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1. Anaerobic Digestion

2. Anaerobic co-digestion

3. Substrate

4. Hydraulic maintenance time
5. Methanogens
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1. Continuous Stirred Tank Reactor
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Figure 1- Launching and general design of biogas production system and CSTR reactors for biogas production
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Table 1- Specifications of the substrate used in the experiments

Measuring factors
Type of material TS (%) VS (%) %C %N C:N pH
Municipal solid organic waste 29.20 7.10 48.2 3.16 14.8 5.68
Cow manure 17.1 14.4 28 4.8 29.8 7.02
Indication 13.7 10.1 23.1 3.7 25.7 7.22
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1. Pneumatic

2. Total solids

3. Total volatile solids
4. Einhorn
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Figure2- Einhorn container for measuring methane
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Table 2- Design of experiments (RSM) and responses obtained from experiments

Design (Actual)
Run Factor 1 Factol Factor 1 Response 1 Response 2
A: Fe;04 (mlg) Zno (mlg) A: Co,0; (mlg) Biogas (mlg) CH.4 (%)
1 20 1 0.5 2589 70.68
2 10 1.5 0.25 2343 69.45
3 20 1 1 2852 69.15
4 20 1 0.5 2725 69.1
5 30 0.5 0.25 2730 71.81
6 0 1 0.5 2180 68.8
7 10 1.5 0.75 2709 70.48
8 40 1 0.5 2856 70.13
9 20 0 0.5 2695 71.38
10 20 1 0.5 2706 70.7
11 30 0.5 0.75 2655 71.71
12 30 1.5 0.25 2867 71.46
13 10 0.5 0.25 2537 71.83
14 20 1 0.25 2585 72.91
15 30 1.5 0.75 2602 71.65
16 20 2 0.5 2562 68.81
17 20 1 0.5 2857 713
18 10 0.5 0.75 2475 72.81
19 20 1 0.5 2635 71.16
20 20 1 0 2449 72.21

1. Central Composite Design
2. Response surface methodology
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Table 3- Statistical results of analysis of variance for response level models

Statistical result Yilp
Model F-value 11.67
Model p-Value 0.0002
R-Squared 0.8719
Adj R-Squared 07972
Pred R-Squared 0.7470
Std. Dev 80.26
C.V% 3.05
Adeq precision 14.0281
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Table 4- Statistical results of analysis of variance for response level model (biogas production rate

Source Sumof Squares df Mean Square F-value p-value
Model 5.261E+05 7 75155.78 11.67 0.0002 significant
A-Fe304 2.285E+05 1 2.285E+05 34.34 <0.0001
C-C0203 81204.50 1 81204.50 12.21 0.0058
AC 51842.00 1 51842.00 7.79 0.0191
A2 38640.99 1 38640.99 5.81 0.0367
ABC 47740.50 1 47740.50 7.18 0.0231
AC 44310.25 1 44310.25 6.66 0.0274
AB? 19740.25 1 19740.25 2.97 0.1157
AC? 0.0000 0
B2C 0.0000 0
A3 0.0000 0
c3 0.0000 0
Residual 77298.46 12 6441.54
Lack of Fit 23985.62 7 3426.52 0.3214 0.9145 not significant
Pure Error 53312.83 5 10662.57
Cor Total 6.034E+05 19




S 1oy g Jgusy duzme wolide B >l s (balB g s

3 g adgi Wig) » (ZNO) (59, 9 (Fes0s) sl ammST (595 5 (C005) ClS dmunST wily3535 Jiliio 51
21 98T D356 5 (0,5 e IT0) Jlake (708 SIS ST 35 a5 wed o0 25 (Sloj ooe)s e (i
LS 0T S3gil il b aiil andls ) Jlake oty (p)5 dee VO-+/V) (53, Slydsili o (p)5 Lus Yo-TY)
Jodoar pals (nl 8l a8 6 Seida ojluil 4 sadss Bsn Gl 5 Rl B o5 s3sme g, (CO:0)
Ol C85 A Gl a5 Ceol CLS st b ilsr e man Sl Sl o) ol weST ST oS (s
s D318 050 (sdie polis nl ogiaS S po (5 5 o8 Vb slaclile (o 1) (el s 1 SIS apnST 35
&35 5 (Fe0s) ol aaST (1l33l 5 (C0.05) LS st hals b camiys ogdioo slsne o ailp ST
ST 0556 15 bl 02 F (o0 518 0adple edgae ;5 Godsi s Gutie 5 Whise Rl B ook (ZNO)
S Ol B S 5 7 Sl [V] S 5 (65953l anlllas l oaslivmsas qlis alivn sjlsa g pas 9, » SIS

B oo plid |y Qi glacdale o e 0y &g,

3D Surface

bio gas (ml)

? =
A E
g
Qo
10 15 20 25 30
A: Fe304 05 10
Figure 3- Contour diagram and response surface with the lowest amount of cobalt oxide (C0,0s) and its effect on biogas production
process
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Figure 3- Contour diagram and response surface with the highest amount of cobalt oxide and its effect on biogas production process
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Figure 7- Contour diagram and response surface with the lowest amount of zinc nanoparticles (ZnO) and its effect on biogas
production process

e adg aigy 2 ol 55l 9 (ZN0) (59, W1)3gib ylutio eS|y grasly gelams 3 y50lS yloged —V IS

taming! Factor involved in muttipke interactions. taming! Factor involved in muftiple interactions. tarning! Factor involved in multiple interactions.
3200 Warning! Factor involved in multipie intesactio 2200 Waming! Factor involved in multiple interactiol 2200 Waming! Factor involved in multiple interactio!
3000 _ 3000 3000
2800 2800 T - .
8 2600 v a . 8 2600 S 8
a £ = T @ H o
a ; o ~ a i &
- L
2400 2400
2200 2200 - 2200~
2000 2000 2000
T T T T T T T T T T T T T T T T T
10 15 20 25 0 o5 o7 1] 11 13 15 025 LEH 045 058 065 0TS
A Fe3Cd 8:In0

CCo203

Figure 8- Maximum nanoparticles of zinc (ZnO) and cobalt oxide and minimum nanoparticles of iron oxide and its effect on biogas
production process

39w odgi wigy 2 o T g BT a1 366 (39240008 9 CILS apuST 9 (ZNO) (595 )39l (ydgraiplion —A S



VEe e Sl e o)led oo ez Jlo (3l g SS9 (g - sale 4 0

oS oy S oo st slalamMe BB jsbay g adsi 5 pdn W) ks ain o5 Slej (ZNO) (55, 340
e 50 CILS 0anS] Elydgls 5 oS o ¥e 1 YA sgasme 53 ol amaST Slydgilh 5wl o5 ea V0 (55, o5l
5 S5l a5 Sleg 45l oY IS5 ol S b se sanlie syt g w2y il (+/V0) 555 e

s o lid e 1) 093 CILS alST I3l rals Q,:J dnST cbale e a0 g il 055 Jade i jo

C: Co203

bio gas (ml)

075 @

bio gas (ml)

A: Fe304

0

el o (5155 Ve 5 la IS e gl oyl

3D Surface

00
0008
OO
3

5N
X
%
S

&
SO
0\

QOO
S0

QOO
00

9,

5
&
%

¢

%

30

025 10

Figure 9- Contour diagram and response surface with the highest amount of zinc nanoparticles (ZnO) and its effect on biogas

production process
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Figure 11- Contour diagram and response surface with the lowest amount of cobalt oxide (Co,03) and its effect on methane
production process
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The use of organic fraction municipality solid waste (OFMSW) in the process of anesthetic digestion (AD)
can be a good way to manage and extract energy. In the present study, the effect of adding ZnO nanoparticles
(Zn0O) nanoparticles and iron oxide nanoparticles (FesO4) and cobalt oxide nanoparticles (Co,03) on the
production of biomass and biomass from anaerobic digestion organic fraction municipality solid waste
(OFMSW) and cattle manure (CM) reviewed and studied. The results showed that using nanoparticles with
low and essential nutrients with optimal concentrations in digesters could potentially have positive effects on
the stability of the digestion process, the reduction of further impurities and pollutants in the biogas, reduction
of volatile fatty acids (VFA) and biogas production has been increased. Due to the toxicity of ZnO
nanoparticles on bacterial bacteria in the first days, it directly affected the toxicity of bacterial bacteria and
reduced the production of biogas. But after a few days, bacterial bacteria became familiar with the toxicity of
added substances and were able to survive in such conditions, and increased the production of biogas. The
anaerobic digestion process is highly dependent on nanoparticles. Increasing the iron oxide nanoparticles
(Fes0,) and ZnO nanoparticles (ZnO) and reducing the cobalt oxide nanoparticles (Co,03) have a positive
effect on the biogas production rate and methane yield. The best concentration of nanoparticles for the biogas
production rate and maximum methane yields are 20-28 milligrams of iron oxide nanoparticles (Fe;O,4) for
zinc (ZnO) 0.8 to 1.5 nanoparticles and 0.25 to 0.35 milligrams for cobalt oxide nanoparticles (Co,0s). Most
produced biogas and methane were obtained during the digestion process at the points mentioned.

Keywords: Nanoparticles, Anaerobic Digestion, Biogas, organic fraction municipality solid waste, Methane,
Response sesurface methodology
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