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Life cycle assessment of power generation processes with mixed

combustion of different sludge
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Abstract: In order to study the optimal treatment process of municipal sludge from the perspective of carbon the environmental impact
resource consumption analysis and carbon emission accounting of the life process of municipal sludge and general solid waste bitumi—
nous coal and rice straw mixed combustion power generation process through Life Cycle Assessment method were analyzed. The three
sludge mixed combustion processes were divided into three stages: upstream production production process and downstream production
and the weights of each environmental impact type were fully considered from the three perspectives of global regional and local. The cal—
culation results show that the total environmental impact values of the three mixed combustion processes are the largest under the global
perspective  which are 0.87 0.12 and 0.09 person * a/t for every 1 t wet sludge treated ( moisture content of 65%) . Production upstream
and production process ( power generation stage) are the two main stages leading to environmental degradation. Global warming
acidification and solid waste are the three types of environmental impact that contribute greatly to the total environmental impact. The
net carbon emissions of the three mixed combustion processes are 6 522 742 and 410 kg CO, respectively.In terms of resource consump—
tion the resource consumption potential of sludge and general industrial solid waste mixed combustion power generation process is the lar—
gest followed by sludge and bituminous coal mixed combustion power generation process and sludge and rice straw mixed combustion
power generation process is the smallest. On the whole the sludge and rice straw mixed combustion power generation process is the most
environmentally friendly and resource—saving sludge disposal process which is worth vigorously promoting.
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1
Table 1 Actual operating parameters of each project case
+ + +
( ( )
/(ted) 40 300 300
/(t+h™) 90 45 45
/MPa 6.4 5.2 5.2
/C 450 485 485
1% 86 86 86
/MW 7.5 6.0 6.0
/h 7 200 7 200 7 200
1 3
Fig.1 Boundaries of three different sludge co—combustion power generation process systems
N N N 1t 65%
; 2,
. 3 (A) .
2
Table 2 Analysis of raw materials and mixed fuel components for each process
1% 1% 0o/
M A |4 FC C H 0 N S (MJ * kg™
65.00 12.29 21.67 1.04 7.30 1.23 5.12 1.28 1.18 1.24
40.00 28.30 29.77 2.05 14.41 2.42 10.09 2.52 2.34 4.74
6.80 18.77 28.70 45.73 59.98 3.92 9.05 0.96 0.52 24.85
6.07 4.55 72.67 16.71 46.24 5.67 36.68 0.71 0.08 17.20
A 30.00 11.07 48.60 10.33 34.74 5.03 16.99 0.39 0.12 15.30
B 1.59 1.18 88.04 9.09 61.88 6.04 29.06 0.01 0.20 21.50
C 13.80 2.44 41.20 42.55 42.32 5.11 33.59 2.43 0.10 14.70
D 35.00 11.42 51.12 2.46 25.70 2.94 21.45 3.23 0.20 10.40
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1% 1% Q!
M A |4 FC C H 0 N S (MJ =+ kg™
63% +37% 27.72 24.77 29.37 18.24 31.27 2.97 9.70 1.94 1.66 11.65
55% +45% 21.33 15.23 10.12 53.37 31.91 4.20 24.71 1.52 1.09 11.63
10% +36% A+ 22.18 7.69 11.28 58.85 41.58 4.81 22.23 0.70 0.15 15.64
36% B+9% C+9% D
(B) . (Q) . (D). N. (P,0,) . ( K,0) 28.85.
’ 14.42  17.31 kg/t " N
5% 0.54 kg/t 7 ;
2.1 13
2.1.1 .
o 0.021 kWh/kg( ) ¥
N 14
Y ) Al o 5 t
12 .
50 km
2020 656 km .
2.64 g/(t*km) 40 t 2.1.3
30 km .
37.66 g/(t * km) . .
B . 40 t
65% P . ( )
0.2 kg/t
40% . H,S
NH, NO, 100% 99%
SOZ o 01 kg/t( ) o
31.48 kWh/t( ) o .
2.1.2 3.
. 2.2
o (CO,) C0,~ S0, CO.
1 206.12 t/t; NO,.PM,,- 90%
CH, N,0 co,
38.388  0.337 kg/t( ) o
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3
Table 3 Pollutant emission coefficients g/GJ
HC co PM,, NO, S0, o, CH, N,0
5t 13 119.80 435.65 16.34 762.39 93.67 73 623.76 5.87 2.93
40 t 14 40.99 427.18 52.82 370.53 124.36 91 221.65 9.95 6.94
14 76.46 286.73 23.89 946.21 93.67 73 998.70 3.75 2.11
13 0.60 4.26 5.14 35.40 31.90 10 125.56 0.24 0.17
13 0.11 0.87 0.37 4.62 2.64 1 496.49 0.02 0.02
13 0.21 0.81 0.28 6.21 1.58 973.20 0.04 0.03
13 12.93 134.50 65.45 775.32 467.67 263 760.55 3.05 2.84
COD. N
SS. NH,-N. TP TN
30 km 90%
o 2.4
3% 3
3% o
2.3 1t
o 4,
4
Table 4 List of environmental emissions and resource consumption kg/t
co, 252.80 13 722.00 11.06 37.48 1 492.00 0.61 -1703.00 2 632.00 0.34
CH, 0.030 — 0.012 0.614 — 6x107° 8.270 — 3x107°
N,0 0.020 — 8.4x107* 0.002 — 4x107° 0.076 — 2%x107°
NO, 1.030 3.440 0.045 0.190 0.520 0.002 0.440 1.890 0.001
S0, 0.340 2.050 0.015 0.095 0.280 8x107™ 0.300 0.250 4x107*
co 1.180 5.430 0.052 0.140 0.100 0.002 0.060 0.130 0.001
HC 0.110 — 4.9x1073 0.017 — 2x107* 0.023 — 1x107*
PM,, 0.150 0.880 6.4x107? 0.019 0.052 3%x107* 0.050 0.048 2x107*
CoD — 0.930 — 13.930 0.010 — — 0.024 —
NH,-N — 0.020 — 0.027 6x107* — — 0.001 —
SS — 0.190 — 0.190 0.005 — — 0.011 —
TN — 0.030 — 0.001 9x107* — — 0.002 —
TP — 1.86x107° — 8x107* 8x107° — — 2x107* —
— — — — — — 0.31 — —
0.10 1.093.47 — 30.02 238.30 — — 169.50 —
31.48 — — 31.48 — — 62.96 — —
— 74 119.3 — 747.0 5013.0 — — 6 223.0 —
8.39 — 3.68 8.51 — 0.17 10.20 — 0.11
— — — 4.14 446.70 — — — —
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4
o CO, o 15014040 LCA
N 3 R
CO, 13 986 kg/t( 3.1
) Co, 3
930 kg/t N
CO,. 0 ( EDIP)
450 kg/t 3
. (GWP) .  (AP). (EP) .
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5
Table 5 Equivalence factors for emissions and resource consumption by individual emissions
GWP AP EP POF HTP SW
o, S0, PO3 C,H, CeH,Cl, Fe
o, 1 — — — — — —
CH, 25 — — 0.006 — — —
N,0 298 — 0.27 — — — —
NO, — 0.700 0.130 0.028 1.200 — —
S0, — 1.000 — 0.048 0.096 — —
co — — — 0.027 — — —
HC — — — 0.398 — — —
PM,, — — — — 0.82 — —
CoD — — — — — — —
NH;-N — — 0.35 — — — —
ss — — 0.85 — — — —
TN — — 0.42 — — — —
TP — — k) — — — —
— — — — 18 — _
_ — _ _ _ 1 _
— — — — — — 0.153
— — — — — — 0.005 4
— — — — — — 3.01
— — — — — — 0.116
3.2 GWP SW
GWP
6. 6 13 992 kg/to GWP
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1 158 kg/t
CO, 64%  CO, o
EP
(441 kg/t)
97% AP.HTP 2 o
6
Table 6 Characteristic values kg/t
GWP AP EP POF HTP SW
13 992 5.57 1.04 0.470 6.49 1 093 441
1541 0.87 3.51 0.054 0.95 268 114
1158 2.19 0.35 0.160 2.94 170 74.28
o N 3
0o
2" 7 8,
7 20
Table 7 Standardized benchmarks and weight factors for each environmental impact type >
/
(kg ( =a)7")
GWP 6 901( CO, ) 0.381 0.049 0.042
AP 39( S0, ) 0.252 0.320 0.064
EP 26( PO ) 0.16 0.32 0.10
POF 6(C,H, ) 0.101 0.132 0.160
HTP 426( CgH,Cl, ) 0.064 0.132 0.251
SW 1075 0.042 0.046 0.381
20 298( Fe ) — — —
8
Table 8 Potential values and total environmental impact values for each environmental impact type from different perspectives
*alt
GWP AP EP POF HTP SW
2.02 0.14 0.04 0.078 0.015 1.02 0.50 0.22 0.87
0.22 0.02 0.14 0.009 0.002 0.25 0.12 0.07 0.12
0.17 0.06 0.01 0.030 0.006 0.16 0.08 0.04 0.09
3.3 ( 2
2 (a)) GWP
o 2 1t 89.16%; GWP.SW.AP
88.41%; GWP.SW
o 3 94.13% . GWP.SW.
> AP o
> ( 2(b))
0.87.0.50.0.22 - alt;
0.12.0.12. GWP.EP 86.15%; EP
0.07 - alt 0.09. 58.2%; SW
0.08.0.04 > alto 78.32% EP 11.13%.
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2
Fig.2 Share and total environmental impact value of each environmental impact type from different perspectives
( 2(c)) 3
GWP.EP.AP.SW, 3 N
GWP.AP 86.05%; AP 2
41.02%; 0 SW
SW.GWP 87% o 88% ~ 100%; HTP
3 2
72.54%
( 10%) o
CO,
63% 45%. GWP.SW.AP.EP GWP
o 3 GWP.AP.POF
EP (11% ~
58%) (0.74% ~ o
5.90%) (2% ~10%) . 3.4
EP GWP.AP.SW
o 3
C0,.S0,.NO,.CH,
AP (5% ~42%)
(1% ~ 10%) o
HTP
(1.41% ~6.19%) 2 o
N N 10%.20%  30% 9.
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3
Fig.3 Distribution of environmental impacts at each stage of the process
9
Table 9 Sensitivity of each environmental impact type to different pollutants %
GWP AP SW GWP AP SW GWP AP SW
— — — — — — -1.5 —
CH, 5%107° — — 9x107? — — 0.18 — —
€O, 0.99 — — 0.98 — — 0.80 — —
S0, — 0.43 — — 0.42 — — 0.25
NO, — 0.57 — — 0.57 — — 0.74 —
— — 1.00 — — 0.99 — — 0.99
1%
9 GWP Co, IPCC )
o, 3
-1.5% 0.8%- GWP ( N
CH, 0.99%. ) .
. €0,.CH,.N,0 IPCC
AP NO, ( 0.57%) Co,
S0,( 0.43%) NO, 5 GWP .
o SW
3.5 X :
. Co,
LCA 25%. Co,
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10, Co,
1 kg
0.85 kg o

800 kg CO,
Co,
1189 kg CO, . 3

10 CO, 6 522.742.410 kg/t
Table 10 CO, emission factors
CO, o
/(kg * kWh™!) 0.747 8
/( kg * kg™") 3.19
/(kg = kg™") 2.45
4
13 722 kg/t( )
1 537 kg/t;
1 493 kg/to
4
° Fig.4 Carbon emissions by process technology route
3.6
25% o 3
1t N N . .
8 890.979.1 168 kWh o
o 5
N 7 260+ 11,
11
Table 11 Potential values of process resource consumption 107~ alt
120 — 54 130 — — 150 — 1.6
— — — 2.3 250 — — — —
23 — — 23 — — 47 — —
— 1970 — — 130 — — 165 —
2 167.0 535.3 363.6
3 2)
2.2x1072.5.4x107.3.6x107  + a/t
> o
> . 3)
45% ~90% o 4)
4 o
D ( References) :
> >
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