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Methane, Carbon Dioxide Emissions from Caged Broilers Production Systems in Four Seasons

ZHOU Zhong—kai, DONG Hong-min®, ZHU Zhi-ping, CHEN Yong-xing

(Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences; Key Laboratory of Agri—

cultural Environment and Climate Change, Ministry of Agriculture; Animal Environment Facility Surveillance, Inspection and Testing Center/
Beijing, Ministry of Agriculture, Beijing 100081, China )

Abstract; The objective of this research is to estimate broiler emission rates of methane and carbon dioxide,to support compilation of live—
stock greenhouse gas inventories and potential mitigation options. Methane, carbon dioxide emissions from a commercial high-rise broiler
house with mechanically—ventilation system were monitored during four seasons of one year. Gases concentrations of incoming and exhaust
air streams were measured for five consecutive days in each season from broilers age about 36 d to 42 d by using INNOVA 1312 multi—gas
monitor with multi—channel samplers. Building ventilation rates were determined by calibrated on site FANS measurement systems. The ex—
periment results showed that average emission rates were(0.276+0.193) g+d+bird'(58.85+37.2 g-d'- AU™) of methane, (154.4+45.7) g+

dbird(33.5+£7.98 kg+d+ AU™) of carbon dioxide. Methane emission rates varied significantly in different seasons, methane emission rates
in different seasons were 0.552 g+d™+bird™ in summer, 0.111 g-d™-bird" in winter, 0.187 g+d™+bird™ in spring and 0.254 g+d™+bird™ in au—
tumn, respectively. The estimated emission rates of carbon dioxide were slightly changed between 186.8 g+-d™+bird” and 179.8 g+d™+bird" in
summer and fall, but significantly higher than 163.4 g-d™+bird™ in spring and 87.4 g-d™-bird" in winter. There was a significant linear cor—
relation between emission rates and ventilation rate for broilers. The percentage of feed C input recovered was as follows: (56.1£12.5)% in
CO,-C emissions, only(0.27+0.14 )% feed C emitted in CH,~C emissions.
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VIR BRERMIIR . AT WA= fE$ CH, F1
CO, bk , 325 sh R B RE R FIBRA FHRCR , E NSME
BEERESHR T HA T — 2B 5K, Safley Fl
Casada %" FHRifE CH, ##7 (MCF) i+ T 43k
MUE S E CH, HEil, fhTHAXS CH, HE 424 0.09
kg +bird?+a™; Roumeliotis® X P 3G 3~ A= 7= 1 2 4
CH, HE R 728 3AaiEAT TS, SERR I 515
P CH, HE LA R, PG P i AR P A R Y
CH,; Wang %R FIRBHERIFE X A R @R ARG CH,
AHER R 3T T EARE , ORR SRR PIYS CH, HER
HF2ZHMRK, M 15.87 mg-bird? 3] 1 500 mg-bird;
Groot Koerkamp #1 Uenk?, WathesOBff 5% T #Bl-E-35 A
XEFRFAFGE CH, IHERC, RIS o T A XS SR A X <
FHIE SRS, WIREAR AR R E R . BN
RTFEEENREHR EFEEFERAR, MXTF
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ERAMENARER, BXARSEH 4 5 EHRZE 140 cm
B XHLZE A, PR BUE DI 1.1 kW, B8 &5 KN E
K& 40 000 m*+h?, TAE#E 10~50 Pa, #HS RS
B 22 MR % (0.8 mx0.8 m)F1 17 A #EX H (1.3 mx
0.65 m ) 2H ., A [R5 By B 38 X i il S 45 14 P
B B E . RAGIRSBEERS, BHE 1 1K,

TR LR AA+E IR, 2 = B BEA 3R,
0~17.18~28 d 1 29~42 d, ¥z ¥ B f e R [R) i 7 A7)
Bl HFE TR 3 BEBRERESR A TR, Rk
3K, 4351k 7:00,14:00,20:00, HKAKFZHAAL A
YWIKBRSGE . T I/ 150 emx85 cmx57 em, B4R
F 15~20 138 ,675~900 cm?+ 1,

1.2 BER[ERESREEHNE

ST HR R TR, BN S
Wi5E 5d,2009 4EHEK 5 A 24—30 H,ER 8 A 2—7
H,BX 10 A 9—14 H,&X 12 A 14—19 H,

R T BRI FR M, ZE A RWLETR &
4N RAE SN HER ORFE 4 N HER D SRAE 5 ST~
S4 FEXML 1.85 m, E# 1.50~2.00 m, S 0FkE&E
S5 WAEE AL, BB RS A HER D 30 m, RS R E R 3
m(FE 1),

SHREENIR R Gt INNOVA1312 ZIRES A&
A #r 4 (Innova AirTech Instruments A/S,Denmark ).
MS-1 ZiEESARHEER RS (PERLFHABER
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Figure 1 Schematic of broilers house showing the end wall, floor plan and the sampling locations
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&N 25.50.75 m &b 53 HIBA 3 MR ERM
AOHI-H3, &M 1 MREERAE R HA, R A A&
FEESAERAE R —8G PIRSE B9 B AN BB t
HOBO (Hobo Pro T/RH, Onset Computer Corp, Bourne,
Mass ) IR ¥ B 11 A ghid 5% , 18 1% B F8 30 min R4
1
L3 BRERNE

18 XU ) P 282 A 8 XU LoE X 2 B0 3710 1 R
Gi(FANS )i & 4 & KBLFATINAE o B HT
X RALHATHR E , TEAR E S B , FH] FANS RGNS
56 XHUAE & N #F R 2008 5.10,20,40 Pa F1 60 Pa
T AT RENRE , R B KB E 58 R
HRBISR ZR R, 7E DA 1] & A Y R 28 Ak e TR
5 3% s (Modle—268 , FH4i P 45 B Tl 4% il (R L)
B FRA ) FEdE R4 45 (CR1000, Campbell Scientif—
ic, USA )SEiic 5% , X84 % 52 s X 2 18 3 XUBTL ER IR
B Eh&IHESR,

1.4 SEHEM R BT E

13 X A X CH,, CO, ¥ B DL R 5@ X & 4

E , W& CH, # CO, HEBAE T BIHE AT

ER,=VRx (C. '};C" ) (1)
& 500
ER.= };ER,,W (2)

KA ER, A RS S AEHRE F, mg+h™ - bird™;
ER,y j‘:"ﬁ 500 kg F/EJX%@E:E@E\‘WJEIF}?&@? ,mg°d_l :
AU VR, XS E B XE , - h s N & N IXS A2
&, H;CuCo ARXEHFS D M 0 Rk
&, mg-m®; BW 5V ik ke
1.5 BHIEF= R RIRIE RS T

TE 4 2T FENLIERL 60~80 H 36 d ¥4/ IS 43
K5 AR, B 12~16 X, 7E36d F142d i, 5351
X5 ARRE  AEESE 5 d iIXIeAE, B HHETRERE
MR ENE . & H R BURRE @ 1A
KEFEHK(TC) & &, AFIHAERERE. S/KEH
Wz R ATk bR v 2 NY/T 302—1995,105 CHET
FREE:, ARl TC TR 0 #1{X (PerkinElmer Precisely
2400 Series Il CHNS/O Analyzer )il %€ .
1.6 BIEGIT 517

ARG Hr R SAS8.01 # {4 F1 Office FX {4
Excel T.H, 75224501k FHH 2 7 25317 (one—way
ANOVA), Duncan 7 & #% 22 ¥ 46 5 A [ 12 36 (8] ) S
EWER, BEKER P<0.05,

2 HBREHZM

2.1 REEY

2 1 AARIZET & NINRIEE IR R . AR
EWHENIEELRTE 20 CU L, & BEEZSNEES
TR, IR 43R 25.5.26.0 C, B
FELEWE BN Bk &2 B FAN IR R AR, 38 X2 R
%, & WIEE AR AEEE KT 232 C, BB HERNE
WA R R 5 R 79.6% , HoAth £ 22 () &
P IR AERFTE 44%0~55% .

x1 SHIMNERRE

Table 1 Temperature and relative humidity in house and outside

N iRBE/C 1BEE/%
B IE]
s b Gik) &5h

HE 255:17  21.9:39 44899  46.9:147

kS 26.0+1.8  245:23  79.6:9.1  81.9+129

*E 23211 153+32 412489  51.3:163

X 232:1.0 22446  515£50 557237
I 245:1.5  149£120  543x174  589:157

22 ABEFHFESH

e 2 JA FEAES ] P A K S HOE , A
XA E fm N EZE 2.68 kg K7, BRAHAZE
225kg- U BEMEEZRNGARERE R THK LMW
Z, SAEIE R 2.52 kg R -d 7 7E 35~42 d #& 18] Y
FHHRERERN 0183 kg H'-d?, HREERSHN
HFZ 0202 kg R'-d?, BRIKEZEH 0.164kg- K1, F
FMUERBERER TEER, BEEFH5LXERE
BEESARE(MENMLFTUARE), EBEHT4E
BEHH0212kge H1-d?, Bim WEZ 0238 kg 1
d BESTRENLEWHT LR, EEBRARE
BRI ERK, X FES5HFUOKE A
ENRIRFEEBAIFEA X,

23 BEBERIRMR

R T RIS & IR ER S , AR
NEFERKER(E3),

MERIFHE, EEFENERK, H 1941 n’-h-
AU, LB R, R 299 m’-h - AU, B FRE N E AL
ZM 6.5 1%, FEMKEZERAHE . EEHEIHENX
B S R/MNEXEEESCRICETLEZ N, BA
Het
24 BESERETL

IS 4 AR R E] CO,.CH, ¥k AR fk
T 2,
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Table 2 Performance of commercial broilers

A 1] AR R H#&/d ThE kg R KRiElkg R FKRa/kg H1-d? e /kg H-d?
& 11 872 42 2.08b 2.68a 0.202a 0.225a
B 11 730 42 2.29a 2.64ab 0.164¢ 0.238a
79 10 233 42 2.03b 2.49b 0.190ab 0.196b
£ 12 016 42 1.72¢ 2.25¢ 0.175be 0.190b

1y 2.03+0.235 2.52+0.195 0.183+0.017 0.212+0.023

R3 FEAFTABSENE
Table 3 Ventilation rate in broilers house at different season
ZH BE LS ®E £ SCHERE IR

K& /kg N/A 1.38 N/A 1.05 Wathes(1997)#
X/ m-h ™ AU 941+145 454174

ki kg N/A 2.7 N/A 2.7 Seedorf(1998 )4
BN E/m’-h?- AU 1853 278

K /g 3.7 3.1 N/A 3.7 Casey(2004 )19
X/ m-h ™ AU 904+9.7 1 094+40 170£13.2

K& /kg 2.38 2.46 2.26 1.98 AHFSE(2011)
N/’ h - AU 1 041+401b 1 941£106a 1 041+128b 299+13c

T w’-h- AU SR 500 kg S S IRE B/ N B RE -

ME 2 S HrAT AT, AEZE e CH, Fil CO, /Y
WEFE—EES, &5 CH, Fl CO, BWREE 5370
(2.50+0.36 )mg-m=>, (712439 )mg-m=, &5 CO, EF
) TR I LB IR N 3 A SR O - B 28 p 13 XL
BWRERK, &N CO, WREEAR, FH R (1 522497)
mg-m”, LG FEEU N, &l Tl NS E RN, B
W B R, E YR EE (3 818329 )mg m>, AFEHFN
CO, WE = TH H KE, FEMUE CO, IREER
AN (P>0.05), %5 W CO, HE M (2 433+923)
mg-m>, CH, WEZERE FINZ2H T CO, WREHHR
A, &2 R (6.2541.59)mg - m™, HE K
&R (4.26+1.03)mg-m>, BEEZFKESHHR (541«
1.51)mg-m> F1(4.35+1.76 )mg-m~, K ESRIRFFEL
TR A KU, & N R TR R B8 DL B i B 2
IKEF|FAFTE & N R ZE(E R B4 CH,, B Z& CH,
VBRI B, 24EE N CH, SE3VR R (5.07+
0.95)mg-m>, & ZF& N CH, IRE B E S TFH .2 K
Z(P<0.05).

2.5 38 CH, # CO, HEMEF

WG4 CH, 1 CO, HEBAFIL R ILER 4, H
500 kg Zh#HARE CH, F1 CO, HE H F H PI XS A9 32 FR
REAGE (AT N 2) AW L, CH, HE K+
B ALY FEIZE (0.96~45.38 )mg +h ™'+ bird ™ Z 8] , -4
4 11.50 mg-h™+bird*(0.27620.19 g-d™-bird™), Lk 500

kg YA ETH CH, WHEBE 74 (58.85+37.2)g-d
AU™. RRIZETS CH, B R F A B3 2 5 (P<
0.05), BZH N 0.552 g+d?+bird”, BE = TF K.
K ZEf 0.187.0.254 g+d ' +bird™ 1 0.111 g+d™ +bird",
RIXGE CO, MHER T2 LG FE7E 2.83~17.87 g+h '
bird™" 2 [i] , £ V-3 % (6.43£1.90 )g -h ' - bird ' (154.4+
45.7 g+d'+bird™), LA 500 kg ¥R E T CO, KIHERL
HT-4(33.548.0 kg-d - AU, H . #kZE CO, HEk N+
TR X, 435k 186.8 g-d+bird™? F1179.8 g-d™'-
bird!, (B EE THZE (1634 g-d*-bird) ML ZF(87.4
g+d?bird?),

CH, 1 CO, HE#ir& Bl CH,~C #1 CO,-C 155,
I PRI X A [) 2 45 S 1 4 SR 3 ok ) R A BBk (C)
&l CO, Ml CH, HERH 2R ABRE 3R 5, A A2
R (C) R AFH K 75.1 g-bird - day™, CO,
WA R o R (C) AR 56.1% , IR R /) 3=
By, 2 0.27% 80 RHk LL CH, T4 2%

3 1tig

AE) SCHR A A CH, HEi R+ B T3R5 7 5
BB EARFERKZER , Safley 1
Casada % "B FH4 CH, #H#[H 7 (MCF) 1423k

B e H Py XY CH, HEAC K 0.247 g+-d ' -bird !, Wang
SN S A [ S R Y XS CH, HEOR TR AL TE A
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Figure 2 Concentrations of CO, and CH, diurnal variation in different season

% 4 A8 CH, #1 CO, HE A F

Table 4 Emission rates of methane and carbon dioxide

Sk Hef = F it % 2% *hE &% i
CH, mg+h+bird"! ECYNIc] 17.87 45.38 28.16 10.67 45.38
F/ME 2.59 1.91 0.96 0.93 0.93
Bt 7.79% 23.00a 10.57b 4.64d 11.50
FRUEIR 2 3.44 10.97 5.11 1.88 8.04

g+dbird? 0.187¢ 0.552a 0.254b 0.111d 0.276+0.19

g-d'- AU 39.3¢ 112.0a 56.1b 28.0d 58.9+37.2
€O, g+h™ bird™ ECYNIc] 17.28 10.38 11.54 5.02 17.28
F/ME 242 4.96 431 2.83 242
Bt 6.81b 7.78a 7.49a 3.64c 6.43
U 2= 2.11 1.07 1.47 0.40 1.90

g+dbird? 163.4b 186.8a 179.8a 87.4c 154.4245.7

kg-d'- AU 34.3b 37.9a 39.8a 22.0c 33.548.0

T g d™-bird™ FoR B R PG A HHE T

(15.87~1 500 )mg-bird+life cycle™, Groot Koerkamp #/l
UenkPiilj 15384 CH, AOHERCE N 13.70 g-day - AU,
Wathes' B 55 R B 38 & CH, B HEE K 6.0 g-d '~
AU, Guiziou Z5U3%} 38 & 2 SRR & <Ak B HE ik

17T BT (B 8A W3] CH, iHER . A8F55F CH,
FHER 7R Tl = SO PRI S S, (HREE
& F Roumeliotis S5 75 i) S 2 HE B 1 197.0 g
AU,
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5 %FAN CO-C 1 CH-C %k
Table 5 CO,~C and CH,—C loss of broilers

] BR(C)FA/g-bird*-d* B(C)Hi%k/g-bird - d?
i) CO—CHiZ%k  CH-CH#i%k
B 76.1 44.6 0.140
% 78.0 51.0 0.413
®Z 78.6 49.1 0.190
X% 67.8 23.9 0.083
FIE 75.1 42.1 0.207

X Er CO, R AT REIHAL TR B 5324t
RER AT, RSB =L R CO, (XN
4%~T%"*", Neser 5 PNt 7 3¢ A WS F1 - 35 A 3G A 7=
A5 CO, FHER #1477, R XS A =
A% CO, HHFRTFREFRGLE=RG, 55518
(16.8~31.2).(9.6~28.8)kg-d - AU, AHFFLHY P 32
CO, Hef B 77 5 FSCkARGE , (B EAG 7]tk

Kl 3 W2 CH, fF 538 NE A%
WA R E AR, XS CH, HEE 73K, i
E LR (r=0.860 9,P<0.000 1) ; L33 £t 719 43
WS B2 AR B 2 /KT AN RIZET PS8 KU
508 CH, HEE TR R 7

ER:.=0.145VR x10°+1.346 4(*=0.741 2,P<0.000 1)

300 O aAS R EHRE T

Loos| T BB myE| .-

2 [—— 959w X A _ KR 5@ O

T 20f osuEMEI FIR .~ 7 g

® 15| -

10| g @ ___________
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Figure 3 CH, emission rates versus ventilation rate
4 i
XTSI FNG A FIZETT CO, Al CH, RIHER 2%

BH .

(1) BH#E R 36~42 d BEF R CH, F1 CO, 19°F
HHEBEF4r 5% (0.276+0.19)g-d ™ -bird™ (58.85+
37.2 g-d'-AU™) . (154.4245.7 )g+d - bird"(33.58.0
kg-d1-AUY),

)ARFZEY CH i E FHRESREES &

ZhiE, M 0.552 g-dt-bird !, £ ZFHBAK, M 0.111
g-d™'-bird!, FEFRKZSF K 0.187 g-d " - bird!
F10.254 g+d~'+bird',

(3)CO, HHHTFE EWERARE, 535
4 186.8 g+d'+bird? 1 179.8 g-d'-bird?, BEEHT
HEMALZ(163.4 g-d*-bird? 1 87.4 g-d*-bird?),

(4)FEE B X E RGN XS CH, HE R 735K,
PEBERMLEMEE (r=0.860 9,P<0.000 1);4 /NAE]
FW RS EENE S XY CH, fEHA 1tk =15
FHER  ERcu.=0.145VR,x1073+1.346 4(r*=0.741 2, P<
0.0001),

(5Bt R 4 DPAFRZFE Bk (C) T AFY
9 75.14 g+bird - d?, FHALH 56.1%LL CO, BRI
&, RIXGIFIR AT R R R B E 24, CH, HF
TR TR YT b RRE BRI AR 0.27%
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