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Evaluation of Landfilling Method of Organic Sludge from Mix of
Pre—treated Organic Sludge and Municipal Solid Waste

Jae-Young Ko - Chae-Gun Phae’ - In-Hwan Do - Joon-Seok Park*

Graduate School of Energy and Environment, Seoul National University of Technology
*Department of Environmental Disaster Prevention Engineering, Kangwon National University

ABSTRACT : This research was performed to evaluate the landfilling method of organic sludge from mix of pre-treated organic sludge
(OS) and municipal solid waste(MSW). Organic sludges were dried, composted, and solidified as pre-treatment and the OS and MSW
were mixed in ratios of 2 to 8 and 4 to 6. Approximately 1,800~2,500 L of landfill gas(LFG) was generated in the lysimeter with
solidified-OS, which was higher than 1,150~1,650 L of the dried- and composted- ones. Maximum HZS concentration was found in the
following order : Composted-20(80 ppmv) > Composted-40(55 ppmv) > Dried-20(30 ppmv) > Dried-40 = Solidified-20 = Solidified-40
(20 ppmv). BODs at initial leachate generation period was 38,000 mg/L for Composted-40, 28,000 mg/L for Dried-40, 26,000 mg/L for
Dried-20, 21,000 mg/L for Composted-20 and Solidified-40, and Solidified-20 for 17,000 mg/L. In the final period of experiment,
BODs was low as 300~500 mg/L in the lysimeter with solidified-OS and MSW and showed 2,000~3,500 mg/L in dried- and com-
posted-ones. As the results, landfilling by mix of solidified-OS and MSW was evaluated as the most appropriate method for biodegra-
dable organics. Direct landfilling of OS is permitted for landfill site with CDM facility. Therefore, mixed landfilling of solidified-OS
and MSW should be considered for much more LFG generation as methane.
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Fig. 1. Schematics of lysimeter used in this research.
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Table 1. Experimental condition for this research

Chemical composition of volatile solids(%) Korean proximate analysis(%)
Lysimeter c " 0 N S Moisture Volétile Ash
content solids
Dried-20 57.15 9.10 32.36 1.30 0.10 21.70 63.75 14.55
Dried-40 54.85 8.96 34.30 1.77 0.13 18.62 59.52 21.86
Composted-20 56.86 9.26 32.74 1.08 0.06 26.56 59.84 13.60
Composted-40 54.27 9.29 35.06 1.32 0.06 28.84 51.71 19.95
Solidified-20 58.08 8.80 31.96 1.10 0.07 36.47 55.84 7.69
Solidified-40 56.70 8.37 33.50 1.36 0.07 48.17 43.70 8.13
Weight of materials filled in lysimeter(kg) TOt?I Bulk o
Lysimeter MSW bOS I:;Zi(;tg densit}y II:/([)D; r:a;/llosi)xﬁ
FW Paper Plastic Wood Texture (kg) (kg/m’)
Dried-20 2.59 7.94 7.01 0.39 0.88 4.7 235 208 2:8
Dried-40 2.39 7.35 6.48 0.36 0.81 11.6 29.0 257 4:6
Composted-20 2.14 6.56 5.78 0.32 0.72 3.88 19.4 172 2:8
Composted-40 2.11 6.46 5.7 0.31 0.71 10.2 25.5 226 4:6
Solidified-20 2.72 8.35 7.36 0.41 0.92 4.94 247 219 2:8
Solidified-40 2.68 8.24 7.27 0.40 0.91 13.0 325 288 4:6

FW : Food waste, MSW : Municipal Solid Waste; POS : Pre-treated Organic Sludge

Solidified-40°]2}x WHHL: AZUE He SalFA e
oA, Hul o= 0 oAU YA, 1FUE F5
AP Al A 3t ARESIGATh AR 7ES 20049
Z=AMHA ) wYEE HA71E 240 we ZAEAL
H, o] W AFHAV|E F Bildold SAEFHAES oF
15% A= AA390 2guigd=ze] E83lss 54 £
SHZEAE Table 19 YehlATE FdE2d] g@AFE
& EE F 55-60%2] Wl iglen, AxzAdrE
2 2ol YehiA dsith AAE T FEIEe 13}
Ve

Y7} 40% EFE Solidified-40914 <F 50%=

HE gt 318 A UEE FYsA =%
Hoe OREAS T sk Aol o nig
o7 Fase] RvEFY FAES AL F 10 kg2
FEAZ 10 cm FololA 1034 F3IAlA W] G5 o]
EE 3 o8 1 29 o) EyuExe] &
DT 170~290 kg/m’e) Mo ATk AHL 25T
240 A FsIHon, AFFE T 2ol Alxkst
FdsATE 7 2 AAMEAR] FEAHA ] 9
23l QHAGY 1971 ERE 2000374 3097
T B5F3H9.6 cm)S AHEstal Wi 5o ARE3
FAFE 35%E A8tk webA 3739 74U
20 ecm x20 cm x 3.14(¥+87] WA x [9.6 cm/B(Q1H
30d 9 FHIEHEEH] < [035(FSHAES)] = 4,220 mL/
2 AXNFReH, 10¢€9] 1.4 LA FYsAah
7}22ZA(CHy, COy, 05)2 7F22=74 7](LMSxi, Gas Data
Co., UK)E ©]-&3te =743ttt PR UoKNH;), 434
Z(H,S), #lE&w 27 el CH;SH), tlv el v 2 71€k(CH;),SH)

d

oy o X @ o A

o of iu
A ol oo
wo 12 rlo rok

S
r

=

J. of KSEE / Vol. 30, No. 3, March, 2008

& 71227 A FH(Gastec, Japan)S ©]§3HRoH, AETHA
Z¥z} 0.5 ppm, 0.25 ppm, 0.1 ppm, 0.1 ppmo]ich 3
9] pH, BODs, COD¢;, NH3-N$} TN 7| E3HAIH

7} Standard Methods'”ll wa} 235193 th

> r

=

=
1

k

]

)

3. 4y 9 nz

3.1 g7k B ok
oy 7k Ayt Agdr|Ee] 3l &

S Hrtetr] AAste] o7l REMHEE of 6009 F<t
A oH, o wo] WAE FAH7FAFS Fig 20 Y
Bk wig7te oF 50U3REE B 7] AlRFek T
AzxY9} gHeye A&H o Aol Flom, 400
Gz} o]Fo HAxUse Tha FUFsIAoY FHRleU=
E315)7]) AFslgk gl 2 ks AvEd Az
Yo} Huioys ALHIES 20%S} 40% SRS
o) sl el = & Zols YERA] 2ESktHFig. 2(a)).
a#y 13t Yol] ASHIES B3 A M @
g Tt Al EgS JEiRlon, 53] A8HTES 40%
=33+ Z-$(Solidified-40)7} ¥ 2,500 LZ 20% =33t 2
2-(Solidified-20)¢] ©F 1,800 L Ht} Walegko] 14u] AL
oty E9RE 23 dxeyset Huloye] spant
AL 1,150~1,650 LY HYoIAth wWi@drtaes /7
o] EallEe HAoA HASIEZ IR TFS FE
FE(VS) 7IEL 2 et Fig. 2(b)dll YERNATE A
el Ao & zo|7b gl Dried-20914E ©9] VS
kg WA o] thi S718193 Tt Dried-203 Composted-20
<& ¢F 110 L/kg(VS)Z Dried-409] <F 100 L/kg(VS)S}F Com-

=
=1
=
al



[e]

714

A" 77173

:

== Diriet-201
—— Dritsi-dl
—O— Composhed-20
B gl -
i Sl died-20

;

(a0

Cumisla, Hingas Prod. {L/day)

Cumula. Beegas Prod. (L'kg of VE)

200

E0D

(iperation Time (days)
Fig. 2. Biogas produced during operation time.

posted-402] 87 L/kg(VS) Bt} =82 ™, Solidified-2001 4]
= 130 L/kg(VS)o] R ATE Solidified-400 4= VS 7]
TOZT 175 Lkegd] 7P B2 7ot BASEH. H
WG 7t Aol 8(CDM) AMS Sk wl ol tialiA
= AMES &3t Utk B AN Fr1HUE 2
A sty ALAVIES EFMEE B S B2 v
A7l (as methane)E TAYAIF o EZ 7|ZF Ul w7}t
22 35T £ YS Aow AdHETh A EA A
= 2006 1299 wg@rts o]8-2 13 50 MW A
F33to] 7Hsol Eojzkel B A3 4y Sxdvjy
Ao A asiAEE Fr14UE AEHV|EY EE
A5 Wy7ks 357 Rold Ao AdEHoh

MPAE AR B Z(lysimeter) o] WH@7F= F
EHCH,), ©]2Feter2(CO,), 4H2(0,)2] AWM 3E Fig 39
JERN QLT Jole 2% 24t 21%¥eH, v
Ae i 19%Z 712107 Y3t 2 A4 AN
Y 7F=ZA7)(LMSxi, Gas Data Co., UK)= 7FAFA
TS 100%= FHitste] wgh olikslers, 4hA, g

(Y

3L
o

A9 27

Lo

i
i i FES UEIG Hghske SUiEEs 13}
oYzt 7 wgkon, Axeye AiHor A F

7¥td ot oF 1509 Aell= wiehe] =7 5 40~55%
2 MMl fAAIE AT Fig. 3(a). olAtStEAE wEs
PRIV E F717 Zelell o3 A=EA vgEve W

o
R

st Ager)E 30 ge

[l

el
E'-'-' =]
w40
=
- i
& andl
-
=
&

Oy, Come. (%)

B EHERELDARE o

=

=

s ]

L]

Lt}
g

O, Come, (%)

]

1K -Hi] 41 =1 1t

Crperation Time (days)
Fig. 3. Composition of biogas produced during operation time.

£ F7EEE eItk 27188 5438 718k 60~
80%2] HHE UERATIE wigto] HASEAA oF 150
d o] FollE 45~60%2] WS eI ATKFig. 3(b)). 4
ojabslgao} WilE 27)d G4 TAE YEhd
AZEHA %ot #7144 270l & 74
& 4 FJAT 4 JYAK(Fig. 3(c)).

Qo] A E = oFHE Fig. 49 YeERASITH
A7 W ASHA FotA] B =FolA
FUTE AAH R o FsEe kA A
ol e F7HE Yot 543 Haste F
AE BT Felgie gHloyddA 2 =4 Uehs
=8 Composted-202 3L <F 80 ppmv, Composted-40-2
eF 55 ppmvZ7HA AEEH A HFig. 4(a)). A2 U (Dried-20
3} Dried-40)2} 313} 2 U(Solidified-202} Solidified-40)2] 7
9 Dried-20914 <F 30 ppmv7HA] HEFHUS ¥ A=
20 ppmv ©]3}e] FEE YERl T AP e &
34 FE+= Composted-20 > Composted-40 > Dried-20

1

etz ets

|X| 30# 3=, 20084 3&



282 A A S uEA

> Dried-40 = Solidified-20 = Solidified-40 %= 2 U}ElE
ok B ot HA A e FEIF 85%2 F7
AeUE wiEbet A5l #sleiarE Hi 150 ppmvZhA]
s o A 7)1EHS iPE A4S 30 ppmy ]
2 HAEQlL o2 AAeUs) AEHVES EF
3 Ry ZA HAEE F3FAE Rl AAE
Yol 7)9lshs Aoz AgEY, 714 2UE AA
21 A¢ AxP A ke ARy F3lra FES 2~
sl Ax AN LS ¢ & AT a8y Y
219 w1 ZE31-8715(0.06 ppmv)VF A EE(0.025~0.1
ppmv) S s 2 o A we TEolmE oA
7ol tig A&7 vt 2o Aoluh W =gteka}
grgr et sy At dHolE s ddo
2 A4 A9 3E A5 oy Ao Avsoe] A
S ALsta A tKFig. 4b)<t (o). WEr =3t

i E
- I?I i D211
- I —— Dl
] —— Composied-ZT
E @ i —&— Composind-dl
= ﬂ —— Soldifes-20
= k e G-
=
] 40
&, :
=
Fa
0
[
DE
) Dwied-Z
- & [Tow'sm ® Dl
E O Composisd-20
2  p4 B Composins-i0
= & Soldifed-20
o & Boletifet-a0
E 13 (&
i
" 03 ACED {bi
i
0 O ki & -
0 S e a8 e
1 1H] il MH] 4Kl = 1] £Hl
1.2
= 10 m
#
2 0B
‘_-" u
=
] [E:}
] [ I8 ]
Looa o)
)
-] m CEE
= [SISIRE
TR R LN
1251 o I, A SRR
1 Xl A1HI AH] 4A1H] =] E1Hl
Operation Time (days)
Fig. 4. Concentration of odorous compounds during operation
time.

J. of KSEE / Vol. 30, No. 3, March, 2008

2 Composted-203}+ Composted-40°14 0.5 ppmvZ 718 =
| YeRsa, oW =782 Composted-40911 4] 1.0 ppmy
=4 Ueg oy delea T vlus] B ou goE
2 e FAoA BEuyd ztol7t 24 JERA

X,

2 |o [

§

3.2. A&
2 2y RN HAEe JE5FFS A8k Fig. 5
of YERtE d E¥ujgxoA HAEFE 10099 o]F
FEH EAHoR WA AlFste v 109 #ht 1,000~
1,500 mL A% FASIATE 722 Y+= Dried-20©] Dried-40
ot o wo] A=Y o)< Dried-409] 7% RS
Bol T4 = Av AFx2Ye] VL 40%= =347
wo= gt HAZE FHuleyel nsteue] 7
- A 71E Uitk EFHE 20%F 40%2 HIAHS
o AEF A F= 2 27t fle AoZE YERTh
127 A2 BAEE A1HS Composted-40°] 60 =}
2 7P wska Dried-40°] 110¥32 78 =& 60
AARE Aol F7HE 570LA7HA v 10Ywc} LAY
He 37 FE5ES Figo 69 YT tiAlzow
ueURY JE57F tad A

i

[
BN
to
i
~
R
b
(e

Leachaie Generation (mL) Leachate Gemeration (ml.)

Q 15) aLh HE Al L) )

U

] v Solicifed-310
=0 —d— Golkiriesi-d0]

Leachaie Gemeration (ml)

] 10} 20 303 400 £ &
Dperation Time (days]

Fig. 5. Leachate volume generated from lysimeters.



g

1163 1,961 1.8 1,166
1.5 1 -

Wean Lenchnic Gene. im0 days)

[u]

ik ok il ._-,||_'. k1 JiTh]
el g Y T Y
v o T o
Fig. 6. Mean leachate volume generated from lysimeters every
10 days after 60 days.

=l 915 mLZ
gy = 13l URTh 200 mL 7 AA #AE QT
3 T f714 HE AujEIA] OE yHE

E3h > (FAEFVF A" AL rE) Foldtka )
ek

A& pH W3S Fig. 79 YT A& 24
%7] pHE ¢ 8AEE YElNtr} Algte] A3l oiet
5~6.5 AETA Ao, olF T FAFIO=R
3B 7] AZstgdtk. ot Dried-409] A9 350 o]%
pH7} 8 ooz A3tk 27]9) pH7t TAdshe A

oz Yehte dde=z B £ ¢l b3 5 <
$HBRANRY B9 GPURE 2AF 45 2@
A e Ag BHth frlite] o @ol dAEJO B
Stk AEAV1ES BEAYS Ao pHE 5 ¥
A SsEa” AxE AU BAng Ae
10
]
-]
= 4
z 7
E_-
== Comngasied-20
—— Composied-4(
5 4 —r— Solidifed-20
—a— Snlwrbeg-di
4 T T T T T
[H] TiH) 21 HH1 ALKl HEl EHE]

Uiperation Time (days)
Fig. 7. pH of leachate generated from lysimeters.

v} AgE Edl we fr14ey Ry

ol

b 283

pH7} 6.5 =2 3APA"” nA9F 5o Aol osid
2 AolA pH7F F43] e didde AgH7ES] 7]
o7} o] S o2 AAEh

ZE49] BODs$} COD¢2 Fig. 89l AASALE A&
U 2 7] BODs= Composted-40°14] 2F 38,000 mg/LoZ
714 A UEFe ), Dried-40©] F 28,000 mg/L, Dried-
20°] <F 26,000 mg/L, Composted-20} Solidified-40°] 21,000
mg/LE YERARLL, Solidified-200] 17,000 mg/LE 7}
SATHFig. 8(a)). AELLUYA tAF R HL& TEE
Yeld AL Axeyrt v FREHHS -3 Ay
24 g & AEHA A Fgem FEdEe] St
star FE 57t sshEA] fr18Ee] frEE & e =
Aol WA dojd A7z AztEth Axy 7]
TR 20% PO, HHloU e 15 UE 30~
50% AEE JeER)AtHTable 1). 2 Z7]ol 2k 17,000~
21,000 mg/Le] FEE JYERIE 1oyl AHe =
Hloll FARle] 2002 7FHE] BODs7} 700 mg/L ©|8t2 F
A3 #asid 7P wE s JehAh 570283k
13} 12 BODsE 300~500 mg/L, 7% ¥ HuleyE
2,000~3,500 mg/Le] F=E YERHITE CODE BODs B
g & FEE Yehidoy @A Fxmse]
2 BODsSF frAFEHS & 4= AUATHFig. 8(b)).
&9 TN NH:-No ®she Fig. 99 veh Qich

=
o

NS =7} & £0 7% Dried-40 > Composted-40 =
S000
i —— Dried-20
s [ ] —8— Drida-A0]
| —0— Compostes20
i 'ﬁ —8— Gompesine-a0
i £ ] "H., e
L] & Spodrirhec-1
E S0 %
= 1
1681 L5
i
]
B0
—O— Dried: 20
'.ﬂ —8— Drisg-40
GO0 - ~"t| | O~ Gompostsd-20
- & —8— Gomposing-a0
B l 1 —— Solrklins-20
E | - i Eclrkm-A0
T D00 |.
g ' Bt {hj
. Lo
e L' 1 ‘)
by, [T
lqﬁ 1 I L b
a -_.‘_‘“-\-h:m-l_

(kperntion Time (days)
Fig. 8. BOD and COD of leachate generated from lysimeters.

ChsHe 3B t2(x| 302 3, 2008 3¢



284 A A BT - A

000
L T D200
.l —m— Cirier-a0
4000 | i —O— Gomposked-20
—B— Compiaried =20
5 | | —&— Scdadifiad-20
1 J A= Sedulifiad -0
? M u..l....-‘
T 2000 4
1000 +
a
a
1600
Al —— Cirisn-20
—— Dried-a0
1800 - | | B —0— Compoaied-20
. I‘,“'iI ! —m— Compouied-&0
e 1200 i i Sislilfiad-20
[ §000 | —a— Folrifie -4
E 1 -
L
< BoO n
= I
- GO0 -
&
200 =
a

BN

Diperation Time (days)
Fig. 9. TN and NH;-N of leachate generated from lysimeters.
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