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Abstract 
 The economic and technical feasibility of poultry manure to methane conversion 

using anaerobic digestion and electricity generation was studied in ELFORA poultry 

farm in Debre Zeit, Ethiopia using three sets of data; chemical analysis of wet 

manure, annual on farm wet poultry manure production and annual electric 

consumption of the poultry farm.  

 

Total solids (% wet), volatile solids (% TS) and PH were analyzed as reported in 

Standard Methods ASTM and AOAC publications. Phosphorus was analyzed using 

Hatch Analysis system. Ultimate analysis of carbon, nitrogen, hydrogen, oxygen and 

sulfur were done using elemental analysis method. The result shows low carbon 

nitrogen ratio of the manure indicating that wet poultry manure easily ferments in 

anaerobic digestion. The estimated daily volume of wet manure generated on farm is 

27,397kg on average. The amount of nitrogen and phosphorous in the slurry was 

estimated to be 97.8 kg and 96.94 kg respectively from 4328 kg of dry matter which 

constitutes a good fertilizer potential . 

 

The estimated methane production with loading rate of 3.03 kg VS per meter cube is 

655meter cube per day for complete mix digester, 807meter cube with loading rate of 

4.8kg VS per meter cube for plug flow digester and 605 meter cube with loading rate 

of 0.39kgVS/m3 for covered lagoon digester was estimated. Poultry manure with high 

content of VS and nitrogen can have high methane yield on site, which could be used 

to fuel an engine/ generator of 86kw, 94kw and 115kw for complete mix, plug flow 

and covered lagoon digesters respectively. 

 

The carbon dioxide equivalents of the maximum methane generated on-farm were 

calculated to be 3.739kt per year. This yield was found to be equal to the carbon 

dioxide emitted from the distraction of 1,402 acres forestland. The calculated annual 

energy equivalent of the yield is 12.37-tera joule with a calorific value of 2.95 tera 

calorie and 295 Toe. Economics of anaerobic digestion for all three types of digesters 

show positive NPV indicating that on farm anaerobic digestion is feasible.  
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Chapter One  

  Introduction 
 
1.1 Background and justification  

 
Anaerobic digestion of animal waste for production of biogas is widely studied 

subject. Properly functioning biogas systems can yield a whole range of 

benefits for their uses including production of heat, light and electricity, 

transformation of organic waste into high quality fertilizer, improvement of 

hygienic condition and environmental advantages though protection of soil, 

water and air (Tafdrup ,1995). 

Most previous studies looked at the production of biogas using anaerobic 

digester, determination of the quantity and composition of manure; estimation 

biogas generation is also getting more attention. There has been an increased 

interest in evaluating renewable energy sources and cost of production of 

biogas from manure either directly or through conversion routs of the 

biological process, anaerobic digestion is therefore a serious option (Tafdrup, 

1995;NAS, 2001)  

Reliable data about the composition, volume and weight of poultry manure 

collected in poultry farms is very limited. To get reliable information about 

poultry manure quantity and composition analytical study is required. 

Therefore, in this thesis, the studies on poultry manure quantity composition 

and conversion to methane and electricity in ELFORA Agro industry is 

presented.  

The study focuses on how feasible is energy conversion technologies that may 

be adopted by poultry farms. It is designed to assess and evaluate the 

feasibility of alternative energy conserving technologies within the farm, more 

specifically the use of anaerobic fermentation to produce methane that can be 

used to generate electricity. This analysis is not an attempt to evaluate all 

technologies that convert waste to energy exhaustively but to show the 
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possibility of using technologies such as fermentation to generate alternative 

energies for poultry farms waste. ELFORA poultry farm is selected for the 

study for the following reasons:  

� It is the largest poultry industry in the country, where large amount of 

poultry manure is generated; 

�  It can be relatively an appropriate model to use on farm anaerobic 

digestion ; 

�  The area is drained by different streams, which can carry the manure 

and disposed in near by lakes. 

 

It is hoped that this study will have paramount importance in providing 

relevant information which is basic to methane production  and electricity 

generation or their alternative source  as step to conduct more systematic 

study in poultry farms in Debre Zeit and  at large in Ethiopia  

 

1.2 Objectives of the Research 

1.2.1 General objective  

The objective of the study is to estimate and show the economic advantage 

and environmental benefits of biogas production using anaerobic digestion in 

poultry farms such as ELFORA.  

1.2.2 Specific Objectives  

               The specific objectives are: 

1) to evaluate the volume of poultry manure generated in the farm;  

2) to characterize the manure and estimate the rate of methane 

production from it; 

3)  to evaluate the economic and technical feasibility methane and  

electricity generation  

4) to estimate the environmental benefits of methane production for 

energy use. 
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1.3 Nomenclature       

Hydraulic Retention Time (HRT): The number of days required for the 

displacement of the fluid volume of the culture. 

Volatile solids (VS): Fraction of total solids that offer a rough estimation 

of the mount or organic matter present in the feed and is defined as the solids 

lost after ignition for 1 hour at 550 0c. 

Retention Time (RT): The time taken for total gas yield from fermentation 

of manure 

Methane Yield: - The quantity of methane produced relative to quantity of 

matter added. 

Loading Rate (LR): The amount of VS (fermentable solids) per unit of 

active biodigester volume per day 

 

1.4 Outline of the thesis 

Chapter 2 gives background information on the physical features of the study 

area; poultry manure generation rate, biogas production and conversion to 

electricity and economic and technical aspects of bio production and 

electricity generation. 

In chapter 3, the methodology employed to deal with this specific subject is 

stated. Under methodology, the general approach to the problem, sampling 

method used, materials and method of chemical analysis and analytical 

procedure of estimating methane yield are included. 

 

The results and discussion are presented in chapter 4. These are presented in 

separate parts; biogas generation and estimating electricity generation and 

associated environmental benefits. In chapter 5, conclusion and 

recommendations are presented. 
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Chapter Two 

Literature Review 

2.1 Description of the study area    

The study was conducted in ELFORA Agro industry poultry farm in Debre 

Zeit, Ethiopia, which is located 45 km south east of the Ethiopian capital 

Addis Ababa in the central highlands 80 44’ 11’’ to 80 45’ 32’’ north latitude 

and 380 59’ 8’’ to 380 59’ 35’’ east latitude (see Figure.1) at an altitude of 

1850m above sea level (asl). Debre Zeit covers a total area of 45 km2 and has 

a population of 135,000 in 15 kebels. The average annual temperature, 

rainfall and humidity are 210c, 86.6mm and 50.9%, respectively,( NMSA, 

1999). 

The rainy period of Debre Zeit is divided in to distinct seasons that are kiremt 

and Bega. The period of heavy rainfall commence from June to September and 

accounts to 80% of annual rainfall (NMSA, 1999), While the small rain (Belg) 

occur between march and may.                

Figure. 1: Map of the study area 
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2.2 General Description of Poultry Manure  

Poultry production is one of the most value added agriculture. As poultry 

farms provide more products desired by society, an increasing amount of 

chicken manure is generated.  The impact of poultry production on the 

environment has been increasing concern of Poultry farms, government and 

the public. Large amount of money are spent annually on chicken manure 

storage, transport and  desposal (Chiamin, 1998).     

 

Of the total dry organic wastes from animals generated annually, 50 to 80% 

comes from animals raised in confined condition that is feedlots, dairies or 

poultry farms. Poultry manure typically refers to the mixture of excreted 

chicken manure,and other materials that must be removed from the floor of 

the broiler and parent hen operation (dry poultry manure), and the wet 

poultry manure from layers cage operation. The material primarily consisted 

of poultry manure, bedding material and wasted feed (Lusk, 1998).The wet 

manure contains significant amount of wash water.  

 

Many factors affect the poultry manure production. These include, chicken 

weight, type and quantity of feed, type of confinement and manure 

management and time spent for confinement. 

 

2.3 Poultry Manure Composition 

Volatile solid is the major factor affecting the methane yield and methane 

generation rates from digestion of manure (Douglas and George, 1987). 

According to Douglas and George (1987), the choice of reactor (digester) 

design and mode of operation is highly dependant up on the physical and 

chemical characteristics of the digester feed. 
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2.3.1 Basic Physical Characteristics of Poultry Manure  

2.3.1.1 Moisture content 

 The moisture content of poultry manure is usually expressed as the mass of 

moisture per unit of wet or dry material. The moisture content is expressed by 

the following formula  

  

        Moisture Content (%)= 
w

dw

m
mm −

 *100 

 

   where mw  =initial mass of sample as delivered 

               md = mass of sample after drying 

The moisture content of poultry manure is determined by drying the sample 

at 1050c in the drying oven for one hour and by using the formula given 

above. 

 

2.3.1.2 Density  

is defined as the mass of manure per unit volume. The density of poultry manure varies 

markedly with nutrient, moisture content and length of time in the storage 

(Chiamin, 1998). 

 

2.3.1.3 Odor 

The greatest public complaint about most poultry production is about the 

odor that surrounds such an establishment.  The odors are the result of the 

biological breakdown of the poultry manure under anaerobic conditions 

within storages, whether these are piles, lagoons, or indoor pits.  Most of the 

public complaint results when the manure is being spread as a fertilizer on an 

agricultural field.   
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The odor perceived from livestock production enterprises is the result of a 

mixture of odorous compounds.  Some substances such as ammonia and 

hydrogen sulfide are produced in easily detectable quantities. Most odors in 

poultry manure are the result of gases or vapors.   Odor is a serious challenge 

to poultry manure both wet and dry poultry manure has persistent odor that 

is difficult to eliminate. 

 

2.4 Chemical Composition of Poultry Manure 

The chemical composition of poultry manure varies because of the source of 

the manure, feed, age of animal, condition of the animal, manner of storage, 

and litter used (Mariakulandai and Manickam, 1975). Most of the product 

resulting from feeding operation is manure (Robinson, and Beauchamp, 

1982).               

 

  Table 1: Approximate % of intake nutrient excreted in the poultry manure 

 N P K 

Chicken broiler 61 69   80 

Layer 70 68     87 

           Source: Robinson and Beauchamp, 1982 

 

  Fresh poultry manure contains 20-23% dry matter (Kroodsma, 1986). 

 

Table 2    Manure production and fertilizer elements in kg/hen/year 

Manure Crude Ash  Org.matter        N P2O5 K2O 

54.8 3.84 8.6             0.62 0.48 0.3 

    Source: Kroodsma, 1986 

 

The most important chemical properties of poultry manure is analyzed 

using  
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� proximate analysis (moisture content, volatile matter, fixed carbon and 

total solids) and  

� ultimate analysis, percentage of carbon, hydrogen, oxygen, nitrogen, 

sulfur phosphorous and heat value (Techobanoglous et al.1993)  

.  

 

2.5 Poultry Manure Transformation 

Chemical and biological transformation of poultry manure is summarized in 

table 3.  

Table 3: Transformation process in poultry manure management 

 Method Conversion products 

Chemical   

Combustion Thermal oxidation CO2, SO2, ash 

Pyrolysis   Destructive distillation  Tar and oil  

Gasification Starved air combustion  Gases and inerts 

Biological   

Aerobic compost Aerobic biological 

conversion  

Hums and gases 

Anaerobic digestion Anaerobic biological 

conversion 

Methane, CO2, gases 

and hums  

Anaerobic composting Anaerobic biological 

conversion 

Methane, CO2              

digested waste                                                                                                                                                              

digested waste 

 

2.6 Poultry Manure Management 

Poultry manure is produced because of the normal everyday processes of the 

poultry industry. It is the by-product of this industry and has valuable 

potential uses beyond the traditional use of fertilizer (Bird, 1982). 

 The major product of any animal feeding system is manure, (Robinson, and 

Beauchamp,1982). Often manures are considered as waste material and a 
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place to dispose of them has to be found. However, if manure is considered as 

a by-product, a possible use for it in a market economy can be found. Poultry, 

manure is produced during the normal operation of hatcheries, broiler 

production and egg laying production. The majority of manure is produced in 

the broiler and layer operation. Floor system is used for broiler production. 

The removal of the litter is handled in solid form and can be done after each 

brood or yearly or can be left for longer periods (Overcash, et al. 1983). In 

both operations, a typical hen produces about 55kg /hen /year of manure 

(Kroodsma, 1986). 

Several manure management systems can be used to solve the problem of 

manure production in large volume poultry operation. 

    Table 4:  Summary of waste management systems used in poultry farms  

Dry system Liquid system  

High-rise houses Aerobic 

Dehydration   Oxidation Ditch 

In-House drying Surface aeration 

 
Anaerobic digestion 

           Ostrander 1985                 

            

All systems attempt to find a use or market for poultry manure. 

 

2.7.1 Anaerobic Digestion 

Animal manures are often treated by anaerobic digestion. It is a biological 

process under anaerobic condition. In anaerobic digestion, anaerobic 

microorganisms convert biodegradable organic materials (volatile solids) in to 

methane (CH4) and carbon dioxide (CO2) as major constituent.  
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Two types of bacteria are involved in the process .The first type converts fats, 

carbohydrates and proteins in the manure in to simpler compounds (CAMMG, 

1979). According to CAMMG (1979), these bacteria produce highly odorous 

gases and volatile substances. The second are methane-producing bacteria, 

which controls odor and produce energy. They are small in number, 

reproduce slowly, and are generally sensitive to the environment. The process 

is operated in a closed reactor at elevated temperature .The methane gas can 

be used directly in boilers or engines to generate power. Anaerobic digestion 

can achieve pathogen reduction efficiency (PRE) above 99% (MDER, 1998) 

Poultry manure from caged layers has been used for anaerobic digestion; 

however ,dry poultry littered from broiler operation is very high in solids 

content (65-75%) and high solids anaerobic digestion is under development. 

          

 Table 5: Characteristics of poultry litter 

Source Percentage 

Volatile Solid 47 

Total Solid 62.6 

Moisture 27.4 

Fixed Carbon 9.8 

 Source; Maryland Department of Environmental Resource, 1998 

 The biological process in anaerobic methane producing environment are 

influenced by temperature, pH, nutrient, VS and TS. 

 

2.7.2 Temperature  

There is a close relationship between the biogas fermentation process and the 

temperature of the reactor. According to Safely and Waterman (1994) methane 

yield increased almost linearly with temperature. The higher the temperature, 

the more biogas is produced but when temperature is too high it can cause 

the metabolic process to decline, as the micro organism can not tolerate the 

condition and enzymes become degraded (Marchaim, 1992).  According to 
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Marchaim (1992), bacteria are classified according to their preferred 

temperature. Spycrophilic bacteria work best between 10 and 200c, mesophlic 

between 20and 300c and thermophlic bacteria between45 and600c. Anaerobic 

digestion is very efficient in thermophlic range but temperature higher than 

350c is very hard to obtain.A stable temperature is very important to maintain 

gas production, as the bacteria are very sensitive to change in temperature. 

Change in temperature more than 50c will slow the gas production 

(Anonymous, 1992). This can be a problem when there is major difference in 

day and night ambient temperature.  

 

2.7.3 Concentration of Solids  

 
The concentration of TS in a feed is a critical factor in material handling and 

in digester design and operation .The solids concentration affects both the 

capital and operational costs of anaerobic digestion for operation at particular 

loading rate. Feeds with lower solids concentration requires larger reactor and 

have higher heating requirement than those with higher solids concentration 

(Dauglase, and Gorge , 1987). If the feed is to be loaded on continuous basis, 

the solids content and feed flow rate will dictate the front end processing and 

pumping requirement. Volatile solids (VS) analysis is used as a basis for 

estimating organic composition, determining loading rates and evaluating 

digester performance. 

 

The choice of reactor design and mode of operation is highly dependant up on 

the physical and chemical characteristics of digester feeds, especially the 

concentration of particulates associated solids .The solids content of different 

feeds affect the HRT and the feed heating requirement of anaerobic digestion. 

Highly biodegradable feeds with low solids concentration can be gasified more 

efficiently and economically at ambient temperature.   
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The solids concentrations in the influent to the bio digester affect the rate of 

fermentation (Marchaim 1992). In temperate region, the optimum 

concentration of solids is 6% in summer but between 10 and 20 %in winter 

(Anonymous 1992). The concentration of total solids in the suspension can 

vary in the range of 20 to 100g/kg. 

 

2.7.5 Volatile Solids and Loading Rate 

The loading rate is defined as the amount of volatile solids (fermentable solids) 

per unit of active bio digester volume per day. Typical values of loading rate 

are between 0.2and 2kg VS/m3-day (Fullford, 1988). If loading rate is too 

high, there will be more substrate than the bacteria can decompose, which 

will cause a hold up in the methane-producing step, as the methanogens 

multiply more slowly than the acid forming bacteria. The acid will inhibit the 

methane producing bacteria and thus gas production. If the digester is over 

loaded the gas production will rise up initially and then fall after a while when 

inhabitation occur (Marchaim, 1992) 

  

2.7.6 pH values 

The PH gives an indication of chemical factors in the digester. Biogas 

fermentation require an environment with natural pH, and when the value is 

below 6 and above 8 the process will be inhibited or even cease to produce gas 

because of the toxic effect on the methanogen population (Ananymous ,1992). 

The optimum for biogas production is when the PH value in the digester is 

between 7and 8. 

 

2.7.7 Feed Materials and Nutrients 

Anaerobic digestion process are able to utilize a large number of organic 

materials as feed stock, including animal manure, human waste, crop 

residue, food processing waste or a mixture of one or more of these 

(Marchaim1,992)  
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Animal manure has a good nutrient balance, is easily made in to a slurry and 

is relatively biodegradable in the range from 28to 70% (Lotte et al). The 

variation being partly due to the diet of the animal .Pig and poultry manure 

produce more biogas per unit weight and at higher rates because of a lower 

carbon –nitrogen ratio (Fullford, 1988). 

2.8 Poultry Manure Handling 

The idea behind poultry production is that feeds are converted to poultry 

products under controlled condition, and manure handling starts with the 

feeding system (Bird, 1982). Manure handling operates in a very common 

sequence collection, transfer, storage, removal and transport. 

 

2.8.1 Collection 

The collection of poultry manure involves both the cage and floor system. In 

the caged poultry system, the manure is treated as liquid and the manure to 

the pit below the cage can be scrapped mechanically, conveyed mechanically 

to the end of the cage or placing collecting trays between decks (Bird, 1982). 

The litter or floor system of poultry manure collection involves the simple 

accumulation of poultry manure mixed with litter to control moisture content. 

The mixture is collected on the floor of the poultry house and can be removed 

after each brood or can be left for a long period of time .the manure can then 

be collected by using either a tractor mounted manure loader or scraper 

(LWFH, 1985) 

 

2.8.2 Transfer and Storage 

The collected manure is transported to storage by a cross auger (Bird, 1982). 

This completes the manure collection by receiving the manure and conveying 

to the side of the house where it is placed in a liquid storage. In the litter 

system, the transfer is accomplished by using a tractor and a loader if the 

storage is close .if the storage is far it must be loaded on dump truck. 
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2.8.3 Removal and Transport 

Caged poultry manure can be transported and spread with any conventional 

type of box or spreader (Bird, 1982). Poultry litter can also be removed and 

transported in the same way as caged layers. 

 

2.9 Composition of Biogas 

Untreated biogas fresh from the reactor is a mixture of several different gases 

(table 6). When organic matter is degraded anaerobically the result is carbon 

in its most oxidized form (CO2) and in its most reduced form (CH4). The 

CH4/CO2 ratio depends on the oxidation state of the organic material .The 

more reduced the carbon in the organic material is the more CH4 will be 

produced relative to CO2.             

 

                  Table 6: composition of biogas 

Compound   Volume in% 

CH4   40-70 

CO2   30-60 

H2   0-1 

H2S 0-3 

Others 0-2 

                 Source: Aalborg Universty, 2003 

 

2.9.1 Ultimate Methane Yield  

If the chemical composition of the input organic matter is known the ultimate 

quantity of methane that can be produced may be estimated based up on the 

stoichiometry of the degradation reaction using Bushwels formula. The 

specific theoretical methane yield Bth in m3 of CH4/kg VS under standard 

condition can be calculated. 
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2.9.2 Actual Methane Yield  

The theoretical methane potential gives the maximum of methane that can 

possibly be generated from a given organic matter .It can therefore only be 

used as an estimate of the possible methane production that can be achieved 

at full-scale digester. The actual methane yields from a digester is always less 

due to the following factors: 

• Part of the organic input (substrate) will be used for generation of 

new bacteria. This fraction is 5-10%of the input. 

• Part of the organic matter will exit the reactor with out being 

degraded. This fraction is about 10% 

• The lignin containing part of the organic matter can not be 

degraded under anaerobic condition  

• Part of the organic matter is bound to inorganic particulate will 

not be available for microbial degradation 

For known reactor design and biodegradable properties of organic material 

Hasimoto et al (1979) proposed the following model for methane yield  

             B =
HRT
BoSo

(1- 
KHRT

K

m +−1µ
) 

Where Bo- is the ultimate methane yield 

        S0- influent solid concentration 

    K-degradation constant, dimensionless 

        HRT- hydraulic retention time 

       mµ -Microbial growth 

 

2.10 Emission Reduction 

Methane is released in to the atmosphere from both natural and 

anthropogenic sources. Sinks control the concentration of methane in the 

atmosphere. The sink absorbs, destroys or removes gases from the 

atmosphere is regulated by the balance between sources and sinks. When 

sources of GHG exceed sinks; methane in the atmosphere increases .The 
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primary sink for methane is the atmosphere it self which contains hydroxyl 

(OH) ions. Once released in to the atmosphere, methane under goes a 

chemical reaction in the atmosphere combining with hydroxyl ion to form 

water vapor and carbon dioxide. A secondary sink is the soil, which contains 

bacteria that absorb methane, exceeds its removal by sinks. If methane 

exceeds the sink, it enhances green house effect and enhancing global climate 

change.  

According to US EPA (1995), reducing methane emission from the source is 

very effective means of lowering the methane concentration in the atmosphere 

and slowing climate change because methane; 

�  is the second greenhouse gas next to carbon dioxide 

� is a very potent green house gas 21 times more effective at heat 

trapping in the atmosphere than carbon dioxide on kg /kg basis  

The prevention of methane release from using anaerobic digesters reduces the 

green house gas. Any anaerobic digestion will result in a net reduction in 

green house gas emission. 

 

2.11 Reactor Design  

Digesters are installed primarily for economic and/or environmental reasons. 

Digesters represent a way for the farmer to convert a waste product into an 

economic asset, while simultaneously solving an environmental problem. 

Under ideal conditions, an anaerobic-digestion system can convert a livestock 

operation's steady accumulation of manure into a fuel for heating or cooling a 

portion of the farm operation or for further conversion into electricity for sale 

to a utility. The solids remaining after the digestion process can be used as a 

soil amendment, applicable on-farm or made available for sale to other 

markets (AD-Net 2000).  Unfortunately, such ideal conditions seldom exist, in 

part because of faulty planning and design. 



 17 

Proper digester for a particular feedstock is key element in the development of 

a process. The size of the digester is determined primarily by the number and 

type of animals served by the operation, the amount of dilution water to be 

added, and the desired retention time. The most manageable of these factors 

is retention time, loading rates, and dilution ratios for different animals. 

 

Digester can be designed for batch – feeding or continuously feeding. With 

batch feeding digesters a full charge of raw materials is placed in to the 

digester that is then sealed off and left to ferment as long as gas production 

has ceased, the digester is emptied and refilled with a new batch of raw 

materials. It is used when raw materials are limited. Multiple batch digesters 

are needed connected to the same gas storage, in this way constant gas 

supply can be maintained. Bach feed is used for high solids to methane 

conversion (J Well, 1981).  With continuously load digesters a small quantity 

of raw material materials is added to the digester every day or so. The rate of 

production of gas and sludge is continuous and reliable. It is efficient when 

raw materials consist a regular supply of easily digestible waste. Continuous-

feeding digesters can be of two basic designs vertical mixing or displacement. 

 

2.11.1 Covered Anaerobic Digester 

May be used at farms that have ponds for holding liquid waste. Covered 

Anaerobic digesters are the simplest type of recovery system and can be used 

at diary farms in temperate regions. It is used as manure management system 

in large farms. 

 

2.11.2 Complete-Mix Digesters 

 Are tanks into which manure and water are added regularly. As new manure 

and water are flushed into the tank, an equal amount of digested materials is 

removed and transferred into the lagoon. The digesters are mixed 

mechanically to ensure uniform digestion. The average retention time for 

wastewater in tanks is 15 to 20 days. Complete mix and plug flow can be used 
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in farms. Each system attempts to maximize methane generation from the 

manure, collect the Methane and use it to produce electricity and hot water.  

 

2.11.3 Plug Flow Digester 

Consists of long concrete lined tank where manure flows through in batches. 

A new manure is added daily at the front of the digesters, and an equal 

amount of digested manure is pushed out the far end. One-day manure takes 

15 to 20 days to travel, the length of the digester. Methane is generated 

during the process and then collected. Plug flow digesters are almost always 

at dairy farms. Manure digestion   using plug flow digesters also provide the 

added benefit of digested or bedding for cows (Slane, 1974)  

 

Plug flow is not mechanically mixed and ideally, the feed passes through the 

reactor in a plug like manner. The liquid, solid and microorganisms portions 

of the feed enter and exit the reactor at approximately the same time. 

Laboratory studies of plug flow digesters operating at near ambient 

temperature show gas yield about one third those of conventional digesters, 

but the lower temperature makes it possible to compare net gas yield with the 

lower energy requirement to heat the digester and mix it (Stafford 1980) . 

  

Reactor design and mode of operation vary depending on the type and 

properties of the organic waste treated as well as upon requirements for 

hygienzation of the digested materials. 

  

The most widely used reactor design is the completely mixed reactor (CMR). 

Out of 1500 European biogas plants the CMR approach is used in at least 

50% of the cases (AD-Net 2000). The main reason is the simplicity of these 

systems both the simplicity of these systems both with respect to construction 

and operation of the plant. The plug flow reactor is only used in about 16% of 

the plants. The advantage of the CMR is that it is easier to maintain well- 

defined substrate concentration in the reactor and to monitor the process 
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parameter. It is also easier to prevent sedimentation of the suspended organic 

matter. Reactors are constructed using steel or concrete with an inspection 

hatch (Christensen et al. 1998). 

 

Soluble feeds are highly biodegradable, containing low concentration of 

particulate associated with solids that require short HRTs and SRTs for 

conversion to methane. The CSTR has been widely used for the digestion of 

low to high strength soluble feeds. The reactor type is operated as a complete-

mix system (Full Ford, 1992) 

 

The physical and chemical characteristics of feed stock have an important 

impact on the methane yield and production rates from anaerobic digestion and 

no single digester design or set of operating condition can be applied to all type of 

feed stock. Because, digesters are the primary component of biogas it is 

important to ensure effective control of conditions with in the reactor. This 

normally includes monitoring of factors such as. 

 

� Incoming quantity of manure  

� Exiting quantity of manure  

� Temperature and temperature distribution 

� Gas production  

� PH in the tank  

� Volume of solid /liquid in the tank 

 

2.12 Economics of Biogas production 

Methane gas produce by digester is converted to electricity that can be 

directly consumed on farm (Smith et al, 1977). The electricity produced by the 

system is substituted for electricity purchased from a utility. According to 

Smith et al. (1977) the methane digester system enters the solution if the 

average cost per unit of electricity is less than the average purchase cost. 
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Factors, such as less odor production from a methane digester system, may 

eventually justify the adoption of this technology, but the potential benefits of 

such environmental gains are not quantifiable. 

The cost of biogas production consists of capital cost and cost related to the 

operation and maintenance of the plant. The capital cost depends upon the 

size of the plant. Operation and maintenance cost related to volume of 

manure and the digester volume. It also depends up on the region in which 

the plant is constructed Martin and Loehr (1981) as cost of construction 

material and labor vary widely around the globe. 

 

The economics of methane production of anaerobic conversion of manure is 

not only affected by process schemes but also by availability of suitable 

financial condition, size of operation, location, feed stock used, the digestion 

system, product utilization, credit allowance, environment constraints, 

market rates, and incentives. 

 

The costs associated with installing and running the AD varies by system type 

and volume of manure that is to be handled. For a covered anaerobic digester 

the cost system includes the cost of primary lagoon, it’s cover, and gas piping 

needed to deliver the gas to the utilization equipment and for complete-mix 

digester the cost includes vessel, heat exchanger system, the mixing system 

and gas piping. The engine -generator is sized for the available gas flow from 

methane recovery system.   

The most commonly used calculations to make economic feasibility  analysis 

is the pay back period. A report from farmer – owned digester system on 1000 

head beef cattle manure influent shows a pay back period of 2.8 years 

(Schellenbach, 1982) and a covered lagoon biogas system at a 1000 to 1100 

sow farrow –to- finish hog farm in California reported a 2.9 year payback 

period (Chandler, et al, 1983). Anaerobic digestion of pig and cattle manure in 

large-scale digester is reported to have a payback period of about 9 years in 

France and about 6.5 years in Singapore (Aubart et al, 1983) 
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Manure could be processed in digesters with economically favorable results, if 

digester effluent is processed for cattle re- feed or for enriched fertilizer 

(Hashimoto et al 1980)  

A study by Martin and Loehr (1981) also indicates economic feasibility of manure 

operations on large dairy farms even at 20% annual returns. However, their 

studies showed that the economic break even is very sensitive to the effectiveness 

of biogas utilization, the capital requirements and the expected rate of return. 

 

This paper presents analysis of the economic benefits of wet poultry manure 

and slaughterhouse waste to the farm; no attempt was made to 

comprehensively analyze social cost and benefits. 
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Chapter Three 

Methodology 
Secondary data were used to estimate the volume of manure generation, and 

electric consumption of the farm. Chemical analyses of wet manure were 

carried out to meet the objectives of the study. 

The study of volume generation has two parts: discussion with concerned 

institution and review of manure removal (both dry and wet manure) data 

sheet and electricity consumption of the poultry farm. The chemical analysis 

was made to determine total solids, moisture content, volatile solids, and 

nitrogen, phosphorous, PH, carbon, hydrogen, oxygen, and sulfur content of 

the wet manure.  

 

3.1 Chemical Analysis of Manure 

3.1.1 Sampling  

For proximate analysis (i.e. moisture content, volatile solids, phosphorus, 

total solid and pH) and ultimate analysis (i.e. C, H, O, S, N) samples of wet 

poultry manure were taken from 5-cage layers house, three from Dembi and 

two from Lemlem cage houses. 

To get representative result in the analysis 500 gm of manure were taken from 

each of the five cages (layers house) manure removal line, and from five points 

each. The manure were well mixed; samples were taken two times and sample 

of 250 gram were taken to National Veterinary Institute (NVI) Debre Zeit, for 

proximate analysis and another 250 gm were taken for analysis to Geological 

Survey of Ethiopia, Central Geological Laboratory Hydrocarbon Division. 

Procedures used for analysis are summarized as follows.  
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  Figure. 2: Sampling site 

3.1.2 Proximate Analysis  

Total solids (TS), volatile (VS) and PH were determined according to the 

standard method (Chastain, 2003). The total solid content was determined 

after a repeated heating (1050c for 1 hr), cooling desiccating and weighing 

procedure. Volatile solids (VS) were determined by ignition of the residue 

produced in TS analysis to constant weight in a furnace at a temperature of 

550 to 600 0c. The PH of the manure were determined by using PH meter and 

phosphorous were measured with Hatch analysis system.  

 

3.1.3 Ultimate Analysis  

Ultimate analysis of the feed includes (C, H, N, O, P,). The methods for these 

analyses are reported in Standard Methods, ASTM and AOAC publications. 

Data from these analyses are useful for calculation of theoretical methane 

yield and in the evaluation of digester performance. 
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3.2 The Evaluation Approach for Manure Digestion (Reactor 

 Analysis)  

The Hashimoto et al. (1979) reactor kinetic model were used with Spread- 

sheet (US.EPA, 1995) to estimate the volume of methane production in m3 

CH4 /day. Volume of digester, loading rate, volatile solids conversion 

efficiency, and influent and effluent solids concentration were used to 

estimate the volume of methane production. Degradation constant and the 

microbial growth rate were calculated for poultry manure .The ultimate 

methane yield were also estimated based on stoichometry of the degradation 

reaction using Bushwell’s formula in terms of m3 CH4 per kg of volatile solids 

were determined. The electrical power(in kw) can be generated by burning the 

methane was also estimated using the spreadsheet.  

 

  The energy equivalent, emission reduction and toe were calculated using 

standard conversion factors. 

 

   Statistical data were carried out using descriptive statistics. Mean and 

standard deviation of the data were calculated. 

 

3.3 The Economic Approach for Methane and Electricity 

 Production 

To indicate the economic feasibly methane and electricity generation from 

poultry manure in ELFORA poultry farm it was assumed that the financial 

benefits of digester generator system are the value of electricity from Ethiopia 

Electric, Power corporation(EEPC) replaced by methane generated electricity 

to satisfy the need of the poultry farm on-site. The value of the electricity 

produced was valued at the market value of electricity, which it replaces. The 

benefits of the slurry coming out of the digester will be the value of equal 

amount of nitrogen (N) and phosphorus (P) from commercial fertilizer.  



 25 

The capital cost (constriction costs), engineering, and engine generator were 

estimated on the present market conditions. Cost related to the operation and 

maintenance (O and M) of the plant were estimated on the cost per kwh basis. 

 

  To evaluate the life cycle economic performance of the digestion system, the 

digester cost and energy production data and additional variables were used 

to calculate the investment merit statistics, net present value (NPV) and the 

simple payback period (SPP) were used to indicate the economic feasibility. 

 

3.4 Materials and Instruments 

Instruments used during the study: 

a) Hand protective plastic gloves  

b) Plastic buckets (300ml, 1lit. 5lit) 

c) Digital camera 

d) Gown with cape 

e) Mask 

f) Boat shoe 

g) Adiabatic calorimeter 

 

3.5 Limitation of the Study 

Temporal problems to take frequent manure samples from the chosen sample 

sites, were faced due to bio security, which creates delay on the work. 
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Chapter 4 

Results and Discussion 

4.1 Characteristics of Poultry Manure 

The poultry manure were analyzed with respect to total solids, volatile solids, 

PH, moisture content, and phosphorous content mean and standard deviation 

is indicated in (table7) 

 

           Table- 7: proximate analysis of poultry manure 

Total solids (%wet) 15.8 23.0±  

Volatile solids (% Ts) 77.77 27.1±  

Moisture content (%Ts) 84.20 97.0±  

Phosphorous   (%) 2.24 17.0±  

PH 7.5 47.0±  

        

The poultry manure has high moisture content (84.2%).This is because of the 

water droplets from the pipe above each cage. Some of these droplets enter 

the pit increasing the moisture content of the manure. This high moisture 

content is important to reduce the water needed to dilute the manure during 

anaerobic digestion process.  

 

The poultry manure shows a neutral range of PH, which is good for anaerobic 

digestion and is normal for optimum biogas production. According to McCarty 

(1974) biogas production is optimum when the PH value in the digester is 

between 6 and 8. pH levels that deviate significantly from this range can 

indicate potential toxicity and digester failure. 
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        Table- 8: Ultimate analysis of poultry manure           

Nitrogen (% 2.26 ± 0.02 

Hydrogen (%) 4.29 39.0±  

Carbon   (%) 36.97 34.0±  

Oxygen (%) 25.43 57.0±  

Sulfur (%) 0.58 07.0±  

      

The manure was also analyzed with respect to nitrogen, carbon, hydrogen, 

oxygen and sulfur (table 8). 

There were several important differences between this result and the 

previously published data (Appendix 1). The noticeable change was the much 

higher content of nitrogen in the poultry manure. The higher content of 

nitrogen in the manure will enhance high gas yield (NAS, 2001). However, 

excess nitrogen in the substrate leads to ammonia formation, which may 

cause inhabitation of cell growth, leads to a slower or even complete stop of 

production of methane (Hashimoto, 1986). The reason for high nitrogen 

content most likely due to the feed situation in ELFORA poultry farm for 

layers (table10) 

     

4.2 Manure Generation 

 

Discussion with farm administrators indicates that ELFORA as one of the 

countrys most contemporary livestock farm, maintains modern hatchery to 

supply farmers with daylong old chicks. The farm operates modern broiler, 

cage layers, rearing, feed processing and chicken slaughter abattoir. The 

broiler farm is the largest, and produces chickens in four cycles per year. The 

number of rearing and layers are also high (Table-9). The removal of dry 

manure is carried out every cycle or once in a year. 
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           Table-9: manure production from different operation of the farm 

Types of 

chicken 

Average No of 

Chicken/year 

Average amount of 

manure in tons/year 

%of 

manure 

Layers   235,200 9,443.3 60.51 

Broilers 1,047,800 4,762.5 30.51 

Rearing   262,940 840 2.5 

Hatchery 11,000                          260 1.67 

Offal    300 1.92 

Total  15,605 100% 

 

The total amount of manure generated annually in ELFORA poultry farm was 

estimated to be about 16,000 tons per year. More manure is generated in cage 

layers, about 9443.3 ton per year, which is about 61.69 % of the total manure 

generated in the farm. The dry manure generated in other operation does not 

match with the number of chickens. According to the discussion made with 

farm experts the floor system chickens consume a certain amount of litter and 

dry manure. 

 

Review of ELFORA poultry farm wet manure removal record indicated that the 

average total amount of wet manure generated in cage layers was estimated to 

be 27,397kg/day, and the study considers that all the wet manure could be 

collected. The TS concentration of the manure was found to be 15.8 % with a 

VS concentration of 77.77% (table-7). 

 

This study considers only the wet manure to estimate the methane yield and 

electricity generation, the dry manure is sold on site for cattle feed at a cost of 

405 Birr/ton including clean out cost.   

The wet manure generated was calculated to be 0.12kg/chicken-day with a 

total solids content of 0.019kg per chicken per day and the total solids 
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content of the manure-generated daily were found to be 4328 kg/day.  About 

3362kg of which is VS generated on daily basis.  

   

 

4.3 Methane Production 

 
The maximum theoretical amount of methane produced per amount of volatile 

solids consumed (m3CH4/kg VS) denoted by Bu can be calculated from 

Bushwell’s formula (Simons et al, 1933). Moller et al. (2004) found that due to 

higher proportion of lipid in pig manure, the Bu was very high. The 

experimentally obtainable biological methane potential from a volatile solids 

added (m3CH4/kg VS) is referred to as the ultimate methane yield (Bo). The 

quantity Bo represents the maximum quantity of methane that can be 

produced per mass of VS load in anaerobic digestion process in which the 

residence time approaches infinity. There is a significant spread in the 

estimate of Bo for several studies (Hansen et al 1998) with values for cattle 

manure ranging from 0.13to 0.285m3/kg VS, and for swine manure between 

0.27and 0.36m3/kgVS. This is most likely a result of the dependence on breed 

and growth stage of the animal, diet that vary significantly from farm to farm 

and from country to country (Kaparaju 2003). Axaopoulos et al (2001) obtain 

using swine manure digester an average daily methane production of 

0.64m3/m3-day digester. Kalian and Singh (1998) studied mixture of horse 

and cattle dung in different ratio for running family size biogas plant and 

reported a biogas of 0.325 -0.75 m3/m3- day. 

 

 In this study, the maximum methane yield estimated with poultry manure 

was 0.35 m3CH4per kg VS. This high methane yield can be attributed to the 

quality of volatile solids in the poultry manure and in particular the high 

nitrogen content (table-8). This indicates relative high content of proteins and 
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the material is easy to digest, most likely a consequence of the feed source of 

the chicken in ELFORA for layers (table-10). 

 

The volatile solids reduction efficiency of the manure were estimated 

numerically to be 80%, this also indicates the quality of the volatile solids in 

the manure and that wet poultry manure is easily digested in anaerobic 

digesters. 

 

 

Table 10:  Layers feed in ELFORA 

Feed % 

Corn   52 

Nugcake 22.6 

Vetch Tosti  10 

Lime stone 6 

Di- calcium phosphate 0.3 

Salt   0.4 

Groundnut 8 

Vitamin premix 0.11 

Mineral premix 0.11 

Lysine   0.33 

Methionile 0.11 

Collinchlorid 0.045 

Carophill orange 0.003 

Carophil red 0.003 

             

4.4 Carbon- Nitrogen Ratio 

Carbon-Nitrogen ratio is another important parameter for methane production.  The 

optimum range of most organic wastes is from 20-to25 to1 (Tchobaoglous et al. 1993). 

From (table 8) the carbon-nitrogen C: N ratio for poultry manure was in the range 18:1. 
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This low carbon nitrogen ratio makes suitable for anaerobic digestion, since this range 

of  C: N ratio shortens the time required for microorganisms’ decomposition of 

carbonaceous materials. According to (Tchobaoglous et al. 1993) anaerobic digestion 

period of 9 to 12 days will require if the C: N ratio is 20. 10 to 16 days if the C: N ratio 

is 30. The C: N ratio obtained in ELFORA thus fulfills the required optimum C: N ratio 

for anaerobic digestion. 

 

4.5 Slurry 

 Evidence suggests that slurry is much more efficient than manure applied as 

fertilizer. French D. (1979) maintains that 13% more effective than manure 

and Ven Buren (1979) reported that ammonia content of organic fertilizer 

fermented for thirty days in a pit in china increased by 19.3% and its 

phosphatic content by 31.8% During digestion about 20% of the total slurry 

volatilized (UNESCO, 1982). 

 

In this study, taking the same quantity of nutrient in the slurry as the wet 

poultry manure originally put in. Thus, 4328 kg of dry manure could be 

generated from the slurry on daily basis. Then in terms of fertilizer value, 

ELFORA poultry manure contains 2.26%nitrogen (N) and 2.24% phosphorus 

(P) per unit of dry weight (table7and 8). From the daily input dry matter, (table 

7) 97.8kg of N and 96.94kg of P could be produced daily. Theoretically, this 

constitutes a substantial fertilizer potential. Based on the operating data from 

Maya Farms Philippines Jwel, ( 1981)  estimated the benefits from small 

medium and large farms using biogas and the calculated benefits in terms of 

saving were 21%as fuel, feed and fertilizer and 79% as reefed slurry. The 

study indicated that the slurry is separated in to two fractions liquid and 

solid; the liquid is used to fertilize crops and feed fishponds, while the solids 

are refeed to pigs cattle and chicken. This solid supply around 10 to 15% of 

the total feed requirement of the pigs, cattle, and 50% of the feed to ducks. 

 



 32 

4.6 Manure Management 

ELFORA poultry farm uses scrape manure management system where the 

manure is conveyed mechanically to the end of the cage and the transfer of 

manure is accomplished using conveyer belts and is loaded to trailer of a 

tractor and disposed on site and near by agricultural fields (see plates).  

 

4.7 Electricity Generation 

4.7.1 On Farm Electric Consumption  

Methane, methane generated electricity and slurry is the out puts of the 

anaerobic digestion considered. The design output of methane-generated 

electricity in kwh from a digester generator set was used in order to compute 

the value of   the digester on farms.  

The average amount of electricity used by the farm in the year 2005 July to 

2006 February in the poultry farm for heating, lighting, feed processing and 

running motors for manure removal is indicated in (table-11) The value was 

extrapolated to annual average. 

Table 11: Annual average Electricity consumption and cost in ELFORA 

poultry farm in 2005-2006    

Site Annual electricity 

consumption in kWh 

/year 

Annual bill in 

Birr/year 

Percentage  

consumed 

Lemlem project 69,642 39,773.30 17.4% 

Lemlem feed 

processing  

222,632 126,797.37 55.7% 

Dembi cage 85,046     48,456 21.26% 

Dembi feed 

processing  

20,295 11,611.8 5.07% 

Dembi project  14    16.80 0.003% 

Others 206 116 0.05% 

Total 397,745 227,261 100% 
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The electricity consumption is high in both Lemlem and Dembi feed 

processing because the process uses machine whose power consumption is 

up to 35Kw. The Dembi and Lemlem cage layers also consume 

85,046kwh/year (21.26%) and 9,642kwh/year (17.4%) of energy respectively 

.The power in these farms is used for light, and to move electric motors and 

conveyers, which scrape the manure from the pit below the cage and load to 

the trailer. According to the discussion made with the farm administrators the 

cost of the on farm electric consumption is the second cost next to the feed.    

 

4.7.2. Complete Mix Digester 

For complete mix digester installed on farm to use the wet manure as a feed 

to the digester and generate methane and electricity to offset the power from 

EEPC.  

 

 The methane recovery system at this farm could take a total feed of 27,397 

kg with 41,962 liters of dilution water on daily basis (Appendix 4). The water 

is used to dilute the concentration of the total solids from 15.8%to 10% taken 

by default. With this value the influent and effluent solids concentration of 

the manure was found to be 43.5kg/m3, and 8.7kg/m3 respectively at 

biodegradable factor of 0.735 for a HRT of 16 days. The digester volume was 

estimated to be 1109m3.  

 

 From such system, 655-meter cube of methane can be generated on daily 

basis with a 90% operational efficiency(NRCS 1995). the actual methane yield 

from digesters is always lower than the theoretical yield because, part of the 

VS is used to generate new bacteria, part of it will exit the reactor with out 

being degraded and the lignin containing organic matter cannot be degraded 

under anaerobic condition (Chen Y.R 1987). According to the spreadsheet 

(NRCS,1995), this yield was estimated to fuel 94 kW engine-generators with a 

heat rate of 140,000Btu/kwh (Appendx3). 
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4.7.2.1 Biogas potential 

Table 12: Biogas potential 

Methane 655m3 /day 

Maximum generating capacity 94 kW  

Maximum possible generation 2256 kWh/day 

Average generation 2030 kWh/day 

Volume of digester 1109m3  

 

 

Theoretically, the maximum possible generated power from this engine-

generator system at full scale would be 2247kwh per day, but the actual 

power on 90% operational efficiency could be 2030 kwh per day and 741,096 

kwh from239, 075meter cube of methane annually.  

 

The digester was estimated to produce methane at an average rate 

0.194m3CH4 per kg VS with a loading rate of 3.03kgVS per m3. The loading 

rate determines the culture volume required to process certain amounts of 

feedstock. According to Chen Y.R (1987) as the loading rate increased, the 

digester size required for the operation will be decreased.  

 

4.7.2.2 Annual Farm Energy Usage 

 
         Table 13:  Annual farm energy usage 
 

Required power 400,000kwh 

Digester produced  741,096kwh 

Used on farm 400,000kwh 

Percentage used 53.98% 

Excess energy 341,096kwh 

* Complete mix digester  
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Of the total energy, generated 53.98% of the power is used on farm. As 

indicated in table (13) above the remaining energy is about 380,950kwh 

(46.02%), which can be used for other operations on farm or could be found a 

market. 

 

    
Figure 3: Farm energy usage 

 
The estimated energy generated from the engine generator system of the farm 

with installed complete mix digester is indicated (fig .3) on monthly basis.   

 

4.7.2.3 Farm Energy Capacity 

The maximum power needed to satisfy the electric need of ELFORA poultry 

farm at present situation is 57.1 kw with a reserve energy of 100,000kwh. The 
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required annual average power for farm use at present situation is 45.7 

kwh/h. 

      Table14: Farm Energy Capacity, Complete mix digester 
Required peak (kw) 57.1 
Required annual average (kwh/h) 45.7 
Digester Average Production (kwh/h) 84.6 
Digester Excess (kwh/h)  38.9 
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 Figure 
4. Energy capacity 
 
4.7.2.4 Costs 

 
Cost of the digester includes gas handling and transmission system costs. In 

addition, the cost of engine generator includes all accessories used in running 

engine generator. According to Rose C. (1996), engine operation and 

maintenance cost could be estimated based on cost per kwh of electricity 

generation. On this basis 0.135 Birr /kwh operational and maintenance coast 

was taken by default, 20% down payment and a 10 year system life, 12% 
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discount rate and 35% marginal abatement tax rate were taken from current 

bank rate for lone.  

 

Capital Cost 

Table 15: Capital cost complete mix digester                  
Facilities Cost in ET.Birr 
Primary lagoon 75,000    
Mix Tank  100,000 
Complete mix digester  655,000 
Engineering 150.000 
Engine generator  235,000 
Total Facility cost 1,125,000    
 

The total cost of digester at this farm was estimated to be 1,215,000 Birr and 

the estimated annual return from displaced electrical cost with out other 

benefits is 227,635 Birr. This offset cost of purchased power from table (16) is 

in current electrical costs (0.5691Birr/kwh), which is 100% of the annual 

electrical consumption of the poultry farm. 

  

 Cost benefit analysis of the complete mix digester option shows that the pay 

back on investment of this project was estimated to be 5.3 years. The analysis 

of net present value (NPV) was estimated with out considering environmental 

or benefits from selling excess electric generated on farm and found that 

310,916 showing this methane recovery option is profitable. Hashimoto and 

Chen (1981) projected economic feasibility on beef feedlots using anaerobic 

digestion as small as 300 head options taking the advantage of effluent feed 

credit. The secondary benefits, such as odor control, pathogen reduction and 

weed seed reduction are often neglected but they have the potential to be 

highly beneficial to the systems economic return (P Good rich and Hallben 

scildh 2005) 
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                    Table 16: financial result complete mix digester    

Capital cost 1,215,000 

Annual benefit 227,635 

O and M 100,048 

NPV  78,380 

SPP 5.3years 

 

Table (16) shows that investment on complete mix digester on the farm is 

feasible with a net present value 310,916 and 5.3 years payback period for 

the investment. For complete mix anaerobic digestion system at 10% interest 

rate the payback on investment was estimated at 5-7years (P.Goodrich, 

D.Schmidt and D.haubenscild, 2005).  

 

4.7.3 Plug Flow Digester  

 
For plug flow digester that could be built on- farm in Debre Zeit to use the 

manure produced from an average 235,200 poultry layers to generate 

methane using anaerobic digesters. The total amount of manure collected 

annually was estimated to be 10,000 tons (wet). Less water is used to dilute 

the manure in this system. The average VS and TS concentration of the 

manure are 77.77 % and 15.8% respectively (table-7). For this system the 

influent and effluent solids concentration were calculated to be 68.8kg/m3 

and 15.4 kg/m3 respectively with a 16 day HRT. 

  

      Table 17:  Characteristics of feedstock  

Influent 

concentration 

Effluent 

concentration 

HRT Loading rate 

68.8kg/m3 15.4kg/m3 16day 4.8kgVS/m3 
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4.7.3.1 Biogas potential 

 
 The total volume of the digester size that can handle   the generated manure 

with a loading rate of 4.8 kg VS per meter cube be 702m3. Using the 

spreadsheet  (NRCS, 1995)  this plug, flow digester on average could produce 

807m3 of methane per day. In the analysis, 30m3 of methane was estimated 

per tone of poultry manure. Methane yield is largely dependent on the input 

manure and in particular to the volatile solids content in the slurries. 

According to (Safley, 1987) poultry, manure produces more biogas per unit 

weight than any other common manure. 

 

This volume of methane is enough to fuel 115 kw engine -generator with a 

heat rate of 140,000 Btu/kwh. With 90%, operational efficiency 906,660kwh 

power could be produce annually from 294,555m3 of methane (table 20) with 

the above loading rate 0.24m3CH4/kgVS methane could be obtained. Study by 

Hansen et al. (1998) support the result that using plug flow digester with a 

loading rate of 3.04kg VS/m3 he obtained on average 0.26m3 CH4/kg VS. 

 

      Table 18: Biogas potential plug flow digester 

Methane yield 807m3 /day 

Maximum generating capacity  115kw 

Maximum possible generation 2,760 kwh/day 

Average generation 2484 kWh/day 

Volume of digester 702m3 

 

Similar study (Philip et al,2003), on methane production in Haubenchild diary 

farm USA using plug flow anaerobic digester coupled with an engine generator 

for production of electricity, the digester was observed to produce 1206 m3 of 
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methane per day and the methane was used to power a CAT 3406 engine which 

drives 150kw generator, and about 2900kwh energy was generated daily. 

4.7.3.2 On Farm Energy Usage 

   Table 19: Annual Farm Energy Usage plug flow digester 

  Required power/year  400,000kwh 

 Digester produced /year  906,660kwh 

 Percentage used  44,12% 

 Excess energy/year 506,660kwh 

 

The average monthly electric consumption of the farm is only 44.12 % of what 

is generated on farm, the remaining 55.88% (506,660kwh) is excess and could 

be used for other energy needs. 
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Figure 5: Farm energy usage (plug flow) 

                                                                  

4.7.3.3 Farm Saving   

With plug flow, digester the farm potentially saves the cost of annual electric 

consumption of the farm that is 227,635 Birr in current electric costs. Apart 

from environmental benefits from using anaerobic digestion, the farm offsets 

the cost of electric consumption on site.  

 

4.7.3.4 On Farm Energy Capacity 

 
The required annual digester average generation is 103.5 kwh/h of which only 

45.7  kwh/h is used on farm. The remaining 57.8 kwh/h is excess. 
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Table 20: Farm Energy Capacity Plug flow digester 
 

Required peak (kw) 57.1 
Required average (kwh/h)  45.7                       
Digester Average Production (kwh/h)  103.5 
Digester Excess (kwh/h) 57.8 
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    Figure 6: Farm energy capacity plug flow 
 
The assumed value of the digester was established by the amount of 

electricity generated and reclaimed on farm to offset currently purchased 

power and no credit was assumed for reducing environmental externalities.  

 

           Capital cost 
 
                       Table 21: cost estimation plug flow digester 

Primary lagoon 100000 
Mix tank 100,000 
Plug flow 670,000 
Engineering 150,000 
Engine generator 250,000 
Total facility cost  1,270,000 
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The capital cost of plug flow digester, methane recovery system was estimated 

1,472,000. The digester system was estimated on 1000 Birr/m3 volume of 

digester. The cost varies from country to country and from place to place. The 

analysis assumes a 10-year system life, and to increase the life span of the 

digester and reduce risk factor a 0.135Birr/kwh operation and maintenance 

(O and M) cost were taken by default and with12 percent interest rate for lone 

and discount rate of 14% was used in the analysis. 

 
Financial result  
 
       Table 22: Financial result Plug flow digester 

Capital cost 1,472,000 
Annual benefit 227,635 
O and M  122,399 
NPV 23,380 
SPP 6.5 years 
  

 
 
The financial performance of this option is based on the billing history from 

EELPA. The simple payback for the investment on plug flow digester is 

6.5years (Table 22) with a positive NPV, indicating the on farm plug flow 

digester system with out additional benefits is feasible. This might be because 

land is not included in the capital cost estimation and assuming the 

availability of cheep labor.  

 

Two studies (Garrison and Richard 2001and Hind2002) have estimated 

economic feasibility the digester indicating that it is feasible for large animal 

feeding operation with out including other benefits like odor and pathogen 

reduction. Study on plug flow digester in California feedlots produces 991m3 

of methane daily, and the on farm generated methane fuels an electric 

generator of 113kw and a 2.9 years   payback period were calculated on 

investment (Chandler et al.1983) 
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4.7.4 Covered Lagoon 

 
The covered lagoon digester was assumed located on-farm in Debre Zeit. For 

an average 235,200 poultry layers for conventional anaerobic lagoon manure 

management system, the farm could use 203,799 kg of water daily giving the 

influent 3% total solids concentration. 

 

 

4.7.4.1 Biogas potential 

It was assumed that all manure generated would be collected. The loading 

rate was estimated to be 0.39kg VS/m3 of digester volume. The volume of the 

digester was estimated to be 8554m3with 37 days HRT and the daily methane 

yield was estimated to be 605m3   with loading rate of 0.39 kgVS /m3 

The selected methane recovery system at the farm uses a total of 27,397 kg of 

manure and 203,799 liter of water enter the system on daily basis. The total 

solid content of solids should reduce as low as 3%. 

 

                     Table 23: Biogas performance covered lagoon 

Methane yield 605m3 /day 

Maximum generating capacity  86kw   

Maximum possible generation 2,064 kwh/day 

Average generation 1,857kWh/day 

Volume of digester  8,554m3 

 

The digester would on average, produce 605m3 methane per day (table 23) 

according to the spreadsheet (NRCS, 1995) this would be sufficient to fuel 

86KW engine - generator. The daily electric production was estimated to be 

2,064 kWh. Assuming an operational efficiency of 90 %, it was estimated that 

677,805 kWh could be produced during a course of the year.  
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4.7.4.2 Farm Energy Capacity  

 
           Table 24: Farm Energy Capacity, covered lagoon 

           _________________________________________________________ 
Required peak (kw)                                            57.1 
Required annual average (kwh/h)                      45.7                       
Digester Average Production (kwh/h)                 77.4 
Digester Excess (kwh/h)                                    31.7 

           __________________________________________________________ 

The required peak power from previous consumption was estimated to be 45.7 

kwh/h. the digester has 31.7 KWh/h excess energy every hour, which is 

about 760kwh on daily basis. 
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Fig.7: farm energy capacity covered lagoon 
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4.7.4.4 On Farm Energy Usage  

Table 25: Farm Energy Usage Covered Lagoon 

____________________________________________________ 

  On farm energy usage                          400,000kwh 

  Digester produced                               677,805 kwh 

  Excess energy                                      317,805kwh 

  Percentage used                                   59.01% 

______________________________________________________ 

  The farm uses only 59.01%of the total 677,805kwh generated power. 

 

4.7.4.4 On Farm Saving 

The digester could generate 677,805kWh energy annually. The farm uses only 

400,000 KWh, which is about 59.01% of the total generated energy. The farm 

saves the offset cost of electric paid to the grid (EELPA) these amounts to 

227,635 and other benefits like odor and emission reductions are not 

quantified.   

The capital costs were estimated to be 1,400,000Birr and the financial 

performance was taken on the 12 months billing history of EELPA. The 

evaluation uses, a 0.135 Birr per kwh O and M cost, 20% down payment and 

a 10 years system life based on the current bank rate for lone. 

Table 26: Capital costs covered lagoon 

_________________________________________     

Primary lagoon   150,000 

Lagoon covers   250,000 

Engine generator   650,000 

Engineering    150,000 

____________________________________________ 

Total Cost     1,200,000 Birr 

         ___________________________________________ 
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      Table 27:   Financial result covered lagoon in Birr 

           ____________________________________________ 
Capital cost    1,400,000 

Annual benefit   227,635 

O and M    112,819 

NPV     93,380 

SPP     6.1 Years 

__________________________________________ 

Cost and benefit analysis for methane recovery technique provides an SPP of 

6.1years. A conventional anaerobic lagoon in US supplied with a total of 

312,480 gal of water with a 3% TS concentration produces 927m3CH4/day 

and that FarmWare software (US, EPA, 1995) estimated that this would be 

sufficient to fuel an engine /generator of 113kw, and the software estimated 

852,129 kwh could be produced during the course of the year 

 

4.8 Emission Reduction 

Methane can be released during the production, transport and use of coal, oil, 

and gas. Various techniques can be used to reduce these emissions, some of 

which can be captured for use as an energy resource. 

Green house gas (GHG) emission reduction could be achieved mainly due to 

the emission prevention of methane and other green house gases from 

sources. The annual 327,040-meter cube of methane generated on farm in 

ELFORA with an effectiveness adjustment factor (EAF) of 0.2 and global 

warming potential (GWP) of methane, the carbon dioxide equivalent was found 

to be 3739 tones per year, which is  equivalent to reducing  6,919 barrels of 

oil consumption. This is the same as the annual carbon dioxide emitted from 

1,028 cars for a period of one year. Since methane is, a green house gas and 

the major anthropogenic source of climate change next to carbon dioxide the 

calculated value contribute to the emission reduction from the base line. 

According to US EPA (1995), 20% of the NY dairy manure was stored as a 

liquid .This produced 16,067 metric tons of methane (CH4) and accounted for 
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47% of NY state dairy manure emissions. According to the (UNFCCC, 1992) 

report on a national inventory of anthropogenic emissions by sources and 

removals by sinks of the main greenhouse gases in Swaziland reveal that the 

country’s total emission of carbon dioxide (CO2) amounted to 874 kilotons 

(Kt). Of the total, methane (CH4) amounts 64kt. The agriculture sector was the 

largest contributor of methane (CH4) emissions in the country, with 40.5 Kt 

(66.9%) annually. Enteric fermentation from domestic livestock (substantial 

herds of cattle, goats and poultry) accounted for most of these emissions. The 

methane carbon dioxide equivalent accounted to 0.13 million tones, making 

up 2.1% of the countries total carbon dioxide emission.  

 

4.9 Environmental Benefits 

On farm, anaerobic digestion system is a multi dimensional activity that it 

supplies energy required by the farm and reducing the amount of green house 

gas (methane) that can be generated with out the activity of the project. In 

this regard, the carbon dioxide equivalent of the annual on farm-generated 

methane was found to be equal to the carbon dioxide emitted from a 

destruction of 1,402 acres (560hectars) of forestland, as destruction of forest 

release large volume of carbon dioxide in the atmosphere. However, increasing 

forestland can enhance carbon dioxide reduction since green plants extract 

the green house gas carbon dioxide from the atmosphere separating the 

carbon from the oxygen atom, returns oxygen to the atmosphere, and use the 

carbon to make biomass (A. Daughty, 1991). Bridsey (1992) estimated that US 

forests absorb 460 million metric tone of carbon between 1982 and 1987. 

According to Safley, L.M. (1987) capturing methane produced by anaerobic 

digestion condition and combusting it to generate heat and electricity offers a 

solution for mitigating methane production on farm while methane is 21 times 

more potent than carbon dioxide. If combusted methane is converted to 

carbon dioxide thus reducing its impact to the atmosphere. Using methane for 

electricity or heat displace the green house gas emission from fossil fuel.  
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4.10 Energy Equivalent  

The energy equivalent of biogas is directly proportional to the amount of 

methane it contains, the more methane the more the combustible the biogas. 

This is because the gases other than methane are non-combustible or occur 

in quantities of small that they are insignificant (see table 6).The annual 

energy equivalent of the on farm-generated methane was found to be 12.37-

tera joule and its calorific value was found to be2.95tera calorie. This energy 

is estimated to heat 167 households for a period of one year.  

 

4.11 Oil Equivalent 

The on site generated methane was found to have 295 Toe annually, which is 

about 2131.6 barrel of oil. It is about 0.028% in terms of the annual oil 

imported in Ethiopia in the year 2003-2004 (NBE, 2003/04). In terms of 

money, this is the same as saving 736,554 Birr for indicated year. Brikmose 

(2000) estimated that it is possible to generate 50 to 100 m3 of methane per 

tone of poultry manure and this methane has oil equivalent of 33 to 65 liters 

of heating oil. 
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Chapter Five 

Conclusion and Recommendations 

5.1 Conclusions 

The study has evaluated the economic and technical feasibility of methane 

production, electricity generation and environmental benefits of biogas 

production from poultry manure. Options were assessed regarding the 

alternative methane producing digesters.   

The total amount of manure-generated on-farm was estimated to be 16,000 

tons annually. More manure is generated in cage layers than other 

operations, which constitutes about 61.7% of the total generation. The daily 

manure generation in other operation does not match with the number of 

chickens. The daily wet manure generated on farm is about 27,397 kg with 

total solids content of 15.8%, volatile solids 77.77% and 84.2% moisture 

content. 

The chemical composition of poultry manure with its high level of VS, 

particularly the high nitrogen content can be associated with the feed 

situation in ELFORA. The optimal carbon nitrogen ratio of the wet manure is 

also an indication of high degradability of the manure in anaerobic digestion. 

Considering that the same quantity of nutrient in the slurry as the wet 

manure originally put in the digester large quantity of phosphorus and 

nitrogen could be produced on daily basis.  
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The methane yield is highly dependant on the concentration of the solids in 

the influent; and varies from digester to digester types. The estimated daily 

yield from complete mix, plug flow and covered lagoon are 655m3, 807m3 and 

605m3 respectively. This yield was estimated to fuel 94kw for complete mix 

digester, 115kw for plug flow digester and 86kw for covered lagoon digester. 

The maximum annual energy required by the farm has been 400,000kwh.This 

energy was found to be 45.7% of what is generated on farm with excess 

power. 

The benefits from the digester system were the offset of the electric cost to 

EELPA (grid). The carbon equivalent of the annual methane generated found 

to be 3.739 kt. this carbon equivalent is equal to the carbon dioxide emitted 

from a destruction of 1,402 acres (560 hectares) of forestland.  

The annual energy equivalent of the on farm-generated methane was 

12.37tera joule with a calorific value of 2.95tera calorie. In addition, 295 Toe 

in terms of oil equivalent, which is about 2131.6 barrel of oil. This can be 

estimated to be 0.028% of the oil imported in Ethiopia in the year 2003-2004. 

 The result of this study also shows that it is feasible to produce methane and 

use for electricity generation on farm from anaerobic digestion of poultry 

manure in ELFORA poultry farm with the availability of cheep labor and land.  
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5.2 Recommendations 

It is inevitable that with large volume high-density poultry production there is 

large quantity of poultry manure produced in ELFORA. Moreover, considering 

the on farm manure generated as a valuable by- product of the poultry 

industry it can be used as a beneficial resource.  

The chemical composition of ELFORA poultry farm manure with its high level 

of nitrogen and phosphorous has a good fertilizer quality after it is processed 

in anaerobic digestion. The high level of carbon and nitrogen in the manure 

shows that the manure will ferment easily to give the optimum methane yield 

during an on site anaerobic digestion of the manure. Installing digesters and 

producing methane and electricity is both technically and economically 

feasible for the site. The farm thus potentially can offset the electric 

consumption from the grid (EELPA) by using on site anaerobic digester. AS 

the study indicates that the farm can generate up to 115kw of power by 

burning large volume of methane generated on daily basis. This can enable 

ELFORA to use its own energy for its farm operation and thereby reducing the 

green house gas (methane) emission, pathogen reduction from the manure 

and can contribute to the protection of the environment and at the same time 

saving money.  

The farm can use this beneficial, cost effective and environmentally friendly 

methane recovery system as a manure handling and management option. 
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Appendix 
Appendix 1: Characteristics of fresh manures from different animals 

____________________________________________________________________________________ 
Parameter Units         Cowb    Llamab    Dairy  c Beefc    Vealc    Swinec    Sheepc    Goatc   Horsec   Layersrc  Turkeyc   Duckc 

Total solids     %        15.58    59.53     12         8.5        5.2        11            11          13        15         22             12           31 

Volatile solids %         12.9     44.31     10         7.2        2.3         8.5          9.2          —        10         17             9.1          19 

PH                              7.8        7.8         7           7           8.1         7.5         —           —          —        —            —            — 

Total Kjeldahl 

nitrogen         %         0.19      1.13      0.45     0.34       0.27       0.52      0.42          0.45     0.3         1.1          0.62          1.5 

Ammonia 

Nitrogen      %          0.008     0.083    0.079    0.086     0.12      0.29         —             —       —          —            0.08         — 

     Total 

Phosphorus %          0.037     0.31     0.094       0.092     0.066    0.18      0.087       0.11      0.071       0.3          0.23          0.54 

Potassium  %            —         —       0.29         0.21       0.28      0.29      0.32          0.31     0.25         0.4          0.24          0.71 

Iron          g/kg         0.607      1.429    0.12       0.078      0.003     0.16       0.081        —        0.16        —            0.75           — 

Oil and greasy %    12.66       21.85     —           —          —           —           —            —         —          —             —            — 

_____________________________________________________________________________________________________ 

 
aAll values based on wet weight. 
bCalculated from Table 1. 
cAdapted from ASAE D384.1 FEB03 [27]. 
 
Appendix 2: Conversion factors 
 

Unit Multiply 

  Divide 

 Unit 

ft3 0.02832 m3 

lb 0.4536 kg 

Short ton 0.9072 Metric ton 

Btu 1055 Joule 
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  Appendix 3:   Natural gas methane conversion factor     

Unit Multiply 

 

Divide 

 

Unit 

ft3 CH4 0.04246 Pound of methane 

ft3 CH4 1,014.6 Btu 

ft3 CH4 0.000404 Tone CO2 

ft3 CH4 0.2974 Kwh 

ft3 CH4 0.00011 Tone of carbon equivalent 

ft3 CH4 19.26 Gram 

pound of CH4 23,896 Btu 

pound of Ch4 7 Kwh 

pound of CH4 0.00953 Tone of CO2 equivalent 

pound of CH4 0.0026 Kwh 

Btu 0.002203 CO2 GWP 

CH4 GWP 21 Carbon equivalent 

CO2 0.27273 Carbon equivalent 

CH4 5.7273  

*Source U.S. Environmental Protection Agency’s www.epa.gov/gasstar 

 

    Appendix 4: Equivalents 

Unit 
Multi. 

                              Divide 

Unit 

Households heated/year 70  Million Btu natural gas 

Billion cubic feet (bcf) CH4 14,494  14,494 Households 

Billion cubic feet (bcf) CH4 121,390 Acres of trees planted 

Billion cubic feet (bcf) CH4 89,016  Cars/year that emit 

equ.CO2 

   

*Source U.S. Environmental Protection Agency’s www.epa.gov/gasstar                  
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    Appendix 5 Anaerobic digester design 

Decision maker Date 

Site 

Animal units 

1.animal type    ________ ________ _________ 3. Number of animals (N)_______        

2. Animal weight (W) ________ ______ ______ 4.Animal units AU=
1000
WXN

= ________ 

Manure volume 

5.daily manure production per      7.Total daily manure production______       

AU m3/Au/day________________     

6.Total Volume of daily manure  

in m3 per day(kg)________________ 

Manure Volatile solids 

8.daily manure solids production (MTS)_________ 

 9.Daily manure total solids production 

                        MTSD= MTSxAU___________ 

10.Total manure total solid production   (TMTS)__________________ 

 

Manure volatile solid 

11 .Daily manure volatile solids production per animal unit______________  

12.Total manure volatile solids production (TMVS)________ 

Percent Solid 

13.Percent solids%  PS=
4.62

100
TMPx
TMTSx

=__________ 

14.Digester feed solid 

concentration% (DDFSC) 

_________________ 

15.Daily manure inflow in m3  

DMI=
4.62

100
DDFSCx

TMTSx
=________________ 

16.Digester effective volume 

m3_______________ 

DEV=DMIxHRT 

17.Digester dimension in m                         18.digester width= 2xH 

H = .
8

. 33.0DEV
                                            19.digester length= 4xH 

20.Estimated energy production                               Estimated energy production 

Biogas per unit of VS_________                                  EEP =EBPx 600 

21.Estimated biogas production 

EBP= BUVSx TMVS=____________________ 

Source AWMFH, 1996 
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Appendix 6: Biogas potential for complete mix digester 

Month Hours Methane (m3) Capacity (kw) Possible 

generation (kwh) 

Generated (kwh) 

January 744 20,305 94 69,936 62,942 

February 672 18,340 94 63,168 56,651 

March 744 20,305 94 69,936 62,942 

April 720 19,650 94 67,680 60,912 

May 744 20,305 94 69,936 62,942 

June 720 19,650 94 67,680 60,912 

July 744 20,305 94 69,936 62,942 

August 744 20,305 94 69,936 62,942 

September 720 19,650 94 67,680 60,912 

October 744 20,305 94 69,936 62,942 

November 720 19,650 94 67,680 60,912 

December 744 20,305 94 69,936 62,942 

Appendix 7: Farm energy usage for complete mix digester 

Month Hours Required power 

(kwh) 

Digester produced 

(kwh) 

Percentage 

used 

Excess Power 

(kwh) 

January 744 33,972.2 62,942 45.66 28,970 

February 672 30,683.5 56,851 45.66 26,168 

March 744 33,972.6 62,942 45.66 28,970 

April 720 32,875.5 60,912 45.66 28,037 

May 744 33,972.6 62,942 45.66 28,970 

June 720 32,875.2 60,912 45.66 28,037 

July 744 33,972.6 62,942 45.66 28,970 

August 744 33,972.6 62,942 45.66 28,970 

September 720 32,875.2 60,912 45.66 28,037 

October 744 33,97236 62,942 45.66 28,970 

November 720 32,875.2 60,912 45.66 28,037 

December 744 33,972.6 62,942 45.66 28,970 

Total 8,760 400,000 741,093 45.66 341,106 
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Appendix 8: Farm energy capacity for complete mix digester 

Month Hours Req.Peak 
Kwh 

Req.annual 
Aver. 

Kwh/h 

Digester AV. 
Kwh/h Digester excess 

Jan 744 57.1 45.7 84.6 43.5 

Feb. 672 57.1 45.7 84.6 43.5 

Mar. 744 57.1 45.7 84.6 43.5 

Apr. 720 57.1 45.7 84.6 43.5 

May. 744 57.1 45.7 84.6 43.5 

Jun. 720 57.1 45.7 84.6 43.5 

Jul. 744 57.1 45.7 84.6 43.5 

Aug. 744 57.1 45.7 84.6 43.5 

Sep. 720 57.1 45.7 84.6 43.5 

Oct. 744 57.1 45.7 84.6 43.5 

Nov. 720 57.1 45.7 84.6 43.5 

Dec. 744 57.1 45.7 84.6 43.5 

 

Appendix 9: Biogas potential complete mix digester 

 
Month 

 
Hours 

 
Methane 
      (m3) 

 
Capacity  
  (kw) 
 

 
Possible kwh 

 
Generated kwh 

Jan 744 25,017 115 85,560 77,004 

Feb 672 22,595 115 77,280 69,552 

Mar 744 25,017 115 85,560 77,004 

April 720 24,210 115 82,800 74,520 

May 744 25,017 115 85,560 77,004 

Jun 720 24,210 115 82,800 74,520 

Jul 744 25,017 115 85,560 77,004 

Aug 744 25,017 115 85,560 77,004 

Sep 720 24,210 115 82,800 74,520 

Oct 744 25,017 115 85,560 77,004 

Nov 720 24,210 115 82,800 74,520 

Dec 744 24,306 115 85,560 77,004 

Total 8,760 286,184 115 1,007,400 906,660 
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Appendix 10:Farm energy usage; plug flow digester 

 
Month 

 
Hours 

 
Required electric 
(kwh) 

 
Digester produced. 
(Kwh) 

 
Percentage 
Used 

Jan 744 33,972.6 77,004 44.18 

Feb 672 30,683.5 69,552 44.18 

Mar 744 33,972.6  77,004 44.18 

April 720 32,875.2 74,520 44.18 

May 744 33,972.6  77,004 44.18 

Jun 720 32,875.2 74,520 44.18 

Jul 744 33,972.6  77,004 44.18 

Aug 744 33,972.6 77,004 44.18 

Sep 720 32,875.2 74,520 44.18 

Oct 744 33,972.6 77,004 44.18 

Nov 720 32,875.2 74,520 44.18 

Dec 744 33,972.6 77,004 44.18 

Total 8,760 400,000 906,660 44.18 

 

Appendix 11: Farm energy capacity; Plug flow digester 
 
 
Month 

 
Hours 

Req. 
peak 
kw 

 
Req. annual 
ave. kwh/h 

 
Digester Av. 
kwh/h 

 
 
Not used 
(kwh/h) 

Jan 744 57.1 45.7 103.5 57.8 

Feb 672 57.1 45.7 103.5 57.8 

Mar 744 57.1 45.7 103.5 57.8 

April 720 57.1 45.7 103.5 57.8 

May 744 57.1 45.7 103.5 57.8 

Jun 720 57.1 45.7 103.5 57.8 

Jul 744 57.1 45.7 103.5 57.8 

Aug 744 57.1 45.7 103.5 57.8 

Sep 720 57.1 45.7 103.5 57.8 

Oct 744 57.1 45.7 103.5 57.8 

Nov 720 57.1 45.7 103.5 57.8 

Dec 744 57.1 45.7 103.5 57.8 

Total 8,760 57.1 45.7 103.5 57.8 
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Appendix 12: Biogas potential; covered lagoon 

 
Month 

 
Hours 

 
Methane 

(m3) 

 
Capacity in 

(kw) 

 
Possible kwh 

 
Generated kwh 

Jan 744 18,748 86 63,984 57,585 

Feb 672 16,934 86 57,792 52,012 

Mar 744 18,748 86 63,984 57,585 

April 720 18,144 86 61,920 55,928 

May 744 18,748 86 63,984 57,585 

Jun 720 18,144 86 61,920 55,928 

Jul 744 18,748 86 63,984 57,585 

Aug 744 18,748 86 63,984 57,585 

Sep 720 18,144 86 61,920 55,928 

Oct 744 18,748 86 63,984 57,585 

Nov 720 18,144 86 61,920 6855,928 

Dec 744 18,748 86 63,984 57,585 

Total 8,760 220,740 86 753,360 678,019 

 

Appendix 13: Farm energy Usage covered lagoon 

 

 
Month 

 
Hours 

 
Req. peak kw 

 
Digester Av. 
KWh/h 

 
 
Percentage 
used 

Jan 744 33,972 57,585 58.99 

Feb 672 30,683 52,012 58.99 

Mar 744 33,972 57,585 58.99 

April 720 32,875 55,928 58.99 

May 744 33,972 57,585 58.99 

Jun 720 32,875 55,928 58.99 

Jul 744 33,972  57,585 58.99 

Aug 744 33972 57,585 58.99 

Sep 720 32875 55,928 58.99 

Oct 744 33972 57,585 58.99 

Nov 720 32875 55,928 58.99 

Dec 744 33972 57,585 58.99 

Total 8,760 400,000 678,019 58.99 
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Appendix 14: Farm Capacity covered lagoon 

 
Month 

 
Hours 

Req. peak KW  
Req. annual ave. 

KWh/h 

 
Digester Av. 

KWh/h 

 
 

Faction 
Jan 744 57.1 45.7 77.4 31.7 

Feb 672 57.1 45.7 77.4 31.7 

Mar 744 57.1 45.7 77.4 31.7 

April 720 57.1 45.7 77.4 31.7 

May 744 57.1 45.7 77.4 31.7 

Jun 720 57.1 45.7 77.4 31.7 

Jul 744 57.1 45.7 77.4 31.7 

Aug 744 57.1 45.7 77.4 31.7 

Sep 720 57.1 45.7 77.4 31.7 

Oct 744 57.1 45.7 77.4 31.7 

Nov 720 57.1 45.7 77.4 31.7 

Dec 744 57.1 45.7 77.4 31.7 

Total 8,760 57.1 45.7 77.4 53.7 

 

Appendix 15 

Hashimoto Reactor Analysis Formula 
 

Yv   =
θ

VSBo *

�
�
�

�

�

�
�
�

�

�

+−
−

Km

K

1
1

θµ
          

 
 Where Yv =Volumetric methane production LCH4 /influent volume /day  
             VS =influent total Volatile Solids (TVS) concentration influent volume 
/day 
              Bo  =Ultimate methane yield asθ  approaches infinity 
             θ   = Retention time 
           mµ  = Maximum specific microbial growth rate  
             K = kinetic parameter, dimensionless 
 
Chen and Hashimoto defined relationship between mµ and temperature 
between 200 and 600c based on the analysis of data from several sources  
 
                            mµ =0.013(T)-0.129    
                                                                                     Hashimoto (1982) 
                  
                               Diary =0.84+0.016e(0.06*VSo ) 
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                    Where; 
   - Vs is the influent volatile solid concentration per influent 
     volume in kg/m3 
                        - Kdairy  < 1.64 

   

Co = 
volumeTotalinput

Drymatter )05.01(* −
*biodegradable factor             

                    Where, Co is the influent solids concentration. 

 

Ce =(1-VS conversion Efficiency)*Co 

      Where Ce is the effluent solids concentration. 

LR = Co* input volume 

HRT =
e

eo

kC
CC −

 

   Where k is the degradation constant  

Volume = HRT*Total input volume 

 

o

eo

C
CC −

=η *100% 

Annual methane yield=Mo *Bth 

 

Theoretical Methane yield 

                     Bth =
dcba

dcba

141612
8

324

22400
+++

−−+

 

B.F= 0.83-0.028LC  

  Where; 

   -  BF= Biodegradable Factor   

   - LC= Lignin Content 

Lignin content of selected organic materials 
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Component Lignin Content % 

Food wastes   0.4 

Newspaper 21.9 

Office paper   0.4 

Cardboard   12.9 

Yard waste 4.1 

Chicken manure 3.4 

Pig manure 2.2 

Cow manure   8 

Wheat straw                          13 

Whey acid 0 

Pine wood                              28 
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Plates 
            Manure disposal site near Dembi farm  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
         
     
 
 

 
 
 
 
Partial view of manure management system in the farm 
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