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Abstract

To evaluate the fundamental factors in the recovery of biogas from the landfills composed
of about 40% of volatile solids, the experiments for the samples from the operating landfill
site as well as from the laboratory-scale lysimeter were undertaken.

In the tést of ‘landfills, the change of moisture content, the contént of volatile solids (V8),
the ratio of saccharide to ligin(Y) and the estimation of landfills reclaimed and the correl-
atlonshlp between V8 and Y were investigated.

Durmg the experiments with laboratory-lysimeter, temperature, pH, gas production rate,
the composition of gds were measured.

The mathematlcal model derived from the the rate coefficient of gas production(k) were
proposed from the results of this mvestlgatxon

Furthermore, the propOSEd mathematical model from this study was verified with the
obtained values from experiments.
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#-2. Chariicteristics of solid’ waste in- Lyslmeter

' R R ! " R . T
Classification A-Lysimeter . B-Lysimester . CrLysimeter . D-Lysimeter
‘ Mixture
X . mel } (61 5) Woods (16' 0) kitchen- "« kitchen (67. 4)
Major matefials” plastic , Textile  (19.9) (100) | - wobds, papers
(%) ; : wastes p&m D
Leather . (38.5) | papers  (64.1) - vinyl; plastic,
' i Leather (11.9)
particle size(cm) 2~5 2~5 25 2~5
)
Initial Water Conters 2.7 6.8 8.3 57.2
VS (%) 60.5 4.1 £9.0 59.5
S/L ratio 0.075 2.784 5. 425 3.288
od®
: N certiement measurement indicster 3) A& 4 : Japanese Environmental Pro-
g tection Agency Method®
o Foss weg 4) Temperature : XY Recorder(wx 4302,
|3
g o fF]. . Tnermocousie | Coplar Constartan} Watanabe, Japan)e] Copper Constantan
Soud woste i Thermo J Recorder Thermocouple & A7, &4
5) Gas #4 ¥ : Gas Chromatograph(TCD-

H = 1500 wwn
400 mm
o
1
0
:
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H
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Afﬂuent Tank

=12} 1. Schematic diagram of lysimeter

Fo], EA, A%HA, FHdsEA, E£E A
NEA R HMEsS VS, S/ILEE FAY F
E-29} 7to] #+ Lysimetere] =23 19 HA
400m/m)7HA Mg oh @R oetA
B E 2 tAEsS B, LEBLE S
A3 ‘

Lab-Lysimeter &] B+ 1~40 9] 22~23
°C, 90 gd~160 Qo= 27~20°C, 200 Y~260
Y7 & 33~35°C 2 F A=, 280 U330
Yol & 27~29°C 2 A FA3RA.

2.3 SFHE

1) Volatile Solids : Standard Method™ .

2) Lignin ¥ Saccharide 3% : Effland Meth-

WTa Panrt-10874 12 8

3BT, Shimazu, Japan)e] 2% Column
Packing Material & porapak-Q ¢} Molec-
ular Sieve 5A & Fd A & (Temp:
30°C, Current : 70mA Carrier Gas : Argon)
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BE-3, Experimental results of Jandfills in Kwang Ju

Ochi-1 | Ochi-2 | 1 inc. *-l‘;”nc ‘ TTonan: DoRgN- | Juwuol | Jawuol | Juwuol
es gl ng-2 g3 g4 jmel me2 \o1 |2 |8
0.5 | 1.0 | 20| 25| 30| 35| 35 4 7 8 9
28.3 | 25.2 | 19.7 | 288 | 20.5 | 251 | 245 | 222 | 19.0 | 25.1 | 33.0
VS (%) 23 s | e | 103, e | 13 1.8 | 102 | 84| 71
S/L Ratio | 4.88 | 275 | 247 | 12, | 135 . - | 117 | Loz | 0.55
Cl(mg/l) | g9 30
(from leach- 405 52 22 | 140 30 | 130 24 26 14
ing Testp> | 1060* 180%
COD(mg/D)
(fromleach- | 648 | 192 | 208 | 12¢ | 120 68 28 | 128 | 120 m 56
ing Test)®
* 1984 DATA®
50_ @: 1384 Bata ®) —
. " - 6F
E’g Q ‘g 1y=0.164t + 0,250
n x ) o 5 - r=0.88
> Vs = 220010°7%") £ 1
8 ® § 4p
- o000 5
10 | ¢ P
0 L 1 1 1 1 2 [ i, ) Il g
0 1 2 3 4 5% 6 7 8 9 10 §
Time {year) s
v

8] 2. Change of volatile solids as a function of
time passed after landfilling
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3t zet,
- =0. 16440, 236
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& 3. Saccharides to lignin ratio as a function of
time passed after landfilling

2% 3o)A vbebd upsbrto] Bookter Fo
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S/L Ratio [Y)

2@ 4. Relationship between S/L ratios and volatile
solids.

A-lysimeter o] 7%, &7 F¢0] 2.7%0]
Aed 90 Y] A}t ¥ Y5ege 2%2 F
7t glew, ol methane = FA:ds] A FY
2 7 BERe] #43 F7t8 a9l

B-lysimeter o] %, 240 9Yo] AAE F3
27 5% 6.8% A 3%l 4oz FA=H
2.5 methane o] 437 A&k

C-lysimeter & 27 0] 82% 2N Kk
e 2= ik Rz, 3099 H
#% ¥8 methaneo] o] WAH 3w s} T
A o] F43 F7srd et

D-lysimeter 8] A% 27 &80 57.2% 2
A 100 Fdo] AAEFH BHAI o] A
Ao ol & AF3te] methaneo] T4t
2 JtegE FA43 Fortden oHe ¥
2 62%°] At

methane B4 %o w& phase ¥ & 7 lysi-
meter o o3t EET HRE oHSF A,

HTR B4W 10874 12 4

A.lysimeter & 79 [ -phase(aerobic phase)
7t 1~30 43 #AFH g e N, 7t 8044 =&
Az Az, 0,71 5%3E FHEAAG} &
454 H, £ #&=9}. [1-phase(anaero-
bic non-methanogenic phasel¥ . 30~60 47 ol
vebston N,7b 85~82% & AA stz CO, =
12%3 = 85tk o] 34 [-phased)A]
A el A ¥ste 2y CO,dA o] F43 F71
#x] @+t e Aol [l-phase(anaerobic me-
thanogenic unsteady phase)x 60~180 ¢ 7 ]
B e 60474l CH.7l #4457 A%
o] 180 Yol HERM Eolzg 49
A5tk o] phaseo]4 N,7} A9 gleiz o
CO: ¥ 9% 20%%F =¥tz A+

BE®] FF =z} M-phase fif§e] 180
g, 2509 EE 50049 &g, B
Lysimeter o] A= 120 QA= 2 A3 & 7]
7te. 2 ez 9t} [V-phase(anaerobic me-
thanogenic steady phase)s= CH,:CO.9 n]7}
AZEHA FASHE g dF3eds CH=70
~75%, COy=25~30%% #A3tx At

B-lysimeter & 3% FEES 433 =3
€ 2495z vk [-phaser} 180024 #
Y 11~4598d ¥4 A% CO, 7+
gutelA @A Ey] AAste] [ -phase 7} A9
Fue 1809 WA CO, & 45%¢] ol2=
ded, 0, & 10~15% % BFAT A5 ¢ v
ghton 1609 A oA H. 7t wA=s] A
gt o] 258§ B-Lysimeter ¢ A% d74
Aol o2& Azbe] o] Adte AL &
T Ak

C-lysimeter 8} 4% J[-phases 309 <9
o4 o] FAAz, &7 10 Lele] CO, FFo]
FA438 F7F 109 EAdA 5% A= LA}
ger N, F43 Zasiger 359 W
o] A 35%0°] E@3ck =z o] lysimeter
9 A% 0,7 ZasAura H, 8 CHi 7k 54
o] w4 I-phase$} Il-phase & AAAHoz 7
Y77t &Y. M-phasedl A+ o4 H,
7 dolglen < 904Ye] A=A CH, ¢}
CO: 9} srapo] HHAH(KM)E $lo 140 94 A
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-4, The elapsed time at each phase in Lysimeter.

Lysimeter , ‘ A B c I D
Sample ‘ vinyle, plastic, | - woods, papers, kitchenwastes | Mixture
| Leather textile ‘ ‘
Initial Moisture Content (wt. %) 2.7 6.8 81.3 | 57.2
" | Aecrobic phase(I) 1~30 180 0 | 30
Elapsed Time

(day) Anaercbic-nonge- 30 60 5 50

thanogxc phase( 1)
Elapsed Tlme to steady state (1), 180 340 160 320

(m, (IID
E | CHvol %) w~15 | 0| 60~ 70
Gas Content ¢

CO,(Vol. %) 25~30 l 60 | 30~40 | 30

35%A =]tk IV-phaseof & CH. 7} 60~
70%%, CO, & 30~40%% A8z ek
‘D-lysimeter ¢} 3% J-phase: 30U
vetgtes O 10%3EF AA et 4
HAh CO: & F43 BEdd 10 9AFHA
50%0] 4¢ AAsgdz A% Fie 38
Bolx geh ‘
=S Noe §43 72hadtd 10 4TA A
40%A%=2 $AHZ gler ofju H, & ¢4
7] A Z#g . II-phase & 30~80 Y Eqte] d+
Aeged H: e 15%4x 248 CO =
H& F7heke 65%7tA AEetslth.  [-phase
+ 80~130 23l vrebxtedl Novb sty
A CH, 7} #4389 = 15094 CO, ¢ ubd
o] o]FoiF k. E¥ o]F CO: = HX 7Had}t
o] 30010l AAE L 30%H =N A
Aoz $AAY CH, & 0% A2 FA5A
o}
7+ lysimeter 4 2  2}7+e] Phasee] H9d
2894 F F¢d H-4¢] PR
D-lysimeter 8} 7o] BABEH A%+ V-
Phase o] =2s¥ 71700 320¢¢] 288z
C.lysimeter 8¢ 7o) Z&uid 7189 A$E 160
gol z2H e BEMRYS A5 T
ETuct Ag 29 s 7te] ERiE] =g
Y "83E 4 4 gigich B-lysimeter B
A% ZE lysimeter o 4] I-phased] 48

BT HAW 10874 127

3’47: 717+ e 209~40 DA E g o [[-phase
i) A¥E 6045 *.9.5!%3-% & 5 9l
95, M-phased 3%+ [, [-phase nct §

A ATl 282 E ‘& + lgieh

3.3 ZIA@ER BEEEREE)

el A HAdEHA AAEA o] Folx
= 27L& pHe 745, FE¥3E 8B%AE
stm geA Qeonev, myms LEE 32~
40°C 24 A2A 9o S8z ol ks
Ftak G5t o8 § glrpanin,

a2 62 FHAES HE 54 HAEY
Az Aol ot B gS, &%, JE
%9 pH, 28z ¥4 CH &= 7l28& )
ez 9tk

YAAT} to] Fgse
o] Yy 4 Juao,

tegE oEs 72

G.=1. 868X Cy X (1—1074) essees (3)
714 Cyp: &7 carbon ﬁ—-( 100— F ):y(m
G 7taBER

F, : Fixed solids
% Lysimeter o] 598 C, && VSeton 2.
2 3444 ¢ B-59 3o

¥-5. Determination of initial carbon weight in each

Lys:meter :
Lysimeter No. A B C. D
C,(kg/vs-ton) | 336.7 412 383 331
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F-6, Gas production equation for each Lysimeter

" Lysimeter No. | : Equation ] K(year™
A | G.=1.868%336.7x(1—10"4%) | 0.019
B | G, =1.888X412 X (1—107"%¢) | 0. 004
c G=1.868%383 X (1-10%) l 0.083
D | G,=1,868%331 X (1—107%" | 0. 040
7 lysimeter o 4 B4 &(CHA+CO,) &
graph 4o} vebid 29 73 pod o
(CH,+COp %3t 27 Cezteo2 34 FA443
ABEHBERE S o ¥-63 2ot ot
« k= 00120 Y + 00074
r=09%
et 168 co 11041y ﬁ} 0.05}
_ | .
0 e | 0 R . —
. / w 01 2 3 4 5 6 7 8 9 10
3 \ v
i /,,,«nn"‘“»“” i %l 8. Relationship between gas production rate
i //F //‘{H,M« u.c,c@. j constant(%) and S/L(Y? |
e st 100 * HRdME G4 2L ZEEYE Dlysi-

o @0 30 120 - 16D 200 WD L0 320 3D
T

ime | dav)

18] 7. Evaluation of gas production rate constants
(k) on each Lysimeter

3.4 JABEREANMIOR S/LY)ER MEBA

FH7F ok WU ER 5 FE EEFH Y S
o] #AE graph ol =A%E 2% 89
(Z-2, -6 F2).

Q714 kSt Y o] A 4L

k=0.0128Y+0. 0074 (r=0. 95)

2A AL AH4E AV flen, oz 1Y
Yae $A%o ke 42T 4+ 9t

3.5 ZIABER BE HE AWMU KK

AA Aoz EiiBREDE Dlysimeter o] M
FYst AL A4 Ad EPrIEeI RO

meter 8] Z}BAE FEES K Bitsiact
% A(3)9 BHAS 22 29L& G, Retten-
berger 7} A & ALBERE G, gas B
ERE (Do exdse ndE JoBaERE
G99, AWigolA carbon ge] LEEFE
nH 8 T8 SF2BERE G g e A
o e ¥-73} 2o},

D-lysimeter 2 28 7l2B4B3 A2 dd
A T8 3¢ graph Fol Ve 29 9
3} 7kt

Fapbl ASAe frdzE By T o}
A2BEES v A a2 9o Jefintet
o] G, Ewol A& sF FANA AE
Je AL ¢ 4 Jgonz v BHERY

¥-7. Comparison of each model

Model Equation Remark
Gy G,=1. 868 XCe X (1—107%) Basic Formula
G, G,=1.868 XCe X (0. 014T+0. 28) X (1—107%) | Rettenberger
G, l G,=1. 868 XCg X (1—10"*) | =g X BT 200
G. | G.=1.868XCy X 0. 156 T—3. 391D (1—107*) | experiment

WA MaM- 108742 12 7 —~ 839 —



OU~Lysimeler

e Goserved

Gas Production  (in'/lon-VS |

2] 9. Comparison of gas production on the each
model

il A AR F4 A A FAE

2 olgx HehE )

5. # W

HBHERBEY 225 biogas 3 ol a2l
BERE 47 el myBgd AT KBt X
BB A ZEEE of& BREHHT lysimeter
2EH U HRE d93d o3 2

D) HBHHEGS)E #EHMS A o
2 Zattz gow VS=22.09x107""¢* 2 1}
B $ 3l ‘

2) /L (VE EpME 238 FA5
Qo 1/Y=0,164z+0.23 02 e}l & Qo

D VS S/L(Y)E NYgAAEF et &
£ BRI Slow VS=4.473Y+6.01 2 1
T} 4 e _

O st BER THAAYE % REd 485
= WML By B8 Sk&E I #™
o] et

5 BESEAS (DS S/L(Y)L &2 HHR
BifRel glov E=0.0128Y+0.0074 2 ield
F ek :

6) 7t BAEMERE G)F A3 Jtx 3
£Bo] Y FHHARLE T3 G=1.868%
Cex(0.156°T—3.391) X (1—10"* D2 HAE F
et

g X R
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