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Abstract: a well prepared proposal is key to attracting funding by convincing a potential trust fund donor of the 

viability of any project. In this paper, a template for preparing a fabrication proposal is presented with a case 

study of a biodigester for the production of biogas for domestic consumption. The proposed steps are numbered 

1 to 8 starting with an executive summary of the project to be fabricated. A sample of fabricators’ profile is 

presented. 
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A PROPOSAL TEMPLATE FOR FUNDING THE FABRICATION OF A BIODIGESTER FOR 

BIOGAS PRODUCTION 
 

1. Executive Summary  
 

Today, biogas production has become very important in both circular economy and bioeconomy as it provides 

solution to the problem of environmental pollution posed by organic wastes while facilitating the conversion of 

the waste to resources through anaerobic digestion, numerous works and studies have been done on it by many 

researchers and designers. Accordingly, many designs of bio-digesters have been developed with variations in 

shapes, dimensions and materials of construction. These previous biodigester designs and constructions have a 
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number of different limitations. Such limitations include cracks for brick structures; corrosion effects in metal 

structures; poor control of the operation parameters and inevitable drop in operation efficiency. 

The basic operational conditions that affect the yield and quality of biogas are pH, temperature, agitation, total 

solid content and nutrient (substrate and inoculum) content. Thus, the optimum performance of biogas production 

requires that the process parameters are properly introduced, monitored and controlled. And this will only be 

achieved by designing and fabricating a biogas digester that will consist of a temperature controller; a pressure 

relief valve, a heater, an agitator and a pH monitoring system. However, to the best of the authors’ knowledge 

there is little or no information on design and fabrication of biogas digester that has heater, agitator and pH monitor.  

The aim of this study is to design and fabricate a solar integrated anaerobic digester for improved biogas 

production. It is intended to incorporate solar powered water heater and agitator, pressure relief valve, a 

temperature controller, and pH monitor. The successful development of this unique biodigester which will 

optimize biogas production, will be beneficial to the society. 

The main beneficiaries will include the farmers who generate these biomass feedstock and are mainly domiciled 

in the rural areas where electricity is not reliable or not available. With this equipment, they can turn their agro 

wastes as feedstock for the production of biogas for their cooking. Another group of beneficiaries are researchers 

from the universities, polytechnics, research institutes, and industries who are working on anaerobic biodigestion. 

With this equipment they can understand better the effects of the various operation and design parameters on 

biogas production. 
 
 

Keywords: anaerobic digestion, biomass, digestate, hydraulic retention time, Methane gas 
 

2. Background of the Project 
 

Anaerobic digestion (AD) or biomethanation is a stepwise biological process carried out in the absence of oxygen 

whereby a consortium of micro-organisms breakdown biodegradable materials to biogas (Figure 1). 

 
Figure 1: Anaerobic Degradation Process Stages. Source (Agbede et al., 2020) 

 

The production and collection of biogas from a biological process, known as anaerobic digestion (AD) was 

documented for the first time in United Kingdom in 1895 (Metcalf & Eddy, 1979). But it was almost until the 

energy crisis of the ‘70s that the new awareness about the use of renewable fuels, including biogas from AD was 

rekindled in the world. The interest in biogas has further increased today due to global efforts of displacing the 

fossil fuels used for energy production and the necessity of finding environmentally sustainable solutions for the 

treatment and recycling of animal manure and organic wastes (Shian et al., 2015). AD is efficiently applied for 
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treating different organic matter as animal manure, agricultural waste and sludge from sewage water treatment 

plant. Thus, biogas production has become very important in both circular economy and bioeconomy as it provides 

solution to the problem of environmental pollution posed by organic wastes while facilitating the conversion of 

the waste to resources through anaerobic digestion. It is estimated that 20 to 30 kg of organic waste can produce 

approximately 1m3 of biogas that correspond to 6.1kwh of clean energy (22MJ), the same amount produced by 0.7 

liters of gasoline (Jørgensen, 2009). The bye product of AD, the digestate, can further be used as fertilizer. Owing 

to the importance of AD in providing cheap renewable energy and domestic waste management, the world is now 

greatly emphasizing the establishment of this technology in their rural areas. In Asia alone, millions of family 

owned, small scale digesters are in operation in countries like China, India, Nepal and Vietnam, producing biogas 

for cooking and lighting. Thousands of agricultural biogas plants are in operation in Europe and North America. 

In Germany alone, more than 3.700 agricultural biogas plants were in operation in 2007. 

 

3. Justification for the Project 

This project can be justified in terms of the utilities of its products, biogas and fertilizer. Biogas is considered as 

one of the cheapest and clean renewable energy resources and serves as the best alternative to fossil fuel (Agbede, 

et al., 2020). Moreover, the raw materials required for the operation of this project are organic wastes which in 

most cases are mismanaged and create significant environmental challenges. Thus, through biogas production this 

project provides solution to the problem of environmental pollution posed by organic wastes while facilitating the 

conversion of the waste to resources through anaerobic digestion. 

On the other hand, biodigester will provide a lot of economic and social benefits to the nation and her citizens. By 

providing a cheap alternative cooking gas, the citizens will save a lot of money that would have otherwise been 

invested in LPG. Similarly money will be saved by farmers from avoiding the purchase of chemical fertilizers. It 

will also reduce the demand for petroleum products for the production of cooing gas, thus making more petroleum 

products available for other uses. 

Biogas production can generate a number of linkage industries and numerous employment opportunities and 

ultimately reduce unemployment and youth restiveness. The equipment can simulate a gas plant. The organic 

wastes have to be collected and the produced gas may be bottled and distributed later, thus generating more income 

and employment opportunities for the rural populace. The bio-digester as designed can be used as a laboratory 

apparatus that will aid the understanding of biogas production. With this equipment experiments can be carried 

out to show the effects of the various operation and design parameters on biogas production. 

 

      3.1 Problem Definition 
 

With Nigeria’s abundant resource of organic waste and a climate characterized by elevated and constant 

temperatures, she is perfectly suited for anaerobic degradation and biogas production without applying expensive 

technologies. Unfortunately, Nigerians are still relying on fossil fuels with their attendant environmental 

challenges and ever increasing prices, while our biomasses are being mismanaged resulting in waste of resources 

and pollution challenges. In response to the Sustainable Development Goals, Nigeria cannot continue in this way. 

As Nigeria is one of the largest repositories of natural resources in the world, we must devise better ways of 

exploiting these resources as well as optimizing the management of our terrestrial ecosystem for sustainable 

livelihood (The National Research Fund Screening and Monitoring Committee, 2020). There is a need for a well-

designed and efficient biodigester that can be installed and used in any part of Nigeria. 

 

Over the years, many designs of bio-digesters have been developed with variations in shapes, dimensions and 

materials of construction. These previous biodigester designs and constructions have a number of different 

limitations, such as cracks in brick structures; corrosion effects in metal structures; and poor control of the 
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operation parameters. AD process is a complex process with the system being highly sensitive to feedstock 

characteristics, reactor design parameters and operational conditions The basic operational conditions that affect 

the yield and quality of biogas are pH, temperature, agitation, total solid content and nutrient (substrate and 

inoculum) content. Thus, the optimum performance of biogas production requires that the process parameters are 

properly introduced, monitored and controlled. And this will only be achieved by designing and fabricating a 

biodigester that will consist of a temperature controller; a pressure relief valve, a heater, an agitator and a pH 

monitoring system. However, to the best of the authors’ knowledge there is little or no information on design and 

fabrication of biogas digester that has a heater, agitator, pressure relief valve and pH monitor, hence the conception 

of this project. 

3.2 Aim and objectives of the Project  
 The aim of this study is to design and fabricate a solar integrated anaerobic digester for improved biogas 

production. The project involves the developing and analysis of the body shape of the digester to make it efficient 

in producing methane gas. The specific objectives of the project include the following: 

1. To design and develop a biodigester that can be installed and used in any part of Nigeria. 

2. To develop a biodigester with the necessary facilities to control the operating parameters. 

3. The buodigester should be produced with locally available materials and tools; 

4. To decrease the use of fossil fuel by Nigerians and limit the usage of wood for cooking purposes that 

leads to several health problems. 

 

4. Design Views 

 

Figure 2: 1st angle projection of the digester using the Solid Works software. 

 

 

mailto:kemsimyk@gmail.com


Mbabuike, Ifediegwu & Nwoke (2021) 

25                                                              kemsimyk@gmail.com 
 

4 Assembly Drawing to Scale 

 
Figure 3: Annotated 3D view showing major components of the biodigester 

 

 

5. Materials and Methods of Fabrication 
 

a. Material of Construction: The machine will have all contact surfaces made of stainless steel while the other 

parts shall be of mild steel construction. These materials selection was done so as to avoid contamination of 

the substrate and eliminate corrosion as well as making the cost competitive. 

 

b. Methods of Fabrication: The methodology of the project consists in the following  operations: 

1) designing the machine , 

2) fabricating the machine as designed, and  

3) testing and evaluating the fabricated machine. 

The first operation has been completed. The completion of the last two operations is hinged upon the availability 

of the requisite funding for which we are having recourse to the funding organization. 

The results of the design carried out are presented in the following sections. 

a. Design Considerations 

During the design phase, cylindrical shape and stainless steel construction were considered for optimum 

performance. The material choice is intended to avoid it reacting with the contents of the digester. Because 

there is an abundance of sunlight everywhere in Nigeria solar energy was chosen to power the stirrer and heater 

so that the equipment can be installed and used in every part of the country. The dimensions of the components 

of the digester were calculated using the hydraulic retention time (HRT) and quantity of feedstock available as 

relevant parameters.  
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b. Description of the Equipment  

The designed machine is as shown in the annotated view (see figure 3 above). It consists of the following major 

components: a digester tank, substrate stirrer, feed inlet and outlet, hot water jacket, electronic relief valve, pH 

meter, gas holder, valves, thermocouple and supporting frame. The digester tank is a cylindrical container of 

approximately 100 liters in volume which serves as the main bio-reactor, the digester was inserted into a hot 

water jacket. The inlet valve serves for introducing the feed into the digester while the outlet valve is connected 

to a storage tank and the outlet valve of the storage tank is connected to a compressor for compressing the 

biogas into a gas cylinder. The inlet and outlet valves for feeding of slurry and collection of gas had an open 

and closed valve. The hot water jacket has inlet and outlet valves drilled at the bottom of the hot water jacket 

and they are located at opposite sides of the hot water jacket. Two flexible pipes were connected to the valves. 

The outlet flexible pipe from an overhead tank is connected to the hot water jacket inlet valve and this valve 

serves as loop for transferring water coming from an overhead tank into the hot water jacket. The outlet flexible 

pipe from the hot water jacket is connected to a temporary storage tank fitted with a pump that transfers the 

collected water to the overhead tank. A thermocouple connected to a temperature controller is inserted into the 

bio-digester to measure the temperature inside the digester. While the jacketed water heating system heats up 

the content of the digester (slurry), the thermocouple senses the slurry temperature and sends to the  temperature 

controller that maintains the required operating temperature range (32- 45oC).  An inlet valve was created at 

the top of the digester to allow charging of acid or base to the substrate which cater for variability of pH in the 

substrate concentration. Attached to it is a pH meter which measures the degree of acidity or alkalinity of the 

slurry during biodegradation. The shaft of a stirring system coupled with a motor, with a speed of 30 rpm, is 

inserted at the center of the bio-digester. The propeller consists of a circular shaft and two impellers for efficient 

agitation. The mixing of the substrate inside of the digester is achieved by a stirrer which converts rotary 

motion into circular motion turning the substrate. The fitted electronic relief valve serves to enable the 

monitoring of the effect of pressure on the composition of the biogas and the activity of the micro-organism 

during anaerobic digestion. It will be adjusted every-time when a new pressure will be investigated and it will 

also be used to regulate the internal pressure of the digester.  

6. Specification of Components 
 

      The full lists of the equipment with specifications are: 

 

 

 

 Table 1: List of components with specifications  

  S/N DESCRIPTION S/N DESCRIPTION 

1 5 HP Solar Generator 13 2mm MS Sheet 

2 Digesting Chamber 14 Angle Bar (70 x70 x6mm) 

3 Stainless Steel Stirrer 15 Electrodes (Stainless Steel) 

4 1.5 KW Heater 16 Electrodes (Mild Steel) 

5 Temperature Controller 17 9’’ Cutting discs (Flexovite) 

6 Stainless steel pipe 18 Grinding discs 

7 100mm stainless steel Valves 19 Surface Treating Materials 

8 
100mm Stainless Steel Valve 

Fittings 

20 
Control panel box 

9 12.7mm PVC valves 21 Electrical control accessories 

10 12.7mm PVC Fittings 22 Power Consumption Charge 

11 Stainless  Steel mixing blades 23 Labour/ Safety provisions 

12 Bolts and Nuts 24 Logistics 
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7. Engineering Measurements and Evaluation (BEME)  

 

 

 Table 2: Cost Estimate for the Fabrication of the Solar Integrated Anaerobic Digester 

S/N Description   Unit Qty Unit Price (#) Amount (#) 

1 5HP Solar Generator Nos. 1 265,000 265,000 

2 Digesting Chamber Nos. 1 950,000 950,000 

3  Stainless Steel Stirrer Nos. 1 80,000 80,000 

4 1Kw Heater  Nos. 1 165,500 165,500 

5 Temperature Controller Nos. 1 75,000 55,000 

6 Stainless steel pipe metre 4 7,000 28,000 

7 100mm stainless steel valves Nos. 3 60,000 180,000 

8 100mm Stainless Steel valve Fits. Nos. 6 25,000 150,000 

9 12.7mm PVC valves Nos. 4 4,500 18,000 

10 12.7mm PVC Fittings Nos. 12 1000 12,000 

11 Stainless  Steel mixing blades Nos. 3 37,000 111,000 

12 Bolts and Nuts Nos. - - 7,500 

13 2mm MS Sheet sheet 3 37,000 111,000 

14  Angle Bar (70 x70 x6mm) - 5 25,000 125,000 

15 Electrodes (Stainless Steel) Pkts. 2 12,000 24,000 

16 Electrodes (Mild Steel) Pkts. 3 5,500 16,500 

17 9’’ Cutting discs (Flexovite) Nos. 25 1,800 45,000 

18 Grinding discs  Nos. 10 1,700 17,000 

19  Surface Treating Materials    62,500 

20 Control panel box Nos. 1 25,000 25,000 

21 Electrical control accessories    97,500 

22 Power Consumption Charge    115,000 
 

                     Total Materials Cost     2,680,500 
 

23 Labour Cost (30% of Materials cost)       804,150 

24 Testing of Digester (at least 30 days)       450,000 

25 Transportations, loading/offloading of 

materials 

       

   270,000 
 

                        Grand Total Cost     4,204,650 

  

This equipment which has been designed to have over 90% local content can be fabricated in an average 

Fabrication workshop. The cost estimate is about four million, two hundred and four thousand, six hundred and 

fifty naira (N4,204,650.00) only.  

 

8. Conclusion  

A solar integrated biodigester incorporating a temperature controller; a pressure relief valve, a heater, an agitator 

and a pH monitor. It is expected that with the equipment biogas production can be optimized as the operating 

parameters can be properly controlled as desired. Apart from producing biogas for cooking, the bye product will 

serve as organic fertilizers for farmers. Besides, the equipment can stimulate gas plant and serve as a laboratory 

apparatus. From the foregoing, it makes sense to approve and sponsor the fabrication of the designed solar 

integrated biodigester. 
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