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Abstract:
Critical experimental parameters for dark fermentation in a batch reactor, such as pre-treatment of sludge (heating, acid, alkali, acid/alkali followed by heating), pH (5, 6, 7, 8), temperature (37oC and 55oC), hydraulic retention time and substrate : sludge ratio, were first optimized. Upon obtaining these parameters, dark fermentation in an anaerobic condition with applied DC voltage (from 0-5V) was performed. This process will then convert these alcoholic metabolites by-products of dark fermentation into useful energy (bio-hydrogen). Volume and composition of bio-gases produced were also determined. In addition, gas chromatography with flame ionization detector (GC-FID) was used to analyze the volatile fatty acid concentrations in the dark fermentation effluent. Effects of applying voltage during/after dark fermentation such as its effect on energy and hydrogen gas production (volume, percentage, etc.) and its effect on chemical oxygen demand (COD) and sludge removal (wastewater treatment) were investigated. The enhancement and energy efficiency of performing dark fermentation followed by electrohydrolysis will also be determined. Preliminary results have shown that when DC voltages are applied; there is enhanced hydrogen production and significant reduction in sludge as compared to when no voltage is applied. The combination of dark fermentation and electrohydrolysis may be the fastest and most efficient method for concurrent hydrogen production, wastewater treatment and sludge removal.

1. Introduction:
Energy and waste management has been one of our priorities due to the ongoing increase of energy usage and waste generation. Currently, the world has been heavily dependent on non-renewable fossil fuels [1]. Alternatives to this primary energy source are crucial. At the same time, our increasing population has generated large amount of wastes and proper waste disposal is critical. One of the available solutions to these two pressing problems is to apply renewable biomass such as wastewater in biological processes to create bio-hydrogen which is another alternative for energy carriers. 

Hydrogen is one of the most efficient, cleanest and lightest fuels where it gives high energy content of 142kJ/g which is roughly about three times greater than hydrocarbon fuels[2]. In addition, it is non-polluting environment when combusted. Hydrogen may play a key role in the future by being suitable key energy storage medium. Also, it can be used in fuel cells to generate electricity[3]. However, hydrogen is not readily available. It can be generated by various processes which include steam reforming of fossil fuels, water splitting and biological processes. The latter seems to be the most promising, accessible and environmentally-friendly technology[4]. Among all these biological processes available, dark fermentation is the most commercially viable method due to its easy scaling-up and its high production rate of hydrogen. In addition, it taps on carbohydrate-rich waste materials such as sludge, wastewater and certain biomass. During this process, hydrogen can be produced all day without any light input and organic compounds will be consumed resulting in production of valuable metabolites and preliminary treatment of waste and an efficient usage of sludge. 

Dark fermentation generates hydrogen and valuable metabolites. To make use of these metabolites to generate even more hydrogen, the immediate application of electrohydrolysis - DC voltages after dark fermentation is used. The main objectives of this project are to enhance hydrogen production though the application of DC voltage, investigate the positive and negative effects of applying voltage during dark fermentation such as its effect on energy and hydrogen gas production (volume, percentage, etc.) and its effect on chemical oxygen demand (COD) and sludge removal (wastewater treatment). The energy efficiency of performing dark fermentation followed by electrohydrolysis will also be investigated.

2. Concept and methodology:
Dark fermentation is the fermentative conversion of organic compounds into hydrogen, smaller metabolites and other by-products without the presence of light. As illustrated below, a simple glucose molecule is converted to volatile fatty acids (acetic acid) without light. The usage of waste-activated sludge is a cheap alternative as various anaerobes in mixed cultures are present and will degrade highly organic compounds in biomass to produce hydrogen.
C6H12O6 + 2H2O  2CH3COOH + 2CO2 + 4H2 			--- (1)
Waste-activated sludge was kept at 4oC fridge before use and COD was measured and adjusted to appropriate level before use. Waste-activated sludge was pre-treated before use to deactivate the activity of methanogens and to enhance that of the hydrogen-producing-bacteria. Dark fermentation in anaerobic condition is then performed in optimized substrate : sludge ratio, pH and temperature in a 100ml batch reactor. Initially, a combination of artificial wastewater and waste-activated sludge were used for this project. Then, after further investigation, domestic wastewater replaced artificial wastewater in this study.

The application of DC voltage (0 V – 5 V), using aluminum electrodes, is as shown in Figure 1.



Figure 1: Schematic diagram of set-up with applied DC voltage

With applied DC voltages, the aluminum electrode will release Al3+ and electrons according to the equations shown in the table below. The electrons produce will then combine with H+ to produce hydrogen gas. 

	Position
	Equation
	Reduction Potential Eo / V

	Anode
	Al  Al3+ + 3 e-
	-1.662

	-
	Organic Compounds  n H+ + decomposed organics-
	-

	Cathode
	n H+ + n e-  n/2 H2 (g)
	0



Volume and composition of gases produced were also determined. Also, gas chromatography with flame ionization detector was used to analyze the volatile fatty acid concentrations in the dark fermentation effluent. COD was determined before dark fermentation, after dark fermentation and after electrohydrolysis.
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