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1- Total solid
2- Volatile solid
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Table 1- Different combination of anaerobic co-digestion substrates to produce biogas
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3- Spectrophotometer
4- Flame photometer
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production
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Table 3- Physico-chemical properties of substrates before and after digestion
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Fig. 2. Methane contents of biogas produced from digestion of substrates in various treatments of 1-7 for test days
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Table 4- Coefficients and their variation range for each

model
V% Y Js Y Js
Mode 1 Model 2 Model 3
p00 = 2318 p00 = 3124
(1640, 2995) (2400, 3848)
p00 = 2933 p10 = 2339 p10= 1312
(897.5, 4969) (505, 4627) (-384.1, 3008)
pl0= 6685 pO1 = 2249 p01 = 7.709
(-1140, 2478) (4137, 4084) (-797.3,812.7)
pOl = -147 p20 = 1870 p20= -555.9
(-2069, 1775) (-1909, 5649) (-1087, -25.12)
p20 = -2101 pll= -4161 pll=-9437
(-6045, 1843) (-9811, 1490) (-2818, 930.9)
pll= 3940 p02= -1053 po2 = -843.8
(336.7, 7544) (-3040, 933.5) (-1505, -182.9)
p02 = -1824 p30 = -3365 p30 = -109.9
(-5356, 1707) (-7369, 633.6) (-1025, 805.7)
p21 = 3213 p21= 1878
(-2024, 8449) (-1122, 4879)
pl2= 156.4 pl2= -1612
(-2528, 2841) (-3551, 328)
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Table 5- The accuracies of the models used for
estimating methane contents

Y Jse Y Jse Y Jwe

Model1 Model2 Mode 3

SSE 2.44e+07 5.98e+06 4.76e+06
R? 0.483 0.871 0.897
Adjusted R? 031 0.78 0.83
RMSE 1264 706 630
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Fig. 3. 3D and residual diagrams of each model used for methane estimation of VSand TS; a, b are 3D and residual
diagrams of model 1; ¢, d are 3D and residual diagrams of model 2; e, f are 3D and residual diagrams of model 3
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Introduction

As reported by Sabetghadam (2005), 53.4, 36.3, 1.1, 8.9, and 0.2% of total energy consumption in Iran
consisted of oil products, natural gas, coal, electricity energy, and modern energy sources, respectively. The
modern energies included solar, biomass, wind and nuclear. The energy mix has been evolving towards clean
energies. From 1966-2005, the contribution of natural gas increased from 1.3% to 36.3% and the contribution of
electricity was doubled from 4.1% to 8.9%. The share of oil products in domestic consumption has dropped from
84.3% to 53.4%.

Iran has abundant renewable energy resources, including solar energy, wind power, geothermal energy, and
biomass, as well as the ability to manufacture the relatively labor-intensive systems that harness these. By
developing such energy sources developing countries can reduce their dependence on oil and natural gas,
creating energy portfolios that are less vulnerable to price rises. In many circumstances, these investments can be
less expensive than fossil fuel energy systems. Over the past ten years some researches on solar and biomass
energy have resulted in development and the establishment of a few small- and medium-scale electricity
generation plants, powered via solar and biomass energy. There has also been the development of digesters to
increase biogas production. Renewable energy is new to Iran and there is a long way to go. Except for the few
afore mentioned projects, small-scale technologies to bring power to remote villages have a better chance of
being adopted than those implemented at the national level.

Materials and M ethods

In this research the amount of generated methane (methane content of biogas %) from co-digestion of
municipal sewage, kitchen waste, and cow dung was measured in 7 different combinations (treatment). Two
important parameters affecting methane production such as volatile solid (VS) and total solid (TS) were
measured according to Method 1684 and CEN/TS 15148. Furthermore some environmental conditions such as
temperature, pH, EC and some of the most important elements of desired substrate such as amount of C, N, P, K,
and SO,* were determined. pH using pH-meter and EC using EC-meter, C using titration method according to
Rongpi ng et al. (2010) and N using Kjeldahl apparatus, P using Spectrophotometer, K using Flame photometer,
and SO,~ using weighting were determined according to Standard Method for the Examination of Water and
Wastewater.

Methane (CH,) was determined using a multi-function gas detector brand GMI Ltd model GT-42. Its
detection ranges were 0-10000 ppm (parts per million), 0-100 % LEL (lower explosive limit), and 0-100 %
VOL (volume) in temperature limit -20-50 °C and 0-95% R.H (relative humidity).

Results and Discussion

The mean amount of methane contents of biogas during the co-digestion of the substrates for all 7 treatments
reported in table 1 were 4363.25, 875.13, 169.13, 3424.38, 2911.88, 2714.38, and 193.5 ppm, respectively.
Methane contents obtained from municipal waste was the highest among the substrates and after that the
combination of 1:1:1 of the substrates was more than the others. The methane content was low in the first seven
days of digestion, and thereafter rapidly increased over 85% within 22 days. Totally the highest methane
contents of treatments were during 30-35 days of digestion which was agreed with other researches. This can be
shown in Fig. 5 that the highest methane content was 10000 ppm and appertain to treatment 1.

The results showed that TS and VS of kitchen waste were lower than the other substrates. These findings
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agreed with Chen et al. (2010) researches in which had been reported the commercia kitchen waste has lower
TS and VS contents, possibly because the commercial kitchen waste stream contains food with higher moisture
contents such as fruits. Furthermore it can be shown that after digestion, the amount of TS of municipal waste,
cow manure, and kitchen waste decreased 46, 57, and 46% respectively, while amount of VS of these substrates
decreased 82, 92, and 85%, respectively. The results were similar to Chen et al. (2010) results. They reported
that between 58 and 99% of the VS were degraded to methane and carbon dioxide under most feed
concentrations. The obtained methane significantly correlated with VS, TS at level of 5 %. The pH of the
substrate nearly was constant during the digestion. The results showed that the treatments with more municipal
waste had more VS and TS while the treatments with more cow dung had more C/N.

Some mathematical models were made between the properties and generated methane. The best empirical
model which can estimate amount of generated methane using the properties was a polynomial function. The
function coefficients were determined for each parameter by normalizing them. Finally the results show that the
model made using difference of VS and TS before and after of digestion had the most accuracy among the
models (R?=0.897, RM SE=630, SSE=4.76e+06).

Conclusions

The results of conducted methane fermentation study on physico-chemical properties of substrates including
municipal waste, kitchen waste and cow dung reviled that VS, TS, C/N, P, K, and SO,* affect biogas and
methane production. However the correlation between methane contents with VS and TS was more than the
other properties and the methane estimation models made using the VS and TS was more accurate than the other
models.

Keywords. Anaerobic digestion, Material combination, Methane, Total solid, Volatile solid



