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Abstract: Production of biogas is gaining attraction because it is easy to operate and has a wide feedstock selection. Due to increasing 

prices of electricity, energy demand, and evolution of the world economy, biogas production is considered a cost-effective proven 

technology, allowing simultaneous waste management and energy production as the fourth largest energy source for the world. The 

potential of biogas energy at Kilifi Biogas Plant was determined through types of feedstock available, their cost, suitability for biogas 

production, sustainable energy consumption, and supply. In this research, the sustainable and economic factors necessary for biogas 

production was found to have a direct effect on the sisal utilization and also influences the energy demand and consumption at the Plant. 

The shift to using biogas was a viable alternative producing electricity, heat, and digestate. The potential benefits of biogas range from 

social, economic and environmental sustainability factors. Therefore, biogas energy generated is sufficient for the sustenance of the plant's 

operation; it actually reduces energy costs, cleaner technology and sustainably management waste generated hence making biogas best 

alternative energy for Kilifi Plantation Limited. 
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INTRODUCTION 

Energy is a key component in the development of any 

economy. It is essential to practically all aspects of human 

welfare, including access to water, industrial and 

agricultural productivity, education, health care job 

creation, environmental sustainability and Climate change 

(Hammond et.al, 2018). Biogas Energy is critical for a 

Sustainable Development progression. It is considered to 

be the best alternative source of unpolluted and safe 

energy which produce practically no net greenhouse gas 

emissions, and can effectively address climate change. 

Current developments in the industrial sector have 

increased Industry waste, agricultural waste, municipal 

waste that need treatment in order to curb GHG emissions. 

According to the report of Intergovernmental Panel on 

Climate Change (IPCC), GHG emissions must be reduced 

to less than half of global emission levels in order to 

reduce climate change and global warming (IPCC, 2012). 

The basis for undertaking this study stems from the 

realization that commitments to reducing greenhouse gas 

emissions require concerted efforts in maximizing the 

prospective for renewable energy expansion in national 

economies. The SDG 7 clearly sets the target that by 

2030, 30% of the energy should be from renewable energy 

(World Bank, 2019). Sisal is an important raw material for 

renewable resource par merit and can form part of the 

overall solution to climate change. Measured over its life-

cycle, sisal captivates more carbon dioxide than it 

produces. During processing, it yields mainly leaf  

residues and organic wastes that can be used to generate 

bioenergy, produce animal feed, fertilizer, and ecological 

housing material and, at the end of its life cycle, sisal are 

100 percent biodegradable(FAO,2019). Currently, 

available sisal residues still remain largely unexploited 

energy potentials worldwide (UNEP, 2009). Kenya, as 

one of the largest sisal producers in the world, provides a 

great opportunity to illustrate the ability of producing 

energy from sisal residues. The demand for sisal has 

increased by about 3% p.a, with a current production 

ranging from about 26,000 ton/an out of which 80% is 

produced in large sisal estates in Kenya(Yurtoglu,2018). 

The aim is to certify that there is a supply of clean and 

sustainable energy that is not only fuel economic growth 

but also safeguard nature and the environment. In Kenya, 

the energy sector history has been characterized by high 

electricity costs and frequent, sometimes persistent power 

interruptions (Ndemo, 2016). Currently, the average cost 

of electricity for industrial consumers is 22 KES per kWh 

in 2019(regulusweb,2019),but the cost of electricity 

consumption has remained relatively high. This has 

affected the profit margins of many industrial plants in 

Kenya. Constant outages have also fetched an increase in 

the production costs of industrial and manufacturing 

plants. The study aims at providing pointers to how we 

can use biogas to attain a clean, dependable and effective 

alternative energy source and use biogas to reduce energy 

consumption from the public grid 

 

METHODS 

The study was conducted at Kilifi Plantation and Biogas 

Plant. The Biogas plant is lying at coordinates 3°39‘41‘‘S, 

39°51‘45‘‘ E. Both qualitative and quantitative methods 

were used. The amount of feedstock produced is estimated 

using the residue-to-product ratio (RPR) (Koopmans & 

Koppejan, 1998. The necessary feedstock production data 

were derived from the feasibility study. Structured, semi-

structured interviews and consultations with key 

respondents were conducted to gather qualitative 

information on projects context, implementation, results 

and impacts A detailed study of available literature and 

scientific reports on the production, collection, disposal 

and other uses of residues was carried out to collect 

additional data and information. The primary data was 

collected by interview. Secondary data was collected from 

annual reports and other archive documents available at 

the Kilifi Plantation biogas plant. Semi-structured 
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interviews were done through face-to-face and telephone 

interviews. Face-to-face interviews helped in collecting 

sensitive data and face-to-face interviews gave an 

opportunity to a rich communication when questions were 

open-ended. This involved site visits to the case study 

area. Physical observation also enabled the direct study of 

how sisal leaves are processed to obtain sisal fiber, and 

what processes are employed for generating electricity 

using sisal waste. Environmental and other experts were 

consulted for more information and guidance. Categories 

were derived, and the highlighted statements coded by 

assigning a category to them. After coding, a summary of 

the coded content was made on a grid, where the 

categories are vertically on top and the respondents 

horizontally on the side. In the cells, each respondent's 

statements regarding the categories were marked. Some 

statements that did not fit into any category were nullified. 

The statements drawn the grid are marked in the 

transcript. After all the transcription the results were 

coded and interpreted.  Content analysis was conducted as 

an analyzing technique with the help of Minitab software 

and Microsoft Excel 2010 

 

RESULT 
The whole land size is 600ha which is big enough covered 

by the sisal plantation.1ha produce 7ton of sisal ball which 

is equivalent to 1.5ton of sisal fiber per ha (TSB, 2010). 

Sisal plantation farm has a capacity of between 400-500 

cows both dairy and beef cows. The land size has been 

able to give room for occupancy of a large number of 

herds and with enough space that accommodates the size 

of the digester. Waste generated include cow dung, sisal 

waste, crop residues inform of sisal bole and pulps and 

fruit waste which is mango fruit waste. These substrates 

are potentially available within the digester proximity 

 

 

FEEDSTOCK AVAILABILITY, COST AND SUITABILITY 

 

Table 2; Breakdown Summary of Cost for handling Substrate used for Biogas Production at Kilifi Biogas Plant 

 

Substrate Value Cost [KES/t] 
Collection Cost  

[KES/t] 

Transport Cost  

[KES/t] 
Pre-Treatment Cost [KES/t] Total Cost [KES/t] 

Cow manure 0.00009 258 0 0   258.00009 

Sisal Pulp KPL 0 133 6.8 0 139.8 

Sisal Pulp Rea Vipingo 0 133 93 0 226 

Mango waste 0 67 340 263 670 

Sisal Bole KPL 3000 133 34 494 3661 

Sisal Bole Rea Vipingo 3000 133 93 494 3720 

Molasses 6000 67 3333 231 9631 

      
 

Table1; Amount of Substrate Available at Kilifi Biogas 

Plant 

 

 

 

 

 

 

 

 

 

Cow dung is mechanically dragged to the pre-pit at a cost 

estimate of zero transport cost because stable is adjacent 

to the pre-pit and cost estimate of 258 KES/ton as 

collection cost is done by 1 staff whose daily total 

collection is 2tons.The price for a 50kg of fertilizer being 

Ksh 2500 potential for biogas to generate slurry, slurry it 

saves the sisal plantation from the purchase of fertilizer. 

Cow dung and sisal pulp from KPL are estimated as the 

most economical choice, followed by mango waste 

collected from a 50km distanced fruity company and 

given for free. Even with higher transport costs and a pre-

treatment mango waste seems more economical than the 

collection of sisal pulp from Rea Vipingo. The use of 

molasses is more economical than the digestion of sisal 

bole. This can be attributed to the competitive use of boles 

as fuel in a cement factory which gives them a market 

price of 3000 KES/ton. A market price of zero results in 

1.92 KES/kWh, so in the range of mango waste. From the 

above results, sisal bole is not economical at all and 

molasses are a better substrate with a high market price of 

Ksh.6000 as compared to sisal bole. The molasses are 

recommended in place of sisal bole as long as grid 

connection is allowed. The collection costs are calculated 

with 4 staff for sisal. 

 

 

 

 

 

 

 

 

 

 

 

Substrate available  

at KPL 

Amount 

 [t/day] 

Cow manure 2 

Sisal Pulp KPL 24 

Sisal Pulp Rea 

Vipingo 

15 

Mango waste 7.4 

Sisal Bole KPL 10.36 

Banana waste 0.26 
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CONTENT ANALYSIS FOR BIOGAS 

GENERATION AND OPERATION 

 

Table 3: Sustainable potential factors of Biogas 

production and Operation 

 
Production 

process 
Strengths Weakness 

Feeding  

Proximity 

Distance 
Varieties 

Plant Capacity 

Seasonality of Mango and 

Banana waste 

Need for additional water 
Formation of Scum 

Need for crushing of mango 

seeds 

Operation 

and 

Maintenance 

Grid connection 

CHP 

Non-costly pre-
treatment 

Biogas Upgrading 

Passive Digester 

Manual feeding of the digester 
Cost of crushing is high due to 

hire of crusher 

Unsold extra power due to 
unmet KPLC capacity 

End Product 

Power 
Heat 

Digestate 

Bio slurry 
Fertilizer 

Napier grass 

Plantation 

No sale of heat nor power 

No sale of bio-slurry 

 

The sustainable potential factors of biogas generation and 

operation model analyzed by content analysis as 

described. The content analysis grid is made based on the 

potential of the biogas production process, strengths of the 

process, and weaknesses of the process. The production 

process is divided into three main processes from the 

feeding to the end product. The electricity is not sold at 

the moment but it is fed into KPLC grid for free, the 

reason being the biogas plant has not met the capacity 

requirement of 250KW for KPLC in order for KPLC to 

purchase excess power: instead, the excess electricity is 

not sold to KPLC. The Biogas plant management intends 

to expand in order to increase their capacity.  A mixture of 

cow manure and sisal pulp are fed daily and mango waste 

is fed 3 times a week when it is mango season. The 

amount of cow manure is 2 tons plus 12 tons of sisal 

waste making it 14 tons. The loading rate is determined as 

1.95kg/dm3 ODM which is well below 3 kg/dm3 which 

constitutes the standard loading of digesters, with a 

retention time of 16.5 in a day at a digester volume 

of1600m3. This is the rate of nutrients supply of 

microorganisms involved which result in the efficiency of 

the anaerobic digester. The digester is maintained by a 

constant organic load of dry matter to ensure optimum 

biogas output. Additional water of volume of 2000L is 

assumed to be used but theoretically, a total volume of 

8500L is the amount that should be added to the 

substrates. The end products of anaerobic digestion are 

biogas and digestate. Kilifi biogas utilizes co-generation 

which provides both electricity and heat. The big share of 

the end product at Kilifi biogas plant is digestate. 

Table 5; Potential Biogas yield from substrates used at 

Kilifi Biogas Plant 

 

Calculation Biogas Yield and KWel 

 

Input 

in 

ton/d 
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CHP 

efficienc

y. 

kWel/k

Whole 

in 

% 

 

 

 

 

 

 

Leist

ung 

BHK

W 

in 

kWel 

Sisal 

Pulp 
20 780 32.50 39.00 195 26% 50.7 

Cow 

Dung 
1.5 75 3.13 3.75 

18.7

5 
26% 4.875 

Mang

o 

Waste 

3 600 25.00 29.00 145 26% 37.7 

Sisal 

Core 
1.5 243 10.13 11.54 

57.7

125 
26% 

15.00

53 

Sum 26 1698 70.75 83.293 
416.

463 
 

108.2

80 

 

The table above shows the amount of biogas produced 

with different substrates. This is as per the data are given 

at the biogas plant. This result shows biogas yield and 

Kilowatt Electric from the different substrates. Biogas 

yield is high in sisal pulp followed by mango waste, then 

sisal bole and finally, cow dung. 

 

FACTORS REQUIRED FOR SUSTAINABLE AND 

ECONOMIC BIOGAS PRODUCTION 

1) Potential of the size of the Digester 

The Kilifi biogas digester is a dome structure with a flat 

bottom surface. It has an inner diameter of 15.4 m with a 

net volume of 750 m3 and a gross volume of around 850 

m3 and offers gas storage of 350 m3. The calorific values 

of biogas that range 21-23.5 MJ/m3 influenced by the 

digester capacity. It is equipped with a valve to empty the 

digester and bull's eye for checking inside digester  

 

2) Potential of the type of the Digester 

The digester used is a fixed-dome which regulates the 

energy output. The plant is in the process of upgrading in 

order to increase energy output. The main components of 

this digester are: ‗paddle gigant‘ which is the stirring unit, 

biolene, the membrane is the insulator and ‗vielfras‘ 

which is the feeding unit responsible for digestate evenly 

distributing and mixing. Both are equipment delivered by 

foreign partners, agrikomp, who are the holder of the 

trademarks. The mentioned components can only serve 

one digester, but KBP is planning to upgrade. Specific 

settings of the digester include constant temperature 38-40 
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degrees Celsius, with a feeding unit of ratio below 3.0 kg 

organic dry matter (ODM) per m3 daily, retention time of 

about 30 days due to the availability of high content of 

organic substances and Electrical efficiency ranges 

between 30-45% 

 

3) Potential to access foreign support for Biogas system 

installation 

Agrikomp was responsible for the supply and installation 

of the digester. The trademark is for the agrikomp which 

is a foreign partner. The plant was designed and 

constructed under a PPP including agriKomp] GmbH, 

Merkendorf Germany, and GIZ, formerly known as GTZ, 

the German international development cooperation 

agency. Collaboration from Government incentives 

available in the form of primary opportunity range from 

obtaining the value for energy from biogas systems is to 

sell electricity, feed-in tariff, co-generation, and building 

permit 

 

4) The Potential to produce Bio-slurry 

An approximately 5 ton of bio-slurry is produced in a day. 

Its spread in the sisal plantation as fertilizer. Bio-slurry is 

also used as a digestate. This comprises of nutrients like 

nitrogen in the form of ammonia. The digestate is 

beneficial to the sisal plantation and for the growth of 

mushroom and vegetables since it improves soil nutrients. 

Wet substrate produces a large amount of digestate. This 

economic potential of digestate production is well tapped. 

 

5) Potential social benefits 

Establishment of biogas comes alongside with benefits 

such as Corporate Social Responsibility that benefit the 

community. Biogas has opened an opportunity for 

collaboration with various stakeholders in different fields. 

Biogas collaboration range from community, institutions, 

private companies both local and international. Biogas has 

the potential to open the opportunity for collaboration 

with various stakeholders in the field of renewable energy. 

Kilifi biogas plant employment opportunities have 

employees from the local communities and to a lot of 

people within and out of Kilifi County. This is a learning 

avenue, research center, Students from Pwani University 

and Southern Eastern University have carried out some of 

their research at the plant. The Kilifi Biogas Plant has an 

internship space for graduates and also they also sponsor 

some social activities e.g. the Kilifi gold marathon. 

 

6) Potential to meet heat and electricity demand at the 

plant 
Levels of Heat and Electricity demand at Kilifi Biogas 

Plant are very high but from the use of biogas, the savings 

are achieved in relation to the amount of bill paid to 

KPLC, The rest of the consumption has to be accounted to 

dairy processing, farm workshops (including welding and 

other consumers) and office. The study recommends 

focusing on energy efficiency measures and measures to 

manage the load on the post-harvest processing of sisal in 

order to reduce KPL power consumption 

 

7) Potential Pay Back 

Estimation of investment cost, running cost and payback 

period was carefully presented with price estimates based 

on international markets, especially German Investment 

cost estimated at 96 Million estimated at the currency of 

1Euro= KES 110 which has depreciated to Zero over 

years due to benefits gained. Currently, the existing biogas 

has already paid back its investment. The economic model 

shows a benefit of 800 KES/m3 for digestate used. The 

investment cost had some additional cost due to 

developments done on the biogas plant. This includes 

repair of CHP machine which cost KES 1,100,000 and 

purchase of gas measuring tool, plus replacement of 

digester liner at KES 2,053,000. Running cost is estimated 

to include cost for substrate value and handling, salaries of 

staff, effluent handling, maintenance and annual 

inspection cost for CHPS, insurance policy.de-

sulphurization and aeration is conducted to manage odor. 

The location of the biogas plant is in an open space and 

nature helps to neutralize the smell and odor. The 

monitoring is done frequently to ensure the smooth 

operation of the plant. Energy audits are done to show the 

power purchase. The Plant benefits from co-generation 

which is a technology that produces heat and power, 

whereby heat is used for cooling and power is used for 

lighting and cooking. CHP has three main outputs: 

electrical energy; thermal energy and effluent. There is no 

much technological advancement in gas treatment done 

for the digester except desulphurization and aeration of 

the digester. The digester is aerated, which from the 

literature review, aeration is done twice a week. This 

ensures proper biogas production and proper ventilation. 

 

ENERGY SUPPLY AND CONSUMPTION AT 

KILIFI BIOGAS PLANT 

 

Table 7; Power Consumption by Biogas Plant 

 

Consumer Rating 
daily 

operation 

yearly 

consumption 

  [kW] [h] [kWh/d] 

Paddelgigant 15 8 43800 

Vielfraß 16.1 2 11753 

"Big Pump 1" 8 2 5840 

Pump 2 8 2 5840 

Circulation 
Heating  

0.2 24 1752 

Air Compressor 0.2 2 146 

Sum Biogas Plant   69131 

 

Digester use ‗paddle gigant ‘ main component which is 

stirring unit and ‗vielfras‘ which is the feeding unit 

responsible for even distribution of digestate and mixing 

substrates with a high proportion of fibrous raw material. 

Various advantages derived are low power consumption, 

reliable for dry substrates and automatically lubricate the 

internal bearing. The biloene membrane is the insulator 

made up of high-quality rubber, giving it good UV and 

ozone stability. This membrane is reliable, inexpensive 

because it does not need a separate room for gas storage, 

and has very high CHPS utilization due to its large 

capacity for gas storage 
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Table 8; Power Purchase from KPLC 

 

  
Power 

purchase 

Gross Unit 

cost 
Gross payment 

  [kWh] KES KES 

30.1.16 14789 23.22 343 401 

29.2.16 5836 23.22 135 508 

31.3.16 7433 23.22 172 590 

30.4.16 6814 23.22 158 216 

31.5.16 8267 23.22 191 957 

30.6.16 20547 23.22 477 103 

31.7.16 28800 23.01 662 682 

31.8.16 22686 23.01 522 003 

27.9.16 22686 23.01 522 003 

31.10.16 14326 23.10 330 926 

30.11.16 14307 23.13 330 926 

31.12.16 10976 23.73 260 467 

Sum 2016 177467   4 107 782 

Avg 2016 14789 23.147 342 315 

Daily Avg 486.21     

 

 

From the above tables (Source; KBP feasibility study), 

this research found out Biogas plant is selling power to 

Kilifi plantation Limited. From this, biogas has potentially 

reduced expenses on buying electricity and reducing 

power outages hence saving from losses that occur during 

power cuts. Two generators are operating purely using 

biogas. They are equipped with heat recovery systems for 

cooling the engines. Internal combustion engines have 

been converted from the use of diesel to use of biogas.  

The electrical motors which were imported from Germany 

convert the gas into power that is fed into the KPLC grid. 

The electrical cabinet was supplied from Germany by 

Schnell. It has a power meter that measures the power 

produced. The basic power supply of the firm takes place 

via the KPLC network and the installed Biogas generators. 

KPL electricity is supplied through a 33 kV power line 

with 150 mm square aluminum, steel core conductor. The 

33/0,415kV distribution transformer at the site is of 630 

kVA capacity. The transformer is at a distance of about 

120 m to the Biogas 

 

i) Potential Economic evaluation for Kilifi Biogas Plant 

Surplus  = Total Benefit – OPEX – Depreciation.  

Cash Flow = Total Benefits – OPEX. 

Pay Back Period PBT = CAPEX / Cash Flow. 

 

Comparison of Option A shows the current feeding and 

real electrical real outputs. it describes the present state of 

the BGP, therefore no investments are considered and 

Option B which explores the maximum potential of the 

Biogas plant: maximum feeding (DM<8%; ODM < 3 

kg/d, m3), biogas and electrical power production; It 

consist the investment consists of the repair of CHP with 1 

100 000 KES, purchase of a gas measuring tool and the 

replacement of the liner (2,053,000 KES).The electricity 

produced exceeds the need by KPL 

 

 

Table 9; Existing Biogas with AgriKomp designed digester 

 

 
Option A(the current feeding and real electrical 
real outputs) 

Option B (upgrade for exploring maximum 
potential of the Biogas plant) 

Substrate 
quantities 

Cow manure (2,000 kg/d), Sisal pulp (10,300 

kg/d) and mango waste (900 kg/d) is used. 12,000 

kg Sisal pulp are feed Monday-Saturday, 2,000 kg 
Mango waste-3 times a week. The water 2,000 L 

is assumed 

 

 2000 kg/d cow dung, 857 kg/d mango waste 
and 19500 kg sisal pulp. 

 

 
 

Organic 
Load Rate  

1.95 kg/d,m3 oDM is below the standard loading 
rate 

3 kg/d,m3 which is the standard loading rate 
 

Dry matter 

content 

Dry matter content is determined to be 11.4 %, 
which is high and not safe any % above 10 is not 

safe for the load. 

DM content of 8 %  which is safe 

 

Biogas 
yield(m3/d) 

395 1065 

Type of 

Digester & 

Volume 

Agrikomp  
750m3 

Agrikomp 
750m3 

Net 

electricity 

produced 
ksh/a 

106,605(current energy demand) 742,851 

Investment 

ksh/a 
Zero 212,6850 

Depreciation 
ksh/a 

Zero 354,475 

Operation 

cost ksh/a 
2,138,465 3,187,254 

Benefits 
ksh/a 

6,258,228 19,079,882 

Surplus 

ksh/a 
4,119,763 4,119,763 

Cash Flow 

ksh/a 
4,119,763 4,119,763 

PBT n.a 0.1 

NPV n.a 215620412 

IRR% n.a 46% 
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ii) LCOE of Recommended Option of Biogas 

Compared to Hydropower 

Levelized Cost of Electricity is the sum of the cost of 

energy generation over lifetime divided by sum of the 

electrical energy produced over a lifetime (ScienceDirect, 

2017). Research has shown that the LCOE for Small Scale 

Hydropower in Africa range between USD 0.02kw/h-

0.14kwh (IRENA, 2012).The LCOE for Biogas with 

combined heat and power for large scale range between 

USD 0.12-0.15Kwh and for small scale range between 

USD 0.12-0.28kwh, but without CHP it can go to as low 

as USD 0.03Kwh (IRENA, 2017) From this research, the 

current agriKomp digester is the best option (A) because it 

has economical already paid off than the One Digester 

Plant (ODP). The option (B) of constructing an ODP 

digester is more expensive therefore the best option was to 

enhance the biogas production of the current digester and 

improve the efficiency of the digester. Economic model a 

benefit of 800 Ksh/m³ for the digestate used. As a result, it 

is viable to extend the Biogas Plant to the maximum. The 

fertilizer benefit is higher than the OPEX of the already 

existing Biogas plant. For this option that KBP is using, 

only the investment for retrofitting is included. The 

Biogas itself is already depreciated. Using the data 

available the study was able to calculate the LCOE of the 

two option highlighted by the Kilifi Biogas Plant. The 

result shows if you compared the LCEO of biogas energy 

option and LCEO of hydropower; the biogas cost is high 

but after some period it pays back and by that time the 

cost of electricity from national grid can be compared to 

cost of producing electricity from biogas plant. In Kenya 

electricity production cost of 50kWel biogas range 

between 0.11USD/kwh and 0.29USD/kwh (IRENA, 

2014). Therefore the current Kilifi biogas option A 

already paid off. Below is an illustration of the LCOE of 

Kilifi Biogas energy options. 

 

 

      
                      

 
                                 

  
              

 
  

 

I represents the initial investment,  

D represents a depreciation tax shield,  

C represents annual cost, 

S is the salvage value of any physical assets at the end of 

life-cycle and  

E is the total energy production

LCOE for Option A;   
                              

      
                    =0.04USD/KWh 

LCOE for Option B  
             

       
                      =0.29 USD/KWh 

DISCUSSION 

The amount of biogas produced at Kilifi Biogas Plant is 

saving the plant and Kilifi sisal plantation from power 

outages, waste management reduces the electricity bill. 

Availability, suitability, sustainability, and cost of 

Feedstock strengthen the potential of biogas. The biogas 

plant utilizes available feedstock which includes sisal 

pulp, cow manure, mango waste, sisal bole and molasses 

to generate biogas. Mango waste which is seasonal, sisal 

pulp is from Kilifi plantation and molasses which is 

bought. For molasses the cost is high but it is compensated 

due to its quick digestion as compared to sisal bole hence 

molasses is more economical. For cow manure and sisal 

pulp, the cost involved is economical because of the 

vicinity of the biogas digester and generated daily. Mango 

waste have higher transport and a pre-treatment cost, but 

still seems more economical than the collection of sisal 

pulp from Rea Vipingo. Cow manure and sisal substrate 

have high methane content in terms of biogas production, 

followed by mango waste, then sisal bole. Sustainability 

factors specifically focus on the three pillars of 

sustainability which is economic benefits, social benefits 

and environmental benefits gained from biogas. Biogas 

use generates fertilizer in the form of bio-slurry and 

digestate. As an alternative source of energy, it has 

positive impacts on curbing emissions of GHGs. Sisal 

being the readily available feedstock it is maximum 

utilized for biogas production. The sisal wastes 

substantially produce methane gas that is used to as raw 

material for electricity generation. The inclusion of the 

biogas plant at Kilifi Sisal Plantation saves around 60 %( 

illustrated previously) of the power bill as compared to the 

previous bill paid before installation of biogas. The 

benefits are calculated as saving on costs of electricity 

provided by KPLC. The price of KPLC power has been 

derived from the provided power bills. The study found 

out before shifting to use of biogas there was a high 

number of power outages as reviewed from energy data 

found 2016 power outages and the electricity was 

extremely high. This will also serve as sufficient 

information for local and national authorities focusing on 

biogas to have their future policy decisions well 

supported. Highly important factors put into consideration 

when installing Kilifi biogas plant include; Electricity 

price, feeding handling system and Labor Cost. Then 

others factors are Price/income of feedstock, plant 

capacity, availability of feedstock, availability of 

feedstock, transport distance of the feedstock, 

effectiveness of the process, cost of operating and 

maintenance, digester unit, CHP unit, biogas upgrading 

cost, , utility cost, taxes, subsidies, heat Price, energy 

certificates  and sale of digestate 

 

CONCLUSION 

There are vast benefits of biogas technology learned from 

Kilifi Biogas Plant. The potential benefits have an 

influence on energy security, environment, employment, 

skills transfer, education development, and reduction of 
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poverty. The benefits range from ensuring green energy 

production, reducing electricity consumption from the 

public grid, replacing fossil fuels, climate protection, 

reducing greenhouse gases and eliminating unpleasant 

odors. Sisal wastewater sources are protected by reducing 

organic substances with eutrophication, reducing 

emissions of nitrogen compounds, especially nitrates, 

human health and safety as a result of the almost complete 

elimination of bacteria and other pathogenic 

microorganisms contained cow dung. From this study, the 

potential environmental benefits of biogas as a renewable 

energy source range from waste reuse, waste management, 

and waste utilization. Effluents from biogas result in high-

quality fertilizers hence safe for disposal. Development of 

sustainable and secured the energy supply using Biogas 

has proven to be a technology that can be sited anywhere 

not necessary of any specification, but once the raw 

materials are available it is easy to start. The study has 

illustrated how Kilifi plantation has been able to 

sustainably satisfy the farm‘s energy demand, save on 

electricity price and manage waste by using Biogas 

energy. 
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