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Abstract. Recently, a closed-type plant factory has been receiving attention as a advanced agricultural method. It has
diverse advantages such as climate-independence, high productivity and stable year-round production. However, high
energy cost caused by environmental control system is considered as a challenges of a closed-type plant factory. In
order to reduce the energy cost, investigation about energy load which is directly connected to energy consumption
needs to be conducted. In this study, energy load changes of a plant factory have been analytically analyzed according
to the environmental changes. The target plant factory was a lettuce growing container farm. Firstly, the impact of
photoperiod, set temperature and relative humidity change were examined. Under the climate condition of Daejeon in
South Korea, increase of photoperiod and set temperature rose a yearly energy demand of a container farm. However,
increase of set relative humidity decreased a yearly energy demand. Secondly, the climate environment effect was
compared by investigating the energy demand under 9 different climate conditions. As a result, the difference between
maximum and minimum value of the yearly energy demand showed 21.7%. Lastly, sensitivity analysis of each
parameter (photoperiod, set temperature and relative humidity) has been suggested under 3 different climate conditions.
The ratio of heating and cooling demand was varied depending on the climate, so the effect of each parameter became

different.

Additional key words: building energy simulation, container farm, energy analysis, urban agriculture

222 7] Wik 28 SIS SoR U
28] ofghs, =R ARl gt 845 S7HIR
ofof] wheh A= Al g ol ek w4 =3 5] S7F
11 QJtKSearchinger 5, 2018). &4 E‘]’%‘ AlExto] A
AR Y 2 Aol & Ff o
oJgl Z 7 o] ZHZO Ak & AJof| AYAF ‘Q.{,\_ 9Jrh=z}A o]
tHGu 5, 2021). 3}R|FFAu) 274 732 Y| LED, 4 -

B A28 SOl A B 217] o[ |AIE axH]SlaL gle, o] =
A 241]2] 30% oS x}AgHHKozai 5, 2016). ESH

ol
—

of

n{u r
(L X0 oft {o

o1 L

*Corresponding author: victlee@kimm.re.kr
Received July 7, 2023; Revised August 9, 2023;
Accepted August 31, 2023

278

2| H717HE QUG = 1%k
og} o=k

Al E-3e] B 9 SRS QleliAl= AlEade] ol | Al Ak
|5 A5to] —é#@om oY 2] ARgF2 2HE Afjul 2|4 A
269 7] 7R 1 E-E g o] AlAE] AA = A A
Oﬁz‘ 7 lE‘c‘fH Az k= ok AF7HA] AlEsell o
H 2 A7 XY= AT 2 AE3 S04 2 F
2 2l AJ2E Al 7)< (araE F ] AL AR ARS- F
23} 7)<, 2 A5 B BE 5)EokollA =33 =] qick vt
H, 2[4 2174 o] A8 A 9 AJo] Alute] @ EE-2 98
A AEE oA A] Qo] thgh Aot Y F4] o] A diE|of
ofsli=d, o] &oFe] A= 1] Sgt A o|th(Choi 5, 2023).

o|e} st *‘%{%ﬂ&ﬂ oA ARERF 2 A} o] 8- B-&
2 7|24 v a2 A8 A-tEo] Aok Harbick 7}

Albright(2016)& 21557} £410] 917k o 1] 2] A-u]ek}

oJu] RES A% F712 R

— O =

Ho

4

Journal of Bio-Environment Control, Vol. 32, No. 4, 2023



A A ABIRY SRS 1E AF

o|AkletAa v &S SA) A o & vlw BAISIGIch 47]10) =
A 7158Hof| tifaf] B s}, Ak A1Eg7e] of L 2] 4vH]
et ol ilsteAs vl EeFo] 24 Wtk 34 Ul T Graamans
5(2018)-2 A= A} Al &gt 24 S difo & 49 oy
A 9 2ol thjaf a4 2 0 2 A5}tk &7 ofj L 2] AsH]
A A3t A B3] - e Alo| ol tis) A KT
A USITE ST ThE AU, CO,, P8 thX] H2) 4nH]
2 A RS wf A5 AHY o] 8 G8o] 2AtH]
i"—igo akict.
AtollA= AT W - 95 874 2719 WSl wh
E}% W A ol A] Qg digl sl A BadS %18
A

o

_ﬁ

Stk ARl (Lactuca sativa L.) A8l Zg|o]HqF
239 fpon 9o, B AR 49 478
o 7 9 A et oA mES F-8sto] sl
(Choi 5, 2023). W3- 34 248 2HE0] U7, A4 &
S gholl mhE HSkE AuHgfon, o o 212 o
715273 of wstol whE to| 5 HI|9f8l, F 970 Z=Alofl A 9
AU g HokE Atk

5
of

i)

0_14

o
=

i‘i

oA CHet

1.
%% ﬂ [olu g Alas s tiide=

2hg H3tol wh
£ A% oUA a1, S H Als) skl thsf a4
leg 21851c) a4 tjAr o 2= Fig. 13} 22 2 7
o], %01 }3m, 9m, 2.6m 52 ZAHo||E A7gstH om,

é

A} g0l H = diHA] g7 Al A7 W RISk Qlek A
A TH(T-type,

Ellou Ui 2 HekE AARESAs ] ffs),

oux e 24

Omega, USA) 107, AFi&=AIA(KSH7310, SEMSECUBE,
Korea) 27 4121811001, 13 kI dlo]el & S3letsl
o}, 20 o]l Ak 2Aelo]u ofui<] s HE(BES,
building energy simulation) 2] =2 ¢J3) &8 EH3¢lom,
o] wfj 7)ol El= xiE|o] Aol x| <5 7]t 2]
o 2, £, YA B ZhS ol 83HATh

2, ZiHO|HAE AMESE 2™

Aelolvd AE3782] A% ovA] 8-S sijAdes
FA4817] 2J8ll, TRNSYS18(Trnsient System Simulation,
WI, USA)S o 88191}, 3 A7 712 A ¢155Choi
55 2023) 0l 7 e oS AlEd S 8510
Systgick 71 pukel mEle Fig, 19] A4 7ol e] 24
dlolEl21d 7€ -21d 129 F 31 dlold, )& &8
3lo] AZE|Ql o, Hi RMSE(root mean square error)
1.65°C O A2 =5 2R1H3ITE R O] A WA K, A5
W8 & of| i 2] B A& 7]E = Choi 5, 2023) 0] AJA| =
o] glow, 1 i Rol i ol 1) B A3} Betsto] Al
B9 A AT

Aol A1 2ae] AHRL the 4] (1)3} ZehGra-
amans -5, 2017; Liebman-Pelaez 5, 2021). o]t} Q,,,, .. =
Aelol sele 2iiele] 2, , = W71l os g,
Qi = LED HF2RS, olujgicy, 2 A0]4] ALE LED
BE2 S3%E 7PBIA: Qs 2rEe] AANE,

Quac= - 717120 BREh JHgoR 1 Jl
ToAe @ - R Fstol] st
qur -face + Qinf + QLEanin + Qpl(mtSH + QHA ve = 0 (1)

Thermocouple A——q
Humidity sensor
Radiation sensor _D_'

Wind velocity sensor
Y
Container
TC 1-5 TC 6-10
RH 1 RH 2
Monitoring
System

* TC : Thermocouple, RH : Relative humidity sensor
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Table 1. Operating conditions for base condition and variation of each parameter.

Parameter Base condition Variation
Photoperiod (h) 16 (from 5 am.) 8, 12, 18 (from 5 a.m.)
Temperature (°C, photo/dark) 22/16 20/14, 24/18, 26/20, 28/22
Relative humidity (%) 70 50, 60, 80

Plant density (plant-m?) 52 -

Lighting system (efficiency) LED (53%) -

PPFD (umol'm™s™) 150 -

Growth cycle (day) 25 -

Location Daejeon -

Table 2. Climate zones by ASHRAE (2007) and representative city for each

zone based on Santin et al. (2019).

. ) Temperature (°C) Relative humidity (%o)
Climate zone* City, country - -
Min. Max. Mean Min. Max. Mean

2A (HT&H) Taipei, Taiwan 6 38 2.8 35 100 81
2B (HT&D) Cairo, Egypt 7 429 21.7 10 100 59
3A (W&H) Algiers, Algerie -0.8 385 17.7 13 100 75
3B (W&D) Tunis, Tunisia 1.3 399 18.8 14 100 72
4B (M&D) Daejeon, South Korea -16.4 349 13.1 7.5 100 66
5A (C&H) Hamburg, Germany -85 32 9 26 100 80
5B (C&D) Dunhuang, China -19.6 39.1 9.8 4 98 42
6A (CD&H) Moscow, Russia -25.2 30.6 5.5 28 100 77
6B (CD&D) Helena, U.S.A. -29.7 36.1 6.8 11 100 57

“HT: hot, W: warm, M: mixed, C: cool, CD: cold/ H: humid, D: dry.
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Table 3. Operating range of each parameter for sensitivity analysis.

Parameter Value / % change from base condition

Photoperiod (hr) 8/~50 12/-25 16/0 18/13 20725

Temperature (°C, photo/dark) 18/-18 20/-9 22/0 24/9 26/18 28/27
Relative humidity (%) 50/~29 60/~14 70/0 80/14 90/29

Location Taipei / Daejeon / Moscow
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