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Abstract

This study examined the economic feasibility of applying the waste-to-energy incineration method in developing and
emerging countries based on a case study of a 600 ton/day stoker-type incineration power plant in China. The effects of
major variables such as the lower calorific value of waste, government power sales incentives, and corporate tax reductions
on the economic feasibility of the project were analyzed. When the lower calorific value of municipal solid waste in Chiping
county, China was 1,480 kcal/kg, the power sales incentive was 0.65 yuan/kWh, the waste handling fee was 93.7 yuan/ton, the
internal rate of return (IRR) was calculated to be 6.61%, and the return on equity (ROE) was 6.50%, which showed that it is
difficult to achieve economic viability. However, when the lower calorific value was 1,800 kcal/kg or higher, the internal rate
of return (IRR) was 8.65%, and the return on equity (ROE) was 9.12%, which showed business model was economically
viable. The factors that greatly affected business profits were the lower calorific value of waste and power sales incentive,
whereas corporate tax reductions did not significantly affect business viability. The results show that there is a clear limit to
sustainability when relying solely on government financial and policy support for the treatment of municipal solid waste.
However, if mechanical biological treatment (MBT), which has been shown to increase the low calorific value of waste, is
applied as a pretreatment method, it is expected that the low calorific value of waste brought into the incinerator can be
increased to an economically appropriate level of 3,400-4,000 kcal/kg or more.
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Fig. 1. Global MSW treatment methods and their rates
(World Bank, 2018).
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Fig. 2. Projected waste generation, by region (World Bank, 2018).
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Table 1. Summary of analysis of MSW composition in Chiping county, China

Combustible matter (%)

Catego Moisture (% Ash (% Total (%)
s C H 5 0 N cl tsture (4 ) vt
Ratio 18.82 2.4 0.34 11.30 0.54 0.27 47.11 19.22 100
Table 2. Summary of heat and power production
Category Result Note
Amount of waste 600 ton/day 365 day/year 71%
Steam production 50.2 ton/hr
1,480 kcal/kg* 71&
Power production 8.9 MWh
Power sales 7.3 MWh Internal power consumption 1.6 MWh

* Calculation of low calorific value through analysis of waste components in Chiping county
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Table 3. Summary of initial investment costs (600 ton/day stoker-type incineration power plant in China)

Amount .
Category CNY(x10,000) KRW(x 1,000,000)* Ratio
Investigation costs 1,590 3,049 3.6%
Design costs 1,413 2,711 3.2%
Mechanical 20,450 39,218 46.3%
Construction 12,632 24,226 28.6%
Construction Electrical 6,316 12,113 14.3%
costs
Landscaping 486 932 1.1%
Total 39,884 76,489 90.3%
Construction management costs 44 85 0.0%
Others 1,237 2,372 2.8%
Total 44,168 84,705 100.0%

* Applying the 2022 average annual exchange rate (191.78 KRW/CNY)
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Table 4. Summary of estimate operating costs (600 ton/day stoker-type incineration power plant in China)

Amount .
Category CNY/year KRW(x 100)/year" Ratio

Personnel expenses 3,659,353 7,017,908 17.7%

Fixed Taxes and management fees 2,915,078 5,590,537 14.1%

Total 6,574,432 12,608,445 31.8%

Facility maintenance 8,352,422 16,018,276 40.4%

Purchase of consumables 2,666,986 5,114,746 12.9%

Fuel and electricity 599,555 1,149,827 2.9%

Variable Operating Water usage 1,095,739 2,101,407 5.3%

expenses

wastewater treatment 310,115 594,738 1.5%

Ash treatment 1,075,064 2,061,758 5.2%

Total 14,099,882 27,040,753 68.2%

Total 20,674,313 39,649,198 100.0%

* Applying the 2022 average annual exchange rate (191.78 KRW/CNY)
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Table 5. Summary of income statement
[ KRW(x 1,000,000) ]

Year Operating Non-operating Net income Corporate Net
Income Expenses  Profit & loss  Income Expenses before income tax tax income

Y+0 0 0 0 0 0 0 0 0
Y+1 3,753 2,263 1,491 - 1,461 29 - 29
Y+2 11,249 6,788 4,461 15 3,409 1,066 - 1,066
Y+3 11,249 6,788 4,461 73 2,955 1,579 197 1,382
Y+4 11,249 6,788 4,461 20 2,500 1,981 248 1,733
Y+5 11,249 6,788 4,461 - 2,167 2,294 287 2,007
Y+6 11,249 6,788 4,461 - 1,902 2,559 640 1,919
Y+7 11,249 6,788 4,461 - 1,623 2,838 709 2,128
Y+8 11,249 6,788 4,461 - 1,349 3,112 778 2,334
Y+9 11,249 6,788 4,461 - 1,062 3,399 850 2,549
Y+10 11,249 6,788 4,461 - 988 3,472 868 2,604
Y+11 11,249 6,788 4,461 - 895 3,566 891 2,674
Y+12 11,249 6,788 4,461 - 550 3,911 978 2,933
Y+13 11,249 6,788 4,461 - 185 4,276 1,069 3,207
Y+14 11,249 6,788 4,461 5 - 4,466 1,116 3,349
Y+15 11,249 6,788 4,461 15 - 4,475 1,119 3,357
Y+16 11,249 6,788 4,461 30 - 4,490 1,123 3,368
Y+17 11,249 6,788 4,461 49 - 4,510 1,128 3,383
Y+18 11,249 6,788 4,461 74 - 4,535 1,134 3,401
Y+19 11,249 6,788 4,461 105 - 4,565 1,141 3,424
Y+20 11,249 6,788 4,461 140 - 4,601 1,150 3,450
Y+21 11,249 6,788 4,461 180 - 4,641 1,160 3,481
Y+22 11,249 6,788 4,461 226 - 4,687 1,172 3,515
Y+23 11,249 6,788 4,461 277 - 4,738 1,184 3,553
Y+24 11,249 6,788 4,461 333 - 4,794 1,198 3,595
Y+25 11,249 6,788 4,461 395 - 4,855 1,214 3,642
Y+26 11,249 6,788 4,461 462 - 4,923 1,231 3,692
Y+27 11,249 6,788 4,461 534 - 4,995 1,249 3,746
Y+28 11,249 6,788 4,461 613 - 5,073 1,268 3,805
Y+29 11,249 6,788 4,461 697 - 5,157 1,289 3,868
Y+30 11,249 6,788 4,461 786 - 5,247 1,312 3,935
Y+31 7,496 4,526 2,970 882 - 3,852 963 2,889

AL ETHF 1,480 keal/kge 7|1%2 2 oto] AU EHF A o 7HEETFAREHE2 8.33%E ALtEISleH,

< 1,600 keal/kg, 1,800 kcal/kg, 2,000 kcal/kg2 WE4E(RR)O] 7 EAHEH]S Hot 3 A
2 Z7M7IEA R4 E(RR)T A7 AHEEA S Jol Sl Aoz whstort,

] E(ROE)& E&5t 11 A3} 0] & Fig. 30 ZAlst Fig. 3014 & & l=o] A8 A7 2(F e

art. T 719 F A1 AR E8(17.69%) = 1L g% 1,480 kcal/kg) AZPEHAA] WHS=E(IRR)
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Fig. 3. Effect of on IRR and ROE with a variation of lower calorific value.

6.61%, A7|AHEEAEAEROE) 6.50%2A4 7163
TAREH]8(8.33%)2 St gtol whet d oA
A4 BRI} gololA] ¢ A2 I 4= 9Jdrt o
ok Z ek o] 1,800 keal/kg ©1A4FQl B-Qofl= Uit
Z9E(IRR) 8.65%, A7|AHEEA=CIE(ROE) 9.12%
24 AAo] Bl £2 Ao Yeiton ol &
4 AAEHNLR A WTE 7|&7]5(GIZ, 2017)&
2 YT Q= 272 Wl {7 E 24 ApddE
ol 7~8 MJ/kg (1,672~1911 kcal/kg)d F-ARt 5
e 1AL ol F= AR o] A& A7t
Ao gk = a7} JQAE E(0.65 Ht/kWh, 2022
| Fog 191.78 Y/t A4 124.66 ¥/kWh)
oF ¥QIA 7 52] ZhE A4 - YA $tHNDRC,
2012)l| 71¢15H= Ho] & Ao g wotyn] =2y o
2] AZhEd o] tigt o] g - HAH 2 Yo] A
L 2= A2-9] AAA Hrte 29 Brt Avkels o
& Aol Uerd 4= 9l& Ao = wrtdrt,
Hoornweg and Bhada-Tata(2012)= 42} 2] &
A1) WTES 2ol 2 0] 2= H7| & ¥Iderg,
- 49 i, YH Bxg 5o A, H7E W
e} oA 7HH o] 2 f1 T A= Ae d-A
Y g ojto 2% HA 8-S TS 4= glot it

m2] F7tel e BXE 5 5o AR A A do] §lo]
= A Au] o] B7Fsothal Adgstal gl o]
23 TAE v o2 R0 YA - g A z]Yo] A
7|8 AZMPE o AAH 58400 vAE TS
Aoz JFstr] ol 2 wujrtet jQA 7
AARE A2 YRESEE(RR) tiet U7 24&
P59 om 11 AFE Fig. 49} Fig. 500 EA5HAT

Fig. 4014 TAIRH vk} Zro] F=t A R-o] A= wj
7} JAE|BE 0.65 I1H/kWhE 71522 100~90%
HE] HoellAl= 2% 90~50% H$l ol 5%4 =
gotaA WHFE(RR) W3t FolE it A
96% olstollAlE WHEFAE(IRR)O] 7HE B oA FEH]
42 stelatA =9lom 34% olstol e HiselE
(IRR)°] FFOlY A ()2 &4 7o &2 Agte= 2o s
Uepsttt, o]E Fall 9w 1,800 keal/kg 5
o AE F=t R A A o] A FEO =2 FA|H]
2] FETHAE SR B2 FAER T4 A&

5]

H7}olgl e Ao waE gl

1= Fig. 50 TAISH HReE o] RIQIA| 7 of 1
of what WH42lE(IRR)2 71 8.65%C14 8.43%=
ot ou F7z|e] e R JhEdAEHg



F5 ATIE AR AR ALEART AFR0] 27} A2E ol8e 171E o ASKWTE] e A Bk 859
1000 100%
48% .
2,00 865 aad Economical ] ]
- Xy Weighted average cost of capital (8.33%)
ES
*
800 823 gz ¥ x
7.00 9% Eg5  x
710 * .
600 657 « Not economical
_ 605 X
g 300 550 X
o 436 X
=4 440 X
100 3.82 *
3.24
200
1.00
0.00 T
100 Net loss 017
0.650 0.600 0550 0.500 0450 0400 0350 0.300 0.250 0.200

Power sales incentives (CNY/kWh)
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