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Abstract

Anaerobic digestion of municipal organic waste faces numerous challenges. This process is often lengthy, requires a large
reactor volume and produces insufficient methane to supply the process energy need, as well as uncertain digestate to be
utilized in farmlands. Thermal pretreatment sometimes can be considered as an efficient method to address these
problems. Many researchers, on the other hand, suggest that applying high temperature thermal pretreatment for easily
biodegradable organics such as food waste will result in reduced methane production. In the current study, the contribution
of the independent variables, including pretreatment temperature at 70, 90 and 110 C, pretreatment duration of 30, 75 and
120 minutes as well as the digestible concentration at 8, 12 and 16% to methane production were considered. To optimize
the aforementioned variables, modeling was conducted using Box-Behnken design followed by Genetic Algorithm to
find the optimal quantities for mentioned parameters. The results of Genetic Algorithm revealed that the optimum
pretreatment temperature and time and organic concentration to achieve the highest amount of methane from anaerobic
digestion of organic waste would be 96 ‘C, 95 minutes and 12%. The predicted amount of methane applying the optimal
conditions of temperature and pretreatment time and solid content resulting from Genetic Algorithm was 354 mL per
gram of volatile solids. This value was in a good agreement with the actual amount of methane obtained applying these
pretreatment conditions to organic wastes (354 + 4.58).
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Table 4. Evaluation of various transformations
Jse oz 50 [IPESRWN O oy
Model RMSE MAPE R2
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y = f(Vx) 10.96 2.66 0,86
0y = (V%) 11.07 2.65 0,86
1
5= f® 8.33 2.37 0.92
L
N flx 8.25 2.92 0.92
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Table 5. Analysis of variance (ANOVA) for reduced quadratic model of methane production

Sl s ailie FESN o po Egomne gy Sl F-Value P-Value
Source of variations oyl SS MS
DF
Regression 5. 5, 6 11965.2 1994.21 24.38 0.00
T°C L 1 3499.8 3499.81 42.78 0.00
t(min) oL; 1 3354.8 3354.79 41.01 0.00
C (%) ke 1 985,00 985.00 12.04 0.01
T? 1 3078.5 3078.52 37.63 0.00
t? 1 2149.00 2148.98 26.27 0.00
c? 1 960.10 960.06 11.73 0.01
Remaining suile.sl 8 654.50 81.81
Lack of fit i, pae 6 636.50 106.08 11.79 0.08
Pure error Lalis s 2 18.00 9.00
Total Js 14
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Table 6. Coefficients of methane regression model

s ns Gl

il“r:e}r‘c‘;’t“ 574 107
T L 13.89 212

toles 2.28 0.36

C el 24.66 7.11
T2 -0.07 0.01

t2 -0.01 0.00

c2 -1.01 0.29

ele o Sl o ggazme pondi 5 ple s 5 S350 0 a0 T ol odgi 5o Jolas 31 SO 2 il e Y-

D Ao JS Slaye gg0zee
Sl o 0La5 e g yo 1 59500 sl eita 517 S
IR Gl et By 5o ol &5 Sy e a5

dw 536 b iy e Jies lo it 51 Sy 5o 36 mp
Slge clale 5 ol oslEote Jlesl ploy e des el
2 adele Gl 51 Sopa Slg ol () Joe (ol )3 ediglpdn



1vaq JLMJ Al o)l.o..:} I\ 0,99 /6))5L5 uj—«-u-")-«-'&ﬂ 44).....4

oHlen g JLS \id

Olyee 50 1y 550 (5 568 3.5 (0o )3 YIAY) 0digd wan olge clale
Sl ails ylie adgs

60%

lod g ailas le adgs jol) (duo,o FIFT) Sl o i s 3
e ol 0391 Corod pgo a0 10 (duoyo F4/0F) [les o

40%

20%

Percentage of contribution (%)

0%

T

c

olia algi 55 (O) Cilé 5 (1) Lo oo o(T) Lo 15U ot =5 S5

Fig 6. Contributions of pretreatment temperature(T), time(t) and digestate concentration(C) to methane
production

S &S ols olas Ll b .(Barjenbruch et al. 2011) wioew,
ot el Cod Ll gl sod a5 wo 5l Lo ol cod LS
a6 adlhe 5 WS e 8 Gl Aot
S Bio Gl g oty el cge ()l sl Bl
Jds K58 saw 31 .(Neyens & Beyens, 2003) o Slya.g S
Yeoio] oo a0 Voo @Y clos ,5 plie oy Lials
& r i b Gelate o5 Ceslodgy 0 Mbe 5 (0l s oed 25Ty
Sl ysldoie (Liu et al. 2012) cown 55 (pedise
1VO 'C slod 10 1) Slow juw g 09 (sladilonn § (213 (slaslons
SIS 1y ol addss 58 VIV 5 VIR alS i oy 5 alins
ouds i)l Macnasdle S Jodo 4 55 (ralS cpl o ingas

S 3 eI b Lty —0-Y
Ban ol lgie 4 sl Casdy 8 i5u 40 4 Sgew)S, Joe
Oh9y olsie 4 S plySl Gyl eslitul (siluaie ln
Ole sl Bober Sloo yeite A Dy dgu 0 (silwaige
A ool ouigdipuan olge clale 5 )l > ‘_g)j—‘)_‘éuw.: Jleel

@ sl dte Oloy g Lo Sy e, o8l s Wl
a&w@d‘y%u}a& ale 54&30‘\&5&9@ 4.?)0‘\7 e
el 53 bls s Jols aoys VY bl olie adgs jlates,
YOF nlp ane llys ol Jlesl b bie adss jUasl 5590 o5

b o sboyloges —F-Y
baloges 51 olgs oo Jiiuns sl rie oS5 e Gl ln
Sy Gy gl Saman la g V IS8 090 ooliinl (gasman
Sy0 slagle; g ales b cov dlie slacdale jo 1) ol
L oS oo plas gl gl slajloges a3 e LS (o0
Ol a5 ey 2 3550 (Sloj edgame jo et oloy IR
Gl KT a0k o (2l oo Lo s b oo 9 il 531 Il
lol wgmdis 4z 50 VY o &y ugpadis a0 Ve 5l Les 2ol38l L oS
Exose (nl Sl 03l 3l a5 2alS G 5 e Sds 2l )
Gl )0 aos cpl Casl Sgpuiin 2oy V2 g VY A Chale a2 g0
ol e Jlesl Sl ogas )0 Guiime S0 mli b (oo
Uil (Maetal. 2011) Jlio sy .ol 55668 JT slasilons 5
o 6yl 80k @l lawilony I Gl w5 gao s VY
&9l 8 i (Rafique et al. 2010) .wis,S 3,155 1, VY« 'C sles
9 S g 08ged owyp [y 112 C 5l YL slales jo 995 ¥ gib
g E989 4 Sl 1) bales (nl Cou Slge (b 05 (sloge
ooy)l55 (Perez-Elvira et al. 2009) .aciils oMbl sla STy
Sy 3 bl Ve TC Sl G e sl ST 45 s S
ol oo sl Aot @b 5l alnli 5 905 e o i e
S slales o Syl sl Blte omlie (B8 Bk
(Prototetal. ui s o slaJsge sloazsd cu 56 el V- - 'C
sl s 4 - °C Glos Jlael b 3 6,500 oliime (2011

1 Melanoidins



\A4

wodale g Sl sl e Gloj g Les sl e (g 5leaige

5el9p0ep 09 b g JI Ol s Ploxil 4 bgsye Ylaiol g5090
5000 d5ug T sladilons @ 1) beucslS)lg ,So (s yiaws 45 0059
obey aS ols plias bl uisres (8L iol3El gl adgs cpl b
e sles ol 5l e 5 (o) FRITE) Gl Sl
adale aSJl o ansls e adgs jo 1) 51 ey yins (as 0 £4/0F)
el lime 10 (6568 lan e (o) YIAY) 0digds puan olse
el s ol

oolainl b )l sbojless i (pgas )0 (6 i Sladod
S35 Al oy analie 5 SESs b)) Hshiedr (HBly b
g aly 5l oy5e )l 6ys] B Jles! 5l (5L

100
Temprature(C)

100

Temprature(C)

(b)

110

e 53 s o3 s 8 T osle 5 5o sl 4 2l e
Jloel 3l g I slosilonny S3l50 0 i 31 50 e oy (Bl
347 £4.58 vo 0 VY cdale jo jles o loj g Les agy Ll )i
S 3 M oy 5 33750 T osl 5 0 (1 4 2
pioosdl Ghs, 5l el gudgs b SUatil o0 (liee 4 S5

Sl 0090 ST

& S amii-¥
3ot Jley G sl At Jlesl a5 ol plas gl
Siladae 5l el 039 90 Ml e 05 )3 (s5l9 o e
el @ bt 5 SouSt b by 090 lopsie
@ ol oy gl e 5 oy 9 Les 0 e oSl (53luainge

120

30 Time(min)

120

Time(min)



VWA L /Y 0 L0 O 0,50 /05 5,sLiS gl uilSie 4y 25 oL 5 JLoS YA

(c)

340 -
2, 320 -
3 y
E 300 - 27 /A
5 280 | /:’ %’II’II
£ A )
T 260 - gty 77 [ T [/ 120
o 90
90
100 30 Time(min)

Temprature(C)

20,8 1P € g duoyo

Fig 7. Response Surface diagram for methane production based on pretreatment
temperature and time at the concentration of a: 8%, b: 12% and c: 16%
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