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Life Cycle Assessment of Subsurface Soil Infiltration System
in Rural Domestic Sewage Treatment
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(1.Chinese Research Academy of Environmental Sciences,Beijing 100029,China ;
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Abstract ; This paper presents Life Cycle Assessment (LCA) of the subsurface soil infiltration system (SSIS) using
ebalance ECER and evaluates the environmental impact potentials during each process of the system.The paper an-
alyzes and compares the main environmental impact types such as Abiotic Depletion( ADP) , Acidification Potential
(AP) , Eutrophication Potential (EP) ,Global Warming Potential (GWP) and solid waste in each process of life cy-
cle,and identifies the main types of environmental impacts and the key links that cause the environmental impacts.
The results show that compared to other environmental impact potentials,the EP and GWP potentials are the main
influenced types, which account for 75.9% and 13.5% respectively.Regarding the extent of environmental impacts
of subsurface soil infiltration system, these parameters can be ordered as EP, GWP, AP, Solid Waste and ADP.
Compared to other stages,septic-tank exerts the most destructive influence on the environment with the contribu-
tion proportion of 83 %.Due to the consumption of resources and transport capacity s the highest ADP, AP and GWP
values are generated during septic-tank stage.Sewage collection stage has the highest Waste Solids value. The paper
studies the LCA of SIS,which provides data for LCA of rural sewage treatment technology and promotes the sus-
tainable development of rural sewage treatment.
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0.06* .
CH, N, O, ,CH, CH, 0.012 kg/d,
;N O ., 0.8%~1.3% BOD
. 50% .CH, CH, . 2.4%~3.7%
IPCC CH, (g, N, O (sl
CH, (EF) = CH,
(Bo) XCH, (MCF) (D 1,
Bo 0.6 kgCH, /kgBOD, MCF >
0.1¢( ), CH, , 2,
1
Table 1 Energy and matter input and output from subsurface soil infiltration system
N , oy ; ) < ; /(KW - ’/‘
COD/  BODs/ s§/ NHN/ TP, / / PVC fos W e,
(mgeL ) (mgeL ") (mg+L " (mge+L ") (mgeL 1) (kW=h) m® /m  m? m® /m h/(DM) ] )
350 200 150 30 5 113.15 2500 912.5 1 467.5
25 15 15 6 0.6 0.2 12 19.7
2
Table 2 Life cycle inventory of the energy and matter input and output from subsurface soil infiltration system
PVC CH, N,O  COD
0.425 0.372 0.241 0.002 62 0.051 9 2.251  0.000 192 0.000 082 2 0.090 3 1.598 0.726 0.001 40 0.011 0 0.001 2 0.02 0.003 0.001
kW + h/m* kg/m?
1.3 1.3.2
1.3.1 ebalance ECER
’ b
(ADP) (AP), s 4,
(EP), (GWP) (Solid 4
Waste) ebalance ECER ( +kg/m?)
s N Table 4 Characterization of the life cycle environmental
s impact of subsurface soil infiltration system
, 3, (unit:kg/m*)
3 ADP AP EP GWP Waste Solids
2.21X1077 L.09X107° 1.29X10~* 3.60X10~ 1 1.28X107?
Table 3 Classification for the environmental impact of LEOX10-% 977X10—5 687105 1L86X10—2 420X 10—
subsurface soil infiltration system 6.60X1078 4.86X107" 343X107° 9.24X1072 1.85X102
6.61X1077 2.60X107% 6.62X10* 6.02X10°1 175X102
kg ( »a)'] 0 0 528X 1075 0 0
(ADP) 1 kg 3.270 X 101 7.09%1079 576X107° 9.82X107° 7.70X1072 119X10~*
SO, .NO, .HCI, 9.72X1077 4.32X107° 6.12X10% 1.15 5.32X102
(AP) ST T kg SO: 3.160X 1010
HF . NH;
PO%™ \NO, ., . _
(EP) ' . 1k PO 5510108 1.3.3
N 1 -
ebalance ECER CN-2005
Gwpy SO0 co, saasoxion
CH, .CFCs g e .
1 kg 1.340X10'2 ’

(Solid Waste)
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Table 5 Nomalization of the life cycle environmental impact

of subsurface soil infiltration system

ADP AP EP GWP
L1I0X1075 1.61X107 ™ 1.64X107 1 4,33X107 1 9,55X 1071

Waste Solids

7.97X10717 1.44X10715 8,72X10716 2,24 X107 3.13X107 18
3.31X10716 7.19X10715 4,36 X107 1,11X107 1 1.38X10~ 1
3.20X107 1% 3.84X107 1 840X1071 7.25X107 1 1.31X10 1
0 0 6.70X10713 0 0
3.88X10717 851X10710 1.25X10715 9,27X107 1 8.86 X107

4.84X10715 6,39X1071 7,77 X107 1,39X107 1% 3.97X10 1
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Fig.2 Normalization of the life cycle impact assessment

of subsurface soil infiltration system

75.9%; ’
13.5%;
3.9%;

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

CH, ., CH, N,O

N SO, NOy;

70l  ®ADP  =AP p—

o EP o GWP

60}
‘o s Solid Waste
= s50f
i 4.0 -
g
AN\
;}E T 20.6%
2.0 F
Ll Il
' H 1.1%
0 Yz = ] g
R M T R HK 5
By Hm A

3
Fig.3 Environmental impact value of various parts in

subsurface soil infiltration system

3 s
b
65.5%; ’
20.6 % ; ’
8.4%; ’
6% .
100 ADP
a
90 @ AP S04
80 2 EP
R © GWP 68.0%
g 70 Waste Solids :
1 60
50
;-43:340
va 30

[~
=1

—
S o

=0 . ~ il
M MM M MR Wk ISR
Bkl Hm A

Fig.4 Environmental impact potential proportion of
various parts in subsurface soil infiltration

system

http://www.cnki.net



126

26

86.3% , .

0%.60.1%.52.4%,

N, O

CH, ,

6

68.

2.2
o (
)
S,.=0,/0,)/AL/I,) (2)
:Smn In Om ;Om m
LCA ;A0,, /0,
i1, n AL/,
) 6,

Table 6 Sensitivity analysis on raw materials, transport,and electricity inventory of various parts in subsurface

soil infiltration system

ADP AP

EP GWP Waste Solids

0.058 303 748 0.130 711 004
0.042 114 122 0.035 065 691
pPvC 0.031 541 322 0.038 821 367
0.420 370 467 0.551 887 512
0.066 412 628 0.141 884 686
0.089 198 855 0.007 4271 69

0.005 757 374 0.077 005 064
0.002 928 805 0.044 759 983
0.001 618 122 0.032 470 872
0.063 126 812 0.093 520 713
0.005 895 587 0.092 423 505
0.000 444 263 0.006 161 840

0.061 960 144
—0.140 534 367
0.288 602 546
0.012 075 752
0.391 786 100
0.298 789 605

6 , LCA
ADP.AP.EP.GWP
, ADP ,
2.3
(D
17] ,
(2)
CH4 H ’
ORP CH,

NgO [13] 3
(3) ,

b

0.021 7 kg/(t « km),

0.121 8 kg/(t « km), 0.011
kg/(t + km)M,
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