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Abstract Micro climatic conditions within the livestock facility are affected by various factors such as ventilation,
cooling, heating, insulation and latent and sensible heat generation from animals. In this study, numerical BES method
was used to simulate energy flow inside the poultry house. Based on the BES method and THI concept, degree of
thermal stress of poultry was evaluated according to the locations in South Korea. Comparison of THI values within
the poultry house was also carried out according to the stocking densities to reflect recent animal-welfare issue.
Significant decrease in thermal stress of poultry was observed when the stocking density of 30 kg/m”* was applied
in the change of the seasons(p<0.05) however, there was no statistically significant difference in summer
season(p>0.05). It meant that installation of proper cooling system is urgently needed. For Iksan city of Jeollabuk-do
province, total 252 hours of profit for thermal stress was found according to decrease in the stocking density.
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Table 1. Designed rearing periods

Period 1 May ~ 28. May

Period 2 11. June ~ 9. July

Period 3 22. July ~ 20. August

Period 4 4. September ~ 1. October
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Table 2. Designed stocking densities

Stocking density Number of broilers
39 kg/m’ 48,000 heads
36 kg/m’ 44,500 heads
33 kg/m’ 41,000 heads
30 kg/m’ 37,000 heads
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Fig. 1. BES computed THI trends according to stocking
densities(2.~7. Aug., 2017, Iksan, Jeollabuk-do)
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Table 3. BES computed Hours and its ratio over THI threshold according to research area and stocking densities

Stocking density (kg/m’)

39 kg/m’ 36 kg/m’ 33 kg/m’ 30 kg/m’
Research area
hr.(hr) ratio(%) hr.(hr) ratio(%) hr.(hr) ratio(%) hr.(hr) ratio(%)
Anseong 161 24.0 150 22.3 147 21.9 70 10.4
Chuncheon 234 34.8 231 34.4 223 33.2 175 26.0
Jecheon 161 24.0 149 222 125 18.6 50 7.4
Buyeo 219 32.6 201 29.9 193 28.7 132 19.6
Period 1 Iksan 274 40.8 258 384 233 34.7 155 23.1
Yeongam 278 41.4 258 38.4 248 36.9 178 26.5
Sangju 228 33.9 201 29.9 201 29.9 130 19.3
Changnyeong 292 43.5 274 40.8 262 39.0 227 33.8
Jeju 262 39.0 241 35.9 221 329 175 26.0
Anseong 498 74.1 482 71.7 472 70.2 432 64.3
Chuncheon 600 89.3 596 88.7 583 86.8 556 82.7
Jecheon 486 723 475 70.7 463 68.9 438 65.2
Buyeo 551 82.0 541 80.5 533 79.3 521 717.5
Period 2 Tksan 585 87.1 582 86.6 568 84.5 542 80.7
Yeongam 584 86.9 582 86.6 576 85.7 569 84.7
Sangju 539 80.2 532 79.2 528 78.6 499 743
Changnyeong 586 87.2 580 86.3 573 85.3 559 83.2
Jeju 610 90.8 610 90.8 602 89.6 587 87.4
Anseong 665 99.0 663 98.7 660 98.2 656 97.6
Chuncheon 672 100.0 672 100.0 672 100.0 672 100.0
Jecheon 659 98.1 658 97.9 647 96.3 638 94.9
Buyeo 671 99.9 671 99.9 671 99.9 671 99.9
Period 3 Tksan 672 100.0 672 100.0 672 100.0 672 100.0
Yeongam 668 99.4 668 99.4 668 99.4 668 99.4
Sangju 665 99.0 663 98.7 662 98.5 663 98.7
Changnyeong 668 99.4 669 99.6 669 99.6 670 99.7
Jeju 672 100.0 672 100.0 672 100.0 672 100.0
Anseong 264 39.3 251 374 244 36.3 212 31.5
Chuncheon 346 51.5 341 50.7 333 49.6 315 46.9
Jecheon 285 42.4 274 40.8 268 39.9 217 32.3
Buyeo 428 63.7 402 59.8 378 56.3 368 54.8
Period 4 Iksan 481 71.6 463 68.9 440 65.5 421 62.6
Yeongam 472 70.2 466 69.3 444 66.1 421 62.6
Sangju 366 54.5 360 53.6 345 51.3 311 46.3
Changnyeong 426 63.4 394 58.6 373 55.5 365 54.3
Jeju 562 83.6 548 81.5 518 77.1 482 71.7

hr. : hours over THI threshold

Ratio : hours over THI threshold / total rearing hours (%)
WA ARE7IZE 2,688 A7 UiM] 2z 783, 749, TAaAA A4S AR BFE 4 & Period 1, 49
74.5, 73.4, 69.5, 68.9, 66.9, 59.2, 59.1%5 AR5kl 9L A A THI A|57F FolakA Hashs 2108 YE)
= Ao & eyt Table 3) ol FHI= T} & WYrk(p<0.05). 9l S0, oA 79, Period 1 7|3t
WAl o]l AAEo] QA B& B9, 7] ARRZIE AL 23RO 161417 A TOAIZEO E OF 57% FHa
Ank o) o]l AA Ho| i AEHATE AT = 9lo] gk Zo® YEom, AT AS- 262417 A
Al Faks mlA 4= S Blolgt 4T & Qitk 175AIRe® 33% hAdte Ao AHEE I oH(Fig.
AARZ, ddg SA AR F717F a7ke] A W 58 2), Period 19] A= Ht A @3H= 9F 40.9%, Period
offr = WHAAS AXsHA] @ glo], wel i vk 4% 9F 15.0%= UrE]rkaE]r o= spd7] A5 713ke] A
o] NS AAlsHe AR B 4 qlg ARFREES] S A AL 2E S WA A
ASEEE de 7|FolA, FEEA 18 S fhel ol A% 7101—% a5 9l Aoz Aud & 9)

459



A7 &8 e) =2 A #1204 ALE, 2019

th ey 2A A9 S| 2 Period 2, 39
B9 ok, 2R AT tRe] Aololn AgHE
of il zahAgre] FEel Folrt gl Ao ek
S, o), oba] e Hel 2o, S| 4] A)F 5
3 WAl AAEA] oS At Al
AA A ol 18 sEezse] wae] B
oJulsh= Ao A% uheh, 24 v vhae] Yol
AL ARV
800
E M Stocking density : 39 kgm?®
B 60 W stocking density : 36 kgm®
= Stocking density : 33 kgm®
E 400 I Stocking density : 30 kgm?®
5
5
E 200
]
T
° Period 1 Period 2 Period3  Period 4
(a) Anseong, Gyeonggi-do
800
E
7 600
S
E 400
5
5]
E 200
]
=
o

Period 1 Period 2

(b) Jeju, Jeju-do

Period 3 Period 4

Fig. 2. BES computed hours over THI threshold at (a)
Anseong and (b) Jeju according to period

o

Ly

2EY T} 7P
8 7%
THI A A&

1L ~EY AT} Qe
RS

Fig. 32 ATL=S
A=A

M e

9 sEEX

S,
>,
>,
fo
iz}
U
K-y
i) =
il
—-
o)

N oo
:10

=]
IO

AOZ 72~78 Alo]e]

39 Aulgk o] 2EY 2Tt s FloR W
vl Ql=ul9] A3 AN HE HE Al slE WLl THI
A4 G Bl AR oF 646702 A AT
AR AIZE OIH] 24%9] s HolE Fo® Yt
G AFSEE A8 A, 94841710
et dd) 7] B
2

460

7|72 o AFE] = 89~98 -7koll thalA =,
oA FEEA e Al 1041722 O
o2 AEHI

50 hr (2%) \ /20 hr (1%)
).

W THI <72

W 72<THI <78

W 78 <THI < 89
89 < THI < 98

(a) Stocking density : 39 kg/m?

10 hr (0%) ., 65 hr (3%)
A /

N

(b) Stocking density : 30 kg/m?

Fig. 3. BES computed THI according to stocking density
at Iksan

]

g,
tjo
o
oo
_O'L
oz Q9

ta

BES =384
A ARSA Y] a2
o, &l A
FEOE AGTFTE
AlZ1 el gk Aol & B

=
2EY 2~ I AEE T

il
>
fo
=

o
i)

Lo 4
LT

[
[m
=
[>
i
)
olf
o,

=1 s 7]

=1

>~
=

off

il
17
N,

e o

O
ol
i)

(

[N
o oft ot
=)

o
F}O r)*

=)

AN
- 2
L

A

=

R

on,
\‘-{o

N,
B X
il

>~
>
fo
=)
o M

N

de
oo
1 Hu
X

o

X
(> ot Rl

2 of

Lo
o,

:lo
o (moM oo MK oY Mo

N2

e
R
-
&~

=
o

N
lo R M
fu o

>

Y
2

4
>
o
£l
rfo
[
[
[
t

o do

5

09‘1',

N

N

e

&
=

¥o,
>

o
—= o

[e)
T



BES $AREE o|§3 A% UEd 1FF ne A=ds 37t

References

Korea Meteorological Administration. [Internet]. KMA,
c2018, Available From http://www.kma.go.kr.
(accessed Sep., 11, 2018)

Korea Meteorological ~Administration. Report of
prediction climate change in Korea [Internet]. KMA,
c2016 Available From : http://www.kma.go.kr. (accessed
Sep., 11, 2018)

Ministry of Agriculture, Food and Rural Affairs.
[Internet]. MAFRA, ¢2018, Available From
http://www.mafra.go.kr. (accessed Sep., 15, 2018)

[4] National Institute of Animal Science, Livestock Statistics
3.0 [Internet]. NIAS, ¢2018, Available From
http://www.nias.go.kr/30/1803.pdf. (accessed Sep., 15,
2018)

[5] D. J. Franco-Jimenez, S. E. Scheideler, R. J. Kittok, T.
M. Brown-Brandl, L. R. Robeson, H. Taira, M. M.
Beck, “Differential effects of heat stress in three strains
of laying hens”, Poulty Science, Vol.16, No.4,
pp628-634, 2007.

DOLI: https://doi.org/10.3382/japr.2005-00088

[6] E. Tumova, R. M. Gpus, “Interaction of hen production
type, age, and temperature on laying pattern and egg
quality”, Poultry Science, Vol.91, No.5, pp. 1269-1275,
2012.

DOI: https://doi.org/10.3382/ps.2011-01951

NRC, A guide to environmental research on animals.
National Academy of Science, 1971.

S. Dikmen, P. J. Hansen, “Is the temperature-humidity
index the best indicator of heat stress in lactating dairy
cows in a subtropical environment?”, Journal of Dairy
Science, Vol.92, pp. 109-116, 2009.

DOI: https://doi.org/10.3168/jds.2008-1370

[9] N. R. St-Pierre, B. Cobanov, G. Schnitkey, “Economic
losses from heat stress by US livestock industries”,
Journal of Dairy Science, Vol.86, pp. 52-77, 2003.

[10] R. J. Collier, R. B. Zimbelman, R. P. Rhoads, M. L.
Rhoads, L. H. Baumgard, “A re-evaluation of the impact
of temperature humidity index (THI) and black globe
humidity index (BGHI) on milk production in high
producing dairy cows”, Western Dairy Management
Conference, pp. 113-125, 2011.

[11] National Institute of Animal Science. [Internet]. NIAS,

461

c2016, Available From : http://www.nias.go.kr. (accessed
Sep., 11, 2018)

[12] T. Ha, K. S. Kwon, S. W. Hong, H. C. Choi, J. Y. Lee,
D. H. Lee, S. Woo, K. Y. Yang, R. W. Kim, U. H. Yeo,
S. Lee, 1. B. Lee, “Estimation of THI index to evaluate
thermal stress of animal-occupied zone in a broiler
house using BES method”, Journal of the Korean
Society of Agricultural Engineers, Vol.60, No.2, pp.
75-84, 2018.
DOLI: https://doi.org/10.5389/KSAE.2018.60.2.075

Statistics Korea, [Internet]. KOSTA, ¢2018, Available
From : http://www.kosta.go.kr. (accessed Sep., 16, 2018)

[14] J. C. Jang, E. C. Kang, E. J. Lee, “Peak cooling and
heating load and energy simulation study for a special
greenhouse facility”, Journal of the Korean Solar
Energy Society, Vol.29, No.1, pp. 72-76., 20009.

[15] E. Alvarez-Sanchez, G. Leyva-Retureta, E. Portilla-Flores,
A. Lopez-Velazquez, “Evaluation of thermal behavior
for an asymmetric greenhouse by means of dynamic
simulations”, DYNA, Vol.81, No.188, pp. 152-159, 2014.
DOI: http://dx.doi.org/10.15446/dyna.v81n188.41338

T. Ha, I. B. Lee, K. S. Kwon, S. W. Hong,
“Computational and field experiment validation of
greenhouse energy load using building energy simulation
model”, International Journal of Agricultural and
Biological Engineering, Vol.8, No.6, pp. 116-127, 2015.
DOI: https://doi.org/10.3965/j.ijabe.20150806.2037

S. Pedersen, K. Sallvik. 4TH Report of Working Group
on Climatization of Animal Houses, CIGR, Hoprsens,
2002.

[13]

[16]

(17]

[18] J. S. Yoo. New feeding and management for the
production of poultry farming. Kyeheung Publishers,

2009.
[19

—

Ministry of Agriculture, Food and Rural Affairs.
[Internet]. MAFRA, ¢2018, Available From :
http://www.law.go.kr/IsInfoP.do?IsiSeq=188696#0000.
(accessed Sep., 1, 2018)

[20

=

Ministry of Agriculture, Food and Rural Affairs.
[Internet]. MAFRA, ¢2018, Available From :
http://www.law.go.kr/lIsInfoP.do?1siSeq=202855&efYd=2
0180921#0000. (accessed Sep., 1, 2018)

A M(Kyeong-seok Kwon) (A3 ¥

02010 84 : A thshil A A~
W3 (T

020161 8 : M e A A A
a8k (g

0201749 29 ~ A FHFAAA
3kl AT




AR | s8] = A Al20¢ AlLE, 2019
5t E} &KTaechwan Ha) (3| 0| & Y(Jun-yeob Lee) [™3|¥]
020143 2¢ : AguiEhal A~ 019981 8¢ : gt kst
(544D
02009 8¢ : gt Al AJA
38t (FAb
E

w155t (384D
020181 29 : Aoigtal A HA~
02011 129 ~ A : FY=2
sl FAbE A ) AFAL

B8t (FshubAl
02018% 4¢¥ ~ #A . ALust

<Pl <Pl
20, t718H, AakgA st SEEA, F4b AvfER
%| 8| &(Hee-chul Choi) [H3]H] X = 2h(Jung-hwan Jeon) [HE]¥]
020039 8¢ : Fdulgw YFsh 02003 2¢ : gt 849
7Vl (wshabah - (o]3HAh
01986 62 ~ AA : FU=A} 020065 2¢ : AduiEtn S84
skel A, FAE e AL - (o] 3HHAL
AT 020061 6% 20079 7€
0201211 2¢¥ ~ 20144 3¢ : = University of British Columbia,
Zabekel gy AT
020079 129 ~ A : FHFA
shel 483 At
<gAPob <gHalRok
TFEASAA, AMEET, FEEX, 7S E SEEA, 2, FEIHS
Zl =& 2(Jong-bok Kim) [H3|9)] 2 7} B(Ka-young Yang) ("=
020061 99 : UCLA Electronic 02012 2¢ : g Filshs
Engineering (3314} EAA8 (F3H4Ah
0200611 10¥ ~ 20184 1€ : LG 0201611 8¢ : ZAduigtal FAl
& olxce] YA SR (b
_:;_ 02018 19 ~ A . ZA=A 02017 29 ~ &4 HHF
N k9l Faka g A shel Haha A ARG
<ok <ok
FERA, WEEE, ICT sehA, =Y

462



BES X mdL o] g3t AR UEd 7|FF 12 AEFHA B

Y

2 2t 2(Rack-woo Kim) (™3]

]

02015\ 84 ¢ Aeoital A A
Wgstat (4R

20153 99 ~ A : ASristu
oz P et =1 et o] SR O Bl 7o e Bl |

—

<Pl
FAAA, A7), AAfA s

0| £ 2(Uk-hyeon Yeo) [

0

3¢

[

—

SER

=
[>

020161 24 : A&t
g38ka) (F8H A
0201611 3Y ~ AA : A&t
R R Eate e BT B B R

£l

o,

<qH o
A, W), AAbfA

0| 4 H(Sang-yeon Lee) [R5 2]

020164 29 : A&ustnl A GA~
He3kat (hAh

020164 39 ~ @A) : Aeoetm
R B e L B

< Rop
A4, 8], HAbfA st

463



