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Table 1 The composition of rural living waste in Huangdao district, Qingdao
Kitchen Non-recyclable Recyclable
Category Other waste
waste waste waste
Composition
Proportion/ % 54.0 26.0 4.0 12.0 2.0 1.0 0.4 0.6
1SO14040 , 4
2 , s [17]
2.1
s 1t ,
[16]
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Fig. 1 The system boundary of the two modes
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L3 2) . 1t ( ,1‘[);1] (%), 1; DOC
2, 10. 50% ;7 (IPCC
DOC = 0.4A+0.17B+0.15C+0.3D, (D) 77%). ,CH, 64. 68 kg/t,
:DOC (%)3A .
(6.00%); B . 026 ~152-", 1026,
(0%);C (54. 00%) ;D L0l kg/L™, 1t 100. 00 L
0%, : DOC ,
10. 50%, 1t ( 2),
C 4:SW><1000><77><DOC><r>< 2 N
(16/12) X 0.6 , (2) s o
:CH, (kg); SW
2 1
Table 2 The pollution emissions in the unit of the landfill of Mode 1
Gas element Liquid element
The gases Typical Emissions Water quality Test result Emissions
Element Element
proportion/ % values/ % kg e t! standard/mg « L.”' /mg < L' /kg et}
CH, 45~60 55.0 64.68 COD 100. 00 108. 80 1. 09E-02
CO, 40~60 41.9 49,27 0.001 0. 000 04 4. 00E-09
N, 2.0~5.0 2.0 2.35 0. 01 0.050 5. 00E-06
O, 0.1~1.0 0.5 0.59 0.10 0. 050 5. 00E-06
H,S 0.0~0.1 0.2 0. 24 0.10 0.021 2. 10E-06
NH; 0.0~1.0 0.2 0. 24 0.10 0.000 1 1. 00E-08
H, 0.0~0.2 0.1 0.12 25.00 37.80 3. 78E-03
CO 0.0~0.2 0.1 0.12 TN 40. 00 84.70 8. 47E-03
TP 3. 00 1.03 1. 03E-04
:x( »(GB16889—2008) .

Note: * is { Standard for Pollation Control on the Landfill Site of Municipal Solid Waste)(GB16889—2008).

2.2.2 2 2 , 3 2
, CO, \NH, Table 3 The food component proportion of Model 2 /%
o ’ ( ) Elemental analysis (Wet basis)
2/3 C CO,,13 16% N C H ¢) N S
> [21]
NH; , 3 ) CO, NH; s 7.52 0. 99 6. 21 0. 45 0.05
Qeo, = QX Py X (Pc— Pe) X 2/3 X 44/12 , (3)
Quin, = QX Py X Py X 13.16% X 17/14 ,  (4) ) )
Q\”‘[s 0 NC() ( 0 S0, 12ke) NH;.NO,,H,S,S0,
o : Quo, W 22 039k>é 8 396.8: 0,57 3¢ 102,
NH, N . g3 s TN.COD TP
( Lt, 1000 kg): Py Abduli [0,
(54, OO%)§PC\PC{ PN 1t [22]
0 0 0 ’
c 9. CH N b, - L 00
7.52%.3.70% 0. 45%( 3,

) 054 .
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4, 2 26. 00%
N 1
4 2 . 2
Table 4 The pollution emissions in the 1 26. 0%, 5,
process of the compost of Model 2 kg e t7! 2.3
Gas element Liquid element
Element Emissions Element Emissions S ’
CO, 5.04E401 TN 8.75E—01 ‘
N 3 o
NH; 3.90E—01 COD 2.30E—03
NO, 4.91E—04 TP 3.63E—03
H,S 7.17E—03 3. 27E—07 ; LCA CML—IA
. CO, ,
SO, 9.83E—04 4, 73E—07 ) o
CH, .CO CO,
4 AGE=05 25.2 3 300; SO, . H,S.NH,
8.86E—05 NO, SO, 1. 88,
4. TAE—06 1. 88 0. 7; NO; , TP,COD
TN 3. 06,2 3 3 42;
C, H, »CH, | CcO
2.2.3 2015
. 0. 006.0. 003.0. 027; 1,4—DCB(1,
s 3. 14 X10° t, b He 7 d
4— ) , Pb.Cu.Cr.Hg.Zn
100% 604, 8> 10° km, ! &
17. 5.20. 8,8 49,5 300.5 71
8 079 L/t, ,
(247 5. 2 910,
5
Table 5 The pollution emissions in the process of transportation
Element CH, CO, NO, CcO SO, HC( ) N, O
Coefficient/g « km ™! 0. 007 183. 298 0. 804 1. 000 0.233 0.096 0. 007
1 Model/kg « t ! 1.35E—04 3.53E+00 1.55E—02 1.92E—02 4. 48E—03 1.85E—03 1.35E—04
2 Mode2/kg « t ! 3.50E—05 9.17E—01 4.02E—03 5.00E—03 1.17E—03 4. 80E—04 3.50E—05
9
, LCA EASEWASTE ( 6), ,
¢ :
6),
3
1t
o 3.1
, 7 . 5 ,
, 1 5. 28X10°%, 2 3.35X107°%, 2
, . 1 36.55%,
( ), ,
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Table 6 The parameters of LCA
Photochemical Ecological
Impact category Global warming Acidification Eutrophication ] o
ozone formation toxicity
Reference value 8. 70E+03 7.40E+01 1. 19E+01 2.50E+01 3.52E+05
Dimension/a kg CO;eq. kg SO, eq. kg NO3 eq. kg C, H,eq. kg 1,4—DCB eq.
Weighting value 2. 40E—01 2.40E—01 1. 10E—01 1. 10E—01 3. 00E—01
7
Table 7 The LCA results of two modes
Photochemical Ecological Environmental
Impact category  Global warming Acidification Eutrophication
ozone formation toxicity impact load
1 Model 4,62E—02 3.03E—03 5.02E—04 1.72E—03 1.26E—03 5.28E—02
2 Mode2 1. 46E—03 2.68E—03 2.7TTE—02 6.01E—07 1.61E—03 3.35E—02
1 ’ ’ ’
CO, .CH, o 7 tl | (20] .
b b
LCA £25] [30]
CH, COs, , 2 5 s 1 ,
. .CH, CO, ,
55.00% 41 89%,CH, 1%,
CO, 25 , CH, o ,
; CH, )
396 ~4 %20, , Abduli
CH, o o )
’ 2~3 ° 3.2
2, 7 )
b b b
s Vahidi N o
[27] 1 2 s s
) { , o
»(GB16889—2008) , o 8 .
o , CO, 8 ,
H,S.NH; ) ( D
H,S.NH, , N .
, NH, . .
[28] .

2) N N
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Table 8 Comparison of multi—factor influence of the 2 modes
1 Model 2 Mode2
Application area . .
Application condition 40%
Production
Resouce utilization
Surface water pollution
Groundwater pollution
Air pollution .
Soil pollution
Management requirement
* Investment cost 1.0 >2.0~3.0
* Treatment cost 1.0 1.5
. . 1 Lo .
Note: * is investment cost and processing cost are both calculated on the base of those of mode 1, set as 1. 0.
3.3 s
7 , 2 ,
1, 1 CH, CO, o
b
4
. 2 )
o (D 1 5. 28X 10°%, 2
3. 35X107°%, 5 ,
(L , 2 1, 5 , 1
) ; 2 .
CH, COR, ,
) CH, , o
CO, ., , CH, (2) ,
(36£6) %, CH, CO, ,
20’\/32 ’ CH1 ’ s
[33]
o b
[34]
’ b 9 o
b
eng C, Niu D, Zhao . A comprehensive overview of rural sol-
. o [1] z C, Niu D, Zhao Y H. A I i i f 1 sol
(2) id waste management in China[ J]. Frontiers of Environmental Sci-
COD ence & Engineering, 2015, 9(6): 949-961.
’ ’ [2] Yay A SE. Application of life cycle assessment (LCA) for munici-
° N N pal solid waste management: a case study of Sakarya[]J]. Journal
’ NH;.H,S ’ of Cleaner Production, 2015, 94 284-293.
[35] [3] , ,
(3) 50% [J] s 2016(1): 76-78.
b
Wang X C, Ding S G, Lv Y F. Evaluation of waste incineration
’ ° technology based on the full life cycle[]J]. Energy and Environ-
1 2, ’ ment, 2015, 94. 284-293.
? ’ [4] ’ ’ [J]
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The Comparative Life Cycle Assessment Study of Two Typical
Disposal Modes of Rural Living Waste

CHEN You-Yuan', WEI Lai', SUN Ping', XIA Xun-Feng®

(1. Key Laboratory of Marine Environmental Science and Ecology, Ministry of Education Shandong Provincial Key Laboratory
of Marine Environment and Geological Engineering, College of Environmental Science and Engineering, Ocean University of
China, Qingdao 266100, China; 2. Laboratory of Water Environmental Systems Engineering, Chinese Research Academy of

Environmental Sciences.Beijing 100012, China).

Abstract: For evaluating the environment impact of domestic existing disposal modes of rural living waste
and offering the decision-making basis for the improvement and development of them, this study compares
two typical domestic centralized waste treatment modes in the rural areas in the eastern part of the Shan-
dong -unified collecting, transporting and landfill (Mode 1), and a combining mode of classification in situ
and centralized treatment (Mode 2) to assess. The life cycle of the waste is divided into parts of collection,
transportation, compression and final disposal and treatment, whose life cycle assessment of environmen-
tal emission is carried on in the study. Results show that through classification in situ compost processing,
environmental impact load of Mode 2 can be 36.55% lower than Mode 1, and the greatest effect exists in
the final disposal and treatment unit, but the waste transportation accounts for a small proportion of the o-
verall environmental pollution. The advice for Mode 1 is to recycle the landfill methane and carbon dioxide
emissions, to reduce global warming potential is the key to ease the environmental load, and the advice for
Mode 2 is to collect the composting leachate and control the orders emissions, to decrease the impact of eu-
trophication and the affect of people’s health nearby.

Key words: life cycle assessment; rural living waste; centralized landfill; on-site compost; environment

impact load



