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Abstract The energy recovery rate estimation method proposed through the Waste Control Act does not take
into account the energy used in practice. In addition, the method for measuring a lower heating value, which
is the main factor of the energy recovery rate, was carried out through a small sampling amount, and thus
the representative value of the waste was not reflected. With the revised estimation method (Notification No.
2015-215 of the Ministry of Environment), the energy recovery rate should be estimated based on the actual
amount of energy used, and a heat balance method was proposed as a way to estimate the lower heating value.
In this study, the lower heating value was estimated for seven industrial waste incineration facilities according
to the revised estimation method. All data used in the estimations were achieved from measurement instruments
applied to each of the incinerators and through direct measurements taken by the operators for the purposes
of calculation. As a result, the lower heating value was estimated to be about 3,404.7 kcal/kg for the seven

industrial waste incineration facilities.
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Table 1. Status of industrial waste incineration facilities

surveyed in this study

F AR st B3 A 9H B 545 a7

T
)R A EEY
o

2 3 (Stoker, Rotary kiln, FBC &) %
No. Fac1l.1ty Incinerator ~ Capacity WHB' type TREIY AAF, Ry B2 vejste] I
(Unit) type (ton/hr) _ _ =
AN E 220404 fe] HEAS Fustust
1 A (1) Stoker 3.8 Integral type ST} olo] Wk 27k AL 2 tonhr ©]AFe]
2 B (2) Stoker 4.0 Integral type _
3 C(2) Stoker 3.0 Integral type EARzR 5], 2HEE-LEA WHA a2 ]
4 D (3) Stoker + RKK 2.0 Integral type 7], ZEEZE 42 27, 5% &LR 2R F
5 EQ) FBC 2.1 Separated type 7210 7HE 718 g AR AR st o, A4
6 F (1) Stoker 4.0 Separated type ¥ A7Fe8 9 29 H3FS Table 19 AASHA
7 F (2) Stoker 4.0 Separated type
8 F (3) R/K 35 Separated type 212, ZA} 8H= 9 X2 £E uby
9 G (1) FBC 2.1 Separated type A =8 71 < olurel 2k Ao ol sla
10 G(2) R/k 2.0 Separatedtype 29 s R uﬂﬂ%‘ X{‘I’]Eeo o= ‘I’] H 1
. TR A 9 5l R8s =4 227} Q
WHB : Waste Heat Boiler - 28 <l ]_EH‘{ e 54 AsTH a7
) Holg A2 RS 913 A Adnjel ¥z}
o A2 A5 A% AR TGO, A
AeINe A% ARE MR dRANE Aes  AS Bk BEL ARA A4 2L Bl
o H71% ANWLRL RS olol, F Al o] AE Fualdrh o/ ASA AF A P
AH7lE 2AE S AATEF S Sl I Holz AL 35 ddgH 8T S A%
AZgmel AZgust 7] AR He] Qe ARG W 429 FH, 43, L%, 4, FE AZgl 7Y

Table 2. Data survey items and measurement methods

Category Details category Data measurement method”

. Waste type -
Waste input Waste feed rate AM.

Auxiliary fuel | Auxiliary fuel type used in incinerator -
uxihiary tuet Suppty Auxiliary fuel feed rate used in incinerator AM.
Al | Air flow rate AM.
11 Supply Air temperature AM.
WHB wat WHB water feed rate AM.
water WHB water temperature AM.
Stack fl Flow rate AM.
ack Hue gas O, concentration A.M.
Flow rate AM.
WHB 1l Temperature AM.
ue gas O, concentration F.M.
H,O content F.M.
S ducti Flow rate of produced steam AM.
cam procuction Temperature and pressure AM.
Emissions rate AM.
Bottom ash Temperature F.M.
Ignition loss ratio, H,O content FM.
Heat 1 Surface area of incinerator and WHB F.M.
cat 1oss Surface temperature of incinerator and WHB FM.

"AM. : Automatically measured data through measuring instrument

F.M. : Field measurement data
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Table 3. Input heat

and out heat items according to heat balance method

WHB type Input heat(Q in) Out heat (Q out)
Q inl Waste energy Q outl Steam energy
Q in2 Auxiliary fuel energy Q out2 Flue gas energy
Q in3 Combustion air energy Q out3 Incinerator heat loss
Integral type Q out4 Waste heat boiler heat loss
Q out5 Bottom ash exhaust heat
Q out6 Botton ash loss on ignition
Q out7 Blowdown heat loss
Q inl Waste energy Q outl” Flue gas energy
Separated type Q in2 Auxiliary fuel energy Q out2’ Incinerator heat loss
P P Q in3 Combustion air energy Q out3’ Bottom ash exhaust heat
Q outd’ Bottom ash loss on ignition
HE A (D)l A ST ¢ : WHB F& wj&7k2 B (keal/ Nm*°C)
. F9 WZTk B SECO) (2
LHY, (kealkg) = (£, 5:Q) - x 1,000 ) t, WHB : \ It _o& O &
Fo At 22 Al §9 &)
LHV,, : 971& A L< FF(keal/k
N —r_ - og - ® Qous = Y LR, (6)
> Qu : BE &Y B9 F EEFH(Geallyr)
2Qu W= BAer RS AT BE A F5 Qoo : 27tE W& A7H(Geallyr)
o] & A (Geallyr) SILR; : FEE 272 I dio] F4|(Gealyr)
m, :FYE HA7E F FYFH(ton/yr)
| Qoui4 = XLR, ™
Q;, =mx LHV;x 2
2 71,000 Qo : HEEI 2 WEEL DH(Geallyr)
Qz &2 BREAHE T35 EH(Geallyr) 2ILRy: T HERYy WIEA dFo I
me o AZE REAE F Y (on/yr) (Geal/yr)
LHV; : BEAR A 94E F(keal/kg) 1
1 QoutS T Mpy X Cpy X (tba_to) X 1.000 (8)
Q. = Axc,x(t,—t)) X ——— 3) _
" ae ,000 Quus : 27 ZHAIE vl E € ZH(Geallyr)
Qs : 928 3719 T+F E%H(Geallyr) my, b S T TR (tondyr)
A c AL FF ) F FFEERNmM ) Ca  : 27F ZTANEL] ¥] 4 (kealkg°C)
c 3719 HIE (keal/Nm*°C) te 2 AES] Hd 2%(°0)
.(5_/]&__9_1‘25’_70 ﬁiﬂ_%Eo .
ta : & om o 1¢] ¥ (°C) Qout():mbax'l:ixcx'—l— )
ty 71E2%(°C) 100 1,000
27 AR E v AERAE FEF
Qo = Mg Xy —k @) Qf)mf, s 7k 2 E v - A ZH(Geallyr)
1,000 Li &7 22 390 %)
Qo : A 371 S5 € #H(Geallyr) C : A F(keal/kg), 8,100 kealkg &
A =7)e] g
Mg A 5712 Z-(ton/yr) Qoun:(w_mst)xhdx—"—l (10)
hy AR 719 = e (kealkg) 1,000
.HZorlo 2 i dak
Quuz = G, x (t,—t) x L ) Qo : BEFTE T HEAE ?(Gcal/yr)
1,000 W HERYY =8 F¢ EK(ton/yr)
Qo : MIE7F BAr %H(Geal/yr) my  :F 57 AT (ton/yr)
G : WHB 3% &7} & - (Nm/yr) hy : B290he 4= ey (keal/kg)
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g5 Agstgen Aztg HEEdFEe
365,796.9 kcalhr, Hl G A 2] WrIEa g
152,271.3 keal/hr® #4153}

Table 49 TIAN Ao A% 224 A7E AN
shglek MlEnle] FH wiEvbee) SRUF QA 32 AZHHlY WX Y - &Y 54
2w BMAD 7bzt Wi F 172 %, 103 %= 5 B ApdAM = AR E 244 F71E A
AEPon, &7t A E] FEUTF B FRTF %l%‘%‘%k% 2Hd3sh7) flete] RS A 838k
B 7h2k oF 62 %, 248 %2 UEhsTh o714 &7b op) 24 FE QLEAFL B 1 RuE
AANE FADF R FRAF) BRRS 4FF & AT I T2 F 1005719 244
Z+2(EAA 137], GAAE 1379 2484 A3 Hlo gk J-2EFS 747 Hgstaion gEd A
= A9E grolth. HYRYdy Fu wjETke] £ AAHE A dste] HE1nds 398 48 5
T W ALFEE FE WIS $1F 432 B2 Fig 29 AN QA B9y ilf*éﬂ]-ﬂ
HEo 2 ARy TeAe] V& fFe R 3 A 2E9% T T7IFTE Qo) &F 657 %= 71
Ak Ao HEHROH, 27 AR FRUY ‘eg% R i CERE DL 2111 w72
2 B 825 FHse A= FRHS A9 FL(Qo)®l F 252%ZF F HAIZ SG3o] B
e Yol Agssith. 222 % ALdndee g 2 052 Uehgtt. w3 2715595 WEsls nad
Geae AEPAIE olgstel AN YAEL 2 AT S FAFL oF 0.1 %) &L AN
Table 4. Data measurement results of Facilities
Flu gas of WHB Bottom ash Radiant heat loss
Facility
WHB type (Unit) H,O O, Loss on ignition H,O Incinerator WHB
(%) (%) (%) (%) (kcal/hr) (kcal/hr)
A (1) 20.7 8.9 6.9 21.8 166,439.5 266,141.3
Inteeral B (2) 17.9 10.0 2.4 8.8 190,588.8 98,705.5
ntegral type 0) 16.8 7.8 1.8 24.1 1392224 151,866.5
D (3) 14.1 11.2 9.6 23.5 614,692.1 92,371.9
E (1) 21.7 10.1 0.2 0.1 270,746.9 -
F (1) 12.9 12.2 6.86 28.1 447,872.5 -
S ted t F (2) 11.7 12.2 6.86 28.1 407,279.4 -
cparated type F(3) 205 10.3 6.86 28.1 847,721.9 ;
G (1) 19.9 9.5 0.02 0.01 256,016.4 -
G (2) 15.6 10.6 8.22 35.7 317,388.6 -
Average 17.2 103 6.2 24.8 365,796.9 152,271.3

< Integral type >

Q out1i Q ou(4 Q out7

! Waste HeatBoiler
| Q o,utz
Qin1 | (3.22>
qous
Qin2’| 0.97
0 Qouts
Qin3} 2.39
1 Qouté
‘System Boundary

< Separated type >

Waste HeatBoiler ‘

Incinerator

System Boundary

Fig. 2. Input and out heat distribution of industrial waste incineration facilities (Unit : %)
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Table 5. Estimation result of lower heating value through to heat balance method
WHB type Fac11.1ty Incinerator > Qout > Qin LHVyw
(Unit) type (kcal/kg-waste) (kcal/kg-waste) (kcal/kg-waste)
A (1) Stoker 3,898.7 32.1 3,866.6
| i B (2) Stoker 3,014.5 472 2,967.3
ntegral type C Q) Stoker 3,992.1 456 3,946.5
D (3) Stoker + R/K 2,867.7 46.1 2,821.6
E (1) FBC 3,324.7 146.6 3,178.1
F (1) Stoker 3,474.7 31.9 3,442.8
S tod F (2) Stoker 3,269.7 34.1 3,235.6
cparated type F (3) R/K 6,075.2 47.9 6,207.3
G (1) FBC 2,034.7 95.5 1,939.1
G (2 R/k 2,667.0 449 2,662.1
Integral type 3,400.5
Average Separated type 3,407.5
Total 3,404.7
£ 207 BA5h AL HF Ag AE zhzh H+F 3,777 kealke,
wEE nde A7bdu|e] A9 2080 e 2 3,787 kealkg® A|AIEHAL Atk ol Ade 2 A
of £ZEWS 4§ WS AHstel QYU H T AATIY A A3} oF 340 kealkg FE
g3k, ool met aztzolA ALuelz FU5 Aol HolT ALK Kwon 016) ATFNAE FL
EHERE BREQu)Y % MI%E FAF IB F INFFY AR QA 2% A2 BP9
WS AASHE A0 UehEth WA, WEls AGRAY 27 k2w olB Hggon, o)
BHDS AT AR PIL, v B, v AGRde A BT nqDe) vskeel 3]
ABAE AFE 9 59%e) WS A Ao0®  FFUE AfE AR YT AYPH oz
A 9ich e v 2 Ao M e 28 ex
el sk B39 AW S 489 wet
33. HI|E XNelgdzr BN Zn ALbE Z717F BRetal e AA Ay s 42
AL 7 E LA 721003 7)) A 9 sttt
G A AHE Table 59 AABIATE HErdH A3 APEEF A GHE AW, 948y
T4 Gl wet et AP AHE AN ER L W, €A A 52 dA T ANEE AFH s
o, BAY dAY HAAEL HaF oF 34005 keall BAFOEMN HE EgdA, AEE o] wE
kg, Hde] £8P L7AAHLS e oF 3,407.5 keal/ H71E 44dst 58 F138] wgsiA Zake 3
kgl ALdEFS Vet FAA 335719 4§ 7F Ak AT 2 Ao Ae 4 717k 4Y
6,207.3 kealkg®] w2 Afdd=S el on, +FdolHE T8t €A ARIAE A&
F 7l AR = AE 2422H 4, #5771 o2 dAF A 87t ofd 3F 7]k AHEH
|4 53 e =2 €9 HrlEe] FYdgd uE BE H7E st dEFS =E5H o gt
G Aoz wdEh v, KA 1357]9 A5 B A#AHoly hEAS TR AA4E &3 A
Srgo] 12 SHAFRI A7IE F FATF 50% 00 o= dohd
ol 3 FYHol wt 1,939.1 keal/kge] vl wZ b
2 AL EH A AAE vERd 202 getE Qi 4. 2 B
Kwon (2016) A2 &= AFY A A 71 & 4zkA A
STNAE o2 dR2AF 2 dF2A 245 bt 2 AN E Al 29 FA AR E &7
go g Atd TS A8kt Kwon (2016) 417 AEE e E R E olUA] 3ras Aol
AXE dAE Hdee 22 Bde A4AA9 A AA B ALadF AP wel AJdE F
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