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Abstract  

 
The objective of this study was to increase biogas production from abattoir/slaughterhouse waste and hence minimize 
pollution from slaughterhouses by optimum bio-digestion of available slaughterhouse waste, which is largely 
underutilized while enabling generation of sufficient electricity for slaughterhouse use and export of the excess. The 
study targeted Nyongara, which has biodigester and Kiamaiko slaughterhouse which does not have a bio-digester. 
Biodegradable slaughterhouse waste was quantified for the two slaughterhouses. Data obtained indicated that the 
Nyongara slaughterhouse has the potential of generating 4000.6kgs of solid waste per day while the Kiamaiko 
slaughterhouse generate an approximate amount of 6000kgs per day. A performance review was done for an operating 
biogas plant at Nyongara slaughterhouse analyzed to get a general overview of the process.  The study showed that 
out of about 4,000.6kgs of slaughterhouse waste produced, the biogas plant can only process 300kgs per day, which 
is a paltry 7.5% utilization. The study recommends increase in the digester size to 666.66m3, with extra features such 
as a heating system in order to achieve the optimum temperature of 37°C, and incorporates an agitator for effective 
mixing of the substrate in the digester and biomethanation to increase the value of biogas and generate an additional 
revenue stream for slaughterhouses besides increased power generation for export to the grid. This study demonstrates 
the potential of slaughterhouses to generate grid electricity besides meeting own electricity and heat needs and play 
an important role in the energy transition from fossil fuel dominated energy mix to a green and low carbon sources 
for grid electricity.  
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 1. Introduction 
An abattoir can generate own power from biogas generator, use biogas for heating cleaning water, and other heat, light 
and electricity applications. One ton of animal waste can produce 100 m3 of biogas with average concentration of 65% 
methane and 35% carbon dioxide (CO2) (UBFCC, 2020). It is possible to produce biogas from abattoir wastes without 
addition of other types of organic substrates. It is however advisable to keep low, the composition of blood in the 
mixture as this can lead to excessive nitrogen which inhibits biogas production (Klintenberg, Jamieson, Kinyaga & 
Odlare, 2014). With advanced and recent technologies, it is practical to develop an eco-friendly process, treatment 
wastewater generated and solids from slaughter houses (Barasa, 2020). The benefit of anaerobic digestion of 
slaughterhouse waste is safe waste management and disposal, as well as the generation of clean electric power and 
fertilizer (Ahmad & Ansari, 2012). To preserve the environment, slaughterhouse waste should not be mixed with the 
municipal drain system before proper pre-treatment to meet sewage standard as per prevailing standards. 
 
Slaughterhouse effluent can be defined as moderate to high strength wastewater with generally 45% soluble and 55% 
coarse suspended organics.  There are various methods of slaughterhouse waste disposal. If not done properly, the 
major deleterious effect on natural water bodies like rivers is deoxygenation. The recommended methods for treatment 
and disposal of slaughter house include landfilling, blood separation, skimming, incineration, screening, primary 
settlement, protein recovery, and biological treatment like composting and biomethanation (Ahmad & Ansari, 2012). 
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The overall objective of this study is establish the potential of an operating slaughterhouse waste biogas digesters, 
optimize generation and maximise biogas production and application of biogas in power generation and other 
applications in a sustainable manner. This will ensure a clean environment and economic sustainability slaughterhouse 
waste to energy conversion.  
2.0. Problem Statement 
About two thirds of meat consumed in Kenya is beef from cattle with Nairobi city accounting  for about 14% of 
national meat consumption of ruminant meat  (Kenya Market Trust, 2014) and an average annual beef consumption 
of 15.81 kg per household in 2003  of which the  lowest quintile consumed 8.55 kg and the highest quintile consuming  
of 19.1 kg per capita in 2014 (Kenya Market Trust, 2014). Additionally, an average monthly household small ruminant 
meat consumption was estimated at 5.5 kg in 2010 (Atarcon et al., 2017; Kenya Market Trust, 2014). The supply of 
meat is associated with significant wastes which must be treated or disposed of at the point of slaughter.  Based on 
current demand and supply, the slaughterhouse wastes are significant and must be disposed of well. Important is to 
develop a sustainable business project model that will encourage investors to invest and make profits and return on 
investment (Kabeyi, 2019; Kabeyi, 2020).  

    
Nairobi has got over 14 slaughterhouses whose control and management is done by the county Government of Nairobi, 
but all of them are privately owned. Except for three slaughterhouses, they  face serious challenges of poor hygiene, 
depilated facilities and poor waste disposal leading to foul smell and for neighbourhoods and pollution of natural 
rivers, especially the Nairobi River (Nairobi, County Governemt, 2014).  The problem of pollution and depleting 
natural resources has persisted for long.  In April 2019, Kiamaiko slaughter house was closed down indefinitely by 
the health authorities over pollution (Omulo, 2019).  Slaughter house waste is the major contributing factor to pollution 
of Nairobi River and that there is a problem of slaughter house waste management in Nairobi and has even gone 
further to closing some of them in the past. The existing waste treatment facility at Nyongara slaughter house for 
instance, is not able to treat all the waste resulting from its operations. With about 275 cattle are slaughtered per day. 
Approximately, between 45% of the weight of the ends up as waste. This translates to a total of about 42.7 tonnes of 
waste per day, using the average weight of a bull in Kenya (345kgs). Out of this waste, 3% is undigested stomach 
content and blood which can be used for biogas production. The existing biogas plant can only treat 300 kgs of waste 
per day. The rest goes to the Nairobi river tributary that passes near the abattoir  
 
Several waste disposal methods that can be used to solve this problem include landfill disposal, decomposition and 
anaerobic digestion. Anaerobic digestion is the most suitable method since it produces biogas which has multiple 
benefits which include; It is a renewable energy source, It reduces the release of methane to the atmosphere compared 
to landfills and decomposition disposal, it can be used as a substitute for fossil fuels and the digestate can be used as 
a fertilizer hence value addition to agriculture (Kabeyi, 2020). Although some slaughterhouses have adopted anaerobic 
digestion method, they still face the problem of waste management and pollution caused by such waste and therefore 
this study focused on developing an optimized plant to handle this waste effectively to produce biogas and a bio-
methane plant to upgrade the biogas produced. Biogas from slaughter house waste will go a long way in mitigating 
greenhouse gas emissions and substitute fossil fuels in electricity generation and heating applications, but significant 
investment is required ( Kabeyi & Oludolapo, 2020). 
 
3.0. Livestock Waste and Waste Potential  
Kenya’s Livestock sector   accounts for about 12% of the country’s Gross Domestic Product (GDP), which is 40% to 
the agricultural sector Gross Domestic Product and accounts for about 50% of all employment in the agricultural 
sector (Ministry of Livestock Development, 2010). 
3.1. Slaughterhouse waste 
For most slaughterhouses, wastes take the form of large intestines and stomach, blood, urine, etc. On average solid 
waste collected for bovines is 275 kg/ton of live weight killed (TLWk) which is about 27.5% of the weight of live 
animals.  For goats and ship, solid wastes are about 170 kg/tone of live weight. For pigs, solid wastes are just 2.3 
kg/head which is approximately 4% of the animal weight. For most slaughterhouses, solid waste is collected and 
disposed of by landfilling. Dung and rumen digest are in most cases separated for decomposing (Kharat, 2004).   
Table1 shows a summary of slaughterhouse weight from different animals 
  
 Table 1: Wastes from Different Animals (Kharat, 2004) 

  Animal Kg/Head Kg/Ton % of Animal Weight  
Bovine/cattle 83 275 27.5 
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Goat and sheep 2.5 170 17 
Pig 2.3 40 4 

 
From table 1, it is noted that 27.5% of the weight of a cow ends up as waste, 17% of goat and sheep weight ends up 
as waste while just 4% of the weight of is waste in the slaughterhouse. This makes it possible to effectively plan for 
waste management in slaughter houses as part of planning (Kabeyi, 2019).  
 
Solid waste from slaughterhouses can be classified into vegetable of type I and animal matter or type II. Vegetable 
matter include intestine, rumen, and stomach contents, dung and agricultural residues. Type II waste or animal matter 
include inedible offal, meat trimmings meat bones, waste and condemned meat. Table 2 below shows the composition 
of slaughterhouse waste. 

Table 2: Composition of slaughterhouse waste (Atarcon et al., 2017) 
 PARAMETER VALUE 
1 Moisture% 64.45 
2 Total solids% 30.55-35.55 
3 Volatiles solids percentage% 87.95 
4 Fixed solids% 12.05 
5 Organic carbon % 23.32 
6 Total Nitrogen, % 2.71 
7 Phosphorus, mg/g 4.19 
8 Potassium, mg/g 6.9 

From table 2 above, it is noted that about 64.45% of slaughterhouse waste is moisture while over 30.55% is solids. 
The volatiles constitute 87.95 of the solids with 12.05 being solid wastes. Notable mineral content of slaughterhouse 
waste include potassium and phosphorus which have an impact on biogas production.   
3.2. Biogas as a fuel  
Biogas is a mixture of gasses mainly composed of methane (CH4) and carbon dioxide (CO2) produced by anaerobic 
digestion (without oxygen) of organic materials. The energy potential of biogas is directly dependent on the methane 
content since methane is the only combustible element in the mixture. The anaerobic digestion process involves a 
consortium of bacteria and is based on a series of reactions that occur in absence of oxygen. This process occurs in 
four major steps: hydrolysis, acidogenesis, acetogenesis and methanogenesis. Hydrolysis is the first step where by 
complex organic matter is broken down into simple molecules using water and enzymes. The next stage is 
acidogenesis where the products of hydrolysis are subsequently metabolized into short chain fatty acids and carbon 
dioxide. The short chain fatty acid (acetic and butyric acids) are converted to acetate (CH3COOH) and hydrogen by a 
group of bacteria known as acetogens in the acetogenesis phase. The last phase is methanogenesis where Acetate is 
fermented producing about 72% methane gas and carbon dioxide is reduced by hydrogen producing about 28% 
methane gas (Kabeyi & Oludolapo, 2020a). 
 
3.2. Bio-methane and bio-methanation process 
Biogas produced from the anaerobic process is made up of several gases in differing proportions. These gases include. 
Methane (50-70%), carbon dioxide (25-50%), hydrogen sulphide oxygen water vapor nitrogen etc. when the carbon 
dioxide and other gases are separated from methane, the resulting gas which has a higher heating value is known as 
bio-methane (Kabeyi, 2019). This gas has qualities almost similar to natural gas and hence has a variety of uses. The 
process of separating methane from the other gases is known as biogas upgrading process and there are several 
upgrading technologies that exist. These include: 

i.) Membrane separation 
ii.) Scrubbing technologies 
iii.) Pressure swing adsorption (PSA) 

The aim of the upgrading technologies is to achieve high methane purity and low methane losses with low energy 
consumption. With biomethanation, it is possible to bottle and sale the biogas hence extra market and revenue for 
slaughterhouses.   
 
3.3. Status of biogas production 
Although biogas can be produced from a variety of locally available organic materials, in Kenya most biogas is 
produced from cow dung collected from zero grazing units. This makes biogas in Kenya an energy resource which 
yet to be fully tapped and among them is biogas production from slaughterhouses in Kenya. In this realization attempts 
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have been made by United Nations Industrial Development Organization (UNIDO) in partnership with local 
institutions to help some few slaughter house owners to generate biogas as a way of waste management and disposal 
and use the biogas produced as an alternative source of energy. One such example is the partnership between Kenya 
Industrial Research and Development Institute (KIRDI), UNIDO and one of the largest abattoirs in Dagoretti where a 
biogas plant was set up. The biogas produced is used for heating purposes and for generating electricity. Although 
considerable efforts have been made towards managing waste from this slaughterhouse, some waste still flows into 
the nearby Kabuthi River and into the environment causing pollution. (Kenya Market Trust, 2014). 
 
3.4. Importance of bio methanation process 
The treatment of raw biogas to produce biomethane offers the potential to develop various innovative techniques that 
go beyond the production of a primary energy carrier. Methane and carbon dioxide are products that have a wide range 
of applications and a high value, especially if the gas is pure. For example, the CO2 separated in the process can be 
marketed as dry ice leading to additional revenue for the plant operator Dry ice is produced from gaseous carbon 
dioxide at a temperature of -78.5°C. The difference to conventional ice is that dry ice does not melt during heating, 
but evaporates without residue. This makes it an appealing alternative for a wide range of industrial applications. Also, 
the CO2 can be utilized in a greenhouse to create a microclimate that provides optimal conditions for plant growth or 
be sold for utilization in other processes. As an alternative to using biomethane directly as a source of energy, 
biomethane can be used as a raw material for hydrogen production. Afterwards, the hydrogen can be utilized in fuel 
cells so that the stored energy can be converted into electricity. Overall, biomethane technology provides biogas 
operators with a wide range of opportunities to tap into additional potential revenue. 
 
3.5. Biogas from slaughterhouse waste: a case study of Ireland 
A major contributor to Ireland’s agro-foods sector is the beef industry producing 516,900 tonnes of meat from the 
slaughtering of over 1.59 million heads of cattle in 2013.High amounts of waste as much as 45-53% of the live weight 
of the animal are generated from this industry. A study was carried out to access the energy recovery potential from 
organic waste products of a cattle-slaughtering facility with anaerobic digestion as the technology of interest. The 
main objective of the study conducted was to determine the methane potential of the available organic waste streams, 
in order to identify the potential energy that could be recovered through the exploitation of anaerobic digestion as an 
alternative waste treatment within the confines of a full-scale cattle slaughterhouse. The study found out that the 
methane potential of the characterized waste ranged from 49.5 to 650.9 mLCH4 gVS-1 which has the potential of 
meeting the heating and electricity demand for the sampled slaughter house (Bragdley, et al, 2007; Kabeyi 2019). 
 
3.6. Biogas production and upgrading plant: a case study of spectrum renewable energy limited in India. 
Spectrum Renewable Energy Limited (SREL) developed a large-scale biogas generation purification and packaging 
project in the state of Maharashtra in India. The plant utilizes press mud which is the waste by-product produced 
during sugar making from sugarcane as the feedstock. The plant produces and purifies about 20,000m3 of biogas per 
day which generates about 8000kg of compressed biogas commonly referred to as bio-CNG. SREL provides a close 
cycle of sugar cane crop i.e. sugarcane is harvested from the agricultural fields and sent to the factory for sugar 
processing giving press mud as a by-product.  Press mud is further treated and used for gas generation and organic 
manure. This organic manure goes back to the fields where sugar cane is cultivated. Hence, SREL project is a 
renewable energy and waste management project with triple bottom line impact: Environmental, Social and Financial 
(Asani, 2011). 
 
3.7. Knowledge gap 
From the review done it was observed that the overall emphasis is on slaughter waste management and provision of 
energy within the slaughterhouse. It was also noted that biogas can be upgraded into biomethane, packaged and sold 
thus generating more revenues for the plant operator as is the case for spectrum renewable energy limited. Therefore, 
the current study aims at incorporating an upgrading unit for the biogas plant for a slaughter house. The upgrading 
process to be economically viable, biogas would have to be produced in large amount and this would translate into 
more waste being fed into the biogas plant. This would in turn result into increased utilization of waste and thus reduce 
pollution. Upgrading of biogas to biomethane offer the operator a wide range of economic activities since the process 
produces fuel almost similar in quality natural gas. The CO2 produced also find a wide range of applications ranging 
from industrial to greenhouse use. All this would translate into additional revenue for the slaughterhouse. Thus, 
including an upgrading unit would make the whole project attractive to potential slaughterhouses. 
 
4.0. Materials and Methods 
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This chapter outlines the procedure that was followed in conducting the current study from data collection methods, 
data analysis and designing the biogas for optimum waste utilization and performance and finally the biogas-upgrading 
unit. 
 
4.1 Data Collection Methods 
For data to be used in the design two slaughterhouses within Nairobi area were selected for data collection (Nyongara 
and Kiamaiko slaughterhouses). Various data collection method was used which included interviewing, observation, 
filling of questionnaires and document reviews. Data on the number of animals slaughtered per day, liquid waste 
produced and the current waste disposal method was collected. This data was used to calculate the amount of waste 
generated per day for each slaughterhouse (Moses, 2018). Nyongara slaughterhouse, which has an existing biogas 
plant, was selected for further plant performance analysis where the current operating parameters such as waste feeding 
rate, temperature, mixing ratio etc. were obtained. 
 
4.2 Methodology 
For maximum utilization of waste, the amount of waste produced per day was used to calculate the required parameters 
for the biogas plant. These parameters included the size of the hydrolysis tanks, size of digester, the hydraulic retention 
time, the required water flow rate for heating the digester etc. 
The volume of required digester was calculated using hydraulic retention time and daily feed rate as follows. 
                 HRT= volume of digester

daily feed rate
 

The dimensions of the hydrolysis tank and the overflow tank were calculated using the following formula since the 
required volume was known. 
 
 Volume= length*width*height 
 
Power to run the agitator was calculated using the following formula 
  
P=k𝝆𝝆n 3D5 
 
Where P: Power (watt) 
K=impeller constant= 0.32  
𝝆𝝆= Density kg/m3 
n= revolution per second (rev/s) 
D= Diameter of impeller (m) 
 
The amount of biogas that could be produced from the waste fed to the digester was determined as follows; 
  

i.) The total amount of biogas to be produced optimally = the total amount of solid waste fed into the 
digester in kg* the amount of biogas generated per day per kg  

ii.) The technology for upgrading biogas was selected from the available alternatives where by upon 
comparison with other methods, water scrubbing was chosen as the best alternatives since it offered high 
methane purity, low methane losses, moderate working pressures and it is also cost effective since it uses 
water which is readily available. 

 
Using the biogas flow rate, the size of the upgrading column i.e. the diameter and the height were determined through 
selection. 
 
The sizes of the required compressors were determined from the calculated biogas flow rate and working pressures as 
follows: 
H.P = [144NP1Vk / (33000((k-1))] [(P2/P1) (k-1)/Nk-1]    HP=Horsepower 
N=number of compression stages 
K=1.41=adiabatic expansion coefficient 
P1=absolute initial atmospheric pressure (psi) (14.7 psi at sea level) 
P2=absolute final pressure after compression (9bar =131psi) 
V=volume of biogas at atmospheric pressure  
The power required to run the water pump is therefore calculated as follows   
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Power (kW) =q ρ g h/3.6*106  Where q=flow capacity (m3/h), ρ=density of fluid (kg/m3) 
g=gravity (9.81m/s2)     h=differential head (m) 
The possible methane yield from the system was calculated together with the expected composition. 
 
5.0 Results 
This section outlines the various findings and data collected from the sampled slaughterhouse, which are of Nyongara 
and Kiamaiko slaughterhouses. Table 3 above shows the type and number of animals slaughtered per day and the 
amount of the current waste disposal method at Kiamaiko slaughterhouses is injection into the existing sewer line 
while at Nyongara slaughter house part of the waste is used for biogas generation while the rest is dumped in an open 
space. 

 
Table 3: Number of animals slaughtered and waste generated from each slaughterhouse (Atarcon et al., 2017 

 
 
From table 3, it is noted that on average, Nyongara and Kiamaiko slaughterhouses generated about 10, 181 kg of waste 
per day with the main animals slaughtered being cattle, sheep and goats.  
5.1 Data Analysis and Design for Nyongara Slaughter House 
A performance analysis was carried out for Nyongara slaughterhouse, the data obtained was used for designing a 
biogas plant to maximize waste utilization, and design of a biomethane plant was done. Table 4 shows some of the 
data collected. 
 

Table 4: Data collected from Nyongara slaughterhouse (Omulo, 2019) 

 
 
From table 4, for it is noted that only 7.5% of available solid waste is fed to the digester while just 30% of all available 
liquids waste in form of blood and water are fed to then digester. This leaves about 66.4% of the solid and liquid waste 
unutilized in the biogas digester at Nyogara slaughter house.  
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Using this data, the following parameters in table 5 were calculated for maximum utilization of waste produced and 
for optimum operation of the biogas digester. 
 

Table 5: Designed values of the digester (authors’ calculation) 

 
 
From table 5 above, it is noted that the biogas digester at Nyongara has got 2 hydrolysis tanks, overflow tank and the 
main digester whose active volume is about 666.65 M3.    
The following parameter were determined for the current design 
Waste feeding rate =26.666m3 per day 
HRT =20days 
Operating temperature= 37°C 
Agitator diameter= 4m 
Power to run agitator =5kW 
Optimum mixing ratio = 1:1 
The possible biogas from this plant was calculated to be 640m3 per day. 
 
5.2 Upgrading plant parameters 
The technology for upgrading biogas was selected from the available alternatives where by upon comparison with 
other methods, water scrubbing was chosen as the best alternatives since it offered high methane purity, low methane 
losses, moderate working pressures and it is also cost effective since it uses water which is readily available. The 
diameter and height of the scrubber were also selected from available standards. Table 6 shows some of the calculated 
parameters for the upgrading plant. 
 

Table 6: Parameter for the upgrading plant (authors’ calculation) 

 
 
Table 6 summarizes the proposed design specifications for the upgrading facilities to enable production of bio methane 
as value addition strategy.  This includes a working pressure of 10 bars, packing bed with materials material,  
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The expected methane yield = 456.59m3 with a composition of 99.35% CH4 and 0.65% CO2.The stripper column has 
the same dimensions as the scrubber since the two are similar in construction. The biomethane produced is compressed 
using a high-power compressor to a pressure of about 200-250 bar for packaging. 
 
Power requirements for the upgrading unit 
Biogas compressor 2.85kW 
Biomethane compressor   109.2kW 
Water pump 0.324kW 
Slaughterhouses in Nairobi generate a substantial amount of waste, which has the potential to cause pollution if left 
unmanaged. The sampled slaughterhouses, Nyongara and Kiamaiko produce 4006kgs and 6000kgs per day. These 
slaughterhouses only represent a small portion of slaughterhouses producing such waste within the area. Hence, there 
is need to develop efficient and affordable waste disposal method such as utilizing the waste for biogas production in 
order to reduce pollution. Although Nyongara slaughterhouse has an existing biogas plant, the biogas plant is not 
efficient in handling all the waste produced. Table 7 below shows a comparison between the current plant and the 
proposed modifications. 
 

Table 7: A comparison between current plant performance and the designed plant (authors’ analysis). 

 
 
From table 7 a summary of the differences between current design and proposed design is presented. The proposed 
design is expected to utilize all the available slaughterhouse waste for biogas production. For optimum performance, 
temperature is increased to 37oC from 32oC, residence period increased to 29 days from 7 days, mixing ration changed 
from 1:3 to 1:1 and biogas production expected to increase from 8 m3/day to 640m3 per day.  
 
6. Conclusion 
Slaughterhouses in generate a substantial amount of waste that has the potential to cause pollution if left unmanaged. 
In the present study, different slaughterhouses in Nairobi area were sampled and the amount of waste generated by 
each was obtained. Nyongara slaughterhouse for instance, generates a total of 4006kgs per day with Kiamaiko 
generating a total of 6175kgs per day. These slaughterhouses are just 2 out of over 14 slaughterhouses within the city 
and hence the need to develop ways to effectively manage such waste. The study showed. The current mixing ratio is 
1:3 (solid to liquid volumetric ratio) as opposed to the optimum mixing ratio (1:1). In addition to this, there are no 
means of heating the digester. This implies that the operating temperatures are below optimum temperatures.  The 
amount of biogas produced per day is 8m3 only and is used. This biogas is used for to run the biogas generator.   
 
A well-optimized biogas plant with bio methanation would not only reduce pollution caused by the waste generated 
by slaughterhouses, but will also generate extra revenue for the slaughterhouse. For example, with the designed plant 
waste utilization would increase from 7.5% to 100% for Nyongara slaughterhouse. The increased biogas production 
due to utilization of more waste makes plant upgrading possible and viable as bio-methane can be sold as portable. 
The extra revenue stream from wastes would make this method of waste disposal an attractive option to potential 
slaughterhouse and this would reduce pollution caused slaughterhouse waste. For full utilization of waste and 
maximum biogas production, a biogas plant with a larger capacity was designed. The digester designed has a large 
volume (666.65m3) for handling all the waste produced. In addition to this, the digester is heated to achieve and 
maintain an optimum temperature of about 37⁰C.  Installation of an agitator was included to ensure uniform mixing 
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of the substrate and to avoid adverse temperature gradients. From this design the expected biogas yield was 640.96 
m3.  A bio-methane plant can be used to upgrade biogas to bio-methane for packaging and power generation. After 
comparing the various biogas-upgrading methods, water-scrubbing technology was selected as the most cost effective 
and efficient. The upgrading unit consists of a 10bar compressor (flow rate= 20CFM) which will compress biogas to 
the required 9 bars. A scrubber of diameter 30 cm and height 315.24cm, a water pump (1.1hp and a flow rate of 15.14 
l/min) to pump the water to the scrubbing pressure 9 bar and a stripper column of diameter 30cm and a height of 
315.24cm, a compressor of (300 bar) to compress the biomethane which will then be packaged into steel cylinders.  
 
The amount of biomethane produced was calculated to be 364m3, part of which is to be used for heating and power 
production and the rest is packaged and sold. This will in turn increase of the income of the slaughterhouse by 
Ksh.367288 per month hence making it an attractive solution to slaughter house waste management. Therefore, 
generation of biogas from slaughterhouse wastes will reduce the environmental impact, save energy bills for 
slaughterhouses, introduce a new revenue stream by biomethanation on production of portable gas which cumulatively 
will enhance the performance of slaughterhouses. This study shows that biogas production from slaughterhouse waste 
can improve hygiene, control surface water pollution, and generate enough heat and power with excess for sale to the 
public grid and avoid generation from fossil fuel sources. Bottling and sale of bio methane is a promising alternative 
business line for slaughterhouses.   
 
 
7. 0. Recommendation 
In order to fully utilize the waste produced, the slaughterhouses should expand capacity and maintain optimum 
conditions for maximum production of biogas and digestion of slaughterhouse waste. The modifications would see 
biogas production increase from the current 35m3 to 640 m3 per day a 92.5% increase. The result will also be increased 
waste treatment from 17.14% to 100%. This would greatly reduce pollution effect on the environment from 
slaughterhouses. As a result of biomethenation, the slaughterhouses will gain economically the plant should also adopt 
the bio-methane plant design proposed. Based on this study, other slaughterhouses in Nairobi area such as Kiamaiko 
will benefit from these proposed model of a slaughterhouse biogas plant leading to sustainable slaughterhouse waste 
management. Governments should come up with incentives like attractive fed in tariffs, tax relieves and public private 
sector partnerships to encourage export based generation of electricity. Measures should also be put in place to 
encourage commercial production and distribution of bio methane to encourage sustainable production and 
investment.  
. 
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