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Emergy evaluation of a Pig-Methane-Grain circular

agricultural mode in Guanzhong Plain

SUN Lu, TIAN Guo-cheng, WU Fa-qi
( College of Resources and Environment , Northwest A&F University , Yangling , Shaanxi 712100, China)

Abstract: Based on the emergy analysis, characteristics of the emergy flow, the input and output of emergy, and e-

mergy index were investigated in the “pig-methane-grain” circular agriculture, straw returning and single breeding. Hori-

zontal comparison analysis showed that, the ESR of the mode of “pig-methane-grain” was increased by 0.5% compared

with the single pig raising system, while the EYR was increased by 10.84 and 5.43, respectively. The EISD was in-
creased by 5.81 and 5.03, respectively. The ELR was decreased by 10.76 and 0.97, respectively. The EWR was
8.63% less than that by the single pig raising. This was found to be the best production mode with optimal ecological e-

conomic benefit, low emission, small environment pressure and sustainable development. This mode was also found to be

suitable for general extension in Guanzhong Plain and its vicinities. To promote economy development and advance the

popularization of “pig-methane-grain” mode, modern technologies should be employed as well.
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Fig.1 Emergy analysis of the single pig breeding model
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Fig.2 Emergy analysis of the straw returning model
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Fig.3 Emergy analysis of the “Pig-Methane-Grain”

circulation model
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Table 1  Emergy input and output of three Agricultural modes

” B -0 - i) i
K PHAE Pig-Methane-Grain Grain Pig
il R 120~ 20] -
Ttem Transformity JE UG A KPHEE(E SRR KFHREME JR IR B K PHBE(E
/(sejunit™") Original data  Solar emergy Original data  Solar emergy Original data  Solar emergy
/(unit*a™") /(sej'a_l) /(unit*a™") /(sej'a_]) /(unit*a™") /(sej'a'l)
GRS RN 3
Renewable natural resources
KPBABE Solar energy 1.00 1.27 x 108 1.27 x 108 3.13x 10" 3.13x 10" 1.18 x 10" 1.18 x 10"
KA RE 9 " 9 13
Rainfall chemical cnergy 1.81x 10* 7.87x 10 1.42x 10 1.90 x 10 3.44x 10
HbE S HE
@*%ijﬁ“ 3.37x 10* 2.69 x 10° 9.07 x 10° 6.60 x 10° 2.22x 108
Earth rotation energy
/K68 9 13 9 13
Rainall potential energy 1.03 x 10* 6.40 x 10 6.60 % 10 1.60 % 10 1.65x% 10
/N Total 1.42 x 10" 3.44 x 108 1.18 x 10"
ANET B H AR IR
Nonrenewable natural resources
1 )ZEI Top soil los 7.26 x 10* 3.43x 10 2.49 x 108 8.51x 107 6.18 x 10"
/It Total 2.49 x 1013 6.18 x 10"
ST]H G Tolk f Bh e
Nonrenewable natural resources
RME(N) Nitrogen fertilizer 6.26 x 10° 1.48 x 10° 9.26x 10 6.10 x 10* 3.82x 10"
TN (P,05) Phosphate fertilizer 6.43 x 10° 3.99x 10° 2.57x 10" 1.50 x 10* 9.65x 108
HHIIE(K,0) Potash fertilizer 1.81x 10° 8.78 x 10° 1.59 % 10" 1.50 x 10* 2.72% 108
A2 (4li) Pesticides 8.66 x 10° 1.58 1.37 x 108 3.50 x 10 3.03x 10"
A HALB Africultural machine 7.50 x 107 1.50 x 10° 1.13x 108 3.75 x 10* 2.81x10"?
L5 Diesel 6.60 x 10* 1.20 x 10° 7.96 x 10" 3.63 % 107 2.40 % 10"
ML /) Electricity 1.70x 10° 7.20 x 10 1.22x 108 7.20 x 10 1.14 % 10%
7K Water 5.01 x 10* 8.20 x 10° 4.11 x 10" 1.66 x 10° 8.33x 10" 1.78 x 10° 8.93x 10"
(I ER) Coal 1.29 x 10° 2.20x 10" 2.84x10'
[j79% %% Epidemic prevention fee 6.46 x 102 47.43 3.06 x 10" 47.43 3.06x 10
=y i
TR 6.46 x 102 94.86 6.13 % 104
Methane tank construct fee
r
ALY 6.46 x 10" 237.15 1.53% 10" 237.15 1.53x 10%
Sty construct fee
TN
BURAI 6.46 x 1012 94.86 6.13% 1014
Government subsidies
/It Total 4.72x 108 5.97x 10" 3.03 x 10"
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K FARE Pig-Methane-Grain Grain Pig
TiH g 20 20]
Ttem Transformity J i o Hh KIHRE B dh KIHREE AR E KIHRE
/(sejunit™") Original data ~ Solar emergy Original data  Solar emergy Original data  Solar emergy
/(unit-a~") /(sejra™!) /(unit-a~"!) /(sejra™!) /(unit+a™1) /(sejra™t)
AT H A HLEE Original energy
INZERHT Wheat seed 6.80 % 10* 9.42x 10° 6.39 x 10" 2.36 x 10° 1.60 % 10"
F KA T Maize seed 6.30 x 10* 1.98 x 10° 1.24x10" 5.78 x 107 3.64 x 10"
AT Labor 3.80x 10* 5.51x 10 2.09 x 10" 3.00 x 10° 1.14x 10" 5.48 x 10 2.08 x 10"
{15 Pigs 1.73 x 10° 1.13x 10" 1.96 x 10' 1.13x 10" 1.96 x 10'
FKKL Maize 2.70 x 10* 1.38 x 10" 3.73x 108 1.38 x 10" 2.86x 107
KE1RKE Feed grain 6.80 x 10* 4.23 x 10" 2.95x 108 4.34 x 10" 2.95 x 105
/NAZz %k Wheat bran 2.70 x 10* 4.47x 10" 1.21x 10% 4.47x10°  9.25x 10"
AZ&PR Human excreta 2.70 x 10* 1.51x10° 4.08 x 10'°
/N Total 2.77 % 10' 2.08 x 108 2.65x 10"
R Y RIBHE(E Feedback energy
YA Biogas slurry 2.70 x 10* 6.16 x 10° 1.66 x 108
TR Biogas residue 2.70 x 10* 1.43 x 10° 3.86x 108
INEZFEFF Wheat straw 3.90 % 10* 3.02% 10 1.18 x 107 6.34 x 10° 2.36x 10"
FKFEFF Maize straw 3.90 x 10* 4.48 x 10 1.75x 10 8.62 x 10° 3.36x 10"
FOKFPRL Maize 2.70 x 10* 4.29%10°  1.16x 10"
/N Total 4.14x 10" 5.72% 10"
AN Total emergy input 3.26 x 10! 6.58 x 10" 5.68 x 10'
INFZ KPR Wheat 6.80 x 10* 3.14x10°  2.14x 10" 6.59 x 10° 4.27x 10"
FOKATHL Maize 2.70 x 10* 8.25x 10° 2.23 x 10"
K Pigs 1.71 x 10° 2.12x 10" 3.62x 107 2.12x 10" 3.62x 107
A Methane 4.25x 10° 5.04 x 10" 2.14 x 10"
¥%% Pig manure 2.70 x 10* 7.48x10°  2.02x 10"
¥R Pig urine 2.70 x 10* 1.08 x 10" 2.93x 10"
B Total emergy output 3.86 % 107 6.50 x 10" 3.67x 107

TE 2R A URIAT SR 19 98 B AR BRI TE AR 7] (6 U sk BAE S RS A AN TR B G , (SUTRB (L e KA, LBk 6 B B SR A s o
TBRARUIL A AL RIAR 2 1 B gea™ ! BIPBE 8% TH Al B B R P A B SR BURT AU BT $ A1, A BTSN j-a 52007 AEBRIYA AE

1R 6.46 x 102 sej+ $ ~ 1271,

Note: In table 1, several renewable natural resources resulted from different phenomenon that were caused by same climatic, physical geography effects. In

order to avoid repeated calculations, we only selected the maximal numbers. The unit of the original data was j*a™!, except for the g*a™! unit of the nitrogen fer-

tilizer, phosphate fertilizer, potash fertilizer and pesticides, the $ unit of epidemic prevention fee, methane tank construction fee, sty construction fee and gov-

emment subsidies. In 2007, the emergy currency ratio of Shaanxi province was 6.46 x 10" sej+ $ ~!.
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SR b DX A AR AR N T8 A D, Aol B HLAR Ak
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A BhRE UL B AE VB AL AR 24 BB R S8 T
WK 3 s 55. 4% . 15. 4% . 0. 95% . 0. 81% .
1.15% 26.29% , v LT A HLEET R N THRALN 7%,
Xof EL AR T 2, 4 PR AR IR A 48 A B D
5.26% JHENTHAZL 1.5% 3% J2 K A8 AL i it FH
P THBAARIE , T BEAR T AR IEE ARSI T AT
BN

TEAASE D FAE T R G0 PR AR (R 2
AR 1.3%x10%sej*m 2+a=1.9.7 x 10"sej*m~2-a" !,
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A 1R, i B P B EE O 11,8, A
R 6.48, FAHEL S 0.99, Ui BAIE PR 1Y 2E
SEVRAR A o
2.4 =B EIEIRA L AT

A R GEREE 3 AT, R IBGE 5 A AIE Y Y RE (.25
BIFHrTEbR A ZR , 1R Rl S s P45 SRR BE ) 9 A
BRI bR R B 71458 ELR BB (77 % EWR.fE
B/ M55 EFR) (X 22 5% SR BE ) B9 48 5% R0 4 46 b
(REME A 45 % ESR,REME XA EIR FHRE(E )™ &
EYR) LK Al e WA 28 22 B 255 At A bm (R GE AT ¢
SR JENEAR bR EISD) 3L 7 AMEARALAL, WA 2.

1) AEE A %4 % (Emergy self — sufficiency ratio) :
PRI DRI BE AR (R4 AT S 9% R AS ] B 7 ¢
TRREMEIA) Sk A SRR L, FIR A IR ST IRFR A5
X RGER TR . RPN R BEE B 45 3 LA E
B 0.005, LA AR 0. 057, Ui W7 #1462 5
HrICEE A BT IR PR A, BME R CAY B 45
F R RE B, T B AR ) de 3 o

2) HREME S 2 ( Emergy yield ratio) : REL= H
REME S AV ARBEZ L, SR R A RERM
—MRUE . PR R AR BB AR R RE 1
PR R 11.888.1.052 1 6463, Ut B G #R A5
A PR e, R A P RO B A, TE [7]
SEAMET AR P i e B A ST
Ho

3) BEHFRERE( Emergy investment ratio) : iy
(3K ) REME S5 PRBE o W IR BE(E Y LU 38, R i 2
T SR AR BE RN BR B 7 2802 2 1 4R o Hy 36 2 1, i
AR U RE A B R de AR, U B o P X 22 0 e e A
JEEBRATR , R B AR AR A i 0, 5 B TR s i T A
3, U AT R e B de vy {H 55 — T Tl R W,
PN K, AL A T Y 56 4 1 585 s B ER AL
R RBIE AR T A T PR AR (H IR T B s =X
R H 2 55 R AR B ey, o B A5 A A A i v
BN TN AR AR S T 56 4 Iy o

4) % 1 2% % (Environmental loading ratio) : &
e AT BB BB S 0] R REE AR A B Z
Foo th 3R 2 0, Flore A5 =AY B0 05 28 3 O v 0
10.931, HYUCEFRFEA A Ny 1. 144, 5 J5 206 F 1
90,170, AR PR AR 7 2 A rp Ok 2R 58 B B R
N, I B2 0 A SR 5 H A 55 B 28 R
1%, 53— T LR RGN RHOR oK A %00
B ELR 5%L 0. 170, 3 KT 2000 & FE 40l R
G2(2.8)!8), UL HA MBI B A B & JR KR A 1

5) AEME 5K (Emergy Feedback ratio) : R4t H
B RGRE(E 5 KRB L 32, R i R0 H A
RESIFEAR o PR PSR RAE A ) BE (B S 5t 2 4
Fe g, ORI AP A A X R G E
HAURE Sy o, AR FE AR TE H HEURE D)

6) AEME K 3% (Emergy waste ratio): & 4LJK 57
PIRB(E 5 ARG S REEBAZIL, T RRGIE T
Yr2e BRI IS ). HER 1 TEA TR
TR AR ST BB —AE P 7 A2 4.9 x 105
sej MSEZEIR, i RGLEAAREIE Y 8.63% (K 2),
A PSS ek I A T A E AR A R R 4
TR I, AT E A A A, SRR T X IR Y5

F2 Z=MEABEEEER

Table 2 Emergy indexes of three modes

ARl Different pattern

A g

Expression Pig-Methane-
Grain

AR A
Emergy index

M i
Grain Pig

AEMH H 45% ESR (R+N)/1 0.005  0.062 0.000
HFREET I EYR  Y/(F+T) 11.888  1.052  6.463
REMEHEVER EIR  (F+T)/(R+N) 193.931  15.229483676.287
HEEHEE ELR (F+N)/(R+T)  0.170 10.931 1.144
fETE 5% EFR Fn/(F+T) 0.128  0.925 0.000

R KR
VEBE FISD EYR * EER/ELR 5.909  0.098 0.874
EfHRFF EWR W/1 0.000 0.000 0.086

TE:R- AT BB AR BEUR ; N - AT HARTRUE; T- nI A
HLRE; FN - REESUBRENL; 1- SBAREE; Y- 8/ HAel; w- &
GURFTYIRE( s EER - REMACHL R, R R QUM A REE S5 R
o

Note: R, renewable natural resources; N, non renewable natural re-
sources; T, organic energy; Fn, feedback energy; I, total emergy input; Y,
total emergy output; W, waste emergy; EER, the rate of energy exchange, is

the ratio of total input energy to total energy output.

7) RG] RSk EYERE (Emergy index for sus-
tainable development) : R 4t I RE(EL™ H R S HE(E R
BB YA G IR BRI R T
2 28 VAR T [ B M R 2R U R3S S A IR
FEJT ) 2 G0 0T ¢ 2 & S 1k e i 2 G R4 BT s (A 4
b, (B8R, ARG BRI ) T Ik s A TR
B, RGN RS R R VERE G . Bk 2 L TR IR
B R G810 AT 2k & R PERE W RE(EFE £ 5.909,
LB BT AE 5.811.5.034, 3X J2: K A 17
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