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ABSTRACT One of the concepts of energy recovery, waste energy has attracted attention as a technology that contributes
considerably to the replacement of fossil fuels which are becoming depleted and to the dissemination of renewable energy for
Intended Nationally Determined Contributions (INDC). In this study, the long-term operation data of domestic municipal solids
waste (MSW) incineration facilities were evaluated for the steam power generation efficiency when applying the elemental
technologies. In addition, the energy savings and GHG reductions were calculated by the power generation efficiency increment. In
terms of enhancing the capability of waste heat recovery, the power generation efficiency was examined based on the assumption
that the low calorific power of 2,000~3,000 kcal/kg, 5,000~7,000 m’/ton exhaust gas, boiler outlet temperature of 190~300°C and
the combustion air ratio of 1.0~2.0. When applying elemental technologies to the incineration procedure, the power generation
efficiencies were 0.74~0.85%. Energy savings per ton of MSW were estimated to be 79.2 MWh/ton in low temperature economizer
(LTE) and 68.8 MWh/ton in low air ratio combustion (LARC). The estimated GHG reductions were 206,072 ton-CO-/yr in LTE
and 178,892 ton-CO»/yr in LARC. This is expected to reduce operation costs by 4,328 million and 3,757 million KRW by
conversion to economic benefits.

Key words Municipal waste incineration(3 &1 7] & 47+ A] ), Low temperature economizer(#]2-0] F =1} #]), Low combustion
air ratio(#] & 7] H] A 4), GHG reduction(24 7} 2~ 7F&3F AHA)
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LARC : low air ratio combustion

NCV : net calorific value
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Table 1. Target WLE facilities in this study

Group Facility treatment capacity | Incinerator unit Group Facility treatment capacity | Incinerator unit
A-1 80 1 B-1 200 1
A-2 100 2 B-2 200 1
A-3 100 2
B-3 210 2
A4 100 2
A—5 100 9 B4 210 2
Less than A—6 100 2 B-5 200 2
200 ton/day A-T 150 2 B-6 200 1
A-8 150 2 B—7 200 1
A-9 150 2 200 ~
00 ~ 300 B-8 200, 250 2,1
A-10 160 2 ton/day
A-11 160 3 B9 200 2
A-12 170 1 B-10 200 2
C-1 300 1 B-11 200 1
2 300 2 B-12 200 1
C-3 300 2
More than B-13 200 1
300 ton/day O—-4 300 3
-5 300 3 B-14 200 2
C—6 400 2 B-15 250 3
7]%‘% z—] 03]‘93\% [[H, Oﬂ%ﬂ—‘g l‘ﬂ?l_-;é__ﬁi% 51_4 7]5]_ %;‘(l a Table 2. Improvement of power generation efficiency by
~ application of element technologies
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Table 3. Waste energy utilization status in 2015
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Year
(Geal/yr) District Heating Industry Power plant Support residents | Power generation Self use
9015 7,237,195 2,746,708 861,630 636,012 252,148 1,695,987 1,044,710
(100%) (39%) (12%) (9%) (3%) (23%) (14%)

Table 4. Enhancement of power generation efficiency by applying element technology

Element technology Enhancement efficiency (%) Changing conditions of power generation efficiency
Low t ¢ 085 — NCV: 2,000~3,000 kcal/kg
mper: .
ow e pe, ature © 29' 183) — Amount of exhaust gas: 5,000~7,000 ms/ton
economizer ~ . .
’ ’ — Temp. of exhaust gas: 250'C— (230, 210, 190C)
0.74 — NCV: 2,000~3,000 kcal/kg
Low air ratio combustion © 17' 1.88) — Amount of exhaust gas . 5,000~7,000 mg/ton
’ ) — Combustion air ratio: 2.0 = (1.8, 1.7, 1.5, 1.2, 1.0)
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Table 5. Increment of boiler heat recovery applying to low—
temperature economizer

. Increase amount of boiler heat recovery
Boiler outlet (Mcal/ton)
temp of
exhaust gas Amount of Amount of Amount of
(C) exhaust gas exhaust gas exhaust gas
5,000 m*/ton | 6,000 m*/ton | 7,000 m/ton
190 99.0 118.8 138.6
210 66.0 79.2 92.4
230 33.0 39.6 46,2
260 -16.5 -19.8 -23.1
300 —82.5 -99.0 —115.5
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Fig. 1. Power generation efficiency increment according to
NCV and economizer outlet temperature
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Table 6. Increment of boiler heat recovery applying to excess

air ratio
Increase amount of boiler heat recovery
; (Mcal/ton)
Combustion
air ratio Amount of Amount of Amount of
exhaust gas exhaust gas exhaust gas
5,000 m*/ton | 6,000 m*/ton | 7,000 m*/ton
2.0 -25.5 -30.6 -35.7
1.8 0.0 0.0 0.0
1.7 12,7 15,3 17.8
1.5 38.2 45.8 53.5
1.2 76.4 91.7 107.0
1.0 101.9 122.2 142.6
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Table 8. Estimation of energy saving according to excess

air ratio
Table 7. Estimation of energy saving according to economizer Ener Electricity Expected
outlet temperature Combustion savin%z‘ production economic
. - air ratio (Mcal/ton) increase benefit
Bo;(l;:pox;tflet Energy ;:Ifrlggmc(t:ilgrlw eEc):(gr?gtn?i?: (MWh/ton) | (million KRW)
=19y uctior
exhaust gas (’\jathg ) increase benefit 20 —30.6 —0.04 ~15.390
(C) slen (MWh/ton) | (million KRW) : (~25.5~-35.7) | (=0,03~—0,04) ’
118.8 0.14 0.0 0.0
1 . . 1 . .
0 990386 | (012~016) | 05 8 ©) ©) 0
79.2 0.09 15.3 0.02
210 : ) 34,627 1.7 ’ ’ 7,695
(66.0~92.4) (0.08~0.11) ’ ’ (12.7~17.8) (0.01~0.02) ’
39.6 0.05 45.8 0.05
230 ’ ’ 19,237 1.5 ’ ' 19,237
(33.0~46.2) (0.04~0.05) ’ ’ (38.2~53.5) (0.04~0.06) ’
-19.8 -0.02 91.7 0,11
260 ’ ’ —7,695 1.2 ’ ’ 42,321
(-16.5~—23.1) | (-0.02~—0.03) ’ : (76.4~107.0) (0.09~0.12) ’
-99.0 -0.12 122.2 0.14
300 (—82.5~-115.5) | (—=0.10~-0.13) 46,169 L0 (101,9~142.6) (0.12~0.17) 53,863

“Considered amount of exhaust gas 5,000~7, 000 mg/ton and
NCV of MSW 2,000~3,000 kcal/kg

**Annual average value of MSW incineration amounts (2015)
4,809,240 ton/yrhg] and industrial power unit price (80

KRW/KWh®) were used in this study.
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“Considered amount of exhaust gas 5,000~7, 000 mg/ton and
NCV of MSW 2,000~3,000 kcal/kg

**Annual average value of MSW incineration amounts (2015)
4,809,240 ton/yrHS] and industrial power unit price (80
KRW/KkWh'™) were used in this study.
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Table 9. Energy saving effect by applying element technology

£ Electricity Expected
Element sar]\(/eiLgX production economic
technology (Mcal /t%n) increase benefit
(MWh/ton) | (million KRW)
Low
79.2 0.09
t t . ’ 34,627
CHIPETEtUTe | (33 1138,6) | (0.04~0,16) :
economizer
L . .
oW air r.atlo 68.8 0.08 30,779
combustion | (12.7~142.6) | (0.01~0.17)

Table 10. GHG reduction effect by applying element technology

3.3.2 Q4718 HB Al 24714 LE2 AE
QLA A 7| B 117) AAkeE 27} gk S} 2
& He MiEAE Beale] LALA ETS F4klY
o}, 7158} SAEA AR tlaEdel £A7kA 6
F(oltERk, HlEk opilelae, Savsieie ek

&, SEIE) FolA WA BlEo] w2 =A<l olitabeka
(CO2), MEHCH,), oMEHEAN0)E A=
Aoto] Qavle AL Al At A
Table 102 ¥ 35 58S
Al Aol rento| A9} A} H]
SiSle o) oIS 7hseh 247 A5 olof te
2 7| aE gt Abmolr), A&o]Fiento]#] 9]
LATIAES H4t 206,072 ton—COs/yr, 2,392 kg—CH,/yr,
1,196 kg—NoO/yr A A 4= Q& A o= 7|tfefw, &
7] 3ol Z7hElo] uleh izt 4,328u590] A4 £
HE Aot 4= QIS A o2 et
AF71H] A4 7]0] A9, ol|A] Aol wet o4k}
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/‘J@V.‘zﬁ\—l 038 kg—N,O/yro] 2A7IAE A5 4= Y&
A0 oy=ln], ohge] At 3,757 Wele] A o

s A= o e AoR A
4,7 E

& =2ollde el 7hs S AR E Az
= Wo2 T del2AE T3l Qgattiol 2ot 47
= HlolHE st Aol mutolA e} #5714
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= 598 tha ol eIskith

CO, reduction’ CHa reduction’ N:O reduction’ Seist economic
Element technology (t benefit
on—C0z/yr) (kg—CHa/yr) (kg-N2O/yr) (million KRW)™
Low temperature 206,072 2,392 1,196 4398
economizer (85,863~360,627) (996~4,185) (498~2,093) ’
Low air ratio 178,892 2,076 1,038 3757
combustion (33,128~371,034) (384~4,306) (192~2,153) ’
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