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A Study on the Heating and Cooling Energy Load Analysis of the
KNU Plant Factory
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Abstract The heating and cooling energy load of the KNU plant factory was analyzed using the DesignBuilder.
Indoor temperature set-point, LED supplemental lighting schedule, LED heat gain, and type of double skin
window were selected as simulation parameters. For the cases without LED supplemental lighting, the proper
growth temperature of lettuce 20°C was selected as indoor temperature set-point together with 15C and 25TC.
The annual heating and cooling loads which are required to maintain a constant indoor temperature were
calculated for all the given temperatures. The cooling load was highest for 15T and heating load was highest
for 25C. For the cases with LED supplemental lighting, the heating load was decreased and the cooling load
was 6 times higher than the case without LED. In addition, night time lighting schedule gave better result as
compared to day time lighting schedule. To investigate the effect of window type on annual energy load, 5
different double skin window types were selected. As the U-value of double skin window decreases, the heating
load decreases and the cooling load increases. To optimize the total energy consumption in the plant factory, it
is required to set a proper indoor temperature for the selected plantation crop, to select a suitable window type
depending on LED heat gain, and to apply passive and active energy saving technology.

Key Words : KNU plant factory, Energy load analysis, DesignBuilder, Heat transfer
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[Table 1] Pyeongtack annual weather data

. Wind Wind Direct Diffuse
2:::(2;312_?%]; Speed Direction Normal Horizontal
i (m/s) @) Solar (kWh) Solar (kWh)
Jan -2.16 3.33 220.81 66.84 33.10
Feb -0.34 4.61 260.73 74.86 38.98
Mar 4.81 3.31 209.40 77.35 59.90
Apr 10.84 3.84 204.78 90.04 71.00
May 15.84 2.98 160.46 89.57 77.89
Jun 20.53 297 188.83 72.93 85.22
Jul 23.58 2.52 188.59 33.98 82.98
Aug 24.97 3.71 162.33 36.02 81.04
Sep 20.78 2.18 205.28 52.13 64.52
Oct 14.49 2.07 186.47 65.27 49.70
Nov 7.55 3.53 224.50 55.33 35.37
Dec 1.23 2.75 258.39 4493 31.74
2.2 AM = [E 2] 7|& AlEdlold =4
T 1o TEoetn AorEutistyl olHst Welo] Y [Table 2] Reference simulation conditions
Eg—ﬂ_‘ 7]—?—;(5]}10]]:]' EPW(EHGI‘gyPluS Weather ﬁle)ﬁ‘é Temperatu_re Set-point 20C
4] 7150l ElE{6,7] AHgdte] ATt AlEat YR = LED Heat Gai 2 stage cropping
ceal am
Swlsle} ofulx AnES AL 164 W'
329 AA AL VE0 2 AEF AYEAALE Heat Transfer Coefficient 2.7 Wim® - K
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S 7IEAC] ddsralnt [Table 3] Properties of reference double skin window
viA] LED 83 9 dig2s op oo Aued
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B WEA MBI NEY AR A [ o | me | s 664
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[Fig. 3] Monthly variation of outside temperature, cooling
load, heating load at 20C temperature set-point
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[Fig. 4] Annual cooling and heating load for different
temperature set-points
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winter season
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[Table 4] Annual cooling and heating load for different
LED lighting schedule and heat gain

Day Time Night Time
LED Cooling | Heating | Cooling | Heating
Heat Gain (MWh) (MWh) (MWh) (MWh)
100% 888 40 870 11
90% 807 41 785 11
80% 723 41 700 12
70% 646 43 619 12
60% 566 45 536 14

3 5 274 2 At 9]
o Sl Aol oo /1 LED B A

5 404 F718e] 49 LED
0%*41 Fujutet YRt of
£ et k. okt

RARRE: [P 1A 0}7} 7}/\%;} o]—X]
o 4 glong AE Aol w& LED %ee 22 3
27} 9Iek. LED @me] wredapo] =i7] ujo] eheyaat
BB H8E LU AT ok o

Lt Zlo] st Al & 7

U of

AR 20T A%
o] W7 Wuels
Zl]/\JOP‘}&E}. Clear glasst PPG AFQ] clear glassE ARE-3}
Q3 CLZE HEASFHC) Low—e(low—emissivity) glass=
PPG A}9] Sungate 500 A|=2 ARE3}1l LEE FA|5}S
t}. Ao ARR3E o]FAFF = = Outside / Air / Inside
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[Table 5] Properties of double skin window

Type U_Vilue Thickness (mm)
(W/m” - K)

Case 1 2.70 6(CL)/ 12(AIR) / 6(CL)

Case 2 3.11 6(CL) / 6(AIR) / 6(CL)

Case 3 2.53 6(CL) / 12(AR) / 6(CL)

Case 4 1.98 6(LE) / 12(AIR) / 6(CL)

Case 5 1.60 6(LE) / 12(AIR) / 6(LE)
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[Table 6] Annual cooling and heating load for different
double skin cavity thicknesses, double skin
cavity filling gases and different types of
double skin window

Type Heating (MWh) Cooling (MWh)
Case 1 40 888
Case 2 48 860
Case 3 36 900
Case 4 26 939
Case 5 21 989
Case 49} 5= 713 0|335.2] Yelnfof low-e H2I2
23k 7950tk Case 4014 ]2 low-e frel W
751‘8}?1 o37F Wyrpe o]—7]— oF 51 MWh Z7}glt}. Case 59|

HE Ay s oolg]b x%g/qg QJdlo]ZA 5 o] H sH E]

wol Ajgkgtet sA|TE low-e ]SS = AR S| H]

8 W2 U-valueE 7HA WiitollA] o ftzo] dojuA] &

Alo| A} o|ZAF o H|3| ZojA] WHHES} 2715k
A

AL B3 o|FH 5 ARFeo] AShE AE
Aol sk 7::‘ 3“ %4““:‘0 7tk Ae
1=

o .
)
4z
2
o
ox T
o i
F[F
m&
E
> 1
T
o
foh
Lo
s
flo
nﬁu
B
l‘ll‘ o



KNU A[E37o] Wb ofujx) 5ah sjalo] gt o

718 weste] AHe] AANE ATT 4 Y BB
U-value Zh& AlEi}a o] we} 5it 378 83

"ast 94e Ao woE

4. AE

H Lo A= DesignBuilders o] &3lo] AE-34<]
oA AHFS AYAHYLE, LED H357], LED K
A, ule] 2 il whep ZASHI: oo A

He R AnE gelskd bt 2t

(1) o] gl A3 AYHYLES 20T
2§44 A 9 3
2123} LED § 2371718 4% 59 Pgest

£ o AR dsi ZolEt,

(2) oRIEFo] SR PR L Ykt Aol {2l
A9t el 2E Fol wE AR 9A B3
F7)1E BAE Havt O‘E} RBgzFo] 10%4 Zuj
npch WRsE £ E g2 oF 80 MWh, of7hE g
£ oF 90 MWh & 7ZhA3ict

(3) A&H £J99] U-valuer} 245 <J7ete] 44
gifo] ol Al WiEete AAskal |
e e i

@ A=E37% oAdA 2uEF A3S QlaliAe A
AlEo] Az wet 44 A= gE A5t
I uhRe 9l WkRele] 3715 arEgk Aot
X g Adgsjofsitt.

g B AqtollA] aLgehA] gk ) 2, AlEE
Ao AEHAl, A d HE 59 Al P HEJE o]
AR7es AL 24 AAY 4 59 d4E F
7 Z13Y3k Aot

References

[11 Y. C. Um, S. S. Oh, J. G. Lee, S. Y. Kim, and Y. A.
Jang, "The of Container-type Plant
Factory and Growth of Leafy Vegetables as Affected by
Different Light Sources",

Development

Journal of Bio-Environment
Control, Vol. 19, No. 4, pp. 333-342, 2010.

[2] Y. M. Kim, H. U. Cha, and Y. S. Kim, "Heating and
Cooling Energy Assessment of Passive Technology

Applied Energy Saving Apartment - Heating and

1425

Cooling Energy Consumption Estimation through the
Energy Analysis Software", Proceedings of the SAREK
'10 Summer Annual Conference, pp. 346-350, 2010.

[3] J. G. Han, S. Y. Kwon, and J. H. Lim, "A Design of
LED Light Control System based on Ultrasonic Sensor
for Energy Saving of Plant Factory", Proceeding of the
Korean Society for Internet Information Conference,
Vol. 12, No. 1, pp. 401-402, 2011.

[4] S. Y. Kwon and J. H. Lim, "Improvement of Energy
Efficiency in Plant Factory using Optimum Light
Intensity Control According to Growth Stages of Plant",

Society for

12, No. 1, pp. 85-86,

Proceeding of the Korean Internet
Information Conference, Vol.
2011.

[5] DesignBuilder,

Documentation for Design Builder v2.3", 2010.

"DesignBuilder EnergyPlus Simulation

[6] U.S. Department of Energy, "Auxiliary EnergyPlus
Programs - Extra programs for EnergyPlus", 2010.

[7] ASHRAE., "ASHRAE Handbook —Fundamentals, Chapter

pp. 28.1-28.10, 2005.

[8] Y. B. Lee, Y. H. Jin, S. S. Jo, and C. E. Lee, "Lettuce

Production in Factory-style Plant Production System",

28, Climate Design Information",

Korean Journal of Horticultural Science & Technology,
Vol. 18, No. 2, P-1-2, 2000.

[9]1 K. Y. Choi and Y. B. Lee, "Effect of Air Temperature
on Tipburn Incidence of Butterhead and Leaf Lettuce in
a Plant Factory", Korean Journal of Horticultural Science
& Technology, Vol. 44, No. 6, pp. 805-808, 2003.

[10] C. H. Cheong, J. Y. Kim, T. Y. Kim, and S. B. Leigh,
"Analysis on the Improvement Factor of Residential
Building Energy Rating System in the Respect of

Journal of Architectural Institute of
Korea, Vol. 26, No. 3, pp. 235-243, 2010.

[11] PARUS Co., Ltd., "The Installation Status of LED
Plant Factory System for Business Use", 2011 LED

Passive House",

Plant Factory Seminar, 2011.
[12] Seoul Semiconductor, Technology - Thermal Characteristics,

www.acriche.com



SrAkslr ) eets)=wA] A3l A4S, 2012

0] &t TH(Chan-Kyu Lee) EXEE

e 20114 29 : FFdistw 7|ARE
BAEIR ABATIAT &
& (3h4h

e 20114 3Y ~ x| : BRUE
7| AFE N} Ak

gl o>
oNUA T, AEATE, daAlget

1426

2 % El(Woo Tae Kim) (39
e 2000% 89Y : EFFIstn 7]
Ags (FeEAh

20014 119 ~ 20029¢ 109 :
AddRoistu 7| A-gskt
20024 129 ~ 20059 99 : 7}
H7dEcistal  Data
Systems Center

® 2005 10 ~ 20099 8¢ : 4F

RGP 7EdTta
© 20094 99 ~ FA| : TrofetaL ANEAEHE %

Storage

AT AT, AARAAT, AhF}

=




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


