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Ammonia and greenhouse gas emissions from enclosed pig house with side—vent ventilation in winter season
ZHOU Zhong-kai'?, YANG Dian-lin', ZHANG Hai—fang', ZHAO Jian-ning"”, WANG Li-li', YU Gang’

(1.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2.Institute of Facilities and
Equipment in Agriculture, Jiangsu Academy of Agricultural Science, Key Laboratory for Protected Agricultural Engineering in the Middle
and Lower Reaches of Yangtze River, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: This study evaluates the impact of a side—vent (SV) negative pressure ventilation system of six—stage management on the envi-
ronmental quality and emissions of ammonia(NH;) and greenhouse gases(GHGs) in an enclosed pig house during winter. Temperature, rel-
ative humidity, and air velocity data were obtained inside and outside of the pig house, and the barn ventilation rates were measured using
the moisture (H.0) balance equation at inlets and outlets at six stages. In addition, air samples were obtained from the inlets and outlets of
the pig house to measure GHG concentrations using a custom—made multiplexer gas sampling system equipped with an INNOVA 1412
monitor. The analysis showed that the average air temperature and relative humidity inside the pig house were 13.7 °C and 69.7%, respec-
tively. The difference between maximum and minimum temperature and relative humidity was 3.2 °C and 39.6% in pig house. The moisture

balance ventilation rate of the pig house was 6 207 m’+h™', whereas the ventilation rate of a single pig was 24.9 m*+h™". The air velocity in-
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side the pig house was 0.28 m+s™". The gas concentrations inside the pig house in winter were 8.42~15.63 mg+m™ for NHs, 2 509~5 303

mg+m” for carbon dioxide (CO,), and 1.11~5.90 mg+ m™ for methane (CH.). The average emission rates of a single pig based on hourly

means were 250.0 mg+h™' for NH3, 79.9 g+ h™ for CO,, and 57.7 mg+h™ for CHi, whereas the cumulative daily emissions were 6.0 g+ d™,

1.92 kg-d™ and 1.39 g+ d™', respectively. No emission of nitrous oxide (N20) was observed. Therefore, ventilation management has a signifi-

cant impact on the emissions of NH; and CO,. No significant difference in CHs emissions are noted among the different ventilation stages.

Keywords: barn flush water; side—vent ventilation; climate conditions; ammonia; methane; carbon dioxide
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Figure 1 Pig house's dimensions and ventilation systems
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Table 1 Animal activity coefficient and latent heat production
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Table 2 Environmental indicators in pig house
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Figure 2 Measured outdoor and indoor air temperature and relative humidity
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Table 3 Ventilation rate for pig house in different stages
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Table 4 Emission rates of NH;, CO, and CH. from pig in different ventilation management stages
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Figure 4 The concentration variation of CO,, NHs,

and CHj of single pig
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Table 5 Environmental indicators of pig house with different ventilation managements

vH PSR 3 3 224
entilate o Humidity/% mes! mg-m mg-m mg-m mg-m pig/m+h References
T R 7 38 X — — — 22.8+1.3 4025+224 86+5 0.86+0.02 — [24]
IR 19.120.5 65+3 0.3+0.5 — — — — — [25]
WEEPRAER 22.1+0.6 58.2+4.7 — 14.8+1.18 4728+615 — 1.61+0.12 20.9 [26]
JE TR 19.4+0.4 50+5 — 3.26~1237  2994~3 646  4.0~10.29 0.589 28.1+15.6 [27]
3 K 19.4+0.4 5415 — 3.19~13.51  2929~4378  3.57~10.79 0.589 242+11.5 [27]
YA 1a]38 K 259403  66.2+3.0 — 10.4+2.05 3 469+464 274463  0.591+0.073 29.1+12 (28]
54 X 27.1+1.0  47.327.1 — 13.0£3.42 46531 151 105+27.1  1.668+0.371 20.7+14 (28]
— — — 0.15~0.28 — — — — - [29]
— 13~27 50~85 0.30 25.0 1500 — — 26.3 [30]
— — 50~70 — — <9 800 — — — [31-32]
Fo FNEIEESEEEEAXTLWHM
Table 6 Pollutant emission of different pig houses for manure management
Bt BA SR RTS YRR Air pollutant emission of single pig B2l
Management of manure NH;/g-d™ N,O/g-d™! CHi/g-d"! CO,/kg-d™! References
ImaE AR IS TSI AT 6.3 0.54 16.2 1.74 [33]
TR A AR 38 15 I A7 4.4~4.9 0~0.32 7.9~38.9 2.02~2.18 [34]
TR A AR 3815 I A7 — — 1.10~9.86 1.10~3.78 [35]
IRSEHARIE TSI A7 11.5~13.2 — — 2.48 [36]
TR aE AR 3875 I A7 — 0.03~0.85 4.1~23.0 1.86~3.24 [37]
HOBLFRAAE 12.1+0.6 1.50+1.15 16.5+1.0 1.97+0.08 [38]
BB FRAAE 14.1 4.6 5.9 — [39]
BRI 12.16~13.61 0.03~2.09 4.96~7.39 1.30~1.32 [40]
K i FE AR 6.0 0 1.39 1.92 ABFFE

] 53k A 5 I NHHEBCR 6.0 g+ d7!, 5 X — &5 3k
WAL, A, S At KU B, T IV ATV
B B2 NH; 1 H HECRE B, 3228 5 50 138 KR AT
Ko BT R B 1R 1430 A3 2 5 | R 280 2 1T 1Y)
TN, T B R NHHER

J# 55 COHEROR A T 2h 1 W 1 Fi 28 1 45 2 2ot
B2, H i N COL B HE I 8 BB T sl W 10 1 5 o 1)
B FE Bl 7K 55 & N 2848 48 HLE AR COL 1R
Sk H T IR 20 PR R 3R K A R A, DA R 2
il tp o HLL A P DR AT AL B . L 2848 COL 1Y HE
RARRREE I 32 2048 B 7 =X RE ), 38 5 T 4 A
G0 AR ARG 250 A 2S00 A B B COL M HER o5 7
4= RCHE R B F A9 2.3%~3.49%), T R 3558 R G5 5%
A S L A COL MRS #E & B HER Y 10%~
20% , WY B A 0 B R B B A4 0 5 F 23.3~113.5 kg
By e AN A K 3 A B Sk AR 0 COL I HE iR 7R 1.30~1.97

g =
=3

kg d"(F6) . AFFE bl o 38 XU 2835 0 Bk
Ko 2 X, A IR T i 75 ke S1F T COLHE &=
F1.92 kg-d™, HULEAFR —2, &R COHE
FEEE V BB i, F 85X — B B WG s A %
CHL R [ 4% 1 I 18 % T8 AN 2845 v A 1L i DR AR
Bof i Ao R, X — 2o R 5 R AR AR R A KA
FEAT AL I R it el R v, DR pHL R ) I
25~40 C &1 A F) T 248 CH. 1y 77 A1 pF5E
7 s 4 b 2R 298 P I T 26 0 A SR Sk AR CHL
FHERLTE 1.10~43.0 g+ d' (52 6) , 3% = 2 5 64 [ it
T BRA G SR A R 97 78 R 40 CHL W HE T & T T 4%
AR IR AR 3 2 A X B S R (R S K )E)
AT DLBE L AT A 10 i K AL A P o B8 R 1R
PE, IS I CHL HERCR 7, ABiFSE 4 200 i 38 X
CH, BRI B/ 9 1.39 g - d, 3228 55 264l K i i
I R 4 20 i 3 AR A /N O (RS AR - 350 KL
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H24.9m’-d"). $EEN CHARCRAEE IV B Beders ,
B 53— B B 5 e 1) 38 R R B0 4 1 e W B A
oK (AR ] 38 AU E Y B Y CHL HE 22 SR B 3

NLO J&3 3 il fh— KAl AL A RS NHEFE 46 No i
R ALY X — e R RE T B A AT TR
S, NLO B HERGHE B & R R IR OB R G p (35
68 S 3 A R 288 5 A Rl P 2ok e v, A I A )
N0 FIHERL

4 £k

()X A3 I 1) 28 20 Tl JXUR < PP 24
JE TGJEE | XL A PR P 2 U T A s P R
SRR B A O T KR G T e A A
Az K T 2R, NH; . COL Fl CHL MG S5 PR T it HR bR 7E
AT RN

(2) s Je A0 7 0 10 XA <8 SR FH Y 6 2 XL
PR I 5 I NH,  CO, 1 -3 HE R 5B IV
Vi XAE BERT B NH ,CO, B F- X HE R femg , 26 1 By
Bt NH,  COu 1 B HER R 55 A1, X CHL i HERCGE Wi A
BF.
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