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Evaluation of agrosystem eco—efficiency using a coupling model of emergy analysis and life cycle assessment: A
case study in the suburbs of Beijing City, China

WANG Yi-chao, ZHAO Gui-shen®, PENG Peng, LIANG Long, LI Cai-lian

(College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China )

Abstract : Eco—efficiency is an important and widely used index for quantitatively measuring economic system sustainability. In the present
study, a coupling model was developed by integrating emergy analysis and life cycle assessment, with the goal of assessing expected and un—
desirable output efficiencies of production systems for three typical crops(maize, vegetables, and peach ) in the suburbs of Beijing City. The
emergy input—output ratios of maize, vegetables, and peach were 6.61x10% 1.47x10% and 1.92x10° sej+J™', respectively, and the expected
output efficiency per unit production was highest for maize and lowest for peach. The undesirable output efficiency of maize, vegetable, and
peach production was 1.29x10° 1.60x10°, and 2.59x10°, respectively, and the undesirable output efficiency was highest for maize and low-
est for vegetables. The indicators of eco—efficiency for maize, vegetable, and peach production were 2.95x107, 7.42x107, and 7.05%10°5, re—
spectively, and eco—efficiency was highest for maize and lowest for peach. By taking vegetables production system as an example, sensitivity
analysis which was conducted to testify the relationship between all kinds of inputs and eco—efficiency, indicated that electricity consumed

in irrigation was the first influential factor, followed by nitrogen fertilizer, manure, and pesticide. When regulating planting structure, the e -
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co—efficiency of production systems should be considered along with other important factors, such as yield and income. Eco—efficiency could

be increased by using more manure; however, the heavy metals in organic fertilizer might negatively impact human health. Therefore, strate—

gies like planting water—saving crops, developing water—saving methods, and substituting organic fertilizer for chemical fertilizer could re—

markably improve the eco—efficiency of farmland ecosystems in the suburbs of Beijing City.

Keywords: sustainable development; eco—efficiency; emergy analysis; life cycle assessment; farmland ecosystem
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Table 1 Emergy analysis of three typical corn production systems

JEIGEE Raw data/J-hm™ 5§ g+hm™

Bl s 15 31 KBHAE(E Solar emergy/sejhm™

Renewable ratio 3k Maize #53% Vegetables KAk Peach Transformity/sej - unit™ K Maize #3% Vegetables A#E Peach

i H Ttems AL EHT ]

AR KIHRED 1 4.19x10" 4.19x10"

KRR/ 1 2.18x10° 0

kAL REN 1 2.51x10" 0
IR fE/ 1 1.87x10" 1.87x10"

/N
NRRA Blg 0.05 2.96x10° 5.39x10°
EIC/g 0.05 1.37x10° 4.22x10°
HPE g 0.05 3.63x10* 5.57x10°
FNe/g 0.18 4.50x10° 1.15x10°
S/ 0.05 2.91x10° 3.53x10°
KZilg 0 3.67x10° 1.37x10°
H177/] 0.81 2.61x10° 9.94x10°
H R K HERE/ 0 1.42x10% 3.50x10%
EEipin| 0.9 1.13x10° 1.35x10"
/g 0 0 3.97x10°
NS

E5 Wit Vi) \V) | — 6.27x10%
BRI — 1.35x10"

Bh/J — —

HEKI 1.46x10" —

4.19x10" 1 4.19x10" 4.19x10" 4.19x10"
2.18x10° 1.74x10* 3.79x10" 0 3.79x10"
2.51x10"° 3.05x10" 7.66x10" 0 7.66x10"
1.87x10" 4.87x10* 9.11x10" 9.11x10" 9.11x10"
1.68x10" 9.53x10" 1.68x10"
3.77x10° 6.38x10° 1.89x10" 3.44x10° 2.40x10"
3.80x10° 6.55%x10° 8.98x10" 2.76x10" 2.49%x10"
3.76x10° 1.85%x10° 6.72x10" 1.03x10" 6.95x10"
5.72x107 4.54x10° 2.04x10" 5.22x10" 2.60x10"
1.22x10" 1.11x10° 3.23x10" 3.92x10" 1.35x10"
7.68x10° 2.49x10" 9.14x10" 3.41x10" 1.91x10"
8.10x10° 2.77x10° 7.22x10" 2.75%10" 2.24x10"
2.22x10° 2.27x10° 3.23x10" 7.94x10" 5.05x10"
1.41x10" 6.38x10° 7.24x10" 8.61x10" 8.98x10"
1.88x10° 6.37x10° 0 2.53x10" 1.19x10"
7.97x10" 2.81x10" 2.38x10"
1.33x10" — — — —

TE: BRI RSB IR R G IR A5 24P BRI IS 1.583x107 sej-a”.

Note : Energy convert coefficients refer to reference[36]; Emergy base is 1.583x10% sej-a™.
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RS B i o H I

WA R GRS FAER (K 3), B IR
FK BRI 7 R GEAE A AR A S R G RR Y
& EH D HHE 4.97x107°.1.39x107*.9.94x107 species *
a~hm™, G AYIE T E 70 01 2 R FIEAY 2.80 1& A
1.40 7% 78 F R A A JL 0, AL A9 TR A K 62% , 4%
25 18%, WL )3 11% , HAWBL AR RISk AL/ FEBR
S R, TTRRAR RO 4 28502 AL R 2y
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Table 2 Damage factors of end—point indices in ReCiPe 2008

FEI5YLY) UNEN I faEZHL LSRG faEZHL
Main pollutants Human health indices Damage factor/DALY -kg”  Ecosystem health indices ~ Damage factor/species+a-kg”

Cu NPREEHECRl, +358) 7.33x10°¢ +-HERE (Rl ) 9.07x107
Zn NPREEHECRl, +358) 3.09x10™ +-HEdE (Rl ) 1.72x107
Cd NPREEHECRl, +358) 6.66x107 +-HEREE (Rl ) 8.27x107
Pb NRBEHECRRl, +3E) 4.20x10 L HEEE (Rl 8.80x10™
NH; ek (= =) 8.32x107 i i AR Ak, 1.42x10°
NO-N MR AL/ B B R 7.88x10°
N,O S AR 4.17x10* Bl 2.36x10°
NO, ok B (= <) 5.72x10° kit Ak, 3.25x10°
TP HOKE B 444%10°®
VO MNEFHE(ER) 4.34x10°° IR (= R) 2.76x107
ek A N2 ACIN ) 7.76x10°° KR OKA) 2.13x107
e+ NPRBEHECRl, +358) 1.58x10° HHEREE (R ) 5.24x10°
S0, ok (2 =) 5.20x107 Kb R Ak, 5.80x10°
o, AR 1.40x10°° Stk 7.93x10°
CH, AR 3.50x107 Sk 1.98x107

Co S 1.78x10%
As N RO, 7K A4 ) 1.04x107 WK OKIER) 1.35x10°%
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Table 3 The values of environmental potential damages for typical agricultural production in Beijing City
KB A ARSI

Ilii The potential damage of human health/DALY -hm™ The potential damage of ecological system health/species-a-hm™
oK Maize Bi3E Vegetables #k Peach K Maize B3 Vegetables Bk Peach
Cu 1.68x10°° 4.18x10° 2.09x10° 2.07x107 5.17x10°° 2.58x10°
Zn 2.16x10* 5.36x107 2.67x107 1.20x107 2.98x10°° 1.49x10°°
Cd 8.08x10™ 1.82x107 9.26x107 1.00x10°® 2.26x107 1.15x107
Pb 1.09x10° 1.65x10™ 9.18x10° 2.27x10™ 3.47x107° 1.92x107"
NH; 6.78x107 6.74x10* 1.22x107 1.16x10° 1.15x107 2.08x10™
NO;-N 3.91x10° 2.38x10° 7.06x107°
N,O 3.66x10* 3.28x107 6.67x10™ 2.07x10° 1.85x10° 3.77x10°
NO, 7.99x10* 1.96x107 1.49x107 4.54x10°* 1.11x107 8.47x10®
TP 1.01x107 4.80x107 3.53x107
KR, 1.59x10° 5.95x10° 3.33x10° 1.01x107 3.79%x107 2.12x107
A 27K A4 2.85x107 1.06x107° 5.96x107 7.81x107° 2.92x10* 1.64x107%
21 2.49x107 9.32x10° 5.22x10° 8.27x107 3.09x107 1.73x10°
S0, 6.35x10* 1.40x107 1.09x107 7.08x10°* 1.56x107 1.22x107
CO, 5.93x107 1.37x107 1.13x107 3.36x107 7.78x10° 6.41x107
CH, 1.01x10° 2.98x10° 2.30x10° 5.72x10% 1.69x107 1.30x1077

CO 3.34x10”° 1.02x10°* 7.58x107° — — —

As 1.39x107 6.02x107 4.04x107 1.80x10™" 7.81x107"° 5.25x10™"
SUM 1.56x102 4.49%x107 3.88x102 4.97x10° 1.39x10* 9.94x10°

HL S FIZEIE, 2055 40% 24% 15%FN12% ., FEHkAE
AR SRR R 3 240 B AR 25 A
J1, 585015 39% 19%F1 17% . %4k & , BAE AR 25 F1
HL RS R G F R 3 A EKAE
P IR SR T A A 2R A LA AN e | B A 2
NEBAEED, AR TR A S AR XD s %)
BRI W AR AR A AN A (R B, O SRS R
— AR JRCHE i B R A FE AR, DR R T Y Bk
FECK . JIA B A 7 i R A 24 1 P R Bkt
Z BB, RIAR 251 sk 38 5 KBk AE ™ e
i R 2 HE IR FH /K TH FE Y FE RB AR, TRk
2RI RB I DTk H A o

PN TR KBRS ARAE Y AL P R G A
BA P R AR 1.29%100,1.60x10° 1 2.59x10°,
KA AR EE = R i, BRI B AR (3R 4)
2.3 EBRMEST

M 4 AR ROK B AE BRCR AR, M 2.95x107
R HIR A 7.42x10° BRI, R 7.05%10°°, 7E 3 Fif
A EYIAE = RGP« TR EE 7= AR Al 1)
B AR UL T S Nk, DRI K B A 2%
A Bk AR M ACRAUGR T R K H2AE
B ORI AR PR 2R 7 AR RN AR R

*4 AETHREEYETRENESUEILR
Table 4 The comparison of eco—efficiency for typical agricultural

production in Beijing City

FEF740 Indices  EoK Maize  #5i3% Vegetables  o#k Peach
B AR 1.51x10° 6.8x10°° 5.21x10°
JETER = R 1.29x10° 1.60x10° 2.59x10°
SR 2.95x10% 7.42x10° 7.05x10°

HRCR R, RS RORISIR T3 .
2.4 BURMESHT

PABESEA P2 R G0 M), TR EUIE AR A2 R
ABIX 4 Floof A AR 5T IR R A Al A= 7 kL
TFHUBPESY BT . ARGE LA E 4 RN AR IEI810% |
20%F1 30% , i HoAth AR 5 AN AR, 43 H7 LA AR AR X 5
AT R G RCR I
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Figure 2 The sensitivity analysis for eco—efficiency
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Table 5 The results of the scenario analysis for substitution of manure for fertilizer

T PN R ) B ARG RIS (AR S SS Ao
The potential damage of The potential damage of ecological ~ Total emergy inputs/ Fo _‘mf\f -
ftem human health/DALY -hm™ system health/species-a-hm™ sej-hm™ comethaency
F K Maize BBV 1.56x10 4.97x10° 9.64x10" 2.95x10*
B 50% 2.17x10? 4.02x10° 8.43x10" 3.43x10*
LS 40% -19% -13% 16%
AL 100% 2.79x1072 3.06x107 7.21x10" 4.80x10™
ARl A 79% -39% -25% 63%
B3 Vegelables Btk 4.49x107 1.39x10™ 2.90x10" 7.42x10°°
B 50% 5.50x102 1.19x10™ 2.58x10" 8.99x10™°
GITE S 23% -15% ~11% 21%
AL 100% 6.52x102 9.85x10° 2.25x10" 1.20x10°
AR A 45% -29% -22% 62%
Bk Peach PR 3.88x102 9.94x107° 2.55x10" 7.05x10°
AL 50% 4.58x10 8.46x107 2.29x10% 8.66x10°
ARl A 18% ~15% -10% 23%
AL 100% 5.28x102 6.98x10° 2.04x10" 1.15x10°
AR A 36% -30% -20% 63%
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