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ABSTRACT N
N\

The world is facing several problems due to the growing energy demands and diminishing suppﬁes of fossil
fuels. Anaerobic digestion (AD) can be considered as one of the most important techniques tesconvert organic
waste into renewable energy in the form of methane byproduct. In this study, using the method of biochemical
methane potential (BMP), and response surface method (RSM) and mixture designm;, Were investigated for
different ratios of the substrate entering the reactor and their production of methane£ The results showed that
mono digestion of chicken manure (CM) has a higher biodegradation rate than,@rganic fraction municipality
solid waste (OFMSW) and Sheep dung (SD). The OFMSW and CM mixtures*tmproved the performance of
the digester, such as the ratio of carbon to nitrogen (C: N) and dry mattergsubstrate, pH of the environment,
supply of nutrients available to bacteria, inhibition of toxic compounds ‘and consequently increased biogas
production. The highest amount of biogas production was obtainedbydoading 25% solid solid waste and 50%
Chicken manure and 25% sheep manure. While biogas is optimizgd to optimize the solid organic solid waste
content of %48/43 and Chicken manure of %50 and sheep manure of %1/56.

Keywords: Anaerobic Digestion, biogas, Anaerobic co-Diges\tion, methane, Response surface method.
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Table 1: Characteristics of substrate entry.
Measuring factors

Type of Material TS (%) VS (%) %C %N CN oH
Organic fraction 29.20 7.10 32.2 1.78 18.1 4.86
municipality selid waste
Chicken manure 76.10 9.50 88.35 5.67 6.35 7.03
Shieep manure 7.32 27.61 38.36 2.84 13.50 6.72
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Figure 1: Measurement of biogas by water displacement method (Drosg 2013).

.(Drosg, 2013)c1 slmle 855 & 55 gm0 6 pSojlail ) S

A (BIMP) (oo lio Jomiliy 39, V-
I‘. -
o&LﬁL.:‘é)BA alises 01940 3 ’_m' 5 cdbale g 6}‘5—‘%5’ 4 ,..._su 6‘)’ 03y )5.104; (BMP) LS;L.M..:}u Ql:..c fsly L;Lm‘_;..;Lo'l
LSL"’)-*-H-‘ OO elin (s LS‘)" slie 09e3] S e uL"f"-“ o 4*-")5 sl ‘Lbrw oo bl sl |y sy e
& (Hagos et al., 2017)asb oo 5550 odg anl,d o eoliiuls g0

ool ploxl g, —Y-V
Mduwwdwx_@ﬁogb)LQ‘bsw ML’>‘5” AJLM )Lo.u A ‘OOLO.».MA‘LL Sgo Q"‘ ‘wad.:.ma.a Q'.'.‘)é
JBailie 0ole 2 °MJ‘=§E Ao g 039 bl oole LW Cad 0250 )18 ob3)) 9550 oS5 tnyie 50 B 0 oy el
osls 31 plaS ;2 5 .00 S5 oolel b oaon; oo 4iBs gy Cide s zudli 00le) < CC (40,5 a8lol b ogs oaoole] M a5 ©olge (5,135 ,L 5l

udy ngljm - ‘6‘)"5 MLQJJO)‘AJ ‘pH )ﬁl)pu‘,oumw ‘ded.m 5.5‘ ~>J|50Mua:<...~c G)LA.M u""l""‘)"ﬁ)
J’b)ﬁ@)‘)s“’h,&m Syl g 3eST3l oole 9581, B ot @35 e Y < CC Jladie j935T) po J2Is 5o 5 oudicans ;55T,
-C*é)f)bé&)l‘

)5*)» o pH uls J9.Io 4o )Lo,t.; 2 Sl el o 00 o Al Ve Do 4y el YT o lil 4 O‘ J51o olge g aily go olos M
ASee Sl allys, ©hgon suds Gl ez g LSy
GhalasT 521y ~Y-A
RSM el Jatuns Jolge @l 31 cpons § Joo colo o 0,50 2k lp 43 LS 6kl locslasSs 5l slacgoms S (RSM) g,
Ol 8550 50 Siole;] Gloes i 4 s oopl poodle ams o alS 1) ,5SB wix slaiole;l o s e 08 laiole;] slaas
Bl b il Sl d(Ban (55)]) J53 550 Jladie o iien wiile (lajle (285 Sl )3 L (lgion |) abg e slageal (63959 slo el
Buruk Sahin, Aktar Demirtas, el ;556 s slaioles] jo OIS s g Judos sl 550 (b9, o RSM oS (5 5lwdige (55l

¢ http://biosystemcongress.basu.ac.ir



)
Sl (quigo (o 0 SIS 003 31 \ {§}
023 0 gl 390500 g poiasnns 39 @ &
d'{"‘/{‘/:."‘;h‘f"dd:“d‘y‘f:" Buali & nﬁ niverin
(& Burnak, 2016
SFpe sl (ohg) Sl RSM 51 g, S MIXIUTE g, ol oo Jai0 550 (29,5 40 (2liiwd (s S s 03)l90 31 (6 lomn 50
it Gglatie oo 15 Gl Dglass lageuly ¢ bolswe G (gonizle Jolge QT BRECL IRV P S RS O (LA IUL S0) 177 SUES ORIV JUSOES Iy JU

Slr 1y 9225 Slogmile 8ly polia (V) Jgaz 5 ous 0 polie 5 Jsa s 0,5 o )13 b o o Slpeis bamgs oy (imy
WD Al 5 O jgody o SYolee jleslaiul b Jow sl el s co a5l o lasbinl i la ol 0alic e daz b ol 5l eslaul
Y :ﬁo ZBLXl +Zﬁux + Z ﬁz}x x} +ZBLLLX + Z ﬁll}x x} + Z ﬂu/xx + Z :Bijkxixjxk +&

1<i<j 1<i<j 1<i<j 1<i< j<k
Xi g Jae sla el )b ﬁl}k ‘ﬁu] ‘ﬁu] Biii ‘ﬁl] Bii B i Porces! b e slaws K .ol Tly e 5l o S i e Y & @l’
5 ((Rasouli, Ajabshirchi, Mousavi, Nosrati, & Yaghmaei, 2015) ceula_iolo;l b o yo sailo BL € 5 oo L;)L»’,\S Jelos Xy <x;

20,5 oolil Design EXpert 158l 5 5l eowlcasods slaosls Ldodgds ;25 ¢ o o lohl u>.'>|).|a Glp ol

\\

N
Coy g b Y
N

eslio (o5 ) SUPok0 3 bgliko o1l Y-

e ls gire ()Ll Bl oy 5, 45 wms o (LS 45 2855 )13 25l 5,50 (ANOVA) ge}‘e)‘ﬁ Jelosisa 25 ln (N g
P polie casle/ « V¥ Lxul jo P-values Jluie o 1#/\Y (Linear) s Jos sl F-values MR caosls (Lai(Y)Jgaz 0 45 jsbilen
(ANOVA) Jooz ;0 aiins o sme Jow SloMasl a5 ams o lis /Y« 51 oo i olie YNaalls oo Caogllas sainolis « /0« + 5l e

. J

Os Sy 6ol b Jae Jguz ol Beb amooe slein Ile s a5 ol (L'“f\faﬁ)s‘& oo oosls Juloigan ;25 sl Joe (niee

AV

<> Jowe sl ANOVA G)Loi\@‘l}'.i Y 9o
Table2: Statistical results of tr\me ANOVA for linear models.

.\..ub‘sn «IYY 6°"\*::‘C)L‘|

N
source Sum of squares df Meah square F-values P- values
Model 4.630E+07 2 2.315E+07 16.17 0.0024 significant
WL inear 4.630E+07 2 ¥ 2.315E+07 16.17 0.0024
Mixture
Residual 1.002E+07 7 1.432E+06
Cor Total 5.632E+07 59

olpo anlio L) Jolge s ,,,b 5 o).:fyl)} oolaiwls jgo Jule j2 5l oaiosls olaw (gl Frwly cim i 8 p Slgi oo (5,1050S aolas
A3 25 255 4 Wl Bl g o 5 A5 (sl 5516 L sy 555 plol ol
y1p= +4001.08A +2447.08B +9893.74C

ole 3 Shes 5 (5l il -¥-Y
\

J.;Loma s LgL:buéJJ L Lg)L.\f)l; 4SSl aosls O ujfbjf dLng)fo) 5 RN 5 O‘}ﬁ“’ u‘],,_su g, (V) o)l.o.:l:: Ji.i';)o
8> S b 6)\@(3 el GH Qiloy 5 0 055 50,5 a8lal Ly ols ylis Budsd pl a5 .ol plodl (05awsT 555 5 £ 0 955 (5 e el Gﬂ
L& ples GBS a5 o oal31, smpo sy S 5818 b il so I3l sz 5B S50 (5 e (s 055 5,5 oS 5
Qils oS WS o o2l )2 1) gaman By Sl paw )b .»9,.; ol call Gloguwl (JpuS bolas U Wigh oo Jate ol plon b
50Md§5.~£ )Lfs.a..: A.».Js.: Lgés..t.o .).19) ‘LS)'Q(‘" .ML> L’rJ‘ J.:Lo..».: /? )“‘“""" Lg)‘JS)L) w.ul)s‘l.: &S pbl)ﬁ ‘) CML) c.‘a...) ‘ L;):C.alg ))9.4;
PH ials a0 g oy sboawul (liae (iali8l g 158 slaosul moazs Jdo 4y jalS cpl il jrols 6, RKaiz olalay godgy 8 s ol
Abos Gl sleanl lag xSU cudlad ¢ yralS le le slas 2L codled ul slapH o 5L b slas 5SL el .Yl B

Biogas (ml)
@ CDesign Points

ze10 I 9133

X1 = A OFMSW http://biosystemcongress.basu.ac.ir
X2 = B: Chicken manure
X3 = C: Sheep manure



SlSn guntign (olo 0 555 yuons 3l &}
O 21 Gy gual M50 g e g3 .

ul/idﬂ/f:u”ﬁ{ﬂﬂgujf P \m: Sadveribey

10000
A OFMSW (%) Biogas (ml|

@ Ceowr poins chiove prod s vabie

O Cesipr prirs baio zradtec e

;s | ll“
b A A A LA A A,

:E_-
2 4000 s IIIIIIIIIIIII’
7
5 o X = oAy 'g V;;I’;;;;;;;;Il,,’,‘
” %2« B Theonmavnee 2000 | G242

%3 = & Sherp manuere

A(0)
C(0)
C (50)
a 50 0
B Chicken manure (%) C: Sheep manue (%)
Biogas (ml) B (0)
(CONLOUN) ,gls ,l590d 1o @D) & Wges il

P50 Jolge oy 5B (203 k2 ) sl (0,958 9 (W) Gy s s

Figure 2: Response surface plot (a) and Contour plots (b) showin ffective on biogas.

‘J»SlS L}“SL? )‘-59-03 -Y-v

Soges jo ahad p Fomb il ge by Jlesl jglaieay Jlgy Jlasl als ‘)J;VA@Y—J 4 SaS Glp g lnl S S Sloged
S a5 a2 020 oo lis 1) 058 oo slou) ouds bad Jow 0 onile Ql&f% Jsla> QT S0 aS Y lade i WS LSL
Soged ol )0 uizren (il wlss 3925 Slgi b 5l eslatll b Jaw ogn 4o - blgy ol aw 5l 585 el lade Blas 4 iSTas

T F )l saosls 5Lt 505 490 oylisabs] o3gae
S o sty 2 0lie Jalio yo 2By yolio Hlogei-Y—F

-

\|A...» 03551 Joe oo sy polie Jolie jo 2Bly polie jloges o5,
o Sty e Lawgi a5 polie 5l (005 5 L polie et (pl 4 SeS

(S Sy log0 —B-Y

gb do Sl anglie ( Fand p loged .l ool oo)BT Joe ealazel b Sody jloges
o o..\..i';oé‘b)‘)é owo)fkm)wdfbﬁdﬁ‘}c ‘nLo.T L;»L..ad.‘a.l?;)o yfcc\la.fu ‘A“SLE"
S o2 p 5l Jloges ol o AQQ Db il oo ole 1 (0 355 g (500 Sl I dlowy Lrisl [0 a5 om0 (ylid 5 Jele
s P (o FUSE) sl cod oanlin B

slr 1y (g nolie Jilie 50 00 dn i Gy polia )]
(@ Y USS)aes oo olis

2ROl (b slad o alais Sy
oS ams e Lt el S a sl

1 http://biosystemcongress.basu.ac.ir



. . - ’
CSlSi gt oho 0,55 pons s (\% 7
RIURT SR P X

w%’d{‘f"&ﬂl&ﬂt‘[“ﬁ"f’ Buali \mﬁ-,..m..,

B. Fredicted vs. Actual Normal Plot of R&sﬂ? Bioga;
Color pomts {7}' value of o) _ :,: /_/' L] Color pcints b}’ value of
Biogas: . .“ Biogas:
) an. H e ® 2 2810 [ o133
2310 I 9133 I A = ?9-'
£ ol 4
o] A 7 N
-9 v"\( §\ -
0 T T T L Ll L] L]
P P I o= em w

Extemally Studentiond Resxhuals
[/

() 289 Hladn ool Som e 3 g polie (&) oo Bb S g lado ¥ IS
Figure 3: Biogas values externally studentized residuals (a) and Biogas values %e vs. Actual (b).

Trace (Plepe) Box-Cox Plot for Power Transforms
Biogas iml) yooon _| Cy 1] Biogas
Current transform:
b ey MNane
Actuzl Components
L 09y =333 = » 8 ) @ Current Lambda = 1
B hees rznue 2 83 4 Best Lambda = -0.06
. cheep marurs = E S 3 ¢l for Lambda: (-1.59, 1.44)
=2 = - S~ <
by e
oy A Recommended transform:
T Mone
) @ (Lambda = 1)
Jan9
1 T Y T T Y 7

0400 1J00 0000 Q200 0400 0o amo ‘ T r T T T T

|
Deviation from Redarence Bland {U_Pseudo Units)
Lamida

)
()65 g0 akails 31 Byl ‘(Jég &0 450 i gl g WS- WSL S 1F SO

Figure 4: Box-Cox curve to determiw egree of function of the model (a) and deviation from the central
point(b).

» Wil 5 (g3 lwaiagy - Y-V

YIPsste Sl ol (s3loninge Loy 2STas a0 1) 5850 o, Shee g adgs a5 Slo,gxS1 robaw o yige (S Holaieds

il e 0aband 5 IS 4 g § s, G g RSM ools acgaze 4y DESIgN-EXpert lowg soiasl)) soae (gjluaigs .ol

6l T wley 5 a3 oo )1 1) e 3 Shee 5 0dg lime YL 4 ohitws sl JT syl sl 9351 soue axlllae

PR3 NESV R Gl b eadds s a5 wsd e ate Bg Oliee WAL TNIOF (oS 955 57 B0 (850 555 5 FALIFY

pS S el (‘%J O 9 (F0 355 5 0b) GihusS 355 a5 Gloy 5 deyo0 Sl e AV AP @ (8 g oy ke STas

L

f o Gl Gl (50 955 (lie 97 el (R g 7 Sy Glies 900 il 05
9

.3%

\é http://biosystemcongress.basu.ac.ir



3 . - )
SilSlo (gwikige (o 0 JUS (pmodd 3U @
O 231 & gl ilS0 9 i gt A\ I : I

. . 2
d‘{'d{’if'd‘!’%ﬂ»{ﬂﬁlw" Buali .\mﬁ‘nhmh}

0 50 0 50
A:OFMSW = 48,4375 B:Chicken manure = 50
'a
Desirability — 1.000 50 2810 9133
Solution 1 vulal 27
C:Sheep manure = 1.5625 Biogas = 9709.6
Desirability — 1.000
solution 1 out of 12
609 §ilwdins sy 0 SIS .
Figure 5: Ramps of the numerical optimization
A DFMSW (%) - A DOFMSW (%)
° o
All Responses
@ Design Points
o.coc I 1.000

X1 = A OFMSW
¥2 = B: Chicken manure
X3 = C: Sheep manure

© 5 ]
B Chicken manure (%) C: Sheep manure (%) B Chicken manure (%) C Sheep manure (%)

Desirability Biogas (ml)

bglse 75k L..,% 151 (BD) geasly gelans 4l gmi ¢ § JSs
@l h

art (3D) for optimization of the mixture.

Figure 6: Response3
(Overlay Plot) yiisgs z yb jloges ~Y-A

=
g ols gy I Mb‘_,’_,o 00y SO 3 5 5 Sobus (5 s l:;ﬂ s (5|9Lm G oo,S S Iy 8w lake m.;ljssa Lo ,logad Q....I 59
03gaze (pl jo aS |, blas #dlg s 3 Sl Voo 5l i S8 g0 (sosguste il )0 a5 il so 0dd s e S 850 /dlg o
B a2z cmslie oS BOGI e, slp S Billae 5 ailige s ghee Vo ool i 5 (ssles T S5 g (e 05 s 518

9\ g g0 astine ey cadosls g Caewd (o gladai 0,8 bl b g ks jee

A OFMSW (%6)
(o]

Overlay Plot
Biogas

u
\ @ Design Points

-\ X1 = A OFMSW 50
Q X2 = B: Chicken manure

X3 = C: Sheep manure

50

[Wigas 7858)

Woger WOWEW
- - [:n ABANTE

2 w0
LUK

u\'

(8] (8] (8]
B: Chicken manure (%) C: Sheep manure (%)
Overlay Plot

ey 2ok ylogad ¥ S
Figure7: Chart overlay plot.

A http://biosystemcongress.basu.ac.ir



0
SilSo (qwikigo (oo 0 SIS (puodd 3 ’Q @

01 231 &y gl 390500 g poinsnn gt 3 R
U'{'W{‘/:."U;“ﬁ’d.’“‘f‘)‘ff' Buali & ..ﬂ niversity
S5 ez ¥

(b g Lls Jds a4 g lawls g (55008 50 laoly wilows g (5,00 Sl (T dilony coniplonl Gabos 10 sdeliwwsas bl wlul 5
10 LSCJ’A 095 9 AN 6)'@(“" ».\AL> ASH -AJL.:..M.J 5_4.5).) a(BMP) ‘_gL..a...M:j...’ QL..A uL:.AAAJLJ U?’Q)T )| solawl l; ] )lfﬁ.u A..Jj; 6‘)" ‘SA.A.AJLA.A &
2 0l o Joys5n (o8 BB Glies & O S wdgi gy 48,518 gy 20550 45 (65500 Sl S il &) S GinssS 055 1YO
u.o\.A‘L) f.]ﬁ.:..?t.o PH s‘J.:.M.J}M: S oole 9 (CN) Q)ﬁ)"ﬁ‘:" L u.:)s Cnand asle ML@ Lgé)ﬂ.o.c JQJ‘).M: 9O g M.CL: ut.S]: U‘-"l aS Sl 6”>
JATNARRRT S IRNWES Gﬂ Qo lie (silwdige 10 0l Ban adgy (iali8l asi 0 5 o DLS 5 lge dos 2L o yiws )0 (gdie e

B9 0 At B e liae dBL LV/OF saiawgS 065 9 B¢ & 88T 4

el -0

Journal Article: <

Abdelsalam, E., Samer, M., Attia, Y. A., Abdel-Hadi, M. A., Hassan, H. E., & Badr, Y. (2017). Effects of Co m& Ni nanoparticles on
biogas and methane production from anaerobic digestion of slurry. Energy Conversion and Management, 141, 108-119.
doi:10.1016/j.enconman.2016.05.051 >

Association, A. P. H., Association, A. W. W., Federation, W. P. C., & Federation, W. E. (1915). Standafd methods for the examination
of water and wastewater (Vol. 2): American Public Health Association.

Bowen, E. J., Dolfing, J., Davenport, R. J., Read, F. L., & Curtis, T. P. (2014). Low-temperatife, limitation of bioreactor sludge in
anaerobic treatment of domestic wastewater. Water Science and Technology, 69(5); 1004-1013.

Buruk Sahin, Y., Aktar Demirtas, E., & Burnak, N. (2016). Mixture design: A review ofirecent applications in the food industry.
Pamukkale University Journal of Engineering Sciences, 22(4), 297-304.,d0i:10.5505/pajes.2015.98598

Drosg, B. (2013). Process monitoring in biogas plants. Paper presented at the IEA"Bioenergy Task.

Esposito, G., Frunzo, L., Liotta, F., Panico, A., & Pirozzi, F. (2012). Bio-methane Qo}ential tests to measure the biogas production from
the digestion and co-digestion of complex organic substrates. The Opeh Environmental Engineering Journal, 5(1).

Hagos, K., Zong, J., Li, D, Liu, C., & Lu, X. (2017). Anaerobic co-digestion‘process for biogas production: Progress, challenges and
perspectives. Renewable and Sustainable Energy Reviews, 76,91485-1496.

Hossein haji agha alizade, seyed abbas radmard, Feizolah rahimi sar(@ri.(2014). Effect Of Reactor Temperature On The  Rate Of
Biogas Production From Quail Manure. N

Ighal, S. A., Rahaman, S., Rahman, M., & Yousuf, A. (2014) Anaerobic digestion of kitchen waste to produce biogas. Procedia
Engineering, 90, 657-662.

Mao, C., Feng, Y., Wang, X., & Ren, G. (2015). Review an:esearch achievements of biogas from anaerobic digestion. Renewable and
Sustainable Energy Reviews, 45, 540-555. &

Roy Hendroko, S., Wahono, S. K., Praptiningsih, G., Salafudin, A.S. Y., Wahyudi, I., & Dohong, S. (2013). The Study of Optimization
Hydrolysis Substrate Retention Time and /Augmentation as an Effort to Increasing Biogas Productivity from Jatropha curcas
Linn Capsule Husk at Two Stage,Digestion can be grouped into two main stages.

Rasouli, M., Ajabshirchi, Y., Mousavi, S. M\, Nesrati, M., & Yaghmaei, S. (2015). Process optimization and modeling of anaerobic
digestion of cow manure for enI{an\ced biogas yield in a mixed plug-flow reactor using response surface methodology. Biosci
Biotech R Asia, 12, 2333-2344,.

Tasnim, F., Igbal, S. A., & Chowdhury,“A. R. (2017). Biogas production from anaerobic co-digestion of cow manure with kitchen
waste and Water Hyacinth, Renewable Energy, 109, 434-439. doi:10.1016/j.renene.2017.03.044

Zeng, S., Yuan, X., Shi, X.,.&@ill, Y. (2010). Effect of inoculum/substrate ratio on methane yield and orthophosphate release from
anaerobic digestion of Microcystis spp. Journal of Hazardous Materials, 178(1-3), 89-93.

N

AN

\\

q http://biosystemcongress.basu.ac.ir



