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ABSTRACT 
Biogas production from the plastic tube digester (PTD) technology is currently 
gaining popularity due to its eminent potential to provide alternative energy at low 
cost in central Kenya. The technology was first introduced in Kenya in the early 
1990's to assist rural communities reduce their reliance on fuelwood due to the 
devastating effects of deforestation on the environment and resultant poverty. 
However, adoption of the technology was generally low initially, which was 
attributed to the low involvement of beneficiaries in testing the technology. In 2005, 
scientists at KARI-Research Centre, Embu re-introduced the technology through the 
Agricultural Technology and Information Response Initiative (ATIRI), a programme 
by KARI to catalyse farmers' access to appropriate technologies. A farmer-based 
technology transfer approach was used that incorporated a component of capacity 
building and scaling-up based on farmer-to-farmer networks. Through the approach 
adoption and scaling-up of the technology has increased with 300 units being installed 
since 2005 by smallholder dairy farmers in central Kenya including areas surrounding 
Nairobi City. The accelerated adoption is mainly attributed to the low technical 
requirements on the installation and management; the skills required have been easily 
shared out among farmers. Other factors prompting adoption is the relatively low cost 
relative to conventional biogas digesters. Data collected on the socio-economic 
benefits showed that biogas from the PTD technology can supply 30 to 50% of the 
total energy needs of a typical rural household, with up to 60% saving on wood fuel, 
with a substantial saving on costs. Preliminary evaluation of the overall benefits 
suggests that the plastic biogas digester technology could have far-reaching 
implication not only on poverty reduction but also on environmental conservation and 
improved health of the rural people.  
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INTRODUCTION 
Over 80% of the Kenyan population lives in rural areas, with agriculture as the main 
occupation. According to a study conducted in the coffee-based land-use system of 
the Embu District in the central Kenya highlands (Minae and Nyamai, 1988), 
smallholder farmers were reported to be heavily dependent on trees for a wide range 
of uses, including fuel, fencing and building. Other recent studies conducted in the 
same area reveal that the number and diversity of trees per species was fast declining 
leading to serious shortages of fuel-wood (Karlsson et al., 2004). This has made 
farmers net importers of fuel-wood to supply their energy for cooking, lighting, 
warming and drying. 
 
Nationally, fuel woods, charcoal and crop residues accounted for over 75% of the 
total energy consumed but these resources were getting farther and farther depleted 



due to dwindling local resources (Ministry of Energy, 1981). Such a high demand 
requires a matching supply hence the need to explore alternative sources of energy. 
There is therefore justification for exploiting other energy sources, such as solar, 
wind, petroleum and biogas energy. Of all these only petroleum, in the form of 
paraffin, is used substantially in use in rural as well as urban households but it is 
becoming increasingly out of reach for many due to escalating costs. However, 
relative to other sources of energy, biogas holds the greatest promise as a cheap and 
renewable source of energy but its potential is grossly under-exploited. 
 
Biogas technology was initially introduced in Kenya in mid 1950s but exclusively 
used by the white settler farmers. Attempts in the 1980s to introduce to smallholder 
farmers the floating-dome biogas type through the GTZ-funded project were futile 
due to the high costs of installation and maintenance. The initial emphasis by GTZ 
was also on enhancing the skills of artisans without back-up training of farmers. 
Hence, technical performance was not only low but adoption rates remained very low. 
The plastic tubular plastic digesters (PTD) biogas type developed in Colombia 
(CAMARTEC, 1990) was first introduced to Kenya in mid-1990s (Karanja and 
Kiruiro, 2004) as a low-cost type ideally suited to smallholder rural farmers. 
However, adoption since has been minimal mainly due to inadequate involvement of 
farmers in testing the technology. Farmers remained passive observers even where 
technologies were being tested on-farm. In addition, mechanisms for scaling-up of the 
technologies were not well established. This paper highlights the experiences in the 
scaling-up of the PTD biogas technology after its re-introduction in the central Kenya 
region in 2005 and the implication of adopting the PTD technology to rural 
livelihoods and environmental conservation. 
 
METHODOLOGY 
Study area 
The Tea/Dairy Land-Use (TDLU) production system in Embu District, an area 
bordering Mt. Kenya forest, was selected as the pilot area for testing the PTD biogas 
technology.  The area receives bimodal rains ranging between 1200 and 2000 mm 
annually received in two distinct rainy seasons; the long rains (mid March to June) 
with an average rainfall of 650 mm and the short rains (mid October to December) 
with an average of 450 mm. The soils are mainly humic Nitisols derived from basic 
volcanic rocks (Jaetzold and Schmidt, 1983). Farmers in the area have traditionally 
practiced mixed crop and livestock farming and heavily depend on trees for fuel 
among other uses (Minae and Nyamai, 1988; Karlsson et al., 2004). 
 
Evolvement of farmer-based approach to the introduction of the PTD biogas 
technology 
In 2000 the Kenya Agricultural Research Institute made a bold move to evolve a 
major project, the Agricultural Technology and Information Response Initiative 
(ATIRI) to catalyze not only demand for the PTD biogas technology but also its 
scaling-up. The basic philosophy behind ATIRI was to ensure that farmers had 
unlimited access to technical information about the biogas technology. Initial 
beneficiaries of the technology were then expected to use the skills and knowledge to 
not only adopt but also facilitate in scaling-up the technology and information to other 
farmers in order to expand the critical mass of beneficiaries. However, the PTD 
biogas technology was expected to be within the priority areas of interest of the 
farmers hence being demand–driven and have the potential to impart change in 



relation to sustainable provision of energy, poverty reduction, income generation or 
environmental resilience thus promoting livelihoods change or economic 
development.  
 
Identification of farmers for initial testing of the technology  
The Tea/Dairy Land-Use (TDLU) production system in Manyatta Division of Embu 
District, an area bordering Mt. Kenya forest, was selected as the pilot area for initial 
introduction and testing of the PTD biogas technology. Farmers in the area practice 
mixed crop and livestock farming. These farmers were perceived to have a high 
potential for adopting the PTD biogas technology given that the major source of wood 
fuel was drastically being depleted following heavy deforestation. As such, the need 
to combat environmental degradation was much higher than in other areas. In 
addition, a majority of farmers keep dairy cattle under zero grazing hence cow-dung 
for biogas production will also be readily available. Intensive dialogue with several 
farmers in the area followed during which Kirikithu Self-help Group, a community-
based farmer group was identified as the entry point. The 25 farmers in the group (15 
male and 10 female members) expressed great interest in the PTD biogas technology 
since it would provide a ready and cheaper source of energy thus reducing farmers’ 
reliance not only on fuel wood but also charcoal and paraffin. The involvement of a 
farmer group rather than individual farmers was an integral component of the ATIRI 
project's concept. The advantage of the group approach was that it would allow the 
farmers not only to relate the technology better to their socio-economic circumstances 
but conducting group training would also be cost-effective. 
 
Capacity building among beneficiaries 
Farmer empowerment through training was central to the introduction of the (PTD) 
biogas technology. Thus, farmers were actively engaged at all stages of the 
technology from installation, testing its operation to the assessment of the potential 
socio-economic benefits and environmental impacts. Training of farmers in the group 
was then conducted through topic meetings and demonstrations organised at weekly 
basis over a three-week period in May 2005. The main focus of the training was to 
instil practical skills and knowledge, particularly on the installation and management 
of the PTDs. Three male members of the group who showed above average 
understanding of the PTD technology were identified and given intensive training so 
that they would subsequently assist in installation and training of other farmers within 
and outside the study area. Additional training of other stakeholders such as the 
extension staff was also conducted regularly and setting-up of demonstrations during 
agricultural shows and field days hosted within the region.   
 
Collection of data on the trends of adoption of the PTD biogas technology  
An assessment of the extent of adoption and mechanisms on how the PTD biogas 
technology had diffused from the study area to other parts within the central Kenya 
highlands since its introduction was made in December 2007. Information was 
collected through informal interviews of the initial adopters including the farmer 
trainers and extension staff as well as visiting other institutions such as the Catholic 
Diocese of Embu, which had already initiated a capacity-building programme on the 
PTD biogas technology tapping on the experiences of the trainers in the ATIRI 
project. Ten farmers outside Embu District in areas such as Kirinyaga, Meru Central 
and Meru South Districts, and parts of Nairobi City who had adopted the technology 



following interaction with the trainers and farmers in the Kirikithu Self-help Group 
were also visited. 
 
Collection of data on socio-economic benefits of the technology  
While the cost of installation of the PTD biogas unit is easy to quantify, determination 
of the social-economic benefits and potential environmental impacts of the technology 
were considered complex to quantify fully due to the variations noted among adopters 
in study area on digester sizes, location (environmental conditions) of digester, 
alternative energy sources used and dietary habits of households. This resulted in 
project narrowing down data collection from only three households similar in terms of 
biogas digester size (10-m tube length), foodstuffs being prepared and number of 
household members. Data was collected from the three households in December 2005 
on the amounts and costs of charcoal, fuel-wood or paraffin used in cooking the same 
foodstuffs that the households would otherwise cook using biogas. The data was then 
used to assess the socio-economic benefits and potential environmental impacts of the 
PTD biogas technology. 
 
RESULTS AND DISCUSSION 
 
Trends in the adoption of the PTD biogas technology 
It was observed that although the three farmer trainers in the ATIRI project were the 
first to install the PTD biogas units in May 2005 farmers installed another 13 units 
from their own initiative or from the assistance of the trainers between June and 
September 2005. Based on information collected from various adopters it was 
estimated that 300 biogas units could have been adopted by December 2007in the 
central Kenya highlands from the initial 16 units in September 2005. The adoption is 
unprecedented, compared to the situation in the early 1990's when conventional 
digesters were first introduced with low rates of adoption noted so far. The scaling-up 
and hence, adoption of the PTD technology could be attributed to the several factors, 
but the following are the major ones:  
 
Efficiency and effectiveness of the PTD technology 
Adoption has further been stimulated by the fact that the PTD biogas technology is 
relatively cheap, can be handled by unskilled labour, and requires moderate amounts 
of cow-dung that can easily be obtained on most smallholder farms. The installation 
cost of the 10-m PTD biogas unit, which is manageable with as few as one to two 
cows is about KES 5000 to 8000 (US$ 75 to 120). The cost is just about 10% of the 
cost of conventional floating-dome or fixed-dome biogas. The PTD is therefore an 
efficient and cost-effective technology than could be within reach by many rural 
households. However, one disadvantage of the PTD biogas technology is the short life 
span if the plastic digester is not well protected against damage by strong heat from 
direct sunlight, pets and children. However, it has been observed from the current 
study that where farmers were able to provide adequate protection, it is possible to 
extend the life span of the digesters to more than 3 years.   
 
Networking among stakeholders 
The initial flush of adoption was a result of the awareness created and subsequent 
training carried out by trained farmers to other farmers individually or as groups. The 
farmers to whom the PTD biogas technology was first introduced shared their skills 
with other farmers within and outside the region resulting in a multiplier effect in the 



scaling-up of the technology and technical information. Training of stakeholders, 
including staff from the mainstream government extension service and Non-
governmental organisations (NGOs) and hosting of demonstrations during regional 
agricultural shows and field days helped to create awareness on the PTD biogas 
technology in the farming community. Farmers showing interest were then referred to 
the farmer trainers in the region or assisted directly through the ATIRI project. 
Awareness was further created in audio scripts aired in local radio media.  
 
Networks created between the Kirikithu Self-help Group with other farmer groups 
such as the Manyatta Dairy Goat Self-help Group in Embu District and the Meru 
Dairy Goat Breeders Association in Meru Central District following cross-region 
visits also helped in promoting the technology to other farmers far and wide. The low 
technical requirement of the PTD technology has also resulted in many more farmers 
acquiring the skills and there is currently a pool of about ten trainers in central Kenya 
region alone who continue to offer service to needy farmers either on free-basis or at 
nominal costs.   
 
Evolving self-reliant and sustainability mechanisms 
 
It was recognized that despite the interest shown by farmers to adopt the PTD biogas 
technology and the widened skills and knowledge base created through the ATIRI 
project some farmers could still not be able to install the PTD biogas units without 
financial support. The project assisted the Kirikithu Self-help Group in evolving an 
internal crediting mechanism adopting the merry-go-round approach. It is through this 
arrangement that at least 5 farmers who otherwise could not have managed were able 
to acquire financial support to install the PTD biogas units. There are plans for the 
Embu Dairy SACCO, a local dairy farmers' association, to evolve a credit facility that 
will assist those interested in the PTD biogas technology; the credit would then be 
recovered from milk returns. 
 
Institutional partnerships  
The ATIRI project linked farmers with the main institutions selling the plastic tube in 
local towns and in Nairobi City from where they could get additional technical 
information. One such institution is ASAMI Ltd, a firm based in Nairobi City, which 
besides selling the plastic tube for fodder ensilage work, diversified its portfolio of 
activities to include installation of PTD biogas units to farmers surrounding Nairobi 
City. ASAMI Ltd., through joint collaboration with Jomo Kenyatta University of 
Agriculture and Technology (JKUAT) at Thika, successfully developed a similar 
digester tube like the one promoted by the ATIRI project made of butyl rubber; the 
digester is more robust and therefore of longer life span (up to 8 years or more). The 
ordinary PTD biogas digesters are made of soft polythene material and therefore have 
a relatively shorter life span of about 2 to 3 years. The modified 10-m digester type, 
although costing twice as much as the polythene type (between US$ 150 to 250 per 
unit) seems to suit the medium earning farmers especially areas surrounding urban 
areas. Fifty such units were installed by ASAMI Ltd. in areas of surrounding Nairobi 
City between March 2006 and July 2007. 
 
Socio-economic and environmental benefits of the PTD biogas technology 
Energy saving aspects 



Data collected from three households on  the amounts and costs of charcoal, fuel-
wood or paraffin used in cooking the same foodstuffs that the households would 
otherwise cook using gas from the a 10-m PTD biogas unit is shown in Table 1.  
 
 
Table 1: The average amounts of fuel-wood, charcoal and paraffin and the 

associated costs for cooking standard foodstuffs 
 

Energy source/amount/cost per day§ 

Fuel-wood 
(partially dried) 

Charcoal Paraffin 

HH 
number# 

Daily diet types 

Amount 
(kg) 

Total 
Cost* 
(US$) 

Amount 
(kg) 

Total 
Cost 
(US$) 

Amount 
(lts) 

Total cost
(US$) 

1 • Morning/even
ing tea 
• Lunch (maize 
meal + vegetables 
• Dinner (maize 
meal + vegetables 

6.0 1.8 3.0 0.45 0.8 0.69 

2 • Morning/even
ing tea 
• Lunch (maize 
meal + vegetables 
• Dinner (maize 
meal + vegetables 

8.0 2.4 2.5 0.375 0.8 0.69 

3 • Morning/even
ing tea 
• Lunch (maize 
meal + vegetables 
• Dinner (maize  
+ beans) 

10.0 3.0 5.0 0.75 1 0.90 

Daily mean 8.0 2.4 3.5 0.525 0.86 0.76 
# Average household family size was 6 members and similar dietary habits 
§ Used local measures for determine the amounts of each energy source 
* The assumed prevailing costs (US$) of fuel-wood and charcoal per kg, and paraffin 
per litre were 0.30, 0.15 and 0.9, respectively (June 2007 prices where 1 US$= KES 
67).  
 
It is estimated from data in Table 1 that on average one medium size household of  5 
to 8 members could, on a conservative basis, spend up to 2.9 and 1.3 tonnes and 312 
Lt of fuel-wood, charcoal and paraffin, respectively per annum for cooking only. This 
translates to an average expenditure of US$ 876 per household annually on fuel-wood 
only, which could be saved by using biogas. Assuming a national turn-over 
installation rate of about 800 biogas units per year, then the energy saving for cooking 
alone from wood-fuel may be placed at US$ 14 m in two decades. At national level, 
consumption of wood fuel in 1980, for instance, was estimated at 21 million tonnes, 
with a per capita consumption of over 1.0 tonnes per annum (Ministry of Energy, 



1981). Based on the experiences from the current study it is possible for the 10-m 
PTD biogas unit to supply about 30 to 50% of the total household energy needs 
assuming farmers do not make full use of the biogas especially during the cold 
seasons due to a lowered gas production rates. In view of the energy savings 
advantage noted in the current study, the low-cost PTD biogas technology provides a 
good opportunity for accelerating socio-economic development of rural households. 
Widespread promotion of this technology is therefore justified.  
 
A detailed household study conducted in Tanzania where animal and human wastes 
are mixed as a substrate indicated that wood fuel could be reduced by up to 60% 
(Lekule, 1996). It was further noted that a family of six consumed 3 bags of charcoal 
(about 250 kg) and 121 litres of kerosene per month (Lekule, 1996). This translated 
into US $ 8 for charcoal and US $ 49 for kerosene, which again represented a major 
saving when biogas was used. Assuming in the current study that the PTD biogas unit 
has initial investment cost of about US$ 120, a life span of 4 years with a depreciation 
rate of 2.5%, the savings made by using the biogas can be considered significant. 
Therefore, the technology provides a good opportunity to reduce poverty since the 
savings made by replacing other energy sources can be used to meet other household 
financial needs. 
 
Potential environmental impacts 
The findings from the current study suggest that continued use of the biogas will 
reduce the pressure on the remaining trees thus giving an opportunity to plant more 
trees or allow those planted to grow to maturity. Therefore, the environmental benefits 
associated with reduced deforestation for wood fuel in an area that has serious 
shortages of trees and erosion can reasonably be expected to be highly significant 
from both a regional and a national perspective. It will also help to increase tree cover 
thus reducing environmental degradation and ensure sustainability of the agro-
ecosystems for current and future prosperity. 
 
Another advantage of the PTD biogas technology likely to accrue is the provision of 
high quality manure that could support increased crop yields (Kiruiro, unpubl., 2007) 
and reduced pollution from smoke from wood-fuel and charcoal energy, and hence 
improved sanitation (Karanja and Kiruiro, 2004). In fact, households in the current 
study where biogas was utilized reported that sanitation in the kitchens was improved 
due to low incidences of smoke and soot. There was also reduced heavy burden to 
women and children of searching for fuel-wood, sometimes from far distances. This 
suggests that the productive life of the rural women, who are heavily involved in 
several agricultural activities, can be significantly improved.  
 
CONCLUSIONS AND RECOMMENDATIONS 
A significant impact of the farmer group or community approach propagated through 
the ATIRI project was indeed its strong catalyst role in promoting adoption of the 
PTD biogas technology. Farmer empowerment through enhancing of skills, and the 
associated farmer-to-farmer networking to share these skills, and other in-built 
mechanisms were key factors that resulted in wider adoption of the technology. A 
significant impact of adoption of the biogas technology is the major savings made by 
farmers by not relying on other energy sources derived from tree products, which has 
implication on poverty reduction. The results also demonstrate there is a great 
opportunity for reducing environmental degradation, while improving the productive 



life and health status especially for rural women and children by using the biogas 
technology. However, it is recommended that farmer group approach and forging of 
strategic partnerships, among other strategies, be sustained so that the benefits and 
impacts of the PTD biogas technology can be scaled-up far and wide nationally. 
Further, detailed studies are required to be able to evaluate the full range of benefits of 
adopting the technology at household and landscape or watershed levels.  
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