B AR 0E
DRV BE 81 8 0 5 114 L P 3 T LA ke A o S0 40 555 ) il
WAERE. 24 3/4 A9 STAME WO Y BE 35 BB B %
075 W fie /N R KUKGE N 0.2 m/s s 2E XURUEE
2.0 m/s, BURF AN 9 B AR KRR AR A BR 5 25 Bl



% 6 3]

A — Mg 4. BT SCRRTT o 1 T R 5 IR 2

149

Bk 0.5 B, — 24 iy RO 0 2%+ BRIk JXU XL oy
1.0 m/s, PLE A0 30 KRR B, b, oE 2 el AR
B SR HES ORI R 2, o mT LS 2 A (R BEL B
RPN B AR K BE . M AEC DUV IR A R B
Bt A M 25 45 IR 55 v o0 Bl i Ok ) 5 R I B AR L 3R R
HESRUAS B RRAE SR o T AU FRAE HEAT TR 4 A
WFIE T 2 AR 2 K X 25 N BRI S s i . B9
SRR, DT AR L 3R B JE AT W0 R AR N R A
5EMRARBN 96.48 % T B F 88.48% , H AR K
SeMEEE 52.89 MR F 97.22% R T 5 X%
MENELE DAL WNE, FF5 REREN
KGR TE 1.5 m/s Zif7 s HAr A8 5] s & A 44T
B4 ORI RV S = 1= W Y oy N (S e s o

SR F L AE R AR S W T N R BER AR R
7 1) & J dee M, T 55 1 O ) Al e £ L R RE AT, SR
FH B 5% 77 7 3228 S S50 0 30k R0 8 ) 43 A i . X
TEALTG Y B R L A LED R KT L K 85 RS R
AR e WA B R AR SR S 50 W 3 vk AT Ak
B, X T 2R G0 A N 2 R R 2 A M AR I e )
PEATHIRSE AT . 2 B PE N AT A vk 4 BT 1T, H RS
o 48 f9i) v i A LA G2 AR | R RE R 1 A 1 8K
i RN 52 B 5 BB R . RV N 1R B AR S X R
B R T H A T A8 W] A, TR A O BAR R AR
LR T R AL . — e gE B BRI /N LS Y
S 50 P o e EBCAS S D B L SR A A 0 T 1
B2 AR AT BN A0 M, R AN [) 25 B A 5 AR b F
185028 VA 40 BT 5 IF LA i 85 31 B0 d5e 397 50808 xof G ik
AT U0 UIE o DT T 00 4 o R 34 . i X A 2 IR BE K 25
(R BIE 5 7 VSR TR A S I T A TS MU L 1 i
FTRIFSE - SE 56 4 Ry 3T B AR DL i 35 11 9040, 17 22 1K
ECR e 2 R N R R RIR: £ Vg

PRl B A R [ XA T R A, T
KGN FE R L3088 T 8",
117 AE 2580 28 R A L T A% gkl iy — R AL 3 L
T 5% A 0 B T AR SRR BT . {2 H AT E A
DO RS NE R AN G N TR0 B |7 e
T AR g R DA T AR AR R R ) A
(] & JE ST ARTRIAR , BT LA, DS S50 30 85 1) HR £ 2 BF 9 2
LA X B A R YT O S 1 R L O R O
PR TR Ty Z Y HRTE N B &6/ %
FOAEAESEAT I E AR S X 2 N B 8 T a5 ) AE O
AR AR PR 23 8 AH 6 (0 BIF 9 R H B

33 HFHEEBEHE B RIOEERTH

T E AR M [ AR R [R) AR A Bl T SE LB
ZRERAVER S E . B v, 3 5 AR G R Pk
K H 3 AT S B B AR L 2 PR R ] AT P DL R
TN IR RO T R B (05200 . Pk RN A P 1) 3 A28 B
B an sk 2 s,

BRI i, T ARG TR & 2R R sk
TEAR G v FAERR YR LK B IR AE 28 R H AR R 48 Al
EHRZREELT K AN ERD LM, 7] L%
AAEEEG T, UL HEARFEREES A EELN
A4 9 K Y BB A

TR AT, BAR R AR G ]
DARAE 25 PP AR VR o (02 th T A %5 08, 3 AR R
ZHPAERKEERH S KRR LR TFAEY .
M5B/ EREEYAE KR P H 2 5%H
R AEAFEE AR R . B AR BT
WA AT EA R, B
ARG REFE K 12 8 AR =5 1Y [ B0 2 Bl 7 R 1Y i
11 32 25 45 3 G2 fiff a8 A0 I ke, N T TR B A
Fh A B, R Y N R R R AR Kk L
R s W K4S 2 g o, Jm e, 3R B
Po— b AR KRR, EEN
J7 1B — 2 o WAk e ik E T K

X5 P9 I 19 52 ) 5 THT L A IE TR 52 R A B TR
MR, IF RIS MR A 6 28 N AR AR R L UKL 9 S 43
A48 PR AL 1 RS I B L 3R T = NS
A SR A BT A A O AE T s 7 11 Y
WEFH AL E HAE . AR R . = N
FEA — MR B0 T, U HOE E RN O AR
A OLR S — 2 B T R N ETIE A —
W), W KV 5 00 4 & 25 5 R B IRTO KB I &R
G — s M R R kB R ) S AN B
FHEE0T 0T B8 4 510 A Ak 80k e N BE I OR
AT ORISR EENRE,. TR S
A& I XA 12 AN R R ZE 00 R PR Y i
whREZEEMNHZ RS U R T/E, #00H 0
uﬁ [42.46-47.,58-62] .

XoF 388 T P45 A S R T, AT R 7 A Y AR T R e
F R A AT P HE R K L AR
XY B R, R IR AR R A (D
oA B B 2 ORI AE O S A R S
A0 (2) o B R T B, R 50 96 1R
FRES 0085050 (3 F] F SR TIT B4 1K 34 Ak PR el % it XoF
Tl 45 19 I 35 ) AT AL L0
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Table 2 Current problems and challenges facing vertical farming and possible solutions

[ 35 Bk 4

Problems and challenges

fifp B i A T I

Solution or expectation

5% i
References

REFE RN 2 Uk ok
Energy
consumption
and economy

performance

X2 P IR 1Y e
Impact on the
indoor

environment

B | A8, LED FAE ST BEAE K Lack
of natural light, while LED planting

lights consume a lot of energy

PR AL = N TR AR DG U L 3R 4 ik
RO NEWERKT 6 MR RAE .
AR T AN T A B " Modern
greenhouses, artificially growth light
sources , nutrient delivery systems, and
crop growth platforms have high in-
vestment costs, and labor costs for

skilled workers are also high

AHLE T 4% e Al . 48 9 A K B i 9
Hb O MR TR B R R B AR A
KT B A, WA E H Compared
with traditional agriculture, the land,
light, CO; enrichment and water for

vertical farming require investment

T ) 25 10 A P 23l o R a7k 28710, 1
T %= W AR B Plants’ transpiration
emits a lot of water vapor, which may

increase indoor humidity

W EARG PR WEAE S —E W
I % The operation of the equipment in
the vertical farm generates a certain a-

mount of noise

M E RGO T I A REEF ST, A
Al Rt A AR S 4 When the
vertical farm is located in the office or
residential environment, it may cause

allergy

LED FRLT 227 A it 48 & = N IR E
LED growth lights generate heat which

increases indoor temperature

o 1 LED FRE T B9 & Y643 Tmprove the efficien-
cy of LED growth lights

o | FI XURE A K PH BE 45 7T AR RE IR HEAT K 1L Use re-
newable energy such as wind and solar energy to gen-
erate electricity

© I T A &K1 T F B U I AT A R A A O8I B
Use more efficient compact fluorescent lighting such

as electrodeless induction lamps

o MiFIRE K HIER AR L, 2 57 AWML R
4t LED BEH] AT FA AR UR &R 48 . & vt . T AL DL I
VHEERE 7 B N BN R B T A R SRS A
R AL A R Gl A R R R IRTE R R 1B
Ji§ A% With the advancement of greenhouses and sup-
porting technologies, multi-shelf mechanization sys-
tems, LED lighting, renewable energy systems, bat-
teries, drones, as well as computing power, software
applications, databases and the Internet of Things,
etc., will be combined into an efficient production
system in the future to offset higher operating costs
by increasing production

o KK KRESEANMEFAY, BALA S RA In
the future, fully automated vertical farms will be de-

veloped to reduce labor costs

© VI A 5 H A B Y AT Y SE Rl P Integrate

vertical farms into the current infrastructure

© FI I P & A7 78 1 A Al X B8R, ] 4n 2 LR
NJEFER ST Use existing unused areas in the city,

such as vacant and uninhabited buildings

©® T A HUME 45 BRI AL L AS AL AT LW WA 49y 28 1 1 1
Bk A 7K 28 S0 B AR ZE IR RE . T L BRI ML 1 7K S
ATV T IR R E R RN R, WA T K
Equipped with a mechanical compression dehumidifi-
er, the vertical farm can not only absorb the water
vapor emitted during plants’ transpiration so as to re-

duce indoor humidity, but also use it for irrigation

© FH AR BT LIS Wy M R TR A I R B AT
7 ] 4t Plants themselves can help absorb noise,

while plants’ leaves can reduce sound reflection

® il o R ] — SL 2% ph i 3, FE AR S Y & 2E By adop-
ting some buffer structures, the occurrence of noise
can be reduced.

® K HE M 7 T AT LUy 2D 78 & RN 2 HEK
IRFN KA B I8 LOE BRVE 20 5 o B o
fE4& 9% The drip irrigation method can not only re-
duce evaporation and deep drainage to achieve the purpose
of water saving, but also eliminate many diseases that are
transmitted through contact with leaves

® i JTITE A5 280 1) TG W A R g AT A R 4 L 5E Ol BR ]
Use compact fluorescent lighting such as more effi-
cient electrodeless induction lamps

® Il I BEAS I 3= 46 %) 35 P9 23 1 R 48 AT BE A A0
P AW Use the intelligent detection system to
more effectively control and monitor the indoor air

conditioning system

[54-55]

[56-57]

[46,58-59]

[56,59]

[42,60]

[47,60]

[56,61-62]
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43R 2 Continued Table 2
[F) 750 5 Bk A i DR 3 45 BT EEB N
Problems and challenges Solution or expectation References
® RAEIEW A 0 R BE T AR 2 EAR G R, 7
FERG ST EREERIE Y Ver- S BRBEE T2 4t H % 2 7 B 35 1 fE /& The methane
tical farms generate a lot of solid contained in agricultural waste can be used as fuel for [47,56]

wastes

KR K A e, T B e HE AR T
W 253 75 4% The replacement of hy-

droponic wastewater, such as direct

Xof 8 T BRI 9 2
Impact the
mpact on the discharge into the urban pipe network.,

urban environment .
may cause pollution

‘EARGERNRE K ENREE
HE L #] % 4 Vertical farm ventilation
system will emit greenhouse gases from

indoor to outdoor

vertical farms, and after full combustion, it can pro-

vide energy for daily production

© RS K 7 3R FE R 0% 3% A A AR A XL
V5K K R E SR B RUA DLE AR R S
By, N [m1 0 F) % 7K Use fish-vegetable symbiosis.,
aquaculture, leech farming and other planting modes to
use the nutrients and organic waste in sewage and [48,60,63-65]

wastewater as food for fish, so as to recycle wastewater

© [ Fl A= W18 52 H AR F0 HA B AR i 1 56 38 1 HL
& B K A9 & Use bioremediation technolo-
gy and other technologies (to be perfected) to restore
the quality close to drinking water

o AR BERLIN 2R 4o 4 % N 25 0 R SE AT 5 A AU
P AW Use the intelligent detection system to
more effectively control and monitor the indoor air
conditioning system

o I B A I 3G N T LA 22 i #f b R T L IR B IR RO
Al LLSP- A6 0 I5CBE 22 (9 i %5 UK The increase of verti-
cal farms can alleviate the pressure on cultivated land.

[55.62,66]

After returning farmland to forests, it can absorb

more greenhouse gases in a balanced manner

8L TE AR T KO S EEOR H AT E 282
A ANAFAE R B B A5 29 HL O e i O B I %
ST AL L . A T AR A R LSO
W 4 TR A AR G 19 RE AL B B R 2 T AR BRI Y
PEAY L. 2T g 0 e B AR 7 0 R A5 AT BE AR Y
AN W, — T 1 O e R G B ) AR R —
TR0 5 55 — 7 180 W) 5 2808 5 50R T B 2 57 )
PEAT WO A ER A

4 % it

i LA G AT AR X T H At 28 1A 1 A7F 2 40
S o — AR AR 1) T 24 AU L A7 TR A 25 R Y
BHERIZH, BERGMATELZERZE 4
a2 W1 H AT [ PN A R 23 S 3 SRR B BF 5 A 24T 45
il 7E B HE T B B 6 T AR AR R B L AT Y
W e T 08 A2 A5 BRI R SRUPR 85 07 T A i 5 1)
FEAWINGE A . H AT E PR K 058 P4 R 32 2
1E 3 ATT I B RS B 2 T sOnT 474 20 B AR
SIEIRAR . BOR T T A BE 5T 6 56 B 4 T T £
T 23 A AR X B 358 B4 52 W) 75 TR 300 A A — R B A B 2
P R OE ST . AT E SIS Y )z M R A
[l N B W SE IR A7 —E B 220 . AT LR [ P
BORT AT B 4. 85 TV IR Z 2 R S A AR E B ST Y

TRAHITT ) 1) 55 722, RS RS2 B DU 5% 1 L 7 2 FLAR
G 9 WF 5% 4508 A S
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Bibliometrics-based review of vertical farm

SHAO Yiming' ,ZHOU Zhiwei' ,HU Zhenyu',LU Chungui®, LI Jiaqgiang'

1.School of Architecture ,Nanjing Tech University,Nanjing 210003 ,China ;
2.School of Animal sRural and Environmental Sciences , Nottingham Trent University
Brackenhurst Cam pus Southwell Nottinghamshire , Nottingham NG25 0QF ,UK

Abstract

riculture and the building environment. This article uses CNKI, Scopus and Web of Science (WoS) as da-

Vertical farms are one of the latest research directions in the interdisciplinary field of ag-

tabases.and selects 184 domestic and foreign related literatures by searching keyword. The bibliometrics
methods are used to quantitatively analyze them., and summarize the current status and development
trend of vertical farm research and the challenges. The results showed that the development of the first
10 years was relatively slow,and there were few related literatures published after the concept of vertical
farms was proposed in 1999. After 2010, the development has accelerated,and the number of literatures
has shown an overall upward trend. But regardless of the overall number or the inclusion of the core da-
tabase,related research is still very insufficient. An analysis of 21 documents in the WoS core collection
database found that the latest research focus is not only in the direction of agricultural science and tech-
nology.but also in the direction of environmental science,especially in the direction of the building envi-
ronment. Based on comparatively analyzing the research content of various literatures, the research
hotspots of vertical farms are further refined and summarized, and research methods are sorted out. At
the same time,the technical,economic and feasibility of vertical farms are analyzed,and the direction of
future technology development is elaborated.
Keywords vertical farm; vertical farming; bibliometric; ecological design; database; verlical greening;
green building
(AR % 4. 7k & 48)





