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Environmental effects of the Loess Plateau biogas eco—orchard based on life cycle assessment( LCA )

ZHANG Cong-guang'?, QIU Ling'?", WANG Fei', DENG Yuan—fang', HAN Jian—cong'

(1.College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China; 2.Western Scientific Observation
and Experiment Station of Development and Utilization of Rural Renewable Energy, Ministry of Agriculture, Yangling 712100, China )
Abstract: This study, based on the demonstration project on biogas —linked ecological orchard system in Loess Plateau district, north of
Shaanxi Province, calculated the energy consumption and pollutant discharge by this project in the Loess Plateau district. It used the life cy—
cle assessment( LCA ) method and analyzed the environmental effects during the different life cycles of the system. The results showed that
emissions happened during the construction and production phase, whereas the utilization period created favorable ecological benefits; e.g.,
biogas can be used as renewable energy that can substitute a certain amount of traditional fuels, such as coal and electricity. Infrastructure
construction, field management, orchard construction, and production lead to heavy environmental load. Particularly, field management pro—
cess constituted 83%, 55%, 43%, and 59% of the global warming, acidification, eutrophication, and energy depletion potentials, respective —
ly. The production process also caused serious environmental problems like eutrophication (40% ), human toxicity (41% ), photochemical
oxidation (66% ), and energy depletion(26% ). Biogas slurry and residue utilization, biogas fermentation, and hiogas combustion were the
main factors determining energy saving and emission reduction of the studied system. Moreover, global warming, acidification, and eutrophi—

cation potential of the system were negative, which showed a stronger sustainability than that of the single apple—planting model. Moreover,
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economic analysis showed that the integrated economic benefit(IBE ) was $2 544.25, and the value of IBE in the construction phase, pro—

duction phase, and utilization phase were —$255.11, $2 447.67, and $351.47, respectively, which showed a strong economic sustainability

of the integrated system.

Keywords: ecological orchard; life cycle assessment (LCA ); environmental emissions; biogas fermentation
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Figure 1 The scope of the LCA system
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Table 1 Inventory data of the construction period

TiH FEUENT SR FEIEEHE) 5 SCHRA R
ke 425# TR ERIKIE , 80 kg €0,.€0,S0,,NOx,COD [23]

Fhit-rk FRIE R MU7.5 5% MU10, 70 frb €0,.C0.S0,.NOy.PM,, [24]
W I %58 ,0.67 kg €0,.C0.S0,.CH,.NOy [25]
Hi 77 47.02 kWh €0,.CH,.NO, .PM, [26]

o3 55 HH 4 ,0.75 kg COD NH;,Cl,,CH,CI [11]

A FUHBHNRSE,0.049 kg COD N(CH,COOH )3, C,H;C10, [11]
fehe ZAE 50 ke WAL 50 kg BPHE 25 kg €0,.C0.S0,,CH, .NH; NO,,VOC [27]
Bl A FHTENLEE Y 3 7k, 27 L C€0.50,.NOx.VOC ,PM,,,S0x [28]
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Table 2 Inventory data of the production period

=) FEUENS SR FEIR AR T SCHRA R
i it FH AR 95.2 kg AR 90.65 kg HHAE 7.91 kg €0,.€0.S0,.CH,.NH; ,NO.VOC [26]
AR SUH 3R ,0.075 kg COD N(CH,COOH );,C,H:C10, [11]
3584 B, 0.45 kg COD ,NH;.Cl,,CH,C1 [11]
Ay EGEZE EIEHERR, T 1460 kg CH,.NH; TN TP .COD [28]
St Bt KNk Z i, 73 L €0.S0,.NOy,VOC ,PM,,,SOx [27]
e ik, 4.77 ke €0,.C0 .S0,.CH, . NOx [24]
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Figure 2 Environmental impact potential of the different functional period
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Table 3 Potential environmental impacts of the life cycle processes
R GWP/kg COeq AP/kg SO,—eq EP/kg POY—eq POCP/kg CHi—eq  HTP/kg 1,4-DCB-eq FDP/MJ
FEf 166.67 0.14 0.02 0.01 0.07 562.73
| i) 5 3 1 207.29 4.4 0.44 0.38 0.49 7 623.33
I el % 0.58 0.9 0.15 0.09 0.04 1253.13
B K -76.27 -4.47 -2.36 -0.03 0 0
B A e 1.95 2.44 0.41 1.19 0.51 3 394.09
VB 83.62 0.06 0.01 0.12 0.14 0
PRI -975.03 -5.13 -0.23 -0.12 -1.29 -8 424.76
TAAEA -909.35 -3.56 -0.40 -0.26 -0.43 0
it -501.75 -522 -1.96 1.38 0.85 4 408.52

WAL R K, AE A AR RS e
el J A LA 7R 31% W IR BE BR AL RN PR I R
A [RIEA 1S T 7 EE I B R (40% ) etk 2E 4]
b (66% ) NMTEE(41% ) K BE VR FEMR (26% ) % RS
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Table 4 Integrated economic benefit of the life cycle processes

kBt A gy CB NEB/MJ GWP/kg COreq IBE
A $274.79 $20.88 $-253.91 -307.13 38.97 $-255.11
A $556.38 $3 005.91 $2 449.53 -548.33 47.71 $2 447.67
FI $56.56 $405.22 $348.66 561.60 -120.05 $351.47

Gt $887.73 $3 432.01 $2 544.20 -297.06 -33.73 $2 544.25
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Table 5 Potential environment impacts and environmental emissions index of the two apple production modes

. WAERE R i
P E IR PRI T TR

GWP -501.75 kg CO—eq -0.07 505.75 kg COr-eq 0.07 7 192.98 kg CO—eq
AP -5.22 kg SO,—eq -0.09 11.60 kg SO,—eq 0.21 56.14 kg SO—eq
EP -1.96 kg PO —eq -0.18 2.21 kg POy —eq 0.21 10.70 kg PO -eq

POCP 1.38 kg C,H,—eq 0.04 4.61 kg C,H,—eq 0.13 34.72 kg C,H,—eq
HTP 0.85 kg 1,4-DCB-eq 0.04 0.26 kg 1,4-DCB-eq 0.01 20.14 kg 1,4-DCB-eq
FDP 4 408.52 MJ 0.08 8679 MJ 0.15 56 877.88 MJ
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