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Highlights
· AcoD of sewage sludge and industrial wastewater increase biomethane yield.
· COD reduction for both sludge and wastewaters was observed. 

1. Introduction
The depletion and environmental impact of conventional fuel in form of greenhouse gases has led to the systemic shift on its dependence for generation of energy into alternative means known as renewable energy. In contrast, food industries are said to utilize large volumes of water daily in their production processes which in turn leads to increase wastewater generation [1]. The characteristics of these wastewater make them a potential source for generation of renewable energy when appropriate technology is applied [2].
This study is geared towards the use of industrial wastewater as co-substrate for digestion of sewage sludge (SS) while optimizing the process parameters to maximize biomethane production and minimize organic pollutants. 

2. Methods
Anaerobic co-digestion (AcoD) techniques were employed in this study. The substrates considered were municipal SS, sugar wastewater (SW) and dairy wastewater (DW), while anaerobic digested sludge from the municipal treatment plant was used as the inoculum. Characterization of the substrates were done following the standard procedure for wastewater by APHA [3] for total solid (TS), volatile solid (VS), chemical oxygen demand (COD), mineral nutrients and volatile fatty acids (VFAs) in duplicate. 
In order to achieve a good dilution, the ratio of wastewater to sludge used was 3:2 base on volume while the inoculum to substrate (ISR) ratios were varied at 1:2, 1:1 and 2:1. The digestion process was run at 25 and 35oC and as semi-batch so as to accommodate for weekly analysis of the digestion assays for pH, solids and COD. 
Gas analyses were carried out every 2 – 3 days to determine the composition of the biogas produced using gas chromatography. Bioreactors with a working volume of 5L were used for the digestion process. Two sets of bioreactors contain varying organic loading were set up in duplicate with a control. 

3. Results and discussion
Characterization result indicate that the industrial wastewaters have high COD, VS and substantial minerals for improve microbial activity.  The pH, VS, COD and ammonium content of SW were 6.30, 75.6 (%TS), 1778mgL-1, 0.59 and 0.39, respectively while that of DW was 9.10, 86.4 (%TS), 3012.5mgL-1, 0.38 and 0.71 respectively. 
Figure 1 shows the preliminary yield of biomethane on a daily basis from each assay. The results reveal that the maximum production was obtained within the first 20 days of the digestion process and that the sugar wastewater has the highest methane content of 73% as compared to 70%  for the dairy and 65% for sludge. 

Figure 1. Daily biomethane yield at 35oC.
4. Conclusions
Preliminary analysis indicated that sugar wastewater co-digestion was more efficient for biomethane production as compared to dairy wastewater. Likewise, results show that co-digestion of sewage sludge helps in the reduction of VS and COD content. COD reduction was observed for both wastewaters and sewage sludge. 
References  
[1] Y.Y. Liu, R.J. Haynes, Origin, Nature, and Treatment of Effluents From Dairy and Meat Processing Factories and the Effects of Their Irrigation on the Quality of Agricultural Soils, Critical Reviews in Environmental Science and Technology 41 (2011) 1531-1599.
[2] J. Mata-Alvarez, J. Dosta, M.S. Romero-Güiza, X. Fonoll, M. Peces, S. Astals, A critical review on anaerobic co-digestion achievements between 2010 and 2013, Renewable and Sustainable Energy Reviews 36 (2014) 412-427.
[3] A.P.H.A. APHA, Water Environment Federation (APHA-AWWA-WEF). 2005, Standard Methods for the Examination of Water and Wastewater, 21st ed. Alexandria, Virginia: Water Environment Federation (2005).

I + SS + DW	Day1	Day2	Day3	Day4	Day5	Day6	Day7	Day8	Day9	Day10	Day11	Day12	Day13	Day14	Day15	Day16	Day17	Day18	Day19	Day20	Day21	Day22	Day23	Day24	Day25	Day26	Day27	Day28	Day29	Day30	0	0	0	0	0	0	0	115.49999999999999	0	125.99999999999999	14	31.499999999999996	14	45.5	84	0	0	10.5	329	7	0	0	0	0	7	7	0	7	0	3.5	I + SS + SW	Day1	Day2	Day3	Day4	Day5	Day6	Day7	Day8	Day9	Day10	Day11	Day12	Day13	Day14	Day15	Day16	Day17	Day18	Day19	Day20	Day21	Day22	Day23	Day24	Day25	Day26	Day27	Day28	Day29	Day30	0	93.477595000000008	48.227449999999997	23.974222000000001	67.001224999999991	42.463515999999998	48.715966000000002	29.249639999999999	0	31.523443999999998	23.594913999999996	113.94628399999999	86.541499999999999	36.998443999999999	120.02002999999999	49.085346000000001	36.729365999999999	20.324221999999999	198.47619599999999	25.55	18.25	7.3	7.3	0	10.167075000000001	5.4749999999999996	10.95	1.825	0.57341500000000001	5.4749999999999996	Control	Day1	Day2	Day3	Day4	Day5	Day6	Day7	Day8	Day9	Day10	Day11	Day12	Day13	Day14	Day15	Day16	Day17	Day18	Day19	Day20	Day21	Day22	Day23	Day24	Day25	Day26	Day27	Day28	Day29	Day30	0	26	6.5	0	0	0	0	0	0	0	0	0	0	0	3.25	3.25	0	6.5	104	26	13	19.5	13	26	32.5	32.5	39	26	39	6.5	I + SS + SWW	0	26	6.5	0	0	0	0	0	0	0	0	0	0	0	3.25	3.25	0	6.5	104	26	13	19.5	13	26	32.5	32.5	39	26	39	6.5	I + SS + BWW	0	26	6.5	0	0	0	0	0	0	0	0	0	0	0	3.25	3.25	0	6.5	104	26	13	19.5	13	26	32.5	32.5	39	26	39	6.5	0	6.5	13	0	0	0	0	0	0	0	0	6.5	6.5	0	6.5	55.25	48.75	0	19.5	3.25	0	0	0	0	0	0	0	0	0	0	I + SS + SWW	0	26	6.5	0	0	0	0	0	0	0	0	0	0	0	3.25	3.25	0	6.5	104	26	13	19.5	13	26	32.5	32.5	39	26	39	6.5	Time (day)


Biomethane yield (mL)




image1.jpeg




