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Abstract Energy loads for layer standard design models presented by the Ministry of Agriculture, Food
and Rural Affairs (2019) were evaluated. The BES technique was adopted to calculate periodic heating
and cooling loads of layer houses by region, building scale, number of heads, and wall and roof
insulation conditions. The designed BES model considered real-time latent heat generation from layers
and variations in ventilation rate according to indoor and outdoor environmental conditions. Variations
of periodic heating loads for layer houses were relatively higher than periodic cooling loads according
to wall and roof thickness changes shown in a previous study. BES computed periodic heating and
cooling loads under various conditions could be utilized to establish standard designs for layer houses,
especially regarding physical insulation characteristics based on considerations of energy efficiency and
cost. Regression equations for predicting heating and cooling loads of layer houses were derived
(adjusted r-square values were 0.93 and 0.86, respectively) to facilitate the development of energy load
self-assessment tools for layer farmers.
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Fig. 1. Standard design model for laying hens by
MAFRA
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Table 1. Building specification of layer standard
design model

B%fil:g \Xzfl;h Le(?ng)th j?r:?; Heads*
A+8K 17.5 40.0 700.0 33,600
A+12K 17.5 56.0 980.0 52,800
A+16K 17.5 72.0 1,260.0 72,000
A+21K 17.5 92.0 1,610.0 96.000

*breeding density : 0.075 m?/head
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Z ARE ABAGIe] AAZICE AXEEE AR BES
AA sk
b, =P+, )
@, = 1000+ 21%0X0(20 =) (6.28m"™ +25Y)
)
b — 0.67(1000+20(20—1)) —9.8 x 1078 x ¢
s 1000
x (6.28m"™ +25Y)
(3)

Where, @, denotes total heat production from
layer(W),

&, denotes

@, denotes latent heat production(W),

sensible heat production(W), ¢

denotes air temperature(C), m denotes mass of
layer(kg), ¥ denotes egg production(0.05 kg/day

for consumer eggs).
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out
Where, vent denotes ventilation rate(ft’/m), t,,,
denotes outdoor air temperature(C), n denotes

number of layer heads.
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Table 2. Physical properties of the materials

- Thermal .

Maerials | (PN | capaciy | OeY

k] kg™ K7)

ZnSteel 158.4 0.47 7,860
Glasswool 0.13 0.83 48
Concrete 7.20 0.95 2,400
Rceé‘;fgzzd 7.92 0.84 2,800

Gravel 7.20 1.00 2,200

Polyethylene film 1.44 1.80 930
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Fig. 2. Process of BES simulation to evaluate energy
loads of designed layer house
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«Computation of energy balance of layer house

Fig. 3. Designed BES simulation model for layer house
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Fig. 4. BES computed indoor temperature and outdoor
temperature for A+21K, 100 mm of wall
thickness and 180 mm of roof thickness
conditions when (a) 2018 and (b) 2020 weather
data of Muan-gun, Jeollanam-do was used
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Fig. 5. BES computed heating and cooling loads for
A+21K, 100 mm of wall thickness and 180
mm of roof thickness conditions when (a)
2018 and (b) 2020 weather data of Muan-gun,
Jeollanam-do was used
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Table 3. BES computed periodic heating and cooling
loads for A+21K condition according to wall
and roof thickness at Muan-gun, Jeollanam-do

thi\iarlnless thi}iigiss Healti(n(,;gJ )loads COOH(H(% )lo ads
(mm) (mm)
130 8,519.744 1,701.657
75 180 8,317.532 1,689.891
220 8,218.032 1,683.502
130 8,162.781 1,714.482
100 180 7.957.653 1,702.691
220 7,856.755 1,696.317
130 7,660.662 1,713.433
135 180 7,465.313 1701.612
220 7,368.789 1695.438
130 7,611.439 1,733.304
190 180 7,401.798 1,721.66
220 7,298.685 1,715.345
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24695 o THK:].OSSX THKg.los
200423 o Vf-;ead )4.245 > THKE.OW
PCL = olume ©)

0.622 13217 0,023
lat.”">* X long. X THK'

Where, PHL denotes periodic heating load(GJ), lat.
denotes latitude of region(°), long. denotes longitude of
region(®), Head denotes number of layers, Volume

denotes volume of layer house(m’), THK, denotes
thickness of sandwich pannel for roofs(mm), 7HK,

denotes thickness of sandwich pannel for walls

(mm), PCL denotes periodic cooling load(GJ)
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