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ABSTRACT

In the wake of the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment
Report, an array of supplementary studies has been undertaken to investigate the repercussions
of climate change on crop production and associated variables. The results reveal a decline in
global average yields of major crops, including corn, wheat, and soybeans, by 4.1%, 1.8%, and
4.5%, respectively, in comparison to the pre-industrial climate era. This phenomenon portends a
further exacerbation of food security concerns with a projected additional temperature increase
of 1.5°C in the foreseeable future. The emergence of sustainable agricultural practices, encom-
passing greenhouse cultivation and advancements in smart farming technology and markets, has
gained traction. Greenhouse farming, characterized by its capacity for consistent crop production
irrespective of weather conditions, presents a viable solution. However, it is incumbent upon us
to address the energy-intensive nature of greenhouse operations, which necessitate heating,
cooling, and lighting. In pursuit of sustainable agriculture and bolstered food security, a
paradigm shift toward energy-efficient smart farming practices tailored to the local context is
imperative. This study undertakes a comprehensive analysis and discourse on prevailing trends
in domestic research pertaining to energy in smart farming. The aim is to provide foundational
insights that can underpin future research endeavors focused on innovative low-energy
greenhouse design techniques.
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Korean standards regarding the primary equipment in greenhouse

KS B 7929 (2019) Dimensions of driving shafts and connecting sockets of vinyl roll-up-down device for greenhouses
KS B 7705 (2020) Dimensions of driving shaft and connecting socket of geared motors for greenhouse curtain rollers
KS B 7952 (2022) Agricultural irrigation equipment — Nutrient solution supplier — General requirements

KS B 7955 (2022) Smart greenhouse — nutrient solution supplier — control information and data collection requirements

Korean standards regarding the Interface of smart greenhouses
KS X 3265 (2022) Interface for actuators in smart greenhouses
KS X 3266 (2022) Interface for sensors in smart greenhouses
KS X 3267 (2022) RS485-based modbus interface for integration control between smart greenhouse sensor-actuator nodes and greenhouse central controller
KS X 3268 (2022) Metadata for smart greenhouse actuators
KS X 3269 (2022) Metadata for smart greenhouse sensors
KS X 3286 (2022) Registration procedure and technical specification for RS485/Modbus-based smart greenhouse node_device.
KS X 3287 (2022) Metadata for smart greenhouse nodes
KS X 3288 (2022) RS485-based modbus interface between smart greenhouse central controller and nutrient solution device nodes

Figure 1. Korean Standards for Greenhouses
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Standards of Private Sectors for Greenhouse

SPS KAMICS B091 1999-0113 (1989) Main dimensions of the attachment for supporting the power vinyl switch for greenhouse
SPS KAMICS B094 1999-0117 (1989) Main dimensions of ventilation fan shutter for greenhouse
SPS KAMICS-B7932-144-5648 (2014) Main dimensions of greenhouse ventilation fan frame attachment part

SPS B KAMICS 155-7530 (2022) Structure and quality of northern greenhouse — Part 1: Daylight greenhouse
SPS X KOAT-0004-7466 (2022) Test method for RS485 modbus interface between sensor/actuator node and greenhouse integrated controller
in smart greenhouse
SPS X KOAT-0005-7467 (2022) RS485 modbus Interface between controllerable node and greenhouse integrated controller in smart greenhouse
SPS X KOAT-0006-7468 (2022) Growth information metadata for fruits and vegetables in smart greenhouse
(Eggplant, red pepper, mini cucumber; cherry tomato, cucumber, tomato, paprika, strawberry, melon, oriental melon)
SPS X KOAT-0008-7469 (2022) Smart greenhouse cut flower growth information metadata (rose)
SPS X KOAT-0007-7471 (2022) Smart greenhouse leafy vegetable growth information metadata (lettuce)
SPS X FACT-0022-7554 (2023) Transmission control protocol between smart greenhouse node and greenhouse integrated controller
SPS X FACT-0020-7567 (2023) Smart farm — basic conception and structure

Figure 2. Standards of Private Sectors for Greenhouses
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Table 1. Classification by academic journal

Name of Journal Number of Papers  Percentage
Journal of Bio-Environment Control 74 49.7
Journal of Agriculture & Life Science 12 8.1
Journal of the Korean Society of Agricultural Engineers 8 54
Journal of the Korean Solar Energy Society 6 4.0
Journal of Korea Academia-Industrial cooperation Society 6 4.0
Journal of the Korean Society of Mechanical Technology 4 2.7
Korea Institute of Ecological Architecture and Environment 4 2.7
Korean Society for Agricultural Machinery 4 2.7
Horticultural Science & Technology 3 2.0
Journal of the Architectural Institute of Korea 3 2.0
Journal of Knowledge Information Technology and Systems 2 1.3
New & Renewable Energy 23 154
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Figure 3. Time-Series Research Trends in Greenhouses and Energy

2o A8 H AR AEH 7|& Q4= 2| 7P S5 A
Unit), S|EH I a8 5 Adu]of thet Ao} sjefdat A ge 28
so= o] o, siAE 7|2 T efujelxjefo] HiEA o]
A B P 7lEe 75 245 201018 o] 7k HE|E
20209 ©]%-70% oVd7HA] A2 T Foke FAloIH, sA B4

(2 24 2 27 7led 27

2A9] of|7] AB|eF THAE AFE O 249 oUA] A8]F 24,

B4, @ 7|6t AAKT} 715 Ao g 7 RS,

o op
ol

Ir
X

nrk

r

QA

T

27%

%= FCU (Fan Coil
g o] A AH]
Etﬂ

=
7

30

Journal of KIAEBS Vol. 18, No. 1, 2024

A19] of 1]
o] 60%°]1A4]
]2} 71 A1



Domestic Research Trends in Greenhouse Energy: A Comprehensive Review

|5 22 T i Aof| whet x| Bet HE] B HFA] 0 2 9 1 o st

3, ARl H WALS BAISIY A, o) 2 Figure 48 A 2Istgt) B4 Axl, He|H AH7F

7Nt PRI =201 38.9% & 7Pg = Pt 28 AE B 7]a-S ohA] AlEsteto]

= T7t41.4%2 7P Eio] 218l otk 53]

d, SE2Tt A5H AAF AF A7 FE ol Fal glom, ofg] 7i2 A
sto|Ha| = BhA]of tigh A7t =2 HIE-S 2FA]gtTH(Jeon et al., 2015).

Kim and Choi (2017)9] @A-ollxi= A B3 Bt S S87t EFY AL AIRAIE

2 A
2ok, ERY $40] Zol, BdoiR, BT uIT] f4o] v B BkE At
o

i
T
ot
L
r
o)
2
o
2,
iy
N
r
)
re,

g
HE|B 7]&0]| o]o] A H 7] Tt A 714 20.8%5 2HA it A B 7|&S &
CHA] Alstobd jm] Apek E Zsof] whe Wk Baht ofuf z]ofl thgh 771 38.7%= 7}
Z =7 W, o]olA] zpeke] Alofuh 240] FH, Qjuje} 2jofe] gk FH o= Pt}
£ A7 A= k.

Seo et al. (2023) 5~ MTHE 7H2R]of] AlglH -24TH2] 9] 2]m]E 2|2 3}s)] Q8] AH]
A58 APt Takga|et B9 2] PMMAS}PC THe 2-86191S o Z1zto] me
ot ol x] AR RS S4BT, 11 A PC T A -8A] ke tiE] 27%olU| A7 d 7t
=2 SI15ISIT). Park et al. (2022) 5-2 1,584 m® TFR2.9] U 5¢71&AIES giitoa
PE, PMMA, PCEST, 22058 2-85H4712] Alo]| A0t 213g 2-4--f-7of| w2 g of
2] &9k AlETolAd Bk, Lju]e uhE WH Bol= Xt 24%, A} of el wlat
33.4%7HA] Zfo|7} 2 EelstSir.

oheh 7|7t ol 2] &8-S vlargol] Qlof, tiA|B.0] 7]& Aot HE|H O] 7|& QA4S F
o2 g vl Wrsh Alo|AE EAeHA] ot 7P B-&2%1 7|E Tk TET
o= AP Ui

N ARt T 4] 9] @ol thRolA] 1 Qli= A FAl= 24 2g ) = o]
et 24 ggol] theh S sEe] A e at 2 H o2 Iedd 2d e E dx

=

|

o]

= 5

SRR AR 2T WA= w2 s 2 B30l A R Choi et al. (2013)
2 A g 240 ehgRalet Yo HideuxiE 24et A ALRES AR | 21kt 7]
z A==

719 I HS2 A AN oW E 7] 28l whE AAl gl it Aok 2 A
ofof whE S 24 771 AtH(Chung and Yoon, 2014).

Journal of KIAEBS Vol. 18, No. 1,2024 « 31



Domestic Research Trends in Greenhouse Energy: A Comprehensive Review

Additional aspects

(20.8%) Active
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Greenhouse
environment
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(4.0%) Passive

(20.8%) (N=149)

[Active energy-saving technologies]

Active energy-saving technologies

Passive energy-saving technologies

Hybrid systems (active and passive technologies)
The greenhouse environment (indoor and outdoor)

Remaining categories
(economic viability and meteorological data analysis)

Renewable energy Heat pump  Lighting Thermogenic Fog Remaining
(41.4%) (12.1%) (10.3%) system system categories
(8.6%) %‘») . (19.0%)
0.0 20.0 40.0 60.0 80.0 100.0
[Passive energy-saving technologies]
Surface specifications and control Sunshade control Shape Surface Remaining
(38.7%) (12.9%) (9.7%) + Sunshade categories
(6.5%) (32.3%)
0.0 20.0 40.0 60.0 80.0 100.0

Figure 4. Detailed Classification of Energy-saving Technologies in Greenhouses
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