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Abstract — Increasing the rate of CH, in thebiogas is very important in terms of the efficient
evaluation of the resources as well as the efficient fulfillment of energy demand. One of the methods
“»that can be used for this purpose, also known as co-fermentation, is to process different organic
wastes, at a certain rate. Although the fermentation of organic waste mixtures in the specified amounts
contributes to the increase of the CH, ratio in the biogas content, it may cause the halt of biogas
production in excess of the amounts determined in the organic waste mixture ratios. In this study,
improvements in biogas plant automation are presented and proposed to prevent digester failure in
plants producing biogas with co-fermentation.
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Introduction

Nowadays, in parallel with the evolving living standards, increasing the amount of energy
consumption and finding alternatives to fossil-based energy sources have significantly increased
the interest in renewable and also sustainable energy resources. One of the renewable and
sustainable energy sources, biogas production under anaerobic conditions (biometanation), in
other words, production of methane (CH,) from organic wastes, can be considered among the
prominent sources of energy, due to the high potential of energy production as well as being
considered as a helping factor in eliminating environmental problems. The biogas content
produced by anaerobic fermentation includes a small amount of NH3 (80-100 ppm), H,S (1000-
3000 ppm) and hydrocarbons (<100 ppm) and 55-70% CH,, 30-45% CO; [1,2]. The lower
thermal value of the biogas increases due to the increase in the methane content in the biogas
content [3]. The Biogas has a Lower heating value of 20.5 MJ / m3 with a methane content of
57%, while the biogas with a methane content of 51% has a Lower heating value of 18.6 MJ /
m3 at 1 atm and 15 ° C. Bigogaz can be used efficiently both in electricity generation (as fuel in
generators) and in households for heating and cooking [4]. Anaerobic fermentation can be
divided into four biological processes: hydrolysis, acidogenesis, acetogenesis, and
methanogenesis [5,6]. Aneorabic fermentation is a complex biological process. In this process
fermentation is influenced by both physical factors such as retention time, temperature, mixing,
loading rate and chemical factors that are influencing the environment such as C / N, pH,
alkalinity, toxic substances [7]. Organic wastes used in fermentation are an important factor in
biogas production. Each organic material has the potential to produce a certain amount of biogas
when appropriate conditions are met. The co-fermentation of different raw materials changes the
biogas production potential and improves process efficiency according to mono-digestion (single
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organic waste fermentation) [8]. Kim at al. has co-fermented spent coffee ground with sea lettuce
and food waste due to the fact that the spent coffee ground is prone to fermentation failure when
subjected to fermentation process alone. In addition, they determined the optimum ratio of waste
used in co-fermentation for high methane yield [9]. In their study, al-Mashad and Zhang reported
that co-fermentation of food waste and dairy farm manure gave higher biogas yield results than
dairy farm manure fermentation only by itself [10]. There are many research studies indicating
the benefits of co-fermentation of different organic wastes [11-15]. In the literature, many studies
related to co-fermentation of animal manure or wastewater with agricultural food can be found.
In these studies co-fermentation was performed by adding two or three raw materials into the
fermentor [16-22].

Co-fermentation can improve fermentation performance by providing stability of
fermentation, adjustment of carbon / nutrient ratio, remedying the trace-element deficiency,
reduction of inhibitory content, increasing the buffering capacity [9,23]. Therefore, the selection
of the appropriate raw materials to be fermented together and the determination of the optimum
mixing ratios are very important for successful fermentation [9]. Although the fermentation of
organic waste mixtures in the specified amounts contributes to the increase of the CH, ratio in
the biogas content, it may cause the biogas production to halt in excess of the amounts
determined in the organic waste mixture ratios. Although the fermentation of organic waste
mixtures in the specified amounts contributes to the increase of the CH, ratio in the biogas
content, it may cause the halt of biogas production in excess of the amounts determined in the
organic waste mixture ratios.

In this study, in order to prevent fermentation failure and to increase the methane yield, a
biogas plant automation was proposed in which pneumatic actuator, solenoid valve, flowmeter,
lobe pump was used, to the plants producing biogas with co-fermentation.

Proposed system
Facilities with anearobic fermentation process are generally divided into four processes,
although there are facilities in different operating styles. These are process 1 fermenters; process
2 production of biogas; process 3 evaluation of biogas; and process 4 evaluation of fermentation
wastes. Figure 1 shows the general process for biogas production [24].
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Figure 1. General process for biogas production

The 1% process consists of the procurement of organic raw material, fragmentation and crushing
of the raw material if necessary, and the addition of organic raw material to the fermenter.
Generally, the transportation of the raw material in the plant and the feed of the fermentor is
carried out by machines such as loader or bulldozer. 2™ process is the production of biogas in the
fermenter. The 3™ process consists of the use of the produced biogas in cogeneration or
trigeneration systems. The 4™ process is related to the processing of the fertilizer after
fermentation.

Traditionally, in biogas plants that work with different wastes, work of transportation of
organic wastes to the mixing tank for the co-fermentation, is carried out by a loader or similar
heavy duty vehicle. If optimum mixing ratios cannot be achieved in the mixing tank, the methane
production rate decreases.

In the proposed system, optimum mixing ratios will be obtained by ensuring that the
organic raw material is sent automatically to the mixing tank at the determined rate from the
tanks made for the different mixtures. Thus, the increase in methane production can be realized
at maximum level. Figure 2 shows a diagram of the proposed system.
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Figure 2. Schematic view of raw material transfer system,

The system is designed to pump the set values to the mixer. The amount of waste to be sent
to the mixer from the D-1, D-2 and D-3 organic waste tanks is entered from the scada screen.
PLC triggers the pump and the convertible solenoid valve for organic waste delivery from the D-
1 organic waste tank to the mixer, the compressed air through the V-1 valve opens the PV-1
valve and the organic waste transfer from the D-1 to the mixing tank takes place. The flow meter
on the line sends the passed amount as a signal to the PLC. Valves and pumps close when the set
value is reached. When the value set in the Scada display is reached, the valves and pumps are
switched off. The same process is repeated in organic wastes stored in D-2 and D-3 tanks, thus
ensuring optimum mixing ratio to the Mixing tank and so the optimum mixing ratio is provided
to the Mixing tank.

Conclusion

Increasing the rate of CH, in thebiogas is very important in terms of the efficient
evaluation of the resources as well as the efficient fulfillment of energy demand. One of the
methods that can be used for this purpose, also known as co-fermentation, is to process different
organic wastes, at a certain rate. Although the fermentation of organic waste mixtures in the
specified amounts contributes to the increase of the CH, ratio in the biogas content, it may cause
the halt of biogas production in excess of the amounts determined in the organic waste mixture
ratios. Therefore, the selection of the appropriate raw materials to be fermented together and the
determination of the optimum mixing ratios are very important for a successful fermentation. In
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this study, improvements in biogas plant automation are presented and proposed to prevent
digester failure in plants producing biogas with co-fermentation.

In this study, it is suggested to the plants which are producing biogas with co-fermentation,

make improvements in automation by adding organic waste storage, knife gate valve with
pneumatic actuator, organic waste collector, flowmeter, lobe pump, to prevent digester failure
and to achieve maximum methane yield.
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