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Evaluation of Energy Loads for Broiler-Standard Design Models Using
a Building Energy Simulation Method
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ABSTRACT

This study was to quantitatively evaluate periodic and maximum energy loads for broiler-standard design models by the Ministry of Agriculture, Food
and Rural Affairs (2016). Building energy simulation method was used to compute heating and cooling loads of the designed broiler houses according
to regional locations and insulation characteristics of wall and roof. It considered sensible and latent heat generation from broilers, dynamic operation
of ventilation system according to environment variations. It was found that variation of periodic heating loads was relatively higher than that of periodic
cooling loads according to thickness changes of wall and roof. Assuming that broiler was raised at every even-month, periodic heating and cooling loads
were 6 and 18% lower, respectively than odd-month raising condition. When recommendation rules of insulation characteristics (wall and roof thickness)
by the Ministry of Land, Infrastructure and Transport was adopted, periodic heating load of Jeju-si was 20.3% higher than national average values.
Based on the BES computed periodic and maximum energy loads under the designed experimental condition, these results can contribute to
reestablishing standard design of broiler houses, especially for insulation characteristics, and designing management strategies for efficient energy uses.
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Table 1 Building specifications of broiler standard design models
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2 AFofAe AR A EH ]S $I5te] TRNSYS
(ver 18., TESS, LLC., USA) & 73S 0|83}tk TRNSYS
= AL 350 whE ok 1= §iEje ojot e HA AL
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2 ko= o) TSl Al ok oA A1) <, ol A
£ AR (Ha et al., 2015, 2018).
Q’i = Qs'u,rf + inent + an/in + Q’inf + C){:plg + Q/at (])
qu,rf = As : (q(s +q1z,s) (2)
inem‘ p C lfnf : V‘ (T:)'u,t - ]7”1) (3)
Q’inf =pP-* C lnf -V (T:)'u,t - ]7”1) (4)

Building unit Length (m) Width (m) Area (m?) Number of heads
A+9K 30.3 433.29 9,564
A+19K 60.3 862.29 20,250
A+29K 90.3 143 1,291.29 30,936
A+37K 114.3 1,634.49 39,485
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of = MELA] wid 7|5 BiA W 2]52] FA 240 E}E}
Zk A9 oy FelE AkEshr] st wAY] H

100, 135, 190 mm, A&-2] < 130, 180, 220 mm= MA]
WS gesio] 7 Aoqds & 120 239 B 249
ot B4 st o) A=A de ofelie-2
Aag-oldzge] x3to R FAH. HiEHe FAEEA
Aol A vRel o] £ 150 mmE A of & W<y
& gt Eool =R BEL A HYPEALE 50 mm,
A2EI2E 200 mmE AT Ao FAHU A,
A%, sfetag sk ARl 847 i ofdel Pt
(Table 2).

Table 2 Physical properties of the materials used in broiler house
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5 APRPES ol gstol sE w9l
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d Holm 2t Aoz
097)9] 714 R8-S 28510] F SAF 24 S 432072
AFEE|900] (Table 3), ol 7|45 52544 wAo] uteh

Fom, ik 24 = A9 9N, A= A4 4, A 72
izj 474, A5 GE 24 302 Z 4327
A

) Conductivity Thermal capacity Density

Materials J h' m K (kJ kg K (kg m™®)
ZnSteel 158.4 0.47 7,860
Glasswool 0.13 0.83 48
Concrete 7.20 0.95 2,400
Reinforced concrete 7.92 0.84 2,800
Gravel 7.20 1.00 2,200
Polyethylene fim 144 1.80 930

Table 3 Experimental conditions for BES computation
Condition Contents Number of cases

Regional location

Cheolwon, Yangpyeong, Chungju, Nonsan, Namwon,
Youngam, Youngju, Sancheong, Jeju

9

Building
(Number of broiler heads)

A+9K, A+19K, A+29K, A+37K 4

Wall thickness

75, 100, 135, 190 mm

Roof thickness

130, 180, 220 mm

Weather data

2011~2020 10

Simulation step

1) Computation of internal air temperature and ventilation rate
2) Computation of energy loads

Total number of computation cases

8,640
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Construction of weather database }—-‘

(data.kma.go.kr) _,/
= Airtemperature = Atmospheric pressure /

= Relative humidity = Ground temperature .
= Solar radiation /

Geometry design of broiler house}» —

(Standard design model of livestock house)

= Geometry design according to building
configuration

= Construction of layers for roofs and side walls
based on thermal conductivity and thickness

N

Boundary condition design

= Generation of sensible/latent heat from broilers “‘._
= Algorithm of ventilation operation \

1) Computation of minimum ventilation rates
2) Additional operation of ventilation systems
according to indoor temp. & set temp.

(STEP 1)

/

—|Computation of indoor air conditions | g

(Based on thermal equilibrium equation)

= Computation of indoor air temp. & humidity
= Computation of ventilation rate
= Construction of input data

(STEP 2)

o Computation of energy loads

= Periodic heating & cooling loads
= Maximum heating & cooling loads

Fig. 1 Simulation flow to evaluate energy loads of broiler house
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Fig. 2 Indoor air temperature variations for “A+37K”, 100 mm of wall

thickness and 180 mm of roof thickness conditions when 2015
weather data of Namwon—si was used
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Fig. 3 Indoor air temperature variations for “A+37K”, 100 mm of
wall thickness and 180 mm of roof thickness conditions

when 2020 weather data of Namwon—si was used
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Fig. 4 Heating and cooling loads for “A+37K”, 100 mm of wall
thickness and 180 mm of roof thickness conditions when
2015 weather data of Namwon—si was used
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Fig. 5 Heating and cooling loads for “A+37K”, 100 mm of wall
thickness and 180 mm of roof thickness conditions when
2015 weather data of Namwon—si was used
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Table 4 BES computed periodic heating loads for “A+37K” condition according to wall and roof thickness at Namwon-—si

Wall thickness | Roof thickness Periodic heating loads (GJ)

(mm) (mm) Total Odd month Even month
130 4,051.36 2,085.13 1,966.22

75 180 3,525.65 1,816.59 1,709.06
220 3,266.78 1,685.52 1,581.26
130 3,666.79 1,887.93 1,778.87

100 180 3,135.65 1,618.97 1,516.68
220 2,882.36 1,490.74 1,391.62
130 3,316.17 1,711.71 1,604.46

135 180 2,824.53 1,461.33 1,363.20
220 2,577.51 1,336.26 1,241.24
130 3,074.29 1,587.95 1,486.34

180 180 2,562.62 1,328.70 1,233.92
220 2,322.16 1,207.01 1,115.15
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Table 5 BES computed periodic cooling loads for “A+37K” condition according to wall and roof thickness at Namwon—si

Wall thickness | Roof thickness Periodic cooling loads (GJ)
(mm) (mm) Total Odd month Even month
130 1,529.23 846.70 682.53
75 180 1,569.64 867.50 702.14
220 1,592.14 878.40 713.74
130 1,557.54 862.41 695.13
100 180 1,611.01 887.44 723.57
220 1,638.80 901.08 737.72
130 1,552.64 858.77 693.87
135 180 1,649.18 906.29 742.89
220 1,679.83 922.33 757.50
130 1,615.88 889.50 726.38
180 180 1,683.35 923.93 759.42
220 1,718.82 941.85 776.97
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Table 6 BES computed maximum heating loads for “A+37K” condition according to wall and roof thickness at Namwon—si

Wall thickness

Roof thickness

Maximum heating loads (MJ)

(mm) (mm) Total Odd month Even month
130 2,951.28 2,951.28 1,248.17
75 180 2,948.82 2,948.82 1,236.11
220 2,948.38 2,948.38 1,229.95
130 2,948.09 2,948.09 1,239.37
100 180 2,945 .85 2,945 .85 1,227.12
220 2,945 .48 2,945 .48 1,220.86
130 2,948.09 2,948.09 1,239.52
135 180 2,944 11 2,944 11 1,219.68
220 2,943.79 2,943.79 1,213.30
130 2,94510 2,94510 1,225.62
180 180 2,943.34 2,943.34 1,213.02
220 2,943.03 2,943.03 1,206.49

Table 7 BES computed maximum cooling loads for “A+37K” condition according to wall and roof thickness at Namwon-si

Wall thickness

Roof thickness

Maximum cooling loads (MJ)

(mm) (mm) Total Odd month Even month
130 583.72 583.72 486.84
75 180 581.76 581.76 48458
220 580.60 580.60 483.09
130 582.35 582.35 485.21
100 180 580.38 580.38 482.93
220 579.22 579.22 481.43
130 582.27 582.27 485.19
135 180 579.22 579.22 481.56
220 578.05 578.05 480.06
130 580.10 580.10 48251
180 180 578.11 578.11 480.19
220 576.93 576.93 478.68
3. ZIEuER A1 J|E HE H 7|zt 2 9F 10% W] HALE Kol A o® YEyTt (Table 8).
LH . Ltdf =HE ALY AY A9 Hat tiH] 13.9% W2 2407 G129 7|7t T Ha}
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U 2= Ao AEE W AV, AlS 2199 B 42
3,120, 3,493 GJ qFEL= Ftgh tiu] 22} 116, 24.9% =7
AEEA 717 A Rk A A 'l A1 A
T 1,589 Gl HFE=, ¥, 7 =ik 3, 9 A
A2 Btk tiE] 10% Wele] HAE 2ol Ao vt
T} (Table 9). AY, HF= 22 1,293, 1,333 G {22 Ht
H] 182, 15.7% W2 73} ghg R AlF A5 A5
203% =2 1,901 GJ 19| Wul Ha} ghe Holk Ao
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Table 8 BES computed periodic cooling loads for “A+37K” condition according to locations when recommendation rules for insulation

characteristics were adopted

Location

Wall thickness

Roof thickness

Periodic cooling loads (GJ)

(mm) (mm) Total Odd month Even month
Cheolwon 190 220 1,292.81 673.66 619.15
Yangpyeong 135 220 1,682.29 849.24 833.05
Chungju 135 220 1,715.98 863.24 852.75
Nonsan 135 220 1,617.28 872.21 745.07
Namwon 135 220 1,679.83 922.33 757.50
Youngam 100 180 1,469.12 811.90 657.22
Youngju 135 220 1,332.50 716.25 616.25
Sancheong 100 180 1,526.75 841.36 685.39
Jeju 75 130 1,900.96 1,012.55 888.40

Table 9 BES computed periodic heating loads for “A+37K” condition according to locations when recommendation rules for insulation

characteristics were adopted

Regional location

Wall thickness

Roof thickness

Periodic heating loads (GJ)

(mm) (mm) Total Odd month Even month
Cheolwon 190 220 2,407.77 1,248.69 1,159.08
Yangpyeong 135 220 2,621.94 1,354.71 1,267.23
Chungju 135 220 2,628.59 1,359.61 1,268.98
Nonsan 135 220 2,634.69 1,360.06 1,274.63
Namwon 135 220 2,577.51 1,336.26 1,241.24
Youngam 100 180 3,030.38 1,566.78 1,463.60
Youngju 135 220 2,660.55 1,377.27 1,283.29
Sancheong 100 180 3,120.47 1,611.18 1,509.29
Jeju 75 130 3,492.84 1,807.03 1,685.82

Table 10 BES computed maximum heating loads for “A+37K” condition according to locations when recommendation rules for insulation

characteristics were adopted

Location

Wall thickness

Roof thickness

Maximum heating loads (MJ)

(mm) (mm) Total Odd month Even month
Cheolwon 190 220 2,944.04 2,944.04 1,209.41
Yangpyeong 135 220 2,943.81 2,943.81 1,213.93
Chungju 135 220 2,943.79 2,943.79 1,214.38
Nonsan 135 220 2,943.79 2,943.79 1,214.23
Namwon 135 220 2,943.79 2,943.79 1,213.30
Youngam 100 180 2,945.90 2,945.90 1,221.45
Youngju 135 220 2,943.79 2,943.79 1,211.61
Sancheong 100 180 2,945 .97 2,945.97 1,220.20
Jeju 75 130 2,948.42 2,948.42 1,233.11
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Table 11 BES computed maximum cooling loads loads for “A+37K” condition according to locations when recommendation rules for

insulation characteristics were adopted

Location Wall thickness | Roof thickness Maximum cooling loads (MJ)
(mm) (mm) Total Odd month Even month

Cheolwon 190 220 551.87 551.87 486.51
Yangpyeong 135 220 645.63 645.63 516.93
Chungju 135 220 668.88 668.88 559.30
Nonsan 135 220 613.85 613.85 495,84
Namwon 135 220 578.05 578.05 480.06
Youngam 100 180 556.43 556.43 473.92
Youngju 135 220 640.45 640.45 440.60
Sancheong 100 180 621.37 621.37 480.54
Jeju 75 130 609.43 609.43 549.03

Zeolch A0 A% Aojold] B AT el w4 K| B M5 X7 olux| 2t oE2 9
MAS AL w & A ] 717 g 2 gy SRy =5

= AEodAAlEH ol BeEls Fof =E3t 2 Ao
59 S7h= 7IRE W ek s 7HE 4 dlen, AL zAW 7)7F - g W - o) z A= 7
g 5 7R 71 E ek SV R S ok 2 7170 B REe w2510} (Table 12, 13, 14, 15).
wheba] Al 2]99] - T s Hstol o AlgH], Y - AT 2R thisly] OJ3h BiZ=0] A0 A HAL E3)
Y Fh ol mE o || BlE T H3HAl AAA 74 2] 9% (latitude) ZHS ARSI 7|7k W - Wy s}

e Th

of tigh o) 2l =E I, B

A sl ehsto] 2l

gh, Table 100 fAIE HEe} o], A o A% %149
o) P Hels P 2,945 MJ FRE 7t 2| oulch 4SS
A JBFIL (0.12% HAP) 0.05% 2] HALS Hol= Aoz 1}
B o2 Tl @ el

d A A 7

o Rl sjEom AXETRL 24 sl

&2 #d

TSNS 7R FOR AR AP E oL (p<2e-16),
Z|of - Bspol] dfgk AR 39 2dl = aPolA
Ao, WA 9 2|5 FA HaEe] el 598t ¢ Ao R
UeRgth dukgl 39 2 EEabofa= ArgEo] "ol
A= ol i3l SRAAAH (Backward elimination method)
A2 AL A - 9] 319 mdof tfgk ANOVA 2415 &

Table 12 Regression models for estimating periodic heating loads according to locations and insulation characteristics of wall and roof

Periodic heating loads (total)

o(18-8 +0.03692 X latitude) R
(62.24x (217 6 002881 x THK,, +0.002723 x THK,,,)
¢ head s f 0.95
Periodic heating loads (odd month)
o18:25+0.0347 x latitude) R?
. Volume
e(ng x( eads )+0.002834 x THEK,,;,+0.002678 X THK,,,) 0.95
Periodic heating loads (odd month)
e<l7’95+ 0.03931 X latitude) Rf
(61.97 x (L2170 4 0.002933 % THK,,,+0.00277 x THK,,,)
e head's f 0.95
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Table 13 Regression models for estimating periodic cooling loads according to locations and insulation characteristics of wall and roof

Periodic cooling loads (total)

(23.79+0.0007398 x THK,; +0.0006505 x THK,,) Jr2
e a
(77.87 x (2217 ) | (.07279 x latitude)
heads 0.84
e
Periodic cooling loads (odd month)
(23.67+0.0006602 x THEK,;;+0.0005760 x THEK,,) P2
e "
(77.78 x (221 ) | 08672 x latitude)
e hiead's : antuce 0.84
Periodic cooling loads (odd month)
(22.47+0.0008337 x THK,,;,+0.0007382 x THEK,,,) R
e ! a
Volume .
(78.00 x ( ) +0.05721 x latitude) 0.83
¢ head's .

Table 14 Regression models for estimating maximum heating loads according to locations and insulation characteristics of wall and roof

Maximum heating loads (total)

o(21:17+0.00007216 x latitude) R’
(72.71 x (X212 ) 4 6100001799 x THE i T0.000009523 x THK,,,)
e head s v rof 0.96
Maximum heating loads (odd month)
o(21:17+0.00007216 x latitudc) R?
(72.71 x (21 ) |6 00001799 x THK,,, +0.000009523 x THK,,,)
¢ head s 4 0.96
Maximum heating loads (odd month)
o(21:17+0.00007292 X latitude) R’
(72.71 x (X212 ) 4 6100001802 x THE. w1 T0.000009509 x THEK,,,)
e head s v of 0.96

Table 15 Regression models for estimating maximum cooling loads according to locations and insulation characteristics of wall and roof

Maximum cooling loads (total)

19.30 +0.007876 x latitud 2
€< 0+0.00 X latitude) R
(73.85x (221 ) 1 (00009251 x THK,,+0.0001023 x THE,, )
1l
¢ head s b raf 0.74
Maximum cooling loads (odd month)
19.46 +0.005982 X latitud 2
6( x latitude) R
=
(73.83 x (221me ) 1§ 00009588 x THEK,, +0.0001070 x THK,, )
1l
e head's wa raof 0.73
Maximum cooling loads (odd month)
19.45+0.006123 x latitud 2
e( 0.00 x latitude) R’
Vol
(73.74 x (=22) 400001117 x THK,,; +0.0001217 x THK,,,)
e head s u raof 0.73
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