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ABSTRACT: With the purpose of energy recovery from sludge having calorific value as fuel we investigated the
current status and characteristics of sludge in Korea in order to understand the type and amount of sludge that can
recover energy. ‘The Status Report on Waste Generation and Treatment in Korea’ announced that 152 million tons
of wastes were generated nationwide in 2015 and 9.2 % of the whole waste disposed into landfills which includes
15.1 % of the total industrial wastes. The average of upper calorific values of sewage sludge was 3,021 kcal/kg
and that of wastewater sludge was 2,472 kcal/kg respectively. In order to determine the sludge as fuel, each correlations
between calorific value, carbon content and combustibility ratio were evaluated. In the study, the current status and
characteristics of sludge in Korea were investigated in order to understand the type and amount of sludge as fuel
to recover energy. It is predicted that if the energy of sludge having a calorific value of 6 MJ/kg(=1,500 kcal/kg)

or more is recovered as fuel, the amount of the sludge disposed into landfills can be reduced about 40 %.

Keywords: Landfill reduction, Sludge, Calorific value, Energy recovery

£ & eveks vigAZ dlEE H7129 JAE fs g s
7148 715 & 8 - A eurt o 350 Sl 8RR AT I HEF
TAYPANA B2l - A= 7hE 5 A4S Tl RS S+ & il ¥
2 54E A SRS g & 5 s U] TR de
ZASHAT 2015 B #7129 92 %, AFGBEISA A A7 =) 152 %7} H o R AFHUS. 2AME JJr
fr - TS EA T U o] 1T EF B 3,021 kealkg, - F7IAHFA T LU o] Bt oL
2472 kealkgolth. & ATolME 2ue] 543 U8 tidel that 12-E S8 6 Mikg ©17d<] JAE
AR 3ol 8 &

og Ao BUHIAON, QUTIYARF F 4%E FY 5 Y HOB FUHU

=

off

FHO: OiAY, 2L, ESY, olyzi=le

1 Corresponding author(e-mail :

qykim@korea.kr)



1. M2

TRV ERE T 4k EF9] X&) AAEA
o e} &= H7Ee] wid Skt k. @
< AART Q1A REoE T wigAEEE
H7 &L AUAALE 7|99} 342 FAE UE
Y ok wetA AR= vgsEe dJr1E A

< Sis Al7|aL SEAR] HSiE H4Asel]
A mAEH 7 =] ihA =S} LS FA|5t
Ik =3 AL A HriEREE A
AE B3l A71E S AL BFEAES i F
A3, A 43 F7IATEAG A wF A ] H7]
9] oAE EaflA 203587kA wiBAZHE 1%
7R A7 BRE 24 ST

201595 ol A vlEE A H 7= A wlE
22 #H7)1EL 38308 /YolH, H7|E WA o
H] 9.2 %2 WU &R ZAEATE oF AdER
NA &= = ARG EA LA H 7 E2] wlEA 2
2 24,606 E/LolH, A wlHH71E] °F 65 %
2 2 HlFE AR st Qi o]F SHlEA|2H
AR £4& T3l 718U/ AL
Y, A eyet Fr1d U R{e #HaeAe ey
7} =& Ae IS

QA = H7 SR ARl 7HAd 1
PH 7 EEA oAUR| S| 2HoR EFEA e
H71 &2 At 3,000 kealkg ©143 o]
B|FREEC] 75 % oo E FAEA da, S
PHO R FUIAURE F&E, ©3), S3E 5,
F718eURe RxT|eA, 2271354, MYEE
A So] AGEHIL Ut AT I AP oY)
o AEEZ AFgo] o A B T
o] wl-- =ol 71 n¥H | E] ouR| 3|
el F3t=7] ofHroh

mebA AAA flFolu AArgdS B9
7o v AL} A5H AUAS]G Wb
Agate] MiggS AT 87 ok

2 AT S siESAEE 4F E -
1deuFe] AEds 2 mdAdd-ES A6}
I, FEATE gAY IS 59 Hr1EAY
| 205 2ARI 3 YR HAVIEARSF

o T BN ol

-

N
O

N

J. of KORRA, 25(1), 2017

i
N

215 AAstaal stk =3 #H7 | EA S
T 2 A4S T vPgAgEHe 2yF/e
&

AAYE T3 oA Z s 0§ 7FeFE A

o

e

2.1, A 2 e

My HeYEe - 5718
RTS8 =7 BAAEE
715 A AR EHfEA|2H
AF 2 8- HeAYUE AlEstst vl 2
AT ARE AESIATL

T AFAES] JdFEF SFEEHEERE
9ol wet FESHA Holdom, AR
AAH7 =S WEshs AR S EE
Ao me} EHEA2F| FEIA Hol Ut
HaAg ey A¢ e F5e wet Aol
ml-¢- T & Ao ASHATE wEtA A2Y(0)
o] A TEF o] 242 FAMS 13
Table 13} Zo] 87 &JHOo &2 AEF3IATH

My AgEe # - T8 UF7e] duAgs
TFe e AHsk] fleliA A5 WA Y " 24
2 AGEAS AT wiE AERlse] &
AT S oz 4 ASAFAE Y319, A
ZERE vkt 4 HolEE Rt
AxAE F7H o2 31383t

22. 2UF 424 LY

Atk AL 2L Bombd] EHA(LECO AC500)

o] g3t Alikatint.



g3 2UFRe oUHA|g0|E 7tsT LHgol

i
]
e

Table 1. Re-classification of the manufacturing industries[C]

Code Classification of equipment manufacturing industry Type of reclassification
C(10) food manufacturing industry
C(11) beverage manufacturing industry 1. food & beverage
C(12) cigarette manufacturing industry
C(13) textile manufacturing industry: without clothes
C(14) clothes and assessories manufacturing industry 2. textile & leather
C(15) leathe bag and shoes manufacturing industry
C(16) wood manufacturing industry: without furniture
C(17) pulp and paper manufacturing industry 3. wood & paper
C(18) printing and recording manufacturing industry
C(19) cokes, briquet and oil product manufacturing industry
C(20) chemical manufacturing industry without medical .
- - — 4. petrochemical
C(21) madical materials manufacturing industry
C(22) rubber and plastic manufacturing industry
C(23) Non-metabolic manufacturing industry 5. non-metallic
C(24) metal manufacturing industry 6. metallic
C(25) metal-processor manufacturing industry: without machinery and furniture
CQ6) electronic components(compute.r, V?deos, acoustics) equipment
manufacturing industry
C(27) medical, precision, optics, clockwark equipment manufacturing industry
C(28) electrical equipment manufacturing industry 7. electronic & machinery
C(29) others equipment manufacturing industry
C(30) automobile and trailer manufacturing industry
C(31) others automobile equipment manufacturing industry
C(32) furniture manufacturing industry 3. wood & paper
C(33) others equipment manufacturing industry 8. others
3. 21 9 oz = #ste A7 EsgdA s ez 20159 2
A 71 oUFe] MPFE 2489 F/Uoln, 54
3.1 QU2 HH O 22|55 eyl P 1,189 E/Y o2 F7IHUF

uHaFe] ¢F 48 %]

U ARQAelA HiEE QUR Mg A

= H7]ER B A dR015) R A G H =

Epsh

A2 A @3H02015) Fall AR oM, AR Al

7

FAEH D SN Az 7
o MPF o 76 %E AT Qom, &
] eke ‘JrE‘rLHL Azow A

AAAAE 71 E] miEE3L 23,577 S/YE XA )
o] oF 62%E ﬂﬂfﬂi U wY AEHE
U777} 3,847 B/
o|itt. =S oﬂbﬂ%lﬁl

ENALYFH71 5,079 &/
ol g7l sere AR EY]

/4 2 -

1,044 E/Qo 2 714

3, AAE oo vHee
SUF v oF 42 %=

35 'F"‘l‘ﬂ

- 3}8k9] 2605 &
59 225 E/olt), ARHES A3

Ho ruS ~ ot HHN'

Asl #H71=e) WEAE 2 AT S 9
3 eutEA|2Ele] QA ARE uFsIH.
SHEEAIZE2 7o) Fo|AME P
H7=de e ARl A o] BlERE 4 - &
HE HEA T A gl sl MARIA A A 2l e

=2 UH%% PFo FHEAYOE 2417 E/YE
LRt
AA F71HLUFE] wiPTFS 4446 E/DolH,
HeHg oy o] vy #3e 2,157 E/YoE T4
Ui ] oF 49 %ol
Fr18HA T U4 AzYe] A9 HEA

F71=2 3 25(4), 2017



o
Ho
lon
0x

2y mgEge] oF 86 %S AASAL YoM, =&
g s Jehlle 432 a5A12YH9] 966.8
/A3 A4 - Az 3514 E/olth Az
A AT =2 MEF T2 HEEAHeE

2275 E/9=2 UERT
B Ao A4 o] & 7
Yl 5 FEo] 715 SntEA|

3 ARE ol §33A STk

[> of
flo
[
o2l
ol
o
N

o] syd

Table 2. Current status of organic wastewater sludge by Korean Standard Industrial Classification(9th)

Classification Generation Landfill Landfill Landfill /
[Allbaro-system] (tonlyear) (ton/year) ratio(%) Generation(%)
Sum 2,027,219 381,224 100 18.81
A agriculture, forestry and fishery 8,230 70 0.02 0.85
B mining 0 0 0 0
C manufacturing 1,650,975 289,668 75.98 17.55
1. food & beverage 526,196 82,126 21.54 15.61
2. textile & leather 182,272 36,118 9.47 19.82
3. wood & paper 533,205 55,077 14.45 10.33
4. petrochemical 211,846 95,070 24.94 44.88
5. non-metallic 4,022 3,015 0.79 74.96
6. metallic 6,252 1,515 0.40 2423
7. electronic & machinery 187,172 16,737 4.39 8.94
8. others 10 10 0.003 100
D electricity plants 321 318 0.08 99.07
E environmental industry 335,824 88,233 23.14 26.27
F construction & demolition 25,086 1,028 0.27 4.10
others” 6,784 1,907 0.50 28.11
% others” Sum of wholesale and retail business, transportation industry, lodging industry and etc
Table 3. Current status of inorganic wastewater sludge by Korean Standard Industrial Classification(9th)
Classification Generation Landfill Landfill Landfill /
[Allbaro-system] (tonfyear) (tonlyear) ratio(%) Generation(%)
Sum 4,056,911 787,338 100 19.41
A agriculture, forestry and fishery 668 655 0.08 98.05
B mining 455,808 34 0.004 0.01
C manufacturing 3,145,313 673,490 85.54 21.41
1. food & beverage 18,352 6,463 0.82 35.22
2. textile & leather 142,385 87,738 11.14 61.62
3. wood & paper 9,808 3,276 0.42 33.40
4. petrochemical 239,970 128,266 16.29 53.45
5. non-metallic 179,917 23,108 2.93 12.84
6. metallic 1,984,630 352,865 44.82 17.78
7. electronic & machinery 569,959 71,537 9.09 12.55
8. others 293 237 0.03 80.89
D electricity plants 31,984 12,803 1.63 40.03
E environmental industry 366,049 83,040 10.55 22.69
F construction & demolition 39,215 7,976 1.01 20.34
others” 17,872 9,341 1.19 5227

% others” Sum of wholesale and retail business, transportation industry, lodging industry and etc
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Table 4. Sample distribution of collected samples and references
P sample reference No. of total data
Classification . - .
analyzed reviewed [organic/inorganic]

Sum 60 173 233[169/64]
sewage sludge 23 55 78[64/14]
1. food & beverage 0 35 35[31/4]
2. textile & leather 13 15 28[24/4]
3. wood & paper 0 9 9[8/1]
manufacturing 4. petrochemical 3 11[10/1]
waste industry 5. non-metallic 0 0

water -
6. metallic 0 15 15[2/13]

sludge

7. electronic & machinery 8 13[6/7]
8. others 0 4 4[2/2]
electricity plants 4 4[0/4]
environmental industry 3 20 23[14/9]
water purification 3 0 3[0/3]
sludge in manufacturing process 2 4[2/2]
FU & AM (faecal sludge & animal manure) 1 6[6/0]
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Table 5. Estimation of reduction potential on organic sludge landfilling(2015)

estimation of recyclable potential
: HHV avg . .
Classification landiill | sample |\ k) nomal sample moisture moisture
ton) | (NO) [rangeg] P <25 % <10 %
ton No. ton No. ton No.
2,948
Sum 908,707 169 [184-4,374] 89,890 9 | 709,349 139 | 67,538 14
3,239
sewage sludge 434,097 64 [1,589~6,020] 6,783 1| 400,183 59 | 27,131 4
manufacturing 3,626
2,12 1 2 1 4,1 2 2 2
industry [1] 82,126 3 [1,528~5,929] 649 HI79 8 5,298
manufacturing 3,561
industry [2] 36,118 24 [1.518~5.778] 3,010 2 30,099 20 3,010 2
manufacturing 1,675
) 55,077 8 - - 20,654 3| 6885 1
industry [3] [956~2,667]
manufacturing 3,828
1 - - 1 - -
industry [4] 95,070 0 [2,339~5,084] 95,070 0
waste Ir}anufacturlng 3,015 ) _ _ _ - - - -
water industry [5]
sludge | manufacturing 1515 ) 184
industry [6] ’ [0~368] ) ) ) ) i )
manufacturing 3,639
) 16,737 6 - - 16,737 6 - -
industry [7] [2,562~5,152]
manufacturing 2,610
1 2 - - 1 1
industry [8] 0 [1,839~3,381] > >
environmental 88,233 14 2,204 6,302 1 50,419 8 | 25209 4
v ’ (1,449-3,188) : ’ ’
others ” 3,323 - - - - - - - -
water purification 237 - - - - - - - -
3,486
manufacturing process 60,144 2 [3.01 (;~3 953] 60,144 2 - - - -
4374
FU & AM 33,006 6 ’ 11,002 2 22,004 4 - -
’ [3,880~5,392] ’ ’
¥ other” : agriculture, mining, electricity plants, etc.
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Table 6. Estimation of reduction potential on inorganic sludge landfilling
estimation of recyclable potential
HHV avg . :
Classification landiil sample (kcallkg) nomal sample moisture moisture
(ton) | (NO) g P <25 % <10 %
[range]
ton No. ton No. ton No.
1,096
1,622 4 ’ - - 12 1
Sum ,622,688 6 [31-2.835] 67,936 76,086 0
sewage sludge 54,700 14 2,025 23,443 6 15,629 4
wage siucg : [1,123-4,058] | ~ - : ’
manufacturing 2,835
) 6,463 4 - - 4,847 3 1,616 1
industry [1] [1,713~3,863]
manufacturing 951
4 ; ; - - 21 1
industry [2] 87,738 [639~1,591] 933
manufacturing 2,791
2 1 - - 2 1 - -
industry [3] 3,276 [2,791] 3,276
manufacturing 31
industry [4] 128,266 ! [31] i i ) i i )
manufacturing
) 23,108 - - - - - - - -
waste industry [5]
water | manufacturing 629
2 1 - - 27,14 1 - -
sludge | industry [6] 352,865 3 [0~3,718] 7,143
manufacturing 374
1 - - - - - -
industry [7] 7,537 ’ [1~1,042]
manufacturing 544
industry [8] 237 2 [528~561] i i ) i i )
electricity 414
12,803 | 4 - - - - - -
plants ’ [8~1,198]
nvironmental 83,040 9 1,307 9,227 1 36,907 4
environmental X [2-2,660] , ,
others ” 18,005 - - - - - - -
1
water purification 64,169 3 (10 1"251?1 08) - - - - -
manufacturing process 515,409 2 195
g P ’ [64~325]
construct'l(')n & 98,038 ) ) i i ) i )
demolition
dredged material 103,034 - - - - - - -
¥ other " agriculture, mining, etc.
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