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Abstract 
 

This study was conducted with the objective of quantifying the effect of zero 

grazing on the biogas and slurry production in Fogera woreda through 

grouping cattle in to two main categories, i.e., zero grazers and free grazers 

having four cattle in each groups and collecting data accordingly. Both biogas 

and slurry production were measured by taking two biogas plants that fed with 

manures of zero grazing and free grazing cattle separately. The parameters on 

which data were collected are manure production, manure fed to biogas 

plants/influent, slurry and biogas production. The interpretation and 

discussion were carried out based on descriptive statistics through comparing 

and contrasting the data/ the parameters between zero grazing and free 

grazing. The result shows that zero grazing has significant effect on the 

production of manure, slurry and biogas. There was significant (P<0.05) 

difference between manure and slurry from zero grazing cattle and that of free 

grazing ones, i.e., the manure collected from zero grazing cattle was about 

38% larger in amount than that of free  grazers. This difference results the 

same amount of slurry and 36.4% of biogas productions. More over, it was 

investigated that the dry matter content of manure and slurry of zero grazing 

cattle is significantly greater than that of the same amount of manure and 

slurry from free grazers. On the other hand, there was no significant (P>0.05) 

difference between the amount of liquid manure fed to the two biogas plants 

which resulted  equivalent amount of biogas production  per a unit of manure 

from the two groups. Therefore, it can be concluded that, in addition to the 

direct impact through over grazing and over stocking, free grazing 

management system of cattle has significant indirect impact on the 

environment by affecting the production of slurry and biogas which may be the 

silent impact of cattle management systems on the environment. 

  

Key words: Biogas, slurry/bio-slurry, feedstock/influent, zero/free grazing 
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1. Introduction  

 

1.1. Background and Justification 

 

The importance of sustainable development has been increasing in the last two 

decades as a consequence of climate change. Global climate change has 

threatened sustainable development and GHG emission is one of the most 

important reasons for global climate change (Fusun et al., 2009). When sector 

distribution of GHG emission is taken in to consideration, agriculture sector has 

the biggest share in developing countries among which livestock husbandry 

contributes huge amount of GHG, mainly methane, which has 25 times more 

global warming potential than carbon dioxide. In order to mitigate and avoid 

global climate change, reducing this emission and the usage of renewable energy 

such as biogas should be increased. Hence, boosting investment in alternative 

energy and managing the agricultural emission is one way of contributing to the 

sustainable development and security of energy supply and helps for rural 

development (FAO, 2009). 

 

The GHG emission of Ethiopia, as one of the developing countries with 

agriculture based economy, is from agriculture sector. The country has huge 

livestock resources, second largest in Africa, and ninth in the world, with 

population of over 38 million cattle, 30 million small ruminants, 1 million camels, 

4.5 million equines and 40 million equines (Getachew et al., 2006). There fore, 

the contribution of GHG emission from the animal husbandry is estimated to be 

enormous even though there is no quantified solid data published to show the 

trend in Ethiopia. Hence, reducing the emission from agriculture in general and 

livestock in particular helps to minimize the GHG effect. Biogas, a clean-burning 

methane-rich fuel gas produced through anaerobic digestion of suitable biomass feed 

stocks, one of the biomass-derived modern energy carrier for household applications with 

which there is widespread experience, is also one of the tools to manage this agricultural 

waste there by helping to cut emissions particularly from animal manure. It can be 
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generated from organic matter including manure, sewage, sludge, municipal solid 

waste, biodegradable waste or any other biodegradable feed stock, under an 

aerobic condition (Goldenbing, 2000). Biogas can be generated from cattle dung and 

wastes easily and more difficultly, from some crop residues. It is comprised primarily 

of methane and carbon dioxide (IEA, 2008). 

 

Biogas has many advantages compared to low quality biomass derived energy 

sources such as cattle dunk cakes which is not only unclean and unhealthy, but 

also inefficient sources of energy when used in direct combustion.  The use of 

biogas as alternative sources of fuel not only provides clean and efficient energy 

for cooking and lighting, but also save money  used for purchase of fire-wood and 

kerosene, time of collecting fire-wood, health improvement mainly for women 

and children,  contribution to arrest environmental degradation including 

reduction of greenhouse gas emission, economic return for the public (economic 

internal rate of return of 78% for Ethiopia), and help private sector development 

(Getachew ea al., 2006). In addition the digested slurry which remains free from 

foul smell harmful pathogens, breeding of mosquitoes, serves as effective means 

of disposing dung keeping residential areas clean and healthy to live in, is a 

quality bio fertilizer replacing organic fertilizer which in turn reduces the burden 

to the environment due to pollution and GHG emission (Kidane and Getachew, 

2007 and Wudnesh and Belay, 1994).  

  

Considering the advantages, the renewed interest in biogas and in order to unleash 

the potential for biogas in Ethiopia, a feasibility study to assess the potential for 

domestic biogas plant was commissioned. In this way, planning to disseminate 

14,000 (2008-20012-1st phase) and more than 100,000 (next phase) domestic 

biogas plants, the National biogas programme has constructed  more 100 biogas 

plants of size 4m
3
, 6m

3
 and 10m

3
  in Amhara, Oromia, SNNPS and Tigrai regions at 

piloting level. Due to suitability manure to produce biogas and the country has a 

huge amount of resources and cattle are an integrated part of farming on the 

highlands of Ethiopia, the biogas plants disseminated by National Biogas 
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Programme (NBP) use only manure as feed stock (Kidane and Getachew, 2007). 

However, the current practice of cattle roaming on communal grazing lands, free 

grazing system, limits the amount of available dung to some extent. In addition, 

cattle are mostly not well fed and often skinny. Hence, farmers should have a 

minimum of four heads of cattle to secure sufficient dung availability to have the 

smallest biogas plant (4m
3
) from the program. Improvement of cattle sheds and 

floors would improve this situation considerably for most farms. Moreover, it is 

likely that the free grazing practice increasingly will be replaced by “cut and 

carry”, zero grazing management system of livestock, as the traditional practice 

may just have to high a toll on the environment, which again increases the amount 

of manure produced per head of cattle (SNV/Ethiopia, 2005). The result generated 

from this study is useful for planning and implementing the biogas program by 

governmental and non-governmental organizations such as National Biogas 

Program of Ethiopia, Ministry of Mine and Energy, SNV, GTZ, investors 

involving in biogas production, researchers on biogas prospects, and biogas 

producer farmers. Quantifying and showing the amount of biogas and slurry lost 

due to free grazing, the economic importance, more than environmental issues, 

will encourage zero grazing there by deforestation through over grazing will be 

reduced.  
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1.2. Statement of the problem 

The biogas plants disseminated by National Biogas Programme (NBP) and SNV 

use manure as main feed stock. However, the current practice of free grazing 

cattle management system on communal grazing lands limits the amount of 

available dung. Therefore, among the criteria set by the programme for selecting both 

regions and households for the dissemination of the biogas plants, cattle holding is 

mandatory (Kidane and Getachew, 2007). As a result farmers should have a 

minimum of four heads of cattle to secure sufficient dung availability (20kg of 

dung) to have the smallest biogas plant (4m
3
) from the program (assuming that 

cattle are only night stabled). However, cattle holding per household in many parts of the 

country, including Fogera Woreda, is less than four, so only those that have minimum of 

four cattle are benefited from the program (MoWR, 2009). Here, the question is ‘what if 

cattle are zero grazers?’ Replacing the free grazing practice by zero grazing system will 

increase the amount of manure thereby biogas and slurry production, and reduce biomass 

consumption by households.  

Generally, the research will specifically address the following issues: 

1. What amount of manure can be produced from local cattle? 

2. What is the difference in manure production of free and zero grazing 

cattle? 

3. What effect this difference results in the production of biogas and bio-

slurry? 

4. Is there any way that households having less than four cattle can have a 

biogas plant that use manure as feed stock? 
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1.3. Objective 

 

The main objective of the study is to investigate the effect of zero grazing on 

biogas and slurry production.  

 

More specifically, the study has the following objectives:  

� To investigate the amount of manure produced per cattle 

� To quantify the difference in manure production of zero and free grazing 

cattle, and investigate what effect  this difference  has on production of 

biogas and slurry  

� To explore whether households having less than 4 cattle can have a biogas 

plant that use manure or not 
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2. Literature Review 

 

2.1. Historical Background of Biogas 

  

The appearance of flickering lights emerging from below the surface of swamps 

was noted by Plinius and Van Helmont recorded the emanation of an inflammable 

gas from decaying organic matter in the 17th Century. Volta is generally 

recognized as putting methane digestion on a scientific footing who concluded as 

early as 1776 that the amount of gas that evolves is a function of the amount of 

decaying vegetation in the sediments from which the gas emerges, and that in 

certain proportions, the gas obtained forms an explosive mixture with air. In 1884 

Gayon, a student of Pasteur, fermented manure at 35°C, obtaining 100 liters of 

methane. It was concluded that fermentation could be a source of gas for heating 

and lighting but it was not until towards the-end of the 19th Century that 

methanogenesis was found to be connected to microbial activity (FAO, 2007). 

Anaerobic digestion gained academic recognition through scientific research in 

1930s which led to the discovery of anaerobic bacteria, the micro organisms that 

facilitate the process. Further research was carried out to investigate the 

conditions under which methanogenic bacteria were able to grow and reproduce. 

This work was developed during World War II where in both Germany and 

France due to there was an increase in the application of an aerobic digestion for 

the treatment of manure (Humanik et al., 2007). 

 

Now days, there is an increased recognition, in both developing and industrial 

countries, of the need for technical and economical efficiency in the allocation 

and exploitation of resources. Systems for the recovery and utilization of 

household and community wastes are gaining a more prominent place in the 

world community. During the last years, anaerobic fermentation has developed 

from a comparatively simple technique of biomass conversion, with the main 

purpose of energy production, into a multi-functional system (FAO, 2007), such 

as: 
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a) Treatment of organic wastes and wastewaters in a broad range of organic loads 

and substrate concentrations; 

b) Energy production and utilization; 

c) Improvement of sanitation; reduction of odors; 

d) Production of high quality fertilizer 

 

In Ethiopia, biogas technology was introduced as early as 1979, when the first 

batch type digester was constructed at the Ambo Agricultural College. In the last 

two and half decades around 1000 biogas plants, ranging in size from 2.5 m
3
 to 

200 m
3
, were constructed in households, community and governmental 

institutions in various parts of the country. Presently, approximately 40% of the 

biogas plants that were constructed are not operational due to  lack of effective 

management and follow-up, technical problems, loss of interest, reduced animal 

holdings, evacuation of ownership, water problems, etc.(Getachew et.al., 2006 ). 

Due to the problems on operational issues, feasibility study on domestic biogas 

was conducted by SNV/Ethiopia and Ethiopian Alternative Energy Promotion and 

Development Centre (EAEDPC).  The positive outcome of the feasibility study of 

a National Biogas Programme (NBP) for Ethiopia resulted in a formal partnership 

between (EAEDPC) and SNV/Ethiopia to develop a programme implementation 

document for mass dissemination of domestic biogas. Currently, the program is 

distributing house hold biogas plants in four regions of the country. The expected 

impact from domestic biogas are  time saving and health improvement mainly for 

women and children,  contribution to arrest environmental degradation including 

reduction of greenhouse gas emission, economic return for the public (economic 

internal rate of return of 78% for Ethiopia), provision of quality bio-fertilizer, and 

private sector development (SNV/Ethiopia, 2005). 

 

2.2. Factors affecting anaerobic process 

 

Environmental factors which influence biological reaction, such as PH 

temperature, nutrients and inhibitors concentrations are amenable to the external 

control in the anaerobic process. Any drastic change in these factors can adversely 
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affect the biogas production. So these parameters should be adjusted within the 

desirable range to operate the biogas plant efficiently (Chatterjee, 2007 and 

Marchaim, 1992)  

 

2.2.1. PH  

 
PH

 
is an important parameter affecting the growth of microbes during anaerobic 

digestion. PH of the digester should be kept within the desired range of 6.8-7.2 by 

feeding it at optimum loading rate. Acetate and fatty acids produced during 

digestion tend to lower pH of the digester liquor. However, the ion bicarbonate 

equilibrium of carbon dioxide in the digester exerts substantial resistance to PH 

change. This resistance to the change in PH is known as buffer capacity, is 

quantified by amount of strong acid or alkali added to the solution in order to 

bring about change in PH. Thus the presence of bicarbonate helps to prevent 

adverse effect on the micro organisms which result from low PH
 
caused by excess 

production of fatty acids during digestion. Proteins and other organic compounds, 

as well as bicarbonate, take part in the buffering capacity and the resistance to the 

changes in PH (Chatterjee, 2007). 

 

Most microorganisms grow best under neutral conditions, since other PH values 

may adversely affect metabolism by altering equilibrium of enzymatic reactions, 

or by actually destroying the enzymes. The methanogenic group of bacteria is the 

most PH
 
sensitive. Low PH can cause the chain of biological reactions in the 

digestion to cease (Getachew et al., 2006). Two main operational methods are 

suggested for correcting an unbalanced, low PH conditions in digester. The first 

approach is to stop the feed and allow the methanogenic population time to reduce 

the fatty acid concentration and thus raise the PH to the acceptable level of at least 

6.8. Stopping the feed also slow the activity of fermentative bacteria and thus 

reduce acid production. A second method involves the addition of chemicals to 

raise the PH and provide additional buffer capacity. An advantage of chemical 

addition is that the PH
 
can be stabilized immediately, and unbalanced populations 

allowed correcting themselves more quickly. Calcium hydroxide (lime) often 
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used. Sodium carbonate (soda ash), while more expensive, can prevent calcium 

carbonate precipitation (Marchaim, 1992). 

 

2.2.2. Temperature 

The anaerobic bacteria consortia function under three temperatures ranges. 

Psychrophilic temperatures of less than 10
0
C produce the least amount of 

bacterial action. Mesophilic digestion occurs between 20
0
C and 41

0
C. 

Thermophilic digestion occurs between 45
0
C and 71

0
C (Jordening and Winter, 

2005). Optimal digestion occurs at about 35
0
C for mesophilic and 55

0
c for 

thermophilic bacteria with decrease activity at around 45
0
C (Marchaim, 1992).    

Research results suggested that the working conditions of digester to be in 

mesophilic range and particularly at temperature of 35
0
C (Hawakes and Horton, 

1979). It was also described in the final biogas trainee’s manual (EAEDPC/SNV 

Ethiopia, 2008) that the ideal temperature in operation of digesters is about 35
0
C. 

The yield of biogas reduces significantly when the temperature drops and 

fermentation process will stop if the temperature drops under 10
0
C. The rate of 

bacterial growth and waste degradation is faster under thermmophilic conditions. 

Thus an advantage of thermophilic digestion is that the rate of methane 

production is approximately twice that of Mesophilic digestion. On the other 

hand, thermophilic digestion produces odorous effluent when compared to 

Mesophilic digestion. In most cases, sufficient heat is not available to operate in 

thermophilic range. For example, animal manures which are at ambient 

temperature needed considerable energy to rise their temperature to 55
0
C (Dennis 

and Burke 2001).  

 

The conversion of fruit and vegetables waste to biogas was improved by the 

increase of the temperature from psychrophilic to thermophilic conditions 

comparatively,  the experimental results showed that biogas production from 

thermophilic operations  are higher than psychrophilic and mesphilic  operations  

at the overall conditions. The highest biogas production rate was obtained with 

thermophilic temperature and is higher by 144 and 41% in average compared to 
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the biogas production rate from psychrophilic and mesphilic digesters 

respectively. The composition of the biogas from thermophilic digesters was from 

58 to 62% methane. A high temperature improves the anaerobic biodegradation of 

the complex organic matter (Bouallagui, 2003). The biogas plants in Ethiopia are 

expected to be operated in mesophilic range, meaning 20
0
C- 45

0
C, because the 

temperature in most regions of the country is within this range (EAEDPC/SNV 

Ethiopia, 2008). 

 

2.2.3. Carbon to Nitrogen ratio (C/N ratio)  

The Carbon/Nitrogen ratio is an important index to evaluate the capacity of 

materials to be decomposed. Generally, microbes producing biogas need the 

carbon twenty five to thirty times more than nitrogen. Therefore the optimum 

carbon nitrogen ratio of feedstock is 25/1 to 30/ (EAEDPC/SNV Ethiopia, 2008). 

Substrates with a too low C/N ratio lead to increased ammonia production, results 

in toxic effects, and inhibition of methane production. A too high C/N ratio means 

lack of nitrogen, from which negative consequences for protein formation and 

thus the energy and structural material metabolism of the microorganisms result. 

A high carbon nitrogen ratio is likely to acidify and bring about the failure of 

fermentation. Materials with high C/N ratio should be mixed with those of low 

C/N ratio to bring the average ratio of the composite input to the desirable level 

(Karki and Gautam, 1994). It was recommended that, if C: N ratio is high the gas 

production can be improved by adding nitrogen in the form of cattle urine or by 

fitting a latrine to the plant (Fulford, 1988). 

 

The carbon nitrogen ratio of pig and cattle manure is suitable, while that of human 

and chicken dung is low for effective digestion. The carbon nitrogen ratio of fresh 

vegetation is high and this ratio is getting very high in old vegetation, therefore 

these materials should be mixed in proper proportions in order to start the 

fermentation process and raise the yield of biogas.  Accordingly, biogas 

production varies as per the carbon/nitrogen ratio of the feeding material 

(EAEDPC/SNV Ethiopia, 2008). 
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It was also reported that the gas production was influenced by C: N ratio and the 

optimal C: N was 30:1 for anaerobic digester if other conditions were favorable 

(Singh, 1974).  (Pyle, 1978) stated that optimum C: N ratio recommended for 

anaerobic digester was 10-30. In the same manner it was suggested ideal C: N 

being 20:1 and 30:1 (Marchaim, 1992). 

 

2.2.4. Inhibitors 

When planning and operating biogas plant, it has to be borne in mind that some 

compounds which are formed, even to a limited extent, as products of the 

metabolism of anaerobic degradation, inhibit the biocenosis and can  even be 

toxic at higher concentration. The inhibition depends on the concentration of 

inhibitors, the composition of the substrate, and the adaptation of the bacteria to 

the inhibitor. Anaerobic bacteria need a low concenration of the inhibtiors as trace 

elements (Marchaim, 1992 and Dieter, 2008).                                              

Heavy metals, which act as trace elements at low concentrations stimulating the 

activty of the bacteria, can have toxic effects at higher concentrations. In 

particular lead, cadmium, copper, zinc, nickel, and chromium can lead to 

disturbances in biogas plants, but so also can sodium, potassium, calcium and 

magnesium (EREDPC, 2003). The sudden occurance of high concentration of 

heavy metals, detergents, oxygen, etc. is very common in treatment plants. These 

compounds inhibit the methanogens more than other anaerobic microorganisms, 

and consequently accumulation of volatile fatty acid (VFA) and adrop in PH. In 

the case  of oxygen, the faculative bacteria present in the granules  can use this 

element before it affects the methanogens.However, during  a hydraulic shock 

load, the amount of oxygen can exceed the capacity of faculative bacteria present 

in granule or flock, causing inhibition of methanogensis (Renato and Leit, 2005). 

Disinefectants (hospital, industry), herbicides, and insectcides (agriculture, 

gardens , households ), surficants (households), and antibiotics can often flow 

with the substrate into methanation and can cause non specific inhibition. 
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Chlorinated hydrocarbons such as chloroform at levels above 40mg/L and /or 

chlorinated fluro carbons  also have toxic effects (Dieter, 2008). 

 

2.2.5. Agitation 

For a high  degradation activity of the bacteria, it is necessary to provide the 

active biomass with sufficient degradable substrate. Simultaneously, the 

metabolic products of the organisms have to be removed (Nobert and Rilling 

2009). These requirments can be met by mechnical mixing or other  agitation of 

the reactor contents (Rilling and Stegmann, 1992). Another possibilty is to install  

a water circulation system, by which the process water, which ensures nutrient 

provision and the removal of metabolic products, trickles through the waste in the 

reactor (Rilling and Stegmann, 1992).  As stated by (Chris, 1999) the most 

important objective of agitation is to enable: 

� Removal of the metabolites produced by the methanogens (gas); 

� Mixing of fresh substrate and bacterial population (inoculation); 

� Preclusion of scum formation and sedimentation; 

� Avoidance of pronounced temperature gradients within the digester; 

� Provision of a uniform bacterial population density; and 

� Prevention of the formation of dead spaces that would reduce the effective 

digester volume 

 

A number of ways by which agitation of digester contents can be carried out was 

also introduced. For instance, daily feeding of slurry instead of periodical gives 

the desired mixing effect. Stirring can also be carried out by installing certain 

mixing devices like scraper, piston etc., in the plant (Yadvika, 2004). 

 

2.2.6. Feeding Quality 

All feeding materials consist of solid matter and water. The solid in turn consists 

of volatile solids (VS) and non-volatile solids or fixed solids (FS). Non-volatiles 

are not affected during digestion and come out of the digester unchanged. As 

stated in trainee’s manual of national biogas program of Ethiopia (EAEDPC/SNV 
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Ethiopia, 2008) fresh cattle dung consists of about 80% water and 20% total solid. 

This 20% total solid approximately contains 70% Vs and 30% Fs. For easy 

mixing and handling an 8-10% Ts in the feeding is recommended. Thus, to bring 

the Ts to 8-10% fresh cattle dung is to be diluted with water and /or urine in the 

ratio of 1:1 (EAEDPC/SNV Ethiopia, 2008). (Getachew et al., 2006) 

recommended that 7–9% solids concentration is best-suite. It was also reported 

that the composition of typical animal and human wastes consists of 15-48% of 

Ts and Vs is 77-90% of Ts. For cow dung, the total solid is in the range of 15-

20%, and the Vs as percent of Ts are 77 % (Fulford, 1988). 

 

2.2.7 Availability of nutrient 

In order to grow, bacteria need more than just a supply of organic substances as a 

source of carbon and energy, they also require certain mineral nutrients. In 

addition to carbon, oxygen and hydrogen, the generation of bio-mass requires an 

adequate supply of nitrogen, sulfur, phosphorous, potassium, calcium, magnesium 

and a number of trace elements such as iron, manganese, molybdenum, zinc, 

cobalt, selenium, tungsten, nickel etc. "Normal" substrates such as agricultural 

residues or municipal sewage usually contain adequate amounts of the mentioned 

elements. Higher concentration of any individual substance usually has an 

inhibitory effect, so that analyses are recommended on a case-to-case basis to 

determine which amount of which nutrients, if any, still needs to be added (Koss 

man, 2000). 

 

2.2.8. Particle size 

Though particle size is not as such important parameter as temperature or PH of 

the digester contents, it still has some influence on gas production. The size of the 

feedstock should not be too large otherwise it would result in the clogging of the 

digester and also it would be difficult for microbes to carry out its digestion. 

Smaller particles on the other hand would provide large surface area for adsorbing 
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the substrate that would result in increased microbial activity and hence increased 

gas production (Yadvika, 2004 and Sharama et al., 1990). 

 

2.2.9. Organic loading rate (OLR) 

Organic load variations can be divided into two different classes, those which are 

due to suspended solids (SS) variation, and those due to dissolved solids variation. 

Each class has its own distinct effects. An extra contribution in the load of SS can 

lead to deterioration of reactor performance. Overloading due to dissolved 

degradable compounds can lead to an accumulation of VFA, a drop in pH values, 

and possibly an inhibition of methanogenic activity (IEA, 2008). 

 

2.2.10. Hydraulic retention time (HRT) 

Most anaerobic systems are designed to retain the waste for a fixed number of 

days. The number of days the materials stays in the tank is called the Hydraulic 

Retention Time (HRT). The Hydraulic Retention Time equals the volume of the 

tank divided by the daily flow (HRT=V/Q). The hydraulic retention time is 

important since it establishes the quantity of time available for bacterial growth 

and subsequent conversion of the organic material to gas (Dennis and Burke, 

2001).  

Shorter retention time is likely to face the risk of washout of active bacterial 

population while longer retention time requires a large volume of the digester and 

hence more capital cost. Hence there is a need to reduce HRT for domestic biogas 

plants based on solid substrates (Yadvika, 2004). To avoid washing out from the 

reactor, hydraulic retention time must be at least10-15 days with reactor for 

systems which do not have facilities for retaining returnig biomass (Renato and 

Leit, 2005).   
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2.3. Feedstocks and Biogas Production 

 

Biogas can be generated from organic matter including manure, sewage, sludge, 

municipal solid waste, biodegradable waste or any other biodegradable feed stock, 

under an aerobic condition (Goldenbing, 2000). It can be generated from cattle dung 

and wastes easily and more difficultly, from some crop residues. It is comprised 

primarily of methane and carbon dioxide (IEA, 2008). 

 

2.3.1. Biogas Feedstocks 

The physical and chemical state of a material feedstock used for anaerobic 

digestion is initially determined by its source. The feedstock may be a clear 

liquid, a suspension of solids in a liquid, or a "solid" - a material with less than 70 

- 80% water content. Various digester systems have been designed to treat these 

physically different forms of feedstock. Sometimes physical and chemical 

problems may be solved by modifying the feed. These modifications may allow 

the original type of digester to be used, or they may be such that a different type is 

needed (Marchaim, 1992). 

 

In general, most natural organic wastes can be digested and produce biogas with 

lignin is major exception. In Developing Countries, the primary substrate is cattle 

dung, due to large cattle populations. This is a good substrate, since it is 

moderately degradable, and is well balanced nutritionally (C/N = 25:1). Swine 

and poultry manures produce even more biogas per unit weight, and at higher 

rates, with lower C: N ratio and higher risk of failure of digestion operations, 

(table 2). Human wastes (night soil), as well, are high in nitrogen (C/N = 6), and 

can also be digested. Carbohydrate wastes could be added to raise the C/N ratio 

and provide more gas (EAEDPC/SNV Ethiopia, 2008). 

 

Agricultural residues (e.g., wheat, rice straw) are usually readily available, but 

have high C/N ratios (over 40). They can only be digested in a mixture with 

manures and night soil. These wastes are usually partially biodegradable, and can 
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be made more so by physical size reduction, and by pre-composting. However, 

problems can arise with these materials because they float in the digester and 

form hard scum on the surface. The high lignin content of this material, which is 

not degradable, gives the fibrous feature to the digested slurry, used after 

fermentation as a soil conditioner (Fulford, 1988). Plants, such as water hyacinth, 

duckweed, etc., can also be degraded easily, and give quite high gas yields. In 

these cases, digestion of these weeds can solve the problem caused by excess 

weed growth in canals, while providing energy as well. Since their primary 

productivity is very high, the opportunity exists to create an "energy farm", by 

cultivating these weeds, perhaps in wastewater, which would also solve the 

problem of wastewater treatment. However, they absorb toxicants from the 

sewage and therefore the digested slurry obtained is limited in its uses (Karki and 

Gautam, 1994.) Wastes generated in urban areas (garbage, organic domestic and 

industrial wastes) are in principle also amenable to anaerobic digestion. However, 

these feedstocks have not been thoroughly explored in Developing Countries 

(Koss man, 2000). 

 

2.3.2. Feedstock and size of digesters 

The major criteria for size in the design of anaerobic digesters are amount of daily 

feed and the mean cell (or solids) residence time (c). The mean cell residence time 

is defined as the mass of bacterial cells in the digester divided by the mass of cells 

removed from the digester per day. For a conventional digester without solids 

recycle, is equivalent to the hydraulic retention time, (HRT), and is thus directly 

related to digester volume. It has been found that at a given temperature, most 

digester performance parameters of interest can be correlated with residence time 

(Dennis and Burke, 2001).  
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Anaerobic digesters can utilize a large number of organic materials as feedstocks. 

The size of plant is determined by not only amount of feedsocks but also by the 

degree of biodegradability of the feedstocks (FAO, 2007). Animal manures 

exhibit good nutrient balances, are easily slurried and are relatively 

biodegradable. The range of biodegradability reported varies from 28 - 70%. This 

variation is partly due to the diet of the animals and amount of bedding to the 

animal that is also used digestion. For example, it showed that as the percentage 

of silage is increased, at the expense of ground corn, the degradability of the 

manure decreases, since silage contains a high percentage of lignocellulose 

materials. Thus, in Developing Countries, where cattle are fed agricultural wastes, 

the manure is less biodegradable than where cattle are fed ground grains or 

commercial feed. Fresh manure is much more biodegradable than aged and/or 

dried manure because of the substantial loss of volatile solids over time 

(Hashimoto and Chen, 1981). 

 

Since biogas production has also been used as a waste management tool of 

biodegradable materials including animal manures, human wastes, crop residues, 

food processing and other wastes, or mixtures of one or more of these residues 

and wastes (SNV/Ethiopia, 2005), the quantity of the feeding material is one of 

the factors to determine the volume of a digester as the volume should be large or 

small enough to contain all the waste generated daily.  
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Table 1. Quantity of cattle dung required for feeding different size of biogas units 

Size of gas 

holder (m
3
) 

Dung required 

daily(kg) 

Approximate number of adult cattle                

Local Cross bred 

1 25 2 1 

2 50 4 2 

3 75 6 3 

4 100 8 4 

6 150 12 6 

8 200 16 8 

10 250 20 10 

15 375 30 15 

20 500 40 20 

Source:  EAEDPC, 2003 

 

2.3.3. Anaerobic digestion and gas production 

For PH, temperature and other environmental factors held constant, the amount of 

gas produced per unit of feedstock is determined by types of feedsocks and 

nutrient content of the of these feeds, that is, the degree of biodegradability of the 

feedstocks. Anaerobic bacteria appear to have relatively simple nutrient 

requirements, which include nitrogen, phosphorus, magnesium, sodium, 

manganese, calcium, and cobalt (Chendu, 2006). Nutrient levels should be at least 

in excess of the optimal concentrations needed by the methanogenic bacteria, 

since these are the most severely inhibited by slight nutrient deficiencies. Nutrient 

additions are often required in order to permit growth in digestion of industrial 

wastes and crop residues. However, nutrient deficiency should not be a problem 

with most manures and complex feedstocks, since these substrates usually provide 

more than sufficient quantities. An essential nutrient can become toxic to 
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organisms if its concentration in the substrate becomes too much. In the case of 

nitrogen, it is particularly important to maintain an optimal level to achieve good 

digester performance without toxic effects. The imbalance between the high 

nitrogen content and the carbon source cause toxicity by generating ammonia 

(Kidane and Getachew, 2007) 

 

Nitrogen present in the feedstock has two benefits: (a) it provides an essential 

element for synthesis of amino acids, proteins and nucleic acids; and (b) it is 

converted to ammonia which, as a strong base, neutralizes the volatile acids 

produced by fermentative bacteria, and thus helps maintain neutral pH conditions 

essential for cell growth. An overabundance of nitrogen in the substrate can lead 

to excessive ammonia formation, resulting in toxic effects (Marchaim, 1992). 

Thus, it is important that the proper amount of nitrogen be in the feedstock, to 

avoid either nutrient limitation (too little nitrogen) or ammonia toxicity (too much 

nitrogen). The composition of the organic matter added to a digestion system has 

an important role on the growth rate of the anaerobic bacteria and the production 

of biogas (EAEDPC/SNV Ethiopia, 2008). 

 

Therefore, since the nutrient composition, C/N ratio and toxicity characterstics 

vary from one feedstock to another, the amount of biogas produced from the 

different feedstocks of the same unit of feeding materials is different (table 2). 
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Table 2. Potential gas production from different feed stocks 

Types of  

feed stock 

Gas  

yield/kg/day/m
3
 

Manure/ 

Animal/day 

Gas yield  

per day 

Dung of  

Cattle 0.036 10 0.36 

Buffalo 0.036 15 0.54 

Pig (50kg) 0.075 2.25 0.18 

Chicken (2kg) 0.062 0.18 0.011 

Human (adult) 0.078 0.4 0.028 

Source:  Fulford, 1988 

 

2.3.4. Digestion of manure  

Enormous amount of manure is produced from cattle of the world every year. 

Fore instance, in the United States livestock animals produce over one billion tons 

of manure annually (Marchaim, 1992).  According to estimates from FAO, the current 

emissions of methane and nitrous oxide related to manure management are 

responsible for 6% of the total global anthropogenic greenhouse gas (GHG) 

emissions. However, today, less than 1% of the global manure production is 

turned into biogas, which underlines the growth potential for biogas production 

and concomitant reductions of global GHG missions (FAO, 2009).  

 

Because of the scale and growth in GHG emissions from manure, finding other 

approaches to manure management that decrease these emissions represents a 

valuable starting point for mitigating concerns about global climate change in the 

agricultural sector. Notably, through anaerobic digestion, which is a well known 

and time-tested process, animal manure can be converted to methane-rich biogas 

and sludge, which is nearly odorless and useful as a fertilizer. Furthermore, the 

biogas is a valuable fuel that can be used in a variety of applications such as 
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cooking and home heating. It can also be converted into compressed natural gas 

(CNG) after a scrubbing process that removes carbon dioxide and hydrogen 

sulfide (FAO, 2009).  

 

Biogas’ greatest potential for mitigating greenhouse gas emissions, though, is as a 

substitute for coal in electricity generation due to coal’s role as the primary source 

of carbon dioxide emissions from the power sector. Many studies have been 

conducted focusing on energy or the GHG mitigating potential of producing 

biogas in various countries or in a specific region, (FAO, 2007). Collection and 

controlled management of animal manure therefore in itself represents a huge 

potential for reduction of greenhouse gas emissions. If manure furthermore is 

used to generate energy to replace fossil fuels, even more climate change 

mitigation can be achieved. Making biogas is one obvious way of generating this 

energy from collected manure (Kidane and Getachew, 2007). 

 

The manure production in Ethiopia is assumed to be one of the huge potential as 

livestock population in this country is the second largest in Africa, and ninth in 

the world which includes over 42 million cattle. In rural Ethiopia where fire wood 

is scarce, cattle dung cakes are the main sources of household fuel instead of 

biogas production. Cattle dunk cakes in direct combustion is not only unclean and 

unhealthy, but also inefficient sources of energy (Wudnesh and Belay, 1994).  

The use of biogas as alternative source of fuel not only provides clean and 

efficient energy for cooking and lighting, but also saves money  used for purchase 

of fire-wood and kerosene, time of collecting fire-wood and deforestation 

(Getachew et al., 2006). In addition the digested slurry remains, free from foul 

smell harmful pathogens, breeding of mosquitoes, serves as effective means of 

disposing dung keeping residential areas clean and healthy to live in.  

 

Amount of manure yield is positively correlated with the live weight of animal 

(table 3). This means the smaller the animal size, the more number of animals are 

required to produce the desired dung (Wudnesh and Belay, 1994).  
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Table 3. Amount of dung collected per adult cattle per day 

No. Types of  

animals 

Live weight 

     (kg) 

Average weight 

of dung/day(kg) 

1 Local 252 8 

2 “ 289 9.5 

3 “ 327 10.5 

 Source: Wudnesh and Belay, 1994 

 

The amount of manure production is related not only to the size of the animal but 

also to the species. For normal seized adult animals, the following daily dung 

production can be obtained (table 4). 

 

Table 4.  Amount of manure production from different types of animals 

Types of animals Production (kg/day) 

Cow 10-14 kg/day 

Buffalo 15-20 kg/day 

Pig 5 kg/day 

Chicken(100) 7.5 kg/day 

Human 0.25 kg/day 

Source: Chendu, 2006  

The gas from cow dung is composed of 55-65% methane, 30-35% carbon dioxide, 

with some hydrogen, nitrogen and other traces. During digestion of the manure, 

about 25-30% of the dry matter content of the manure is converted in to 

combustible gases. If the daily amount of available dung (fresh weight) is known, 

gas production per day in a warm climate will approximately correspond to the 

following values (Chendu, 2006 and SNV/Ethiopia, 2005). 
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Table 5. Amount of gas production from different types of manures  

Types of manure (1kg) Production (litres) 

Cattle dung 40 

Buffalo dung 35 

Pig dung 50 

Chicken droppings 60 

Human faeces  50 

Source, Chendu, 2006 and SNV/Ethiopia, 2005 

2.4. Bio-slurry  

 

Bio-slurry is the byproduct of anaerobic fermentation. It has different 

terminologies such as slurry, bio-fertilizer, biogas manure, effluent etc. all mean 

the same (SNV/Ethiopia, 2005).  

 

2.4.1. Composition and characteristics of slurry 

The mixture of dung and water put into the biogas plant in semi-liquid to liquid 

form is called the substrate which has a recommended dry matter value of 8% 

(EAEDPC/SNV Ethiopia, 2008). This substrate under goes a process of anaerobic 

digestion or fermentation in the biogas digester and about 25-30% of the dung dry 

matter or total solid content (TSC) basis of the fresh dung is converted into 

biogas.  A residue of 70-75% of the TSC is pushed out by the plant.  This digested 

slurry is known as the effluent or bio-slurry (Chendu, 2006). 

  

Biogas slurry or effluent consists in general of 93% water, 7% dry matter of 

which 4.5% is organic and 2.5 % is inorganic matter. The percentage of NPK 

(Nitrogen, Phosphorus and Potassium) content of slurry on wet basis is 0.25, 0.13 

and 0.12 while in dry basis it is 3.6, 1.8 and 3.6 respectively. In addition to the 

major plant nutrients, it also provides micro-nutrients such as zinc, iron, 

manganese and copper that are also essential for plants but required in trace 

amounts (FAO, 2007 and Marchaim, 1992).  
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The bio-slurry coming out of the digester has the following characteristics: 

• When fully digested, effluent is odourless and does not attract insects or 

flies in the open.  

• The effluent repels termites whereas raw dung attracts them and they can 

harm plants fertilised with farmyard manure (FYM).   

• Effluent used as fertiliser reduces weed growth with about 50%. When 

FYM is used the undigested weed seeds cause an increased weed growth.  

• Composted effluent and effluent used as liquid fertilisers have a greater 

fertilising value than FYM or fresh dung. This because nitrogen is 

available in a form that can be immediately absorbed, for some crops it is 

superior to chemical fertilizer.  

If bio-slurry is composted the nutrient value will be added into it. Digested slurry 

is an excellent material for accelerating the rate of composting of refuse, crop 

waste and garbage etc (Koss man, 2000). 

 

Manure contains many salts that are included in the cattle ration or consumed in 

the water. Heavy application of manure can increase the accumulation of soluble 

salts in the soil (i.e. its salinity), especially in arid regions, and these must be 

leached from the crop root zone, normally through under-drainage. The greater 

the amount of manure applied to the land, the greater the quantity of water needed 

for leaching, without which the salinity of the soil will be enough to inhibit plant 

growth and lessen yields (SNV/Ethiopia, 2005). Salts are, in fact, the principal 

limiter in the application rate of manure to crop land, and salinity has become an 

acute problem in heavily cultivated areas. During the biogas digestion process, 

water-soluble salts are dissolved into the aqueous solution. Here they are evenly 

distributed, and only approximately 30% of the solution accompanies the coarser 

fraction ("cabutz" or"biosolids") after separation. Hence, the solids have a lower 

salt content than the original manure, the rest being concentrated in the liquid 

fraction (Koss man, 2000).        
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2.4.2. Uses and economic value of slurry 

 

The use of slurry is increasing from time to time for many reasons. First the 

energy intensive chemical-input based agriculture has produced more negative 

consequences than the problems it is said to have solved. Global warming, micro-

nutrient erosion of the soil, nitrification of ground water, pesticides entering the 

food chain, etc. are some of the well known negative effects we face as a result of 

chemical based agriculture.  All of these and other factors make slurry very 

relevant as an input to sustainable agriculture (Vetter et al., 1988). 

 

Apart from its advantages over chemical fertilizers, slurry has proven superiority 

in its nutrient content with respect to manures also. This is shown in the following 

table (FAO, 2007). 

 

 

Table 6. Comparison of nutrients status of the different organic manures with 

slurry 

 Manure types Nutrient Content (%) 

N2 P2O5 K2O 

Fresh cattle dung 0.3-0.4 0.1-0.2 0.1-0.3 

Farm yard manure 0.4-1.5 0.3-0.9 0.3-1.9 

Compost 0.5-1.5 0.3-0.9 0.8-1.2 

Poultry manure 1.0-1.8 1.4-1.8 0.8-0.9 

Cattle urine 0.9-1.2 Trace  0.5-1.0 

Paddy straw 0.3-0.4 0.8-1.0 0.7-0.9 

Wheat straw 0.5-0.6 0.1-0.2 1.1-1.3 

 Slurry  1.5-2.5 1.0-1.5 0.8-1.2 

Source: FAO, 2007 

 

Study in China shown that more than 90% of NPK are located in the slurry of 

digested manure. The residues are used in agriculture, aquaculture, for growing 

edible fungi and for raising earthworms. The yield increase of crops was found to 

be higher using digested slurry than with chemical fertilizer alone. Soil fertility 

(stable humus) increased, as well as soil porosity and water retention capacity. 
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Rice yields increased by 11 - 14% compared with control. Fish yields were 25% - 

50% higher than when fed with pig manure directly. Mushrooms could be picked 

3-7 days earlier and the yield increased by 6% and the residues after mushroom 

cultivation still have fertilizer value. It is estimated that every 8m
3 

biogas plant 

can provide the medium needed for 55m
3
 of mushroom culture. Raising 

earthworms is becoming popular in China. For example, there are 550 specialized 

households engaged in earthworm rising in Jiangsu Province (FAO, 2007 and 

Chendu, 2006).  

 

In most countries where biogas plants were constructed, the effluent was used as a 

fertilizer. Another study shows that the use of the effluent was extensively studied 

by institutes in the Republic of China, and they found chemical changes in the 

organic substances during fermentation. According to studies in Sichuan Province 

the nutrient contents of the effluent increased yields by 6 - 10%, regardless of 

kinds of soil; the same results have been reported by groups in other parts of the 

world. In long-term experiments, it was shown that the chemical and physical 

properties of the soil were improved markedly, after a few years of applying 

digester effluent, while total yields of several crops were 11 - 20% higher than 

controls (Marchaim, 1983). 

 

In India, the effluent is usually dried in the sun, either separately or in 

combination with agricultural wastes. Partial composting is performed, after 

which it is applied to the fields in a solid state. There is no information on how 

widespread the use of effluent is, how it is applied or in what quantities. A study 

comparing its use with that of fresh dung, for various purposes, has been 

undertaken (Myles, 1985), basing values on average prices as of October 1985 

reporting  that the sale value of digested spent slurry, scientifically composted, is 

8 times higher than that of fresh manure sold to the owner of a digester (Chendu, 

2006).  

Components of slurry which provide fertilizer and soil conditioner properties are 

soluble nutrients and trace elements, insoluble nutrients, and the organics present 

in the solids (humic materials). The components of a specific digested material 



 27

are similar in content, despite other differences, to the raw material used for the 

digestion process, and must be examined according to the original materials uses 

and value. The uses of slurry without anaerobic digestion are still very common in 

many countries, and its value can not be ignored (Vetter et al., 1988) and the 

direct application of manure to the land is still the commonest single technique for 

its disposal and use in the world. It improves filth, increases water-holding 

capacity, lessens wind and water erosion, improves aeration, promotes the growth 

of beneficial organisms and maintains soil fertility. However, the economic value 

of slurry as a fertilizer, calculated from its available nitrogen, phosphorus and 

potassium content, and as a soil conditioner, more superior than that of the raw 

manure (Vetter et al., 1988).  

 

2.5. Free and Zero grazing managements of cattle  

 

Free grazing is one of the serious causes of environmental degradation in 

developing countries.  The grazing of different species of cattle on communal and 

private grazing lands in uncontrolled and free manner by managing the available 

feed resources in a traditional ways, that means all the species of the livestock are 

allocated to graze these grazing lands together,  is causing overgrazing and over 

stocking problems (FAO,2009).  The majority of cattle management systems in 

Ethiopia are under free grazing and traditional manners. This sector is 

characterized by a low-input system based on common grazing and the use of 

crop residues. Common grasslands provide extensive pasture and browse for 

livestock in most regions. However, there is serious degradation related to 

overgrazing, deforestation, soil erosion, poor water control, shortage of livestock 

feed, and fuel wood crisis (Getachew et al., 2006).  

 

Apart from the direct impact through over grazing and over stocking, the impact 

of free grazing management system of cattle on the environment by affecting the 

production of slurry and biogas is not well known.  Any ways, the degradation of 

environment via over grazing can be minimized by zero grazing (Belete, 2006). 
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3. Material and methods  

    

3.1. Description of the study area 

 

The study was conducted in Fogera Woreda which is located in South Gondar 

Zone, about 615km North West of the Amhara National Regional State in 

northwestern Ethiopia. Fogera woreda is located in north-west of Bahir dar town 

at a distance of 60 kms, on the main highway leading to Gondar. The total  area of 

Fogera is 117,414 ha out of which 54,472ha is crop land, 9602 ha grazing, 2190 

ha forest land, 251 ha is covered with perennials, 23,354 ha water bodies (Lake 

Tana), 7075 ha is used for constructions, 4375ha wasteland  and the rest 1698  ha 

swampy areas, (Belete,2006). The woreda is characterized agro-ecologically as 

moist climate and the annual rainfall is monomodal and ranging from 1103 mm to 

1336 mm and the temperature ranges from 19-26
0
C (MoWR,2009).  The exact 

places where the research is conducted are at two Kebeles called Kidst Hana and 

Weji Arba Amba which are 9Km and 12km respectively from the Woreda capital. 

The Woreda has a mean annual rain fall of 1284 ml and annual mean temperature 

of 20C
o
.  
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Figure 1. Location of the study area  

  

3.2 Research design and data collection  

 

Eight cattle of approximately the same weight, four from free grazing and another 

four from zero grazing, were selected based on their live weight and, every cattle 

in each block (zero grazing and free grazing) was randomly assigned in to four 

group having one cattle each. The arrangement is given in table 6 as follows. 
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Table 7. Description of blocks and experimental arrangements for manure 

collection   

 

 

 

 

 

3.2.1. Live weight of the animal  

 

Since weight of the animal is directly related to manure production (Wudnesh and 

Belay, 1994), the weights of the animals were calculated by using the heart girth 

method before the experiment was started.  The weight estimation formulas, heart 

girth method described below, are usually more accurate than a weigh tape and 

almost always more accurate than visual observation in determining an animal’s 

weight and the formula is given below (Winter, 2007).  

[(Girth in inch) 
2
 X (Length in inch) / 300)] ±0.5 = weight in lbs   

[(Girth in cm) 
2
 X (Length in cm) / 10797)] ±0.5 = weight in kg 

Girth is the circumference of the animal’s body behind its front legs. 

Length is the length of the animal’s body as measured in a straight line from the 

pin bone to the point of shoulder. The live weights of the cattle resulted from the 

calculation with the detail are indicated in appendix two (table 2.5). 

 

Block Category Replication Cattle/replication Total  

B1 Free grazing  4 1 4 

B2 Zero grazing   4 1 4 

Total 8 
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3.2.2. Primary data 

 

The main parameters that were taken during the experiment were manure 

collected; manure/influent feed to the biogas plants, biogas and bio-slurry 

production in order to investigate the effect of zero grazing on the biogas and bio-

slurry yield. 

 

3.2.2. 1. Collecting and measuring manure 
 

The free grazing cattle were used to be isolated from the herd during the night and 

the manure excreted from each of the four cattle were collected and measured by 

spring balance every morning for 20 days. The manure excreted for 24 hours from 

zero grazing cattle was also collected by bucket from each of the four cattle and 

measured by using spring balance (separately for each cattle) again every morning 

for 20 consecutive days.   

 

3.2.2.2. Feed stock and slurry measuring  
 

Two biogas plants, one that use manure from free grazing cattle and another one 

from zero grazing cattle, were randomly selected.  

The feed stock (manure) added to each biogas plant was weighed by spring 

balance every morning for 20 consecutive days. The manure influent was 

measured before mixing with water in one two one ratio and after the hydraulic 

retention time (50 days), the slurry produced from the two plants was collected 

and measured separately again for 20 consecutive.   
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3.2.2.3. Biogas measuring  

 

The gas produced from the two biogas 

plants selected (at 3.2.2.2. above) was 

measured by gas flow meter. 

 

 

 

Figure 2. Set up of the gas flow meter  

During the experimental period, one 

hour prior to taking the reading from 

the gas flow meter, the gas left from 

cooking was burnt completely until no 

flame had been seen on the stove in 

order to know the total amount of 

biogas produced each day. Then, the 

amount of gas produced was read from 

the gas flow meter fitted to the biogas 

plants every evening at 7:00 PM 

Figure 3. Cooking by using biogas 

 

and recorded for 10 consecutive days. During measuring the biogas, the PH of the 

slurry was also measured and checked if there is variation between the two plants. 
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Figure 4. Burning of biogas left from                                                                                                       

cooking before taking reading                             Figure 5. Taking reading after all                              

                                                                               the gas was burnt out  

                                  

3.2.3. Secondary data  

 

Secondary data were collected from published and unpublished documents that 

are relevant to the objectives of this research. The works of others such as by 

governmental and non-governmental institutions were collected and reviewed to 

support the experimental data. 
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3.2.4. Dry matter content of manure and slurry 

 

A total of 6 samples, 250 gram each, were taken from manure and slurry of the 

experiment and brought to Addis Ababa for dry matter determination. The fresh 

samples were weighed by sensitive beam balance, oven dried at 105
0
C for 24 

hours and weighed again to determine the weight of each sample after oven dry in 

the Ministry of Water Resources laboratory. The need to determine the dry matter 

contents of manure and slurry is to calculate the composition of each parameter 

measured on partial dry matter basis.   

 

Figure 6. Slurry samples taken 

 

 

3.3. Statistical Analysis 

 

The data collected were carefully organized, analyzed and interpreted using 

descriptive statistics method employing SAS software of Version 8.1.  
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 4. Result and Discussion 
                                                                  

4.1. Manure Production   

 

The statistical analysis clearly shows that zero grazing has resulted in a significant 

(P<0.05) difference between average manure production of the two groups of 

cattle. The average daily manure production of individual Fogera local cattle 

breed treated under zero grazing management system of feeding was about 13kg 

which was significantly greater in amount than the manure excreted from free 

grazing cattle of the same breed having about 8kg of manure per day (table 8). 

This means that about 38% of manure excreted from the cattle which were free 

grazers was lost due to cattle did not stable during the day time. This was exactly 

5kg of manure per individual cattle. The current result is almost similar with the 

finding of Chendu (2006) who reported that, for a normal seized adult animal, the 

daily dung production of cow is10-14 kg/day. 

 

However, this finding is not in agreement with the findings of Fulford (1988) and 

Wudnesh and Belay (1994) who reported that the daily manure production of 

local cattle with out considering the cattle management system was around 10kg 

per head of cattle which may be true for free grazing. As shown from table 8, the 

amount of manure waste excreted daily from an individual cattle managed under 

free grazing systems of feeding was far less than from the research result reported 

by Fulford in (1988).  
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Therefore, from this result, it is clear that the minimum cattle number for a farmer 

to have a 4m
3
 biogas plant is two heads, that is, a farmer can secure about 26kg of 

manure per day from two heads cattle kept under zero grazing management 

system which was greater than the expected amount of manure to be available 

(20kg) to have a 4m
3
 biogas plant. This result did not agree with the work of 

Getachew et al.,(2006) who reported that farmers should have a minimum of four 

heads of cattle to secure sufficient dung availability (20kg of dung) to have the 

smallest biogas plant (4m
3
) from the program which may be again applicable in 

the case of free grazing.  

 

Table 8. Least square means for effect of zero grazing on manure, biogas and 

slurry production per day per cattle on fresh basis 

              Parameters Category   

Free grazing Zero grazing SEM F-test 

Manure production (kg) 8.13
a
 13.09

b
 3.56 * 

Gas yield (m
3
) 0.24

c
 0.38

d
 0.95 * 

Slurry (kg) 5.89
ab

 9.48
cd

 3.52 * 

a b c d
 
= Means within a row with different superscripts are significantly 

different; * =  significant at P<0.05, SEM=Standard error mean 
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4.2. Dry matter Composition of manure and slurry 

 

Dry matter composition of the manure excreted from zero grazing cattle was 

greater than that of excreted from free grazing ones. It was also found that dry 

matter content of the slurry produced from the biogas plant that use manure from 

free grazing cattle was less than the dry matter content of slurry from plant two, 

that use manure from zero grazing cattle (table 9). There was also a difference in 

dry matter content between the liquid manure inputs fed to the two biogas plants 

selected for the experiment.  

 

The dry matter content of liquid manure formed from water and manure excreted 

from zero grazing cattle in one to one ratio was about 10.15% which was slightly 

greater than that of the liquid manure from free gazing cattle mixed with water in 

the same ratio, which was 9.95% (table 9). Both of this figures resulted were not 

in agreement with the dry matter content of manure fed to biogas plants reported 

by EAEDPC/SNV Ethiopia (2008) which was exactly 8% and Merchaim (1992) 

who reported that the slurry contains 7% dry matter. There result obtained was 

also far less than the research result reported by Merchaim (1983) showing that up 

to 16% solids concentration can be loaded to commercial systems of biogas 

production with small effects on temperature changes. However, the result was 

almost similar to the work of Hashimoto et al., (1981), who concluded that 

excellent results of biogas were obtained with an influent concentration of 8-10% 

volatile solids and retention times of 4-5 days. 
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Table 9. Dry mater composition of manure and slurry of different samples 

 

 

4.3. Manure fed to the biogas plants  

 

No significance difference was noticed between the amounts of manure fed to the 

two biogas plants during the experimental period based on fresh manure basis.  

However, there was a significant (P<0.05) difference between the amount of 

manure feedstock fed to the two biogas plants on dry matter basis. The manure 

feedstock fed to plant two, manure from zero grazing cattle, was significantly 

greater in amount than the manure fed to plant one, manure from free grazing 

cattle on dry matter basis (table 10).  

 

 

 

Sample type 

Sample 

amount (g) 

Dry Matter 

(g) DM (%) 

Block one 250 56.25 22.50 

Block two 250 58.0 23.20 

Slurry of plant one 250 20.5 8.20 

Slurry of plant two 250 22.25 8.90 

Liquid manure fed to plant one 250 24.88 9.95 

Liquid manure fed to plant two 250 25.38 10.15 
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                 Table 10. Least square means for effect of zero grazing on manure fed to biogas 

plants, biogas and slurry production on fresh and dry matter basis 

 

Parameters  

Biogas plants   

  Plant one            Plant two SEM F-test 

Fresh manure fed (kg) 40.20
a
 40.02

a
 0.29 NS 

DM manure fed (kg) 9.05
b
 9.28

c
 0.07 * 

Fresh slurry (kg)  77.77
c
 77.55

c
 0.29 NS 

DM slurry (kg) 6.38
c
 6.90

d
 0.03 * 

Biogas per day (m
3
) 1.165

ab
 1.135

ab
 0.25 NS 

 a b c d
 
= Means within a row with different superscripts are significantly different; * =  

significant at P<0.05, NS= Non significant at P>0.05,  DM= Dry Matter, SEM=Standard 

error mean 

 

The result also shows that the amount of bio slurry produced from the plant which 

uses manure from zero grazing cattle was significantly different compared to the 

slurry produced from the plant that was fed by manure from free grazing cattle 

when analyzed based on dry matter basis (table 10). The significant difference 

resulted  in both manure feedstock and slurry produced  may be due to the fact 

that the livestock feed for zero grazing cattle consists of more concentrate and 

fibrous feed items than that of free grazers which in turn produces more 

concentrated manure and slurry.  
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4.4. Biogas and slurry production  

 

There was sufficient evidence that zero grazing management system of cattle has 

significant effect on biogas production, i.e., there was a significant (P<0.05) 

difference between the volumes of biogas produced from manures excreted per 

day from zero grazing cattle and free grazing cattle. The study proved that the 

amount of biogas produced per day from manure of an individual zero grazing 

cattle was significantly greater than the biogas produced from manure of an 

individual free grazing cattle (table 8).   

 

The biogas yield produced per day from either of the biogas plants did not 

significantly differ from day to day during the study period, (Fig. 7). This finding 

is not the same as the research result by Wudnesh and Belay (1994) reporting that 

the gas yield produced per day varied even though the digester plant was fed daily 

with the same amount of dung during the research period. More over, there was 

no significant difference in average volumes of the biogas production between the 

two plants during the research period even though there was a significant 

(P<0.05) difference between the amount of manure fed to the two biogas plants on 

dry matter basis.  



 41

 

Figure 7. Comparison of biogas production between the two plants 

 

As shown from figure 7, the amount of biogas produced per day was numerically 

variable for both of the plants. However, there was no significant difference in the 

average production of the gas between the two biogas plants fed with same 

amount of the two types of manures.   
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Figure 8. Slurry productions from the two types of manures based on dry matter 

basis 

As shown in figure 8, based on dry matter analysis results, the slurry produced 

from manure of zero grazing cattle is significantly greater in amount than the 

slurry from the same amount of manure of free grazing cattle. 

 

4.4.1. Biogas and slurry per unit of manure 

 

The volumetric biogas produced per unit of manure from biogas plant fed with 

manure of zero grazing cattle was slightly less than that of the biogas produced 

per unit of manure from the plant which was fed with manure excreted from free 

grazing cattle. It was found that about 0.0290m
3 

and 0.0284m
3
 of biogas was 

found per each kilogram of manure from free grazing and zero grazing cattle 

respectively (table 11). The slight difference in biogas production from one 

kilogram of each of the above manure types was occurred even though there was 

no significant difference between the amounts of fresh manure influent fed daily 
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to the two biogas plants. The difference could be due to the quality of the manure 

such as the difference in dry matter content, i.e., the significance difference 

between manure influent fed to the biogas plants on dry matter basis might result 

slight difference in gas production.  

 

The current result is similar with the findings of Wudnesh and Belay (1994) who 

also reported that about 0.029m
3 

of biogas was found from one kilogram of dung. 

On the other hand, the result is volumetrically less than the yield reported by 

Fulford (1988) which is 0.036m
3
 of biogas could be produced from each kilogram 

of cattle and buffalo manures used separately.  It also did not agree with the 

research report Chendu (2006) who investigated that 0.04m
3
of biogas could be 

obtained per one kilogram of cattle manure. 

 

Table 11. Biogas and slurry production per kilogram of manure influent 

  

 

 

It was also found that the amount of slurry produced per unit of manure from 

biogas plant fed with manure of zero grazing cattle was slightly greater than the 

slurry produced per unit of manure from the plant which was fed with manure 

excreted from free grazing cattle. It was investigated that about 0.705 kg
 
and 

 

Parameters  

Biogas plants 

  Plant one            Plant two 

Biogas (m
3 

) 0.0290 0.0284 

Slurry (Kg) 0.7050 0.7435 
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0.744 kg of slurry were found per each kilogram of manure from free grazing and 

zero grazing cattle respectively, (table 11). The slight difference in slurry 

production from one kilogram of each of the above manure types was occurred 

even though there was no significant difference between the amounts of fresh 

manure influent fed daily to the two biogas plants. Therefore, the difference could 

be due to the quality of the manure such as the difference in dry matter content, 

i.e., the significance difference between manure influent fed to the biogas plants 

on dry matter basis might result slight difference in the slurry production per 

kilogram of manure.  

The above result was not different from the report by Chendu (2006) which was 

reported as a residue of 70-75% of the manure influent was pushed out by the 

biogas plant as effluent/slurry. 

 

4.4.2. Biogas and slurry production per plant 

 

There was no significant (P>0.05) difference between the average volumetric 

biogas productions from biogas plant fed with manure of zero grazing cattle and 

the biogas plant which was fed with manure excreted from free grazing cattle 

even though significant difference on dry matter basis was resulted between the 

manure feed stocks fed to the two biogas plants. It was found that an average of 

about 1.165m
3 

and 1.135m
3
 of biogas per day was found from the two biogas 

plants of 6m
3 

each which use manure from free grazing and zero grazing cattle 

respectively. This result was slightly lower than the standard gas production that 

was expected from a volume of biogas plants, i.e., the gas expected produced 
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from a volume of biogas plant is about 20% of the plant volume which could have 

been about 1.2m
3 

in our case (20% of 6m
3
). The reason might be due to the fact 

that the influent fed to the biogas plants consisted of higher dry matter content.  

 

4.4.3. Biogas and slurry per cattle 

 

There were significant (P<0.05) difference in both biogas and slurry production 

per cattle between free and zero grazing management system. The average slurry 

production per cattle of zero grazing management system (9.48kg) was 

significantly greater than the slurry produced per cattle which was managed under 

free grazing system (5.89 kg).  It was found that about 38% of the slurry was lost 

per cattle because of the free grazing management system of cattle. Biogas 

production per single free grazing cattle was significantly less than the gas 

produced per individual zero grazing cattle. About 0.14m
3 

(36.4%) of biogas per 

cattle was lost due to the cattle was not sable during the day time (table 12).  This 

amount of biogas is equivalent to 0.77 kg of fire wood which in turn had the 

capacity to emit 1.54kg of CO2 based on the report by SNV/Ethiopia (2005) 

which stated that 1 m
3
 biogas is equivalent to 5.5 kg of firewood and the emission 

associated is about 11 kg of carbon dioxide. 
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Table 12. Summary of net manure, slurry and biogas lost due to free grazing  

 

Parameters  

Cattle Gas & slurry lost 

Zero grazing Free grazing difference % 

Manure (kg) 13.09 8.13 4.96 37.9 

Slurry (kg)  9.48 5.89 3.59 37.9 

Biogas (m
3
) 0.38 0.24 0.14 36.4 
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5. Conclusion and Recommendation  
 

5.1. Conclusion  

 

The research is conducted to determine the effect of zero grazing on biogas and 

slurry production which was mainly carried out by grouping cattle in to two main 

categories, i.e., zero grazers and free grazers. The parameters on which primary 

data were collected are manure production, manure fed to biogas plants/influent, 

slurry and biogas production. Both biogas and slurry production were measured 

by taking biogas plants that fed with manures of zero grazing cattle and free 

grazing cattle separately. The analysis and discussion were carried out based on 

divertive statistical analysis by comparing and contrasting the data/ the parameters 

between zero grazing and free grazing cattle. 

Generally, it was investigated that zero grazing has significant effect on the 

production of manure, slurry and biogas, summarized a follows.  

The average daily manure production of individual Fogera local cattle breed 

treated under zero grazing management system of feeding was about 13kg which 

is significantly greater in amount than the manure excreted from free grazing 

cattle of the same breed which produced only 8kg of manure per day during the 

study period. This difference in manure has visible impact on the biogas 

production per cattle. An individual zero grazing cattle has the capacity to 

produce 0.38m
3 

of biogas per day which is huge compared to the biogas 

production capacity (0.24m
3
)  of the manure produced per day by an individual 

free grazing cattle. The average slurry production per cattle per day of zero 
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grazing management system (9.48kg) was also significantly greater than the 

slurry produced per cattle per day which was managed under zero grazing system 

(5.89 kg). 

Therefore, it is inferred that 

� About 38% of the manure excreted from cattle which were free grazers 

was lost due to cattle did not sable during the day time 

� The biogas produced per cattle per day of zero grazing management 

system is 36.4% higher than the biogas produced from an individual cattle 

managed under free grazing system. 

� Large fraction  of  the slurry is also lost due to  free grazing, i.e., slurry 

produced per day from an individual free grazing cattle is 4kg less  from 

the slurry produced per day per cattle of zero grazing management 

system.  

From this it can be concluded that, apart from the direct impact through over 

grazing and over stocking, free grazing management system of cattle has 

significant indirect impact on the environment by affecting the production of 

slurry and biogas which is the silent impact of cattle management systems on the 

environment. 
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5.2. Recommendation  

 

Although the effect of cattle management under zero grazing system on manure, 

biogas and slurry is investigated by this study, the relation of these parameters to 

cattle management system on quality basis was not explored. Therefore, the 

following points are recommended to be done in the future. 

 

� The effect of zero grazing on the quality/composition  of both slurry and 

biogas should be identified via laboratory analysis 

� The effectiveness of slurry in replacing the inorganic fertilizer should be 

assessed in Ethiopian context even though it is effective in different 

developing countries such as India and China. 

� An initiative should be organized to promote zero grazing cattle 

management system in connection with biogas programs in the country. 

This can be effectively carried out through designing alternative feed 

sources such as back yard plantation of fodder crops and implementing cut 

and carry system. 
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Appendix one: Results of ANOVA 

Table 1.1. ANOVA for gas yield (m
3
)  

Source of 

variation 

DF SS MS F Prob. 

Block 1 0.84 0.84 1.77     <.0001          

Date 9 0.11    0.01       0.66     0.72 

Plant 1 0.01     0.01        0.24     0.63 

Error 9 0.17     0.02 - - 

Total 20 1.13 - - - 

DF=Degree of freedom, SS=Sum square, MS=Mean Square 

Coefficient of Variation=11.79%  

Table 1. 2. ANOVA for Manure production (kg)  

Source of 

variation 

DF SS MS F Prob. 

      Block 1 986.94 986.94 991.09 <.0001 

Date 19 5.34 0.28 0.82 0.68 

Live wt. 3 0.82 0.27 0.80 0.50 

Error 133 45.40 0.34 - - 

Total 159     1040.16 - - - 

DF=Degree of freedom, SS=Sum square, MS=Mean Square, wt=Weight 

Coefficient of Variation=5.51% 
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Table 1.3. ANOVA for slurry yield as dry matter basis (kg)  

Source of 

variation 

DF SS MS F Prob. 

Block   1 58.32 58.32 248.29 <.0001 

Date 19 0.29 0.02 0.84 0.66 

Live wt.   3 0.04 0.01 0.79 0.50 

Error     133 2.39 0.02 - - 

Total     159       61.12 - - - 

DF=Degree of freedom, SS=Sum square, MS=Mean Square, wt=Weight 

Coefficient of Variation=5.51% 

 

Table 1.4. ANOVA for slurry yield as fresh manure basis (kg)  

Source of 

variation 

D  

F 

SS MS F Prob. 

Date     19 8.18 0.58       0.45     0.93 

Plant      1 0.37   0.37       0.29     0.60 

Error 14      18.14       1.30 - - 

Total 34      26.70 - - - 

DF=Degree of freedom, SS=Sum square, MS=Mean Square 

Coefficient of Variation=1.47% 
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Table 1.5. ANOVA for feedstock as fresh manure basis (kg)  

Source of 

variation 

DF SS MS F Prob. 

Date      19 8.80      0.63       0.50 0.90 

Plant       1 0.25      0.25       0.20  0.66 

Error  19      17.60        1.26 - - 

Total   34      26.65 - - - 

DF=Degree of freedom, SS=Sum square, MS=Mean Square 

Coefficient of Variation=2.80% 

  

Table 1.6. ANOVA for feedstock as dry manure basis (kg) 

Source of 

variation 

DF SS MS F Prob. 

Date     19     0.45     0.03 0.49 0.9 

Plant 1     0.42      0.42 6.36 P<0.02 

Error 14 0.91 0.07 - - 

Total 34 1.78 - - - 

DF=Degree of freedom, SS=Sum square, MS=Mean Square 

Coefficient of Variation=2.79% 
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Appendix two: Raw data collected during the experiment 

Table 2.1. Manure data  

Block No. One Two 

Replication 

No. One Two Three Four One Two Three Four 

Cattle ID 1 2 3 4 5 6 7 8 

Live wt. (kg) 324.0 323.7 325.0 324.5 323.0 325.0 324.0 324.5 

Date Weight (kg) 

23/3/2010 8.65 7.80 7.90 8.75 12.50 13.50 13.50 13.90 

24/3/2010 7.80 8.20 8.20 7.80 13.50 12.80 12.90 13.40 

25/3/2010 8.50 7.50 8.20 8.90 13.90 14.00 13.30 12.80 

26/3/2010 9.20 7.80 7.90 9.00 12.50 13.00 11.90 14.00 

27/3/2010 7.85 8.30 6.75 8.25 12.90 12.50 12.85 13.00 

28/3/2010 8.20 7.90 8.40 8.75 12.30 13.00 12.95 13.50 

29/3/2010 7.65 7.30 8.15 9.10 14.00 13.20 13.00 12.80 

30/3/2010 7.85 8.60 8.00 8.55 13.30 11.50 13.30 12.90 

31/3/2010 8.55 7.85 8.30 8.60 12.30 13.10 13.45 13.00 

1/4/2010 7.95 8.45 6.90 7.90 11.95 13.00 12.80 13.50 

2/4/2010 7.90 8.00 7.35 8.25 14.00 12.50 14.20 12.95 

3/4/2010 6.95 7.90 8.50 8.15 11.90 12.95 13.40 14.00 

4/4/2010 8.00 7.95 7.90 7.85 13.00 13.00 14.00 13.40 

5/4/2010 7.55 9.10 8.40 8.00 12.75 11.65 13.20 12.50 

6/4/2010 9.00 7.80 7.20 7.95 14.20 13.50 11.90 12.75 

7/4/2010 7.50 8.15 8.70 8.20 12.90 12.10 13.50 13.20 

8/4/2010 8.35 8.10 9.00 7.90 13.50 13.50 12.90 13.45 

9/4/2010 9.10 7.95 7.45 8.40 11.80 12.45 13.20 12.90 

10/4/2010 8.20 9.00 7.85 7.45 14.00 14.00 14.00 13.00 

11/4/2010 7.90 8.27 8.30 8.50 13.50 13.20 13.20 14.00 
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Table 2.2. Feedstock data 

  Weight(kg) 

Date Plant one Plant two 

  Fresh basis DM basis Fresh basis DM basis 

23/3/2010 42.00 9.45 40.10 9.30 

24/3/2010 41.00 9.23 39.20 9.09 

25/3/2010 38.60 8.69 41.00 9.51 

26/3/2010 40.00 9.00 39.00 9.05 

27/3/2010 41.00 9.23 40.15 9.31 

28/3/2010 39.00 8.78 40.10 9.30 

29/3/2010 41.50 9.34 41.00 9.51 

30/3/2010 40.20 9.05 40.00 9.28 

31/3/2010 40.50 9.11 39.20 9.09 

1/4/2010 39.20 8.82 40.00 9.28 

2/4/2010 41.00 9.23 39.40 9.14 

3/4/2010 38.00 8.55 41.10 9.54 

4/4/2010 41.30 9.29 40.00 9.28 

5/4/2010 39.50 8.89 41.00 9.51 

6/4/2010 40.20 9.05 39.00 9.05 

7/4/2010 39.00 8.78 41.00 9.51 

8/4/2010 41.00 9.23 40.10 9.30 

9/4/2010 40.10 9.02 38.50 8.93 

10/4/2010 38.50 8.66 39.00 9.05 

11/4/2010 41.00 9.23 40.20 9.33 

Table 2.3. Gas yield and PH data  

  

 

Date 

plant one plant two 

Gas (m
3
) PH Gas (m

3
) PH 

  3/4/2010 1.15 7.0 0.95 6.7 

4/4/2010 1.20 6.9 1.20 6.8 

5/4/2010 1.25 7.0 1.30 7.0 

6/4/2010 1.00 7.1 1.15 7.1 

7/4/2010 0.95 6.7 1.25 7.0 

8/4/2010 1.20 6.8 0.90 6.9 

9/4/2010 1.15 7.0 1.20 6.8 

10/4/2010 1.20 7.0 1.20 7.0 

11/4/2010 1.25 6.9 1.20 6.9 

12/4/2010 1.30 7.0 1.00 7.1 
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Table 2.4. Slurry data 

  Weight(kg) 

Date Plant one Plant two 

  

Fresh 

basis 

DM 

basis 

Fresh 

basis 

DM 

basis 

23/4/2010 79.60 6.53 76.90 6.84 

24/4/2010 78.60 6.45 76.80 6.84 

25/4/2010 76.20 6.25 78.60 7.00 

26/4/2010 77.60 6.36 76.70 6.83 

27/4/2010 78.60 6.45 77.75 6.92 

28/4/2010 76.30 6.26 77.70 6.92 

29/4/2010 79.10 6.49 78.60 7.00 

30/4/2010 77.80 6.38 77.90 6.93 

1/5/2010 78.10 6.40 76.80 6.84 

2/5/2010 76.80 6.30 77.60 6.91 

3/5/2010 78.50 6.44 77.00 6.85 

4/5/2010 75.60 6.20 78.40 6.98 

5/5/2010 78.90 6.47 77.60 6.91 

6/5/2010 77.10 6.32 78.30 6.97 

7/5/2010 77.80 6.38 76.60 6.82 

8/5/2010 78.00 6.40 78.00 6.94 

9/5/2010 79.00 6.48 77.70 6.92 

10/5/2010 77.50 6.36 78.30 6.97 

11/5/2010 78.30 6.42 79.00 7.03 

12/5/2010 78.00 6.40 78.00 6.94 
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Table 2.5. Weight calculation result of the experimental cattle 

Cattle 

ID 

Girth in cm 

(G) 

Length in 

cm (L) (G
2
xL)/10797  

       =weight in kg 

1 180.00 107.97 324.00 

2 182.00 105.51 323.70 

3 179.00 109.52 325.00 

4 180.00 108.14 324.50 

5 179.00 108.84 323.00 

6 183.00 104.78 325.00 

7 178.00 110.41 324.00 

8 183.50 104.05 324.50 
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Appendix three: Biogas plants constructed during the Demonstration Phase in Fogera Woreda 

N

o. 

Name of User Name of Mason Kebele Family 

members 

Cattle 

numbers 

Plant size 

(m³) 

1 Melkamu Mare Asefa Alemseged Alember Zuria 7 7 6 

2 Mulaw Gebeyehu Asefa Alemseged Alember Zuria   6 

3 Abiyu Gelgay Asefa Alemseged Zeng 4 8 6 

4 Gebre Shimelash Takele Wondifraw Addis Betekristian 5 30 6 

5 Teshome Mesfin Tadesse Bereded Addis Betekristian 11 10 6 

6 Mola Belew Azmeraw Ayele Tihua Zakena 8 12 6 

7 Mola Gartew Adamsew Tadesse Alember Zuria 5 9 6 

8 Tadesse Bogale Kassew Moges Alember Zuria 6 20 6 

9 Abebe Kinde Adamsew Tadesse Alember Zuria 5 15 6 

10 Shumet Meri Melkamu Demeke Weji Arba Amba 9 12 6 

11 Mohamed Kasim Tadesse Bereded Weji Arba Amba 8 8 6 

12 Dessie Abate Melkamu Tesfahun Weji Arba Amba 10 13 6 
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13 Gizat Zerihun Gebru Sisay Weji Arba Amba 7 13 6 

14 Amsal Meri Kassew Moges  Weji Arba Amba 9 11 6 

15 Alelign Meri Gebru Sisay Weji Arba Amba 20 4 6 

16 Adane Alelign Takele Wondifraw Weji Arba Amba 5 6 6 

17 Muche Ayalew Melkamu Demeke Tihua Zakena 4 11 6 

18 Abay Worku Andargachew Bereded Weji Arba Amba 6 9 6 

19 Mekuanint Ayenew  Shina   6 

20 Amogne Sinshaw  Kidst Hana   6 

21 Sekadis   Kidst Hana   6 

22 Eyayew  Kidst Hana   6 

23 Dargie  Kidst Hana   6 

24 Abebe Gizachew  Kidst Hana   6 
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