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A Case Study on Life Cycle Assessment of Pig Manure Compost Production in a Pig Farm
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China Agricultural University, Beijing 100193, China)

Abstract: We evaluated the environmental burdens of one existing composting system and four alternative composting systems with different
turning frequencies in Beijing area using life cycle assessment(LCA ). The results showed that resources consumption and atmospheric e—
missions played important roles in the environmental impacts of pig manure composting process. For these five composting options, fossil en—
ergy of 80.8 to 221.5 MJ was needed to compost one ton of pig manure. During composting, ammonia emissions contributed more than 96%
to the acidification potential (AP ) and eutrophication potential (EP ). Carbon dioxide and N,O from the pig farms contributed to about
58% to 88% and 8% to 35% of the total global warming potential, respectively. Of the alternative options, the options with turning frequen—
cy of 1 to 2 times per week with diesel-powered turning machine should be recommended for pig manure composting because of the lower
environmental impacts.
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Table 1 Category of environmental impacts( CML method )

FRIEFE 25 5] Environmental impact 455 Abbreviation — EA{i Unit
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Table 2 Carbon and nitrogen losses during composting( % )

WiH TR TR2 HRI TR IES
A Option 1 Option 2 Option 3 Option 4 Option 5
TOC 100 100 100 100 100

TOC #12k TOC loss 64.2 63.7 63.6 63.4 539
CO~CHi%k CO-C loss  48.0 47.6 47.7 47.5 39.7
CH,~C 12 CH,~C loss  0.20 0.11 0.14 0.25 0.49

TN 100 100 100 100 100

TN #14% TN loss 49.8 36.0 322 30.0 18.2
NH3-N #12¢ NHs-N loss  40.4 39.4 29.5 279 12.8
N,O-N #i2k N,O-N loss  0.76 0.83 0.81 1.05 3.93
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Figure 1 LCA modules of composting process
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Table 3 Life cycle inventory of composting modules

I A~ B Input—Output J57% 1 Option 1
p p P

J7% 2 Option 2 J7%& 3 Option 3

J5% 4 Option 4 J7% 5 Option 5

A HEAE Uk 3% Pig manure/t 1.00
Input Raw materials FKFEFE Com stalks/t 0.14
REUA i, Flectricity/kWh 439

Energy 53 Diesel/L 139

i HEAE P i Compost product/t 0.305
Output gy COvke 296
Emissions CH/kg 0.448

NHykg 4.00

N,O/kg 0.097

1.00 1.00 1.00 1.00
0.14 0.14 0.14 0.14
0.60 0.60 0.60 0.60
2.50 1.95 1.67 1.39
0.309 0.308 0.310 0.354
293 294 293 244
0.224 0.314 0.560 1.098
3.90 2.92 2.76 1.27
0.106 0.104 0.135 0.504
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Table 4 Environmental impacts of pig manure composing

WERWS TR FR2 ORI TR RS

Environment impact Option 1 Option 2 Option 3 Option 4 Option 5

ADP-f 221.5 127.5 104.4 92.6 80.8
AP 6.66 6.29 4.72 4.46 2.07
EP 1.44 1.40 1.06 1.01 0.59

FAETP 6.31 0.99 0.96 0.95 0.93

GWP 355 334 336 350 425
HTP 8.64 1.84 1.67 1.61 1.42

OLDP 5.74E-07 9.69E-07 7.57E-07 6.49E-07 5.41E-07

POCP 0.015 0.005 0.005 0.006 0.009

TETP 0.036 0.011 0.010 0.009 0.008

TE B RIET A 1 O R B I3k 1),
Note: All values are based on 1 ton of raw pig manure( Units as in

Table 1).
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Figure 2 Major environmental impacts of pig manure composing
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