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Abstract

This present study consider extraordinary to assess the potential of co-digestion for utilizing Municipal Solid Waste (MSW) and
Food Waste (FW) for improved biogas production. The lab scale batch type anaerobic digester is worked at room temperature
changing from 25 to 36°C with a settled hydraulic retention time (HRT) of 30 days. The anaerobic digester at different organic
loading rates (OLR) of 0.5, 1.5, 2.5, 3.0 and 3.5, 4.5 kg of volatile solids (VS)/m? of digester slurry/day, similarly the biogas and
methane yield is improved by the inclusion of food waste to MSW. The most extreme biogas yield and methane is 0.42 m3/kg and
34 % of VS included per day happened at the ideal natural nourishing rate of 3.0 kg of VS/ m¥day accomplished on 16" day of
digestion. In addition, the methane generation from MSW with food waste can offer assistance to overcome the worldwide energy
gas inside the following next few decades.

Keywords: solid waste, food waste, energy, hydraulic retention time, volatile solids

Introduction

The anaerobic absorption of MSW mixed with food waste is a one of the efficient anaerobic digestion process could be a handle
that has become a major center of intrigued in waste management all over the world [1]. The untreated household sewage and
food waste causes serious ecological harm to the range by contaminating ground water and surface water, and it must be arranged
securely. In India the sums of MSW produced in urban zones ranges from 350 to 600 g per capita/day. The [2] sums of MSW
created within the Chennai Metropolitan city is nearly 3500 t/day, and contains around 75 % of the organic solid waste. The
natural solid waste incorporates rubbish, a vegetable and food waste contains 52%, straw and wood contains 14%, dress 3.1% and
paper 3.5%. [3] Presently, the rising prices of the traditional energy sources and the global warming problem have led to a large
trouble to promote renewable energy. The [4] International Energy Agency (IEA 2016) reported that the global energy demand is
growing fleetly, and about 88 of this demand are met at present time by reactionary energies. Biogas yield [5] mainly categorized
as one of the solution for renewable energy promotion scheme also as an alternate for minimization of greenhouse gas emissions,
mainly it is helpful to possess a smoke and ash free kitchen, in order that women and their children are not any longer prone to
respiratory infections. In [6] most of the industrialized countries, the conversion of external MSW and FW to biogas has come
decreasingly popular in recent times as a sustainable technology producing bio energy, and colorful with high tech designs of
different scales have been evolved but significant eventuality for biogas utilization still exists. The [7] type of solid waste and
lignin content in the feedstock influence the natural exertion and degradability of the substrate. Biogas [8] yield rates are also
induced by the balance of carbon and nitrogen in the waste material. The C/ N (carbon/nitrogen) rate should be in the range
between 25: 5 and 30:5. [9] The environmental factors similar as high or low temperature and pH are also some of the important
determinants of biogas product. The N, and phosphorus carried in the MSW and food waste are sufficient to develop the cell
enhancement conditions during biogas product. The [10] others rudiments, similar as sodium, potassium, calcium, magnesium and
iron are present in low concentrations. However, they may parade inhibitory goods at advanced attention with maximum
concentrations.

The choice of [11] MSW as a substrate for product of biogas similar as its miscellaneous nature that calls for redundant sorting of
the substrate as well as big particle sizes all of which enhanced its pre-treatment value. [12] Hence special care must be taken in
the design of a biogas digester to handle MSW mixed with FW. In this experimental investigation co-digestion of Municipal Solid
Waste mixed with Food Waste to generate biogas and methane yield to create the effect of positive synergism using lab scale
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batch type anaerobic digester. The effluents of MSW and FW from the anaerobic digester are rich in N2 and pphosphorus,
remaining digested slurry is used as a fertilizer for soils.

Experiments and Methods

The FM and MSW are collected from the near koyambedu market at the Chennai metropolitan city. Exchanges transport the
MSW and FW collected from the point sources. The hand sorting system is applied. The Organic wastes used in digestion trials
are collected independently, dried by natural styles, shredded to a maximum particle size of 2 — 4 m and stored in a plastic vessel
at room temperature previous to characterization. Table .1 shows the chemical characteristics of MSW and FW.

Table 2: The chemical characteristic of MSW and FW

S.No | Parameters MSW | FW
1 Moisture content 56.7 71.3
2 Total solids (TS) 46 55.2
3 Volatile solids (VS) (% of TS) 51 88.4
4 Ash 15 -

5 pH 6.9 6.8

The Food waste is mixed to MSW convert into degradation in the form of semi-solid with dray sate then reduced particle size of
the waste. After that both the feedstocks are added in the form of slurry. The MSW contains methanogen and pathogenic
bacteria’s, it’s also one of the easy option for feed into the digester, similarly which enhances the concentration of the organic
loading rate. This inclusion culture is improved outside of the anaerobic digester. Once the mixed slurry enters the digester
through directly the degradation process begins and the biogas yield gradually enhance.

Fig: 1 photograph view of Lab Scale Anaerobic Digester

The experiments are conducted using 25 L Lab scale batch type anaerobic digester working at a batch mode feeding range with
various room temperatures changing from 25 to 36° C with fixed with HRT of 30 days with various organic loading rate of 0.5,
1.5, 2.5, 3.0 and 3.5, 4.5 kg of volatile solids (VS)/m?® of digester slurry per day and MSW mixed with FW ratio of 50:50. Figure.
1. Hlustrates the photographic view of lab scale anaerobic digester. The anaerobic digester is divided in two portions on the top,
one is the slurry inlet and other one is digester slurry discharge pipe, similarly top left hand side of the digester provide hole for
collecting the biogas from inside the anaerobic digester tank. The amount of biogas stored in the air bag and CH4, COg,
percentage is measured with the ADI gas analyzer, which is obtain from TPL (Tamilnadu petrochemical limited). Acid production
pH level of the inner slurry is measured using pen type pH meter. Temperature of inside slurry monitored with the help of
thermocouple probe type digital indicator.

Result and Discussions

The experimental results represent that the HRT and OLR is one of the major role as well as design parameters influence the
economics of the anaerobic digester. Generally the lab scale anaerobic digester will influence in a lower HRT.
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Figure 2. Biogas yield due to the various OLR at Different HRT

Hence, the initial cost will be smaller, the period might not be long sufficient to obtain result for biogas yield. Figure 2. Shows the
biogas yield due to the various OLR at different HRT. Since biogas production begins quickly at first day of the digestion and it’s
increased gradually at 10" day of digestion at OLR range of 2.5 kg of VS/m®/day. Similarly the 16™ day of digestion obtained the
maximum biogas yield at rate of 0.42 m3/kg of VS with OLR of 3.0 kg of VS/m®/day is achieved and after 30" day of digestion
period began to decline because of less number of methanogen bacteria is generated in the slurry due to the effect of pathogenic
bacteria production end of the digestion obtain very low biogas yield. The MSW and FW is carrying the maximum energy density
compare to other textile, fruit wastes and also higher number of OLR to generate the maximum percentage of microorganism in
digester slurry, it’s one of the major role in the biogas production for 16" day of digestion period.
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Figure 3. Various compositions of carbon dioxide and methane at different HRT

The concentration of CH4 and CO- is measured in weekly bases. Figure 2. Shows the various compositions of carbon dioxide and
methane at different HRT. The maximum level of CH, and CO, obtained at 3 week 0.34 and 0.48 m?® respectively. The more
number of microorganisms initiate the methane concentration in the 16" day of digestion. It is the main cause of the CH4 and CO,
concentration higher in those days. In other hand carbon/nitrogen ratio of MSW is very high 25:1, these also one of the causes of
higher percentage in both days of digestion. Final 30" day of digestion period obtain lower level of microorganisms in the digester
slurry. Since those periods both the concentration is very less.
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Figure 3. pH range in the slurry various temperature with HRT

The pH and temperature is one of the main factor for biogas generation and higher amount of ammonia concentration present in
the digester slurry besides the digester temperature is increased. Figure 3. Shows the pH range in slurry various temperature with
HRT. In this study results indicated that temperature and pH increases biogas yield also enhanced. The maximum biogas and
methane yield achieved at the temperature range of 38°C and 6.9 respectively. MSW loading rates are characterized by minimum
pH level lower the optimum level 7.5 due to higher level of concentration in meaty food wastes.

The research carried out an anaerobic digestion of MSW by (ref) reported that the anaerobic process is very sensitive and the
anaerobic bio reactors is very easily be feeder and generated larger amount of volatile acids concentration.

CONCLUSION

The biogas generation from MSW mixed with FW is one of the potential solutions to environmental conservation, and very easy
to disposed the wastes. This studies proved that the pH and temperature, OLR is prime factor for produce efficient biogas and
methane. Therefore co-digestion of FW and MS Wastes one of the best way of improve the biogas and methane yield.

REFERENCES

1. Wisniewska, M., Kulig, A., & Lelicinska-Serafin, K. (2021). Odour Nuisance at Municipal Waste Biogas Plants and the
Effect of Feedstock Modification on the Circular Economy—A Review. Energies, 14(20), 6470.

2. Llano, T., Arce, C., & Finger, D. C. (2021). Optimization of biogas production through anaerobic digestion of municipal
solid waste: a case study in the capital area of Re ykjavik, Iceland. Journal of Chemical Technology & Biotechnology, 96(5),
1333-1344.

3. Shanmugam, P., & Horan, N. J. (2009). Optimising the biogas production from leather fleshing waste by co-digestion with
MSW. Bioresource Technology, 100(18), 4117-4120.

4. Tian, H.,, Wang, X., Lim, E. Y., Lee, J. T., Ee, A. W., Zhang, J., & Tong, Y. W. (2021). Life cycle assessment of food waste
to energy and resources: Centralized and decentralized anaerobic digestion with different downstream biogas utilization.
Renewable and Sustainable Energy Reviews, 150, 111489.

5. Sathish, S., Parthiban, A., Prakash, V. J., Mageswaran, C., & Suresh, R. (2021). sAnaerobic co-digestion of canteen waste
with cattle manure for methane production. Materials Today: Proceedings, 37, 3446-3449.

6. Chen, T., Qiu, X., Feng, H., Yin, J., & Shen, D. (2021). Solid digestate disposal strategies to reduce the environmental
impact and energy consumption of food waste-based biogas systems. Bioresource Technology, 325, 124706.

7. Lo, H. M., Kurniawan, T. A, Sillanpé3, M. E. T., Pai, T. Y., Chiang, C. F., Chao, K. P., ... & Wu, H. Y. (2010). Modeling
biogas production from organic fraction of MSW co-digested with MSWI ashes in anaerobic bioreactors. Bioresource
Technology, 101(16), 6329-6335.

8. Rajendran, K., Kankanala, H. R., Martinsson, R., & Taherzadeh, M. J. (2014). Uncertainty over techno-economic potentials
of biogas from municipal solid waste (MSW): A case study on an industrial process. Applied Energy, 125, 84-92.

Copyrights @Kalahari Journals Vol.7 No.2 (February, 2022)
International Journal of Mechanical Engineering
3348



9. Xu, Q., Tian, Y., Kim, H., & Ko, J. H. (2016). Comparison of biogas recovery from MSW using different aerobic-anaerobic
operation modes. Waste Management, 56, 190-195.

10. Rodrigo-llarri, J., & Rodrigo-Clavero, M. E. (2020). Mathematical modeling of the biogas production in msw landfills.
Impact of the implementation of organic matter and food waste selective collection systems. Atmosphere, 11(12), 1306.

11. Dehkordi, S. M. M. N., Jahromi, A. R. T., Ferdowsi, A., Shumal, M., & Dehnavi, A. (2020). Investigation of biogas
production potential from mechanical separated municipal solid waste as an approach for developing countries (case study:
Isfahan-Iran). Renewable and Sustainable Energy Reviews, 119, 109586.

12.Vasudevan, Y., Govindharaj, D., Udayakumar, G. P., Ganesan, A., & Sivarajasekar, N. (2020). A review on the production
of biogas from biological sources. In Sustainable development in energy and environment (pp. 1-12). Springer, Singapore.

Copyrights @Kalahari Journals Vol.7 No.2 (February, 2022)
International Journal of Mechanical Engineering
3349



