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Emergy-based analysis of two chicken farming systems: a perspective of organic

production model in China
HU Qiuhong, ZHANG Lixiao* , WANG Changbo

State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China

Abstract: The organic production model is regarded as an important way to ensure food safety and achieve agricultural
sustainable development. Presented in this paper is an emergy-based analysis of two typical popular chicken rearing systems
in China, i. e., family operated organic rearing system and field rearing system in orchard, from the perspective of
production efficiency, environmental impact and the overall sustainability. Emergy analysis capable of accounting for both
economic aspect and the natural contribution to production on a common basis, allowing meaningful comparison across
different systems, has been applied in many cases and proved to be a powerful tool to assessment of ecological economic
systems and processes, with special focus on the agricultural field. According to the new development of emergy
methodology,, new emergy parameters, i. e. , the renewability factor of each item was incorporated in this study to improve
emergy accounting. System indices such as the emergy yield ratio ( EYR), environmental load ratio ( ELR) and
environmental sustainability index ( ESI) were applied to characterize the resource use, environmental impact and the
overall sustainability of the studied systems. In addition, the similar evaluation results conducted in Italy ( scatter rearing
system in grassland and conventional scale rearing system ) were also introduced for reference and comparison. The indices
calculated for family operated organic system and scattering system in orchard respectively are as follows: the
transformation , 4.24x10° sej/J and 2.20x10°sej/J; EYR, 1.10 and 1.11; ELR, 3.10 and 3.44; ESI, 0.36 and 0. 32.
In consideration of the two concerned systems in China, it can be found that the lower transformity indicates that the family

operated system is less efficient in food taking and consequently has lower efficiency in emergy conversion compared with
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scatter rearing system in orchard. The emegy yield ratio (EYR) for the two production system are both very low and close to
1, which simply means that each process only converts resources from outside into product without much addition from local
resources. However, as indicated by ELR and ESI, family operated organic systems produces lower ecosystem stress and
pressure on environment and correspondingly is more sustainable than scatter rearing system in orchard. Nevertheless,
despite being close to the concept of organic production practice in consideration of rearing space for exercise and food
taking, the field rearing system has a relative poor performance with regard to overall sustainability, which is attributable to
large amount input of external purchased resources, e. g. the building materials, drugs, food and so on. Further comparison
with systems in Italy shows that due to longer life cycle, chicken systems in China have relatively lower production efficiency
and higher economic cost. With regard to environmental load and overall sustainability, their performance has already been
better than conventional scale rearing system in Italy, but still far from the practice of scatter rearing system. Anyway, two
so-called organic production systems concerned in this paper still heavily rely on purchase industrial resource and are less
efficient in exploring the local resource and far from the real practice of organic production. Additionally, higher economic
cost results in less competitive in world market. Therefore innovation in production techniques and institutional reforms

associated with organic pattern are urgently needed in China.

Key Words: emergy analysis; pouliry production; organic agriculture
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Table 1 Comparison of features of four poultry systems

W52 (JE50) Studied systems (Beijing) M8 (7 KA ) Comparison systems (Ttaly) I

o REEAT LI A e TSR

Family operated organic Field rearing Scatter rearing system Conventional scale

rearing system system in orchard in grassland rearing system

FRIEHUR Birds / R 100 2000 1000 15600
H A1 345 1] Density/ (m?/ H) 0.70 1.90 9.90 0.00
A7 JE A Life-cycle/d 150 180 81 49
TSR Mainly diets/ (g-d™! + H™)
F K Maize 100 50 38.64 41.47
3% Potherh 50 - - B
2K1 Soybean meal — — 14.44 14.78
7 5 Fava bean — — 17.41 —
# %k Wheat-bran — 4.38 20.25 3.47
HEA 5 Pone - 6.25 - -
/It Total/g 150 62.5 93.64 41.47

MBREE , BWNINE AR 22 55 = SR BUAE 572 58 25 (8] 2B 77 JR A DA S Ak M 3 45 7 1T
PEARMFSE T, GREE A DU I3 I8 IR AR F7 50 25 A2 fh i KU A A B S5 AR HE E T B i X & 2 31
DA KD BB BEZEL A, S0 1 FR TG B 2 )98/ | 3R e T TOORR B ARG BRI MR iR TR A B =, A 7 &R
GrinRtEs A E XA SR U R S (R AR TSR R B R AN AR A T K ) | BEE IBE PN R RO AT e
25 MEBYE S B, RGO A i, (AR T B RFI A o8 0 Rt 18077 AR 7™ R 40, H PR T Bl 25 )
KE9.90 m*/ H, BN F , BARF T BEBILIE 7 R G TP iR B eI, JB 2 B U = R e
1.2 Wi

REH TR —Fh RGE S HT Ik LAGE— I K FHBRIE R S0 B 5 1A 46 52 T RN 2855 Zh 7 N AN [R) % T
A NG F R A BERFFE e i 28 B R BRI AR, SR AL T — AN 2 R0 L34S FOR [RIFP S AT L%
et (AR WM AT A5 B AL [ RBE FbR dE > | B 47 S K BH i £5 H- (solar emjoules, 455 K
sej) o Zeat 30 ZAEMR R RRIE L CIE L T AR XA S B MBS IR R, CFRe(E ik MBS a3 2P
PR K EHR bR R ol 2 W SCHR

HRHE Odum RITIIRER I &, AN SCH B2l 1T M Fh
FRFEA Y BE (A I 2 1, DU b R R B AR )
Fi eI A R G o Z R A 2540 (& 1 A
2) o HETRMAMA I 5B W RS
ABEWSr R 4 28 BIAC 56 2% AT SR 920 (RR ), K FH
fig XUREFTRT 7K E , 4 Hh 5 9% A AT BB 95 5 (NR) L AT B
BN GER (RP) L AT BB A A GEUR (NP) 55

P R TR R E TR R A v R A mT T IR Y
A, XA AT BTG IE 4 A T HLAA G5 AR AN
7, B A P25t . AR BE IR e Fig. 1 The energy diagram of family operated organic rearing
b W RGP A S RV E A AT R R BN AT ystem
BRI ek B = A ELEDT S R, AW IE 2 % H bR

B1 HEAVIEFRGREE
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(1) RefE 4R
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Table 2 Emergy analysis table of family operated organic rearing system

2 HHEBFRERER

Fig. 2 The energy diagram of field rearing system in orchard

A T A Wl s o MR
Ttem Renewable factor Raw data /T( Scj/$1¥) SH Solar emergy/ sej
ransformity References
A 0 9% ] HOHT YEUR Local renewable resource ( RR)
1 KPHBE Sunlight/] 1.00 1.25x10" 1.00 [22] 1.25x10"
2 A BE Wind, kinetic/J 1.00 1.27x107 2.45x10° [22] 3.12x10'
3 MK fb2#AE Rain, chemical/J 1.00 9.39x10’ 3.10x10* [22] 2.91x10"
4 /K #HE Rain, geopotential/] 1.00 4.57x10° 4.70x10* [22] 2.15x10"
5 HLERFEIAAE Earth cycle/J 1.00 3.22x107 5.80x10* [22] 1.87x10"
RR #3T Total RR 2.91x10"
IR #1502 AN AT BB %R Local non-renewable resource( NR)
6 A== FiI7K Ground water/J 0.00 1.88x10° 2.55x10° [23] 4.79x10™
NR %3t Total NR 4.79x10"
WG A% Purchase resource input(P)
7 BF3¥ Wild vegetable/] 1.00 7.60x10% 2.70x10* [1] 2.05x10"
8 Hi, 77 Electricity/] 0.81 3.60x10% 2.69x10° [24] 9.68x10"
9 A 7J Human labor/J 0.60 8.05x107 7.56x10° [24] 6.09x10™"
10 E K Corn/g 0.25 1.52x10° 2.08x10° [15] 3.16x10"
11 ZRHEE Steel fence/g 0.00 7.50x10° 7.98x10° [1] 5.99x10"
12 fi% Brick/g 0.00 6.67x10* 6.55%x10° [1] 4.37x10"
13 bF Sand/g 0.00 4.17x10* 1.88x10° [1] 7.84x10"
14 7K ¥ Cement/g 0.00 1.39%10* 5.85%x10° [1] 8.12x10"
15 X7 Baby chick /g 0.05 4.50x10° 1.51x10" [1] 6.77x10"
16 fiH7 BL Asbestos shingle/US $ 0.05 2.42 1.07x10" [25] 2.60x10"
17 JE JE® Nylon net/US $ 0.05 1.51 1.07x10" [25] 1.62x10"
18 255 Drug/US § 0.05 2.52 1.07x10" [25] 2.70x10"
19 X% Trough/US $ 0.05 2.01 1.07x10" [25] 2.16x10"
ﬂ%jﬁﬂ!@/\ﬁ/}?( RP) & it Total renewable purchase input 1.26x10"
VNEEE PN 2 NP) B3 Total non-renewable purchase input 3.44x10"
P &3T Total purchase input 4.70x10"
AEMEEHE A (U) Total emergy input 5.19x10"
P (Y) Yield
20 XA Chicken/J 1.22x10°

O F PR ERE 2R TS ;. @ 2000 4FJ5 Odum 3K 4Bk B2 B9 BE (LRI (9. 44x10%*) sej/T BT A (15.83x10%) sej/T, A
WA T AR e R AR 2 18] HAT T HobE , TR ) B A R 54 R T LU 1. 68 (15. 53/9. 44 ) #EATH A ARSCR I (15. 83x10%) sej/T 1
i

http ; //www. ecologica. cn



2344 WIRKZL 2 . PP LR RS A ) REAEL S0 M 7231

R3 HHEFRFEEEINE

Table 3 Emergy analysis table of field rearing system in orchard

JE IR EH REME AR R REfEL LR

HiH AT A /(sei/ i) P KIHREE _
Ttem Renewable factor R data Transformity Reforonces Solar emergy /sej
At G 3% AT BT TR Local renewable resource ( RR)

1 KPFAAE Sunlight/J 1.00 1.43x10" 1.00 [22] 1.43x10"
2 JAHE Wind/J 1.00 1.46x10° 2.45%10° [22] 3.57x10"
3 MiZKAk#BE Rain chemical/J 1.00 1.07x10'" 3.10x10* [22] 3.33x10™
4 TR7KFAHE Rain geopotential/J 1.00 5.23x10° 4.70x10* [22] 2.46x10"
5 HERIEIFBE Earth cycle/] 1.00 3.68x10° 5.80x10* [22] 2.13x10™
RR &1 Total RR 3.33x10™
A HlL A7 B A ] BT S U Local non-renewable resource ( NR)

6 2E 7= 17K Ground water/J 0.00 3.71x10' 2.55%x10° [23] 9.45x10"
NR i1 Total NR 9.45x10"
e A % JE Purchase resource input( P)

7 HL 77 Electricity/] 0.81 8.64x10° 2.69x10° [24] 2.32x10"
8 A} Human labor/J 0.60 5.53x10% 7.56x10° [24] 4.18x10"
9 EK Corn/g 0.25 2.07x107 2.08x10° [15] 4.31x10'
10 1Kl Feed/g 0.25 6.30x10° 1.40x10° [1] 8.82x10"
11 #%k Wheat bran/g 0.25 1.81x10° 3.02x10° [1] 5.47x10%
12 fE4:F Peanut cake/g 0.25 2.59x10° 2.30x10® [1] 5.96x10™
13 42K Vitamin/g 0.00 7.31x10° 1.48x10'° [1] 1.08x10'
14 ZRHHEE Steel bars/g 0.00 1.85x10* 1.90x10'° [1] 3.52x10™
15 fi% Brick/g 0.00 1.11x10* 6.55%x10° [1] 7.28x10"
16 fibF Sand/g 0.00 7.50x10* 1.88x10° [1] 1.41x10™
17 7KJ8 Cement/g 0.00 5.00x10* 5.85x10° [1] 2.92x10"
18 HHIMR Color plate/g 0.00 3.75%x10* 1.17x10'° [1] 4.39x10™
19 X1 Babychick/g 1.00 1.35x10° 1.51x10'° [1] 2.03x10%
20 W Sapling/US $ 0.05 2.42x10! 1.07x10" [25] 2.60x10"
21 2y Herbal medicine seeds/US $ 0.05 1.81x10" 1.07x10" [25] 1.95x10™
22 Hi] 4 9% ] Maintenance charge/US $ 0.05 6.04x10! 1.07x10% [25] 6.49x10"
23 HUE#% Heating device/US $ 0.05 1.81 1.07x10" [25] 1.95x10"
24 X548 Trough/US $ 0.05 1.51x10! 1.07x10" [25] 1.62x10"
25 HiFHl Rent/US § 0.05 6.04x10? 1.07x10" [25] 6.49x10"
A HHIA AR (PR) 3T 5 13x10'6

Total renewable purchase resource input

ANE A A B I (NP) Bt 6.51x10'

Total non—renewable purchase resource input

P &3 Total purchase resource input 8.64x10'0

AE{EL A F% A Total emergy input (U) 9.61x10'

P Yield (Y)

26 XA Chicken/] 4.37x10'°

R g A A ORI T S R A

DL ORBIRGE T SRBEAT LA 3R 5 G RE A B 6 4. 24 x 10° sej/ T, MRHILHILTR 1Y RE(E 55 e 3 Ry 2. 20 10°
sej/J o XU TEAHT ST TP B P FRGE R G MR HGR B RCR R m , T BE A LR IR Th IR B — S B 5 Yy
X HER A R L SR P ORI — N B R A 1 3 ROR R A 7 22 45 1% B 1 5 40 %6 L AR AT
FEIN—AEE I, 1078 S, AT UL SRR 40 R e bk Ml 1, A9 h SR A 7 R G0 AE 77 R50R
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E AR TR RFI P FRI RS , FERANIGE A FRIE R G AL R 5—6 AN T KA B 4
FRIA ARG TR R 2—3 1A

x4 ETARFHEEXR 4 MRBERFREBEERXTE

Table 4 Emergy indictors for the four chicken production systems

UEEIEITS! IR (A

i Systems studied ( Beijing) Comparison systems ( Italy) (5]

N . e RN
- REAT LT e I TR

Family operated organic  Field rearing system Scatter rearing system Conventional scaled
rearing system in orchard in grassland rearing system

REAL 4912/ (sej/]) Transifomity 4.24x10° 2.20x10° 5.79%10° 6.11x10°
RETEF= HH E (EYR) Emergy yield ratio 1.10 1.11 1.51 1.19

I 1 3% (EL
ARAGHE(ELR) 3.10 3.44 2.04 5.21
Environmental loading ratio

AT RRSERE ST (ESI
SRSERTHFELAET (ESD) 0.36 0.32 0.74 0.23

Emergy sustainability index

(2) REfE ™ I (EYR)

REAE™ H 2R S )2 ZR e A ™ o Rl axh AR 28 B I I AR ORIV FHAS BB 95 JR A B ), B S T AR M98 5 %F
A R AT AE DTRRR , IR Rl T B iE S sE 4 )1, EYR BYSR/IMECH 1, WUl — R i R 4
ATk AN 25 Rt , AN REA SR A MBI, A ZEA LA RGREE ™ 1 F N 1,10, 5
MRHBELFRAE = R GE (1. 11) I, HARR TR KA AR 7= R e, RIX IR SR A R G A P b 2
JEXT N £ 22 T TR GG Ak, Kot A i R VR B4 A SR R BE TSR AR Ak S R B AR R, 7 [ BT 4 rp
=z a4 ) W — 2D UL R Y F— Le B A A AL IR AR RSN AS AT A= B R R ORI R P ey, A
LA BFR I B ARGF 52 81

(3) MIE T (ELR)

IS5 B0 A 30 P Tt e T AN AT ORGSR 0 AR R PR 3 B e ) R B AR T, 75 28 AR 1AL B A
R R R R ), BRI b AR BAT AS AT B SR AR, R G AN AT R B IR A SR Bl I R G
ELR=0, AMFFH, FIEAVURATE RS 3. 10 AR TARH IR R GBS 0 iy % 3. 44 Ui A HAE A 7= o 7 vh 37 8%
I TR, 2R FEA U TR AR & MR AR N, — 20 5 B KR 5T 45 R 7%t
E, FLATY SR i T R MR (AR T Tl AR 5% , Ui BH H Hi5 s R0 P A SR A X A LA KO th Pkt R 42
BB A LR B2 A i ar  (E AR GE AR 7 B PR 17 T K

(4) RGP FREME (ESI)

RYATHFEERE I HR BUE RE(E ) 8 ( EYR ) 51408 ( ELR ) WY HUAE, T A 2F 7 R GEAE SRR 8
TSN R RS (AT ) A TTik . X b DURP SR AR X, BRI R b B A X R 4 T ke 1 46
B R 0. 74, BRAME G B IR IR AL, U 0. 23, b5t A AL TR (0. 36) UMK HE 37 155X
(0. 32) KR TR EZ 0], Al ELR SR S5 —FE, I IL 5T 5 B2 AT MU 32 AR L3R A8 7= R g RS i f%
BLOEFE R G AT RS it i (A AU AKCEARIR AN &, R G0 T e e AT i (IR T R R A
3 Zit5iTie

(1) XF EEATGR A5 8 77208 R e M R AR R G0 T LUK IR, o TR 09 A4 77 R 0, (A5 A0t 5%
T ) G2 A HILARI R FUPR ML TR 97 5 22 G0 1Y) RE (B 4 R A I s T KRR SR R 4, i HLRe (™ I R B/ N T
KFNRGE, MIREE R FA] 152 L RIEBCX IRk R AR R R S KA R T R SR R 4
P A Ao A B AT T RRAIR, P RRER BB AT PP & (i 45 T B KA 5 vh i b R A 7 R 4, Ul
ATIGE P FRTE F G0 i AR AR R sl R 2 (B] L ekt AR S e AR BRAR T R G AT AR B, B
T RGN ATREE M (R LA 7 i R A T B A KR B Al 15t ELAT R T e — M ARDRHR A  JC ik S e
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