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Abstract

This study aims at providing an economic assessment for incineration plants which recover heat during its incineration pro-
cess. In this study, Life Cycle Cost(LCC) of incineration plants is performed based on each regression analysis formula for con-
struction cost, operation cost, and heat generation in order to compare economic feasibility. The result shows that the incineration
plant recovering waste heat while processing 80 tons of waste per day increases both initial investment and operation cost but
this type of an incineration plant has economical predominance from the recovered waste heat over the one that does not recover
heat when being operated for more than eleven years if the retrieved heat replaces the use of LNG. And its payback time reaches
more than 19 years in case of selling heat and performing emission trading.
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Table 1. Expected independent variables and the number of data sets

Category Variable No. Category Variable No.
Capacity In(Capacity) 168 Kangwon 13
Heat Heat recovery facility 74 Kyeonggi 35
eal

N/A 94 Kyeongnam 18

Stoker 14
Kyeongbuk 26

Grate 111
Type Static 18 Region Jeonnam 45
Pyrolysis 13 Jeonbuk 2
etc. 12 Chungnam 12

Continuous system 94
Chungbuk 10

Opr. Type Batch 51
Quasi-continuous 23 Jeju 7
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Table 2. The Pearson correlation coefficients of an incineration plant construction cost analysis
Cosy | won | gt | | bk | mam | bk | nam | buk Capaeity] Heat | Soker | Grate P75 st
In(Cost) 1.000 | .009 | 438 107 | -.081 | -.480 | .152 | .054 | .064 917 748 | 206 | .081 167 | -372
Kangwon .009 | 1.000 | -.149 | -.100 | -.124 | -.175 | -.032 | -.080 | -.073 -.003 057 | 235 | -.122 | .166 | -.100
Kyunggi 438 | -.149 | 1.000 | -.178 | -.220 | -.310 | -.056 | -.142 | -.129 400 372 | 057 | -.066 | .016 | -.178
Kyugnam 107 | -.100 | -.178 | 1.000 | -.148 | -210 | -.038 | -.096 | -.087 114 119 | -.104 | .004 | .116 .004
Kyungbuk | -.081 | -.124 | -220 | -.148 | 1.000 | -259 | -.047 | -.119 | -.108 012 -.148 | -.010 | .133 | -.124 | -.042
Jeonnam -480 | -.175 | -310 | -210 | -.259 | 1.000 | -.066 | -.168 | -.152 -458 =347 | -.134 | -.021 | -.024 | 312
Jeonbuk 152 | -.032 | -.056 | -.038 | -.047 | -.066 | 1.000 | -.030 | -.028 144 124 | -.033 | .079 | -.032 | -.038
C(‘:;Z{:E’;n Chungnam | .054 | -.080 | -.142 | -.096 | -.119 | -.168 | -.030 | 1.000 | -070 | 051 | .080 | .000 | .052 | .006 | -.096
Chungbuk .064 | -.073 | -.129 | -.087 | -.108 | -.152 | -.028 | -.070 | 1.000 .054 -071 | .106 | .074 | -.073 | -.087
In(Capacity) | .917 | -.003 | .400 | .114 | .012 | -458 | .144 | .051 054 1.000 698 | .199 | .038 | .141 | -255
Heat 748 | 057 | 372 | 119 | -.148 | -.347 | .124 | .080 | -.071 .698 1.000 | .166 | .028 | .147 | -307
Stoker 206 | .235 .057 | -.104 | -.010 | -.134 | -.033 | .000 | .106 199 166 | 1.000 | -.421 | -.087 | -.104
Grate 081 | -.122 | -.066 | .004 | .133 [ -.021 [ .079 | .052 | .074 .038 .028 | -.421 | 1.000 | -.404 | -.483
Pyrolysis 167 | 166 | .016 | .116 | -.124 | -.024 | -.032 | .006 | -.073 141 147 | -.087 | -.404 | 1.000 | -.100
Static -372 | -.100 | -.178 | .004 | -.042 [ 312 | -.038 | -.096 | -.087 -255 -307 | -.104 | -.483 [ -.100 | 1.000
Table 3. The Pearson correlation coefficients of an incineration plant operation cost analysis
In(Cost) |In(Capacity)| Heat Stoker Grate Pyrolysis Static Batch
In(Cost) 1.000 901 705 214 075 71 -.357 -.810
In(Capacity) 901 1.000 698 .199 038 749 -255 712
Heat 705 .698 1.000 .166 028 .666 -.307 -.560
Pearson Stoker 214 199 166 1.000 -421 094 -.104 -.199
correlation Grate .075 .038 .028 -421 1.000 124 -483 -.183
Pyrolysis 771 749 666 094 124 1.000 -352 -744
Static -357 -255 -.307 -.104 -483 -.352 1.000 441
Batch -810 712 -560 -.199 -183 -744 441 1.000
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Table 4. The result of the construction cost regression analysis for incineration plants

Descriptive statistics
Mean Std. deviation N
In(Cost) 8.6182 2.11659 168
Kyungbuk .1548 36276 168
Jeonnam 2679 44417 168
Heat 4405 49793 168
Static 1071 31022 168
Model summary
R R Square Adjusted R Square Std. Error of the estimate Durbin-Watson
941°¢ .886 .883 72508 1.600
ANOVA
Sum of squares df Mean square F Sig.
Regression 662.978 5 132.596 252.205 .000"
Residual 85.171 162 526
Total 748.149 167
Coefficients
Unstandardized coefficients Sctzgg‘?ziiﬁf: . Sie. Collinearity statistics
B Std. error Beta Tolerance VIF
(Constant) 6.494 132 49.329 .000
In(Capacity) 741 .039 752 19.192 .000 458 2.183
Heat .638 .165 150 3.865 .000 466 2.144
Static -791 195 -116 -4.048 .000 .857 1.167
Kyungbuk -531 .166 -.091 -3.194 .002 .865 1.156
Jeonnam -338 .153 -071 -2.217 .028 686 1.458
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Table 5. The result of the operation cost regression analysis for incineration plants

Descriptive statistics

Mean Std. deviation N
In(Cost) 6.0143 2.28492 168
In(Capacity) 2.8349 2.14688 168
Heat 4405 49793 168
Batch .3036 46117 168
Model summary
R R Square Adjusted R square | Std. eError of the estimate Durbin-Watson
936° .876 .874 81265 1.717
ANOVA
Sum of squares df Mean square F Sig.
Regression 763.581 3 254.527 385.417 .000¢
Residual 108.305 164 .660
Total 871.886 167
Coefficients
Unstandardized coefficients S;zgg:ilite: . Sig. Collinearity statistics
B Std. error Beta Tolerance VIF
(Constant) 4.501 177 25.357 .000
In(Capacity) .630 .049 592 12.959 .000 363 2.756
Batch -1.623 .196 -328 -8.298 .000 4386 2.058
Heat .500 178 .109 2.810 .006 .505 1.981

Table 6. The result of the regression analysis for the heat quantity produced by incineration plants

Descriptive statistics

Mean Std. deviation N
Energy 103582.5479 122261.96310 73
Waste 45819.6438 50532.36092 73
Model summary
R R Square Adjusted R square | Std. error of the estimate Durbin-Watson
981% 962 961 24082.18900 2418
ANOVA
Sum of squares df Mean square F Sig.
Regression 1035078528983.380 1 1035078528983.380 1784.766 .000°
Residual 41176579704.706 71 579951826.827
Total 1076255108688.080 72
Coefficients
Unstandardized coefficients Sctszg.?z ilrzlfsd . Si. Collinearity statistics
B Std. error Beta Tolerance VIF
(Constant) -5135.719 3816.683 -1.346 .183
Waste 2.373 056 981 42.246 .000 1.000 1.000
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Fig. 1. Scatter plots of Z-predicted values and the dependant variable.

In(C,) =0.741In(Q) + 0.638Dp,:— 0.791Dg; i
= 0.531Dgyeonghur = 0.338D egam + 6.494 (2)
where,
C, = Construction cost (Million Won)
QO = Capacity (Ton/Day)
D = Dummy Variable

e

In(C,) = 0.630In(Q) + 1.623Dy,;— 0.500Dp,.;,
+4.501 3)

where,

C, = Operation cost (Million Won)

Q = Capacity (Ton/Day)

D = Dummy Variable

4 @ye 27190 249 850 mE 279 8%
% o3 S7Ae e Aot

E =2373m — 5135.719 (m > 2164.23) “
where,

E = Energy generation (Gcal)
m = Waste mass (Ton)
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Fig. 3. The residual normal probability P-P distributions of regression analysis.
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Table 7. Life Cycle Costs of incineration plants for 20 years

) With heat recovery
Year hea?/ilc(;l:,tery Carbon pricet+ . .
LNG 27% of sales price 27% of sales price 43% of sales price
1 19,350.76 33,043.66 33,629.23 33,997.27 33,682.63
2 21,676.84 33,899.54 35,065.02 35,797.53 35,171.29
3 23,980.39 34,747.13 36,486.89 37,580.35 36,645.53
4 26,261.61 35,586.51 37,894.99 39,345.89 38,105.48
5 28,520.73 36,417.75 39,289.45 41,094.33 39,551.29
6 30,757.96 37,240.94 40,670.39 42,825.83 40,983.09
7 32,973.51 38,056.16 42,037.95 44,540.54 42,401.02
8 35,167.60 38,863.47 43,392.26 46,238.65 43,805.21
9 37,340.43 39,662.96 44,733.45 47,920.30 45,195.79
10 39,492.20 40,454.71 46,061.65 49,585.65 46,572.90
11 41,623.13 41,238.79 47,376.97 51,234.87 47,936.66
12 43,733.41 42,015.26 48,679.55 52,868.11 49,287.22
13 45,823.24 42,784.22 49,969.51 54,485.53 50,624.68
14 47,892.82 43,545.72 51,246.97 56,087.27 51,949.19
15 49,942.35 44,299.85 52,512.06 57,673.50 53,260.86
16 51,972.02 45,046.67 53,764.88 59,244.35 54,559.82
17 53,982.02 45,786.25 55,005.57 60,799.99 55,846.20
18 55,972.55 46,518.66 56,234.23 62,340.55 57,120.12
19 57,943.79 47,243.98 57,450.99 63,866.18 58,381.69
20 59,895.94 47,962.28 58,655.96 65,377.03 59,631.03
70000 42, HISEA
A7E AN AL Slel YA R 22ge) 2
Asle % vl °

40000

30000

20000

—&— without heat recovery
—@— with heat recovery (LNG)
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Life Cycle Cost for Incineration Plant (million won)

Year

Fig. 4. Life Cycle Costs of incineration plants for 20 years.
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