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Executive Summary
This report is prepared by SHALIN Finland 6  and Sustainable Global Technologies (SGT)  
programme in Aalto University (TKK) 7  and Coalition for Environment and Development.  

The adoption of a simple household pyrolytic stove has the potential to provide multiple benefits  
from reducing the rate of deforestation, improved soil fertility, enhanced household air quality to  
mitigating climate change. 



The burning of biomass under reduced oxygen can result in production of both charcoal and  
energy. The charcoal produced can further be burnt for energy or be used to promote sustainable  
soil management and improved agriculture.   

  

Burning of material under reduced oxygen is a process called pyrolysis or carbonization.  It 
can been implemented at different scales from small cooking stoves to large scale industrial  
processes. 

Charcoal (carbon) enriched soils like Chernozems and in particular Terra Preta soils are among  
the world’s most fertile soils. They are a proof of concept that soil organic carbon enrichment  
beyond the maximum capacity is possible.  Soil Organic Carbon (SOC) improves different soil  
properties which in turn determine the overall land productivity, soil chemistry, ecology and the  
general ability to store carbon.  

  

In addition, through agriculture households or communities can be able to adapt or mitigate the  
impacts of climate change.  The IPCC report on Climate Change 2007: says “a portfolio of  
adaptation and mitigation measures can diminish the risks associated with climate  
change.” Adaptation helps cope with the problem at the tail-end, while mitigation pre-empts the  
problem at the root.  

The pyrolytic stoves have been shown to improve the efficiency in biomass energy production by  
almost 60 % (which translates to an equivalent reduction in the rate of deforestation).

Unlike normal stoves that use charcoal, the stove uses raw biomass and produces charcoal as a  
by product as opposed to ash.  The stove can use any agricultural waste as a fuel.   It also requires 
less of the material to generate the same heat for the same period.

Most African soils are heavily depleted in their soil organic carbon (SOC) which leads to  
nutrient deficiency and with an impact on food security. The charcoal produced by the stove can  
be used for further heating and cooking or added into the soil as an amendment.   High organic 
carbon in the soil has been shown to improve soil fertility by between 30-300%.   

The traditional burning of biomass material produces noxious gases which have serious  
respiratory health implications.   The Anila stove through the pyrolytic process burns off these  
noxious gases improving household air quality and hence mitigating their harmful health effects.  

Charcoal has between 40-60% carbon depending on the conditions it was produced.   One 
kilogram of carbon in charcoal is equivalent to 3.5 Kgs of Carbon Dioxide (this is calculated on  
the basis of the relative atomic mass).  

If a household produces equivalent 2 Kgs of Carbon every day after burning between 5-10 Kg of  
biomass, in a year they will have produced approximately 750 Kgs of Carbon.   This is equivalent 
to 2500 Kg of Carbon Dioxide.  When the carbon in the charcoal is added into the soil, it is a  
secure carbon capture and storage (sequestration).   A household can sell their sequestration in the  
market.  Depending on the market they choose, they can get between 30 -5000 euro per annum  
through the sequestered carbon.



The integration of such a system into rural livelihoods could potentially change the lives of these  
people while at the same time contributing immensely to real climate change mitigation linked to  
food security and human health.  

There is also an urgent need to improve the stove technology to fit the local user needs and train  
the local farmers to apply this farming practice that was used in the Amazons going back  
thousands of years. It is also critically important to develop frameworks through which various  
stakeholders can accrue the benefits that can be generated through this approach to energy,  
agriculture, health and climate change.

The pyrolytic stove technology is central to this project. The stove technology can be used as  
part of the solution towards alleviating rural fuel poverty, arresting the deteriorating soil nutrient  
levels and improving food insecurity as well as enhancing the indoor air quality.

In addition, the by product of the stove charcoal; when integrated into soil can be a mitigation  
measure of climate change through small-scale carbon capture and storage. The stove technology  
and the associated processes can be used by a cross sector of people from schools to individuals,  
women, farmers, and artisans and with multiple benefits.

The build option of the Anila stove, should follow the simple logic divided into in three phases,  
as shown in the Figure 1. This process is designed to reflect on how an individual, artisan or  
entreprenuer can develop the idea from paper concept to the actual product.   The project plan 
was produced in the first phase. The manufacture of the model Anila stove was done in the  
second phase, and related testing in the third phase. During the project, there was constant  
evaluation and feasibility tests undertaken which has been compiled as part of this report.  

  

 

Figure 1. The project work plan. 



The study maps out the background of the problem, the market analysis, financial and technical  
feasibility followed by conclusions and recommendations. 

Background 

The prevailing energy acquisition through small-scale wood combustion, the imminent  
deterioration of soil fertility and the decrease of arable land in Africa impose s the need for 
innovative community-based energy technologies in combination with efforts to mitigate soil  
deterioration and deforestation (Mahiri and Howorth 2001, Mbugua 2001,   Barnes and Floor 
1999). Globally, the mitigation of climate change has attracted the general attention and concern:  
the current measures taken are inadequate for reversing the rising greenhouse gas emission  
trends, which might lead to irreversible climate change (Rogner et al. 2007).  

  

This study maps out the possibilities of the pyrolytic stoves to convert biomass to further  
exploitable char via pyrolytic process in addition for the biomass being utilized as a practical  
daily source of energy. The char (biochar), when applied to the soil, could increase soil  
productivity as well as act as carbon storage and thus reduce the carbon dioxide levels in the  
atmosphere in the long run. 

In the 1950's Wim Sombroekm, a Dutch soil scientist discovered pockets of rich, fertile soil in  
the Amazon rainforest and gave it the name of  Terra Preta ("black earth").  These soils have 
since been dated to between 1,800 and 2,300 years (Glaser 2007, Rodriguez L et al 2009). This  
implies that it can be an effective medium for long term sequestration of carbon after  
carbonization. 

  

Different experiments conducted have shown direct effects of “biochar” addition to the soils   on 
plant growth, ranging from minimal to 300% under different conditions (Rodriguez et al 2009).   

At the primary level, the feasibility project focused on the prototyping and testing of a model  
pyrolytic stove based on blueprints and a literature research.  This provided useful information 
on the possibilities and limitations for the development of the stove. The literature provided the  
potential uses and the possible entry points to the market and the market opportunities.  It also 
sets out the framework for the project to being implemented in Kenya with different partners  
investigating the efficacy of Biochar in different soils and ecological zones.  The study 
conclusions are presented and recommendations on topics requiring further research highlighted.  
 The secondary level of the project (field work 2010-11) is presented defining the methodology  
of research, the partners and their defined roles.   

Fuelwood and deforestation the case of Kenya 

Fuelwood plays an important role in the lives of rural Kenyans. In Sub-Saharan Africa overall,  
fuelwood can account for up to 90% of energy consumption in the rural areas, with household  
sector accounting for 50-95% of the total energy consumption. In Kenya wood accounts for 71%  
of annual energy consumption; this is in the form of fuelwood in rural areas, and charcoal in  
urban areas. (Mahiri & Howorth 2001)

Kenya’s total land area is 5.8 million ha, of which 2.6 million ha are forests. Only one third of  



the land area is good agricultural land. Due to vast utilization of fertilizers, the arable land per  
capital was estimated to be 0.66 ha in 2000, and the projection for 2020 is only 0.48 ha. (Mbugua  
2001, s. 5)

In the rural areas, cooking and space heating are the single largest demand for fuel wood.  
According to estimation, 5.000 ha of closed indigenous forests are lost each year due to  
acquisition of fuelwood. Most of the forests are located in arid or semi-arid areas accounting for  
80% of total land. Serious deforestation has occurred due to charcoal production. Instead, woody  
vegetational areas are mostly under the threat of opening new farmlands. Mbugua evaluated in  
2001, that with the current forest management politics the remaining Kenyan forests will  
disappear due to unsustainable wood extraction and change in land use towards agriculture.  
(Mbugua 2001, s. 20-25)

Enhancing wood supply and emphasizing improved technologies have been considered as an  
efficient solution to correct the disparities between fuelwood supply and demand. However,  
Mahiri and Howorth (2001) argue that most of the fuelwood is collected from outside the forests,  
and that land clearance for farming is the principal reason for forest depletion. Thus, solving the  
fuelwood problem requires broad solutions. (Mahiri & Howorth 2001)  

Indoor air quality  

It has been estimated that more than half of the world’s population cook their food and heat their  
homes by burning coal and biomass, including wood, dung, and crop residues, in open fires or in  
very simple stoves. Indoor burning of solid fuels releases very toxic particulate matter, carbon  
monoxide, and other toxic pollutants, and releases greenhouse gases into the air. Based on  
estimates by the World Health Organization (WHO), it has been suggested that the resulting  
indoor air pollution levels are 20 to 100 times greater than the World Health Organization’s  
(WHO) air quality guidelines allow.

WHO estimates that over 1.5 million people die prematurely each year from exposure to toxic  
indoor smoke from burning different types of solid fuels. In fact, indoor air pollution from  
household energy is ranked fourth in the list of serious threats to health in developing countries,  
after malnutrition, unsafe sex, and unsafe water. Women and children face the greatest risks.  
Breathing unsafe levels of smoke indoors more than doubles a child’s risk of serious respiratory  
infection and is associated with pregnancy problems, such as stillbirth and low-weight  
babies.8                           

Many traditional technologies, e.g. the three-stone stove, result in incomplete combustion,  
leading to emission of potentially harmful compounds. These compounds affect indoor air  
quality and may cause e.g. respiratory infections (Bailis et al 2003).   The grave problem of low 
indoor air quality could potentially be tackled with advanced stove applications such as the  
proposed Anila stove. Introduction of these new stove technologies would mean that annually  
thousands of lives could be saved thanks to an improvement in the indoor air quality.

Soil fertility and hunger 

The International Center for Tropical Agriculture (CIAT) estimates that Africa's soils are among  
the poorest in the world, and yet the equivalent of over $4 billion worth of soil nutrients is lost  
yearly. Due to low productivity, limited access to new agricultural technologies or fertilizers,  



farmers often cannot meet the food needs of their own families. (AfSIS 2008)

The most common form of agriculture in the tropics is shifting cultivation using slash-and-burn  
techniques. The problem in these techniques is that they only increase the nutrient concentration  
and soil fertility for a short period. After this the tropical conditions cause a rapid mineralization  
of the soil organic matter. This sort of cultivation causes erosion and deforestation in many  
tropical countries.(Glaser et al. 2002)

 

Image 1. Severe soil degradation in Western Kenya. 9                                 

Oxfam's report on hunger in Africa concludes that the food insecurity problem continues to get  
worse. Even though there might be food available, it might not be affordable for all. In 2005,  
North-East Kenya experienced a food crisis - and even though the country's harvest yield  
increased by 15 percent and GDP rose by 5 percent, the population living on less than one dollar  
a day rose to 66 percent, from 40 percent in 1990. According to the report, the main root cause  
for food insecurity is the lack of investments in agriculture. While the immediate food aid from  
the West has been increasing, the aid for agricultural production has almost halved. (Oxfam  
2006)

Oxfam's report also highlights the role of AIDS epidemic in the food crisis. As of 2006, there  
were 26 million people living with the virus in sub-Saharan Africa. As the disease hits young  
adults who work on the land, AIDS affects on passing on the skills needed in agriculture as well  
as reduces the ability to cultivate the land, leading to a cycle of increased food insecurity. For  
example, maize production on communal farms fell by 54 percent from 1992 to 1997 mostly due  
to AIDS-related illness and death. (Oxfam 2006)

Climate change and carbon sequestration 
Carbon sequestration is one way of mitigating the climate change. Reducing the greenhouse gas  
emissions (carbon dioxide CO2, methane CH4 and nitrous oxide N2O being primary) is usually 
seen as the main method, but it alone is not enough. Even if the emissions would decrease every  



year, the absolute amount of carbon dioxide in the atmosphere would increase. To reduce the  
amount of CO2 in the atmosphere it has to be sequestrated. (Günther 2009, IPCC 2005) 

  

The conventional method for carbon sequestration is planting trees that absorb CO 2 through 
photosynthesis and convert it into biomass. This is not a permanent solution, however, since the  
carbon dioxide and methane will be released again when the plant dies and the biomass  
decomposes. In more technical methods CO 2 from large point source such as fossil fuel facilities  
is captured, compressed and transported for storage to geological formations, to the oceans or to  
stable mineral carbonates. From an ocean storage CO 2 would be released gradually over 
hundreds of years. In a geological storage it would likely stay for thousands of years and in  
mineral carbonates it would be stable. These methods are rather technical and expensive.  
(Günther 2009, IPCC 2005) 

  

Recent studies show that burning of biomass material contributes black carbon (soot) to the  
atmosphere, which plays an important role in the climate change. Currently it is estimated that  
the soot could cause up to 60 per cent of the warming effect of carbon dioxide. (Randerson 2008)  

The Anila solution and functioning  

This chapter highlights how the proposed solution, the Anila stove, actually functions.  
Furthermore, the reasoning behind how Anila stove can help solving the issues presented in the  
previous chapter, is described.

Introduction to the Anila stove 

The Anila stove is a simple technology for converting biomass to char at household level. The  
stove has been designed and built by Professor U.N. Ravikumar of the Mysore University in  
India. The stove consists of two metal barrels. The outer barrel is filled up with biomass and the  
inner with firewood. After burning the fuel wood for 30-40 minutes, the pyrolysis of the biomass  
starts. The pyrolysis turns the biomass into charcoal. The charcoal can be crushed and used for  
soil amelioration in e.g. small farms.  



 

Image 2. Anila stove dimensions.10                                 

The pyrolytic functioning of the Anila stove  

Fundamentals of pyrolysis 

Pyrolysis is the chemical decomposition of a condensed substance by heating. Pyrolysis does not  
involve reactions with oxygen or any other reagents, but can take place in their presence. In this  
project, the focus is on an extreme form of pyrolysis, leaving only carbon as residue, i.e.  
carbonization.

The first step in carbonization is drying out of the wood or biomass in the kiln at around 100°C  
to zero moisture content. The temperature of the oven dry biomass is then raised to about 280°C.  
The energy for these steps comes from partial combustion of the biomass charged to the kiln or  
pit and it is an energy absorbing or endothermic reaction. (FAO 1987)

When the biomass is dry and heated to around 280°C, it begins to spontaneously break down to  
produce charcoal in addition to water vapor, methanol, acetic acid and more complex chemicals,  
chiefly in the form of tars and non-condensible gas consisting mainly of hydrogen, carbon  
monoxide and carbon dioxide. Air is admitted to the carbonizing kiln or pit to allow some wood  
to be burned and the nitrogen from this air will also be present in the resulting gases. The oxygen  
of the air is used up in burning a part of the wood charged (FAO 1987). 

The spontaneous breakdown or carbonization of the wood and biomass above a temperature of  
280°C liberates energy and hence this reaction is said to be exothermic. This process of  
spontaneous breakdown or carbonization continues until only the carbonized residue, i.e.  
charcoal, remains. Unless further external heat is provided, the process stops and the temperature  
reaches a maximum of about 400°C. This charcoal, however, will still contain appreciable  
amounts of tarry residue, together with the ash of the original wood. The ash content of the  
charcoal is about 3-5  %; the tarry residue may amount to about 30 % by mass and the portion of  
fixed carbon to about 65-70 %. Further heating increases the fixed carbon content by removing  
and decomposing more of the tars. A temperature of 500°C gives a typical fixed carbon content  
of about 85 % and a volatile content of about 10 %. The yield of charcoal at this temperature is  



about 30 % of the weight of the oven dry wood carbonized - not counting the wood which was  
burned to carbonize the remainder. Thus the theoretical yield of charcoal varies with temperature  
of carbonization due to the change in its content of volatile tarry material (FAO 1987). 

Low carbonization temperatures give a higher yield of charcoal but this charcoal is of low grade,  
corrosive due to acidic tar content, and does not burn with a clean smoke-free flame. Good  
commercial charcoal should have a fixed carbon content of about 75 % while demanding a final  
carbonizing temperature of around 500°C (FAO 1987). 

Pyrolysis in the Anila Stove 

In Image 3 below, the fundamental pyrolytic functioning of the Anila stove is described in detail.  
Raw material is placed in the outer cylinder of the stove, where it's transformed into charcoal  
through pyrolysis. Ideally in the pyrolysis process, charcoal yields of around 30-33 % of original  
raw material weight could be acquired. In the testing of the manufactured model Anila, a  
conversion rate of around 27 % was achieved, which can be considered to be a promising result.  
In the future testing the aim is to achieve conversion rates in the region of 30-33 %.

As can be seen in Image 3 below, fuel wood burns in the inner cylinder of the Anila stove,  
generating heat for the pyrolytic process in the outer cylinder. After a temperature of around  
360°C, the biomass starts to release volatile gases and turn into biochar. The volatile pyrolysis  
gases burn hot for over an hour finalizing the pyrolysis process and ideally leaving a yield of 30  
% for charcoal.



 

Image 3. The fundamental method of turning biomass into biochar through pyrolysis with  
the Anila Stove. 11                                   

Enhanced fuel efficiency by the pyrolytic stove  

A national survey in Kenya in 1984 showed that wood collection duration for a day's supply  
varied between 50 to 92 minutes depending on the area. Collecting wood is an attractive  
alternative for poor people, as it is considered to be free as there is no cash price. The price is,  



however, time and effort, which reduces the time available for agriculture and other activities  
(Mahiri & Howorth 2001). 

The use of the pyrolytic stove reduces the amount of fuelwood needed for cooking and heating,  
since the Anila stove improves the efficiency of biomass burning.   This is vital especially for 
traditional foods that take long to cook.   The stove uses less biomass for heating and cooking  
than the amount used in the traditional stoves. In addition, the outer chamber of the stove can be 
filled with biomass that can be found more easily than the fuelwood ( for example agriculture 
waste, grass, rice stalks, maize cobs, stalks etc, which are normally burnt in the field) . This will 
reduce the time spent in wood collection, and possibly reduce deforestation as the need for  
firewood is reduced. 

Improved indoor air quality by the Anila stove  

It has been said that the most polluted environment in the world is to be found indoors, in poorly  
ventilated kitchens all around the poorest regions in the world. ARI or Acute Respiratory Illness  
caused by smoke from cooking fires, is considered to be the number one cause of death of  
children under the age of five throughout the 3 rd world, where over two million children die each  
year of ARI. Alternative cooking methods, such as the Anila stove, are the most important tools  
to relieve larger scale human suffering, especially concentrated on women and children.

Because of the Anila stove's unique design, in which the harmful   combustion gases are burnt in 
the pyrolysis chamber, the amount of emitted gases into the cooking environment is reduced and  
thus the indoor air quality is improved. Images 4 and 5 illustrate examples on how the Anila  
stove could be placed in the kitchen, resulting in an improved indoor air quality.  

 

Image 4. Possible Anila stove placement in the kitchen.12                                   

The versatility of the Anila stove can be witnessed in Image 5 illustrating some potential  
applications for the placement of the Anila stove.



 

Image 5. Possible Anila stove applications in the kitchen. 13                                  

  

Benefits of the Anila stove to soil productivity  
An option for the traditional slash-and-burn agriculture is slash-and-char technique, which the  
Indians used in Amazonia already in pre-Columbian times to create their fertile Terra Preta  
(black earth) soil. Instead of burning they charred biomass and added the charcoal to the soil.  
These soils have maintained their fertility and researchers have been very interested to finding  
out how. Recent studies have proved that charcoal is responsible for the high organic matter  
contents and good fertility of these soils. (Glaser et al. 2002)

Adding charcoal to soil can significantly increase seed germination, plant growth and crop  
yields. Biomass production of different plants can be increased by 13–300 %. The increment  
depends on plant and soil type and the amount of added charcoal (Glaser et al. 2002). Excessive  
levels of charcoal may have negative effects due to contribution of metal contaminants,  
especially copper and cadmium. At the moment there are few studies concerning the optimum  
level of charcoal for different plants and soil types (McHenry 2009).



 

Image 6. Effect of biochar on soil fertility on testplantings in the International Biochar  
Initiative Conference held in Terrigal, Australia 2007. Application rate of biochar was 5 kg  
per 1 square meter.14                                   

Charcoal affects soils in several ways. Coal ash and charcoal can increase the pH and decrease  
the aluminium saturation of acid soils, which are one of the main problems in weathered soils of  
the humid tropics. Charcoal increases the soil organic matter (SOM) content and thus the cation  
exchange capacity (CEC). CEC is important for the efficienct uptake of minerals. Unlike ash,  
charcoal improves the nutrient retention of the soil. It also improves water retention of coarse-
textured soils, which enhances the water availability to crops and decreases erosion. (Glaser et al.  
2002)

The Anila stove produces about 1 kg of charcoal with 4 kg of biomass and 1 kg of firewood (the  
exact amount depending on the amounts of biomass and firewood used). A good starting point  
for the agricultural use of charcoal is 1 kg per 1 m 2 (Günther 2009). This is merely a suggestive  
approximation, since the optimum amount depends on the plant and soil type. With these  
approximations the charcoal produced by an Anila stove in household use (2 times per day) in  
one year would be adequate for 730 m2 of field. So a small farm sized for example 2 ha would 
need the amount of charcoal produced by 27 Anila stoves. Additional charcoal could be received  
from larger pyrolysis applications possibly used in e.g. local schools.

The effectiveness of biochar towards soil fertility is due to the massive surface area of the char.  
One gramme of carefully manufactured charcoal has a surface area equivalent to 400 m 2. This 
facilitates micro-organisms such as fungi to grow and spread on the surface and breakdown  
material that in turn increase the fertility and organic content of the soil. Micro-organisms invade  
the porous structure of charcoal and spread along the cavity rich environment. A detailed SEM-
image of charcoal surface can be seen in Image 7.



 

                            

Image 7. Scanning electron microscope image of a biochar particle. 15                                   

The porous and thus extremely high surface area structure of biomass based charcoal can be  
further viewed in Image 8 below.

 

Image 8. Microscopic images of agapanthus flower charcoal 16                                  



Carbon sequestration through the use of pyrolytic technology 

In 2000, the Sub Sahara African countries' (SSA) total residential energy greenhouse gas  
emissions originated from the following sources: 61% from wood, 35% from charcoal, 3% from  
kerosene and 1% from liquid petroleum gas, LPG (Bailis et al. 2007).

Some of the compounds emitted, from e.g. the traditional three-stone stove, are greenhouse  
gases, most commonly CO2, CO, CH4, NMHCc (Non Methane HydroCarbons) and N2O. It is 
estimated that in developing countries, greenhouse gas emissions from fuelwood account for a  
larger part of the total emissions than fossil fuels (Bailis et al 2003). This makes carbon  
sequestration through small scale community based technologies very attractive. 
  
Image 9 illustrates a simplified carbon cycle, when industrial pyrolysis is used for carbon  
sequestration. In industrial pyrolysis the pyrolysis gases and heat are used for energy production  
and biochar is stored in the soil. Biochar is an extremely stable form of carbon and when buried  
in soil it remains there for at least thousands of years. For example the Amazonian Terra Preta  
soils of pre-Columbian indians have lasted till present (Harrabin 2009).  
    



 

Image 9. Carbon sequestration through pyrolysis. 17                                    

  
Anila stove produces about 1 kg of biochar per time of use. If used twice a day it would produce  
about 730 kg of biochar annually. 1 kg of biochar corresponds to about 3,5 kg of sequestrated  
CO2 (Günther 2009), so one Anila stove could sequestrate more than 2500 kg of CO 2 annually. 
This would correspond to the amount of emissions of one flight from Finland to Canary Islands,  
for example. 

 
The Compensation Model



A Boeing 747 carries between 416- 523 passengers.   Based on the above, if each passenger in a 
747 paid a surcharge of 10 euro per flight, it is possible to get between 4000- 5000 euro per trip  
which in theory can go to a farmer to compensate for the char sequestered by an   farmer using 
the anila stove. 

This model compared to the current European carbon emissions trading scheme 18                          
that pays an equivalent 13 euro per tonne for the same amount of sequestered carbon is far better  
and has real economic returns to a farmer and would translate to a real economic incentive.   

Market analysis 

This chapter describes the market of possible Anila stove buyers. Facts and figures related to the  
size of the market are estimated, as well as the market characteristics described in a more  
elaborate way to give an overall picture of the market features and current products in the  
market. In addition, the Anila stove opportunities are evaluated against two frameworks.   

Market size, trends and profitability  

Due to the technical qualities of the Anila stove, possible buyers are the rural population,  
especially small farmers and people who use firewood and other biomass as their main fuel.  
Circa 80 per cent of the Kenyan 31,3 million population is living in rural zones. Most of them  
(80 %) live in areas with medium to high potential for agriculture (18 % of the country's  
territory), mainly in areas surrounding Lake Victoria and in the Mount Kenya region. The  
poorest of the poor live in the sparsely populated arid zones in northern parts of the country.  
(IFAD 2009)

Image 10. Map of Kenya.19                                    

A survey conducted in 1997 showed that 23 % of the population lived on less than one dollar a  



day, which was then considered as the index for extreme poverty. The population living on less  
than two dollars a day accounted for 58 % of the population. Literacy rate the same year was 74  
%. Image 11 highlights the distribution of the rural poverty in different parts of Kenya. (World  
Resources Institute 2008)

Image 11.  Rural poverty in Kenya.20                                   

The rural poor are generally farmers and families who earn their income from the informal  
sector. Generally one third of the rural households are headed by women, and up to 60 per cent  
have no male support. In addition, the children of the poor families have poor access to school  
services and are most likely to be malnourished. Especially girls drop out or are pulled out of  
school more often. It is rare for poor rural girls to attend secondary school. (World Bank 1995)  

Thus, the possible market of Anila stove is characterized by rural population having received  
little or no education at all, probably headed by a woman, and possibly living in extreme poverty.  
Carefully evaluated, there would be at least millions of possible Anila stove users.

Kenya is a highly heterogenous country, having over 40 different tribes. The larger tribes  
accounts approximately for one fifth of the population, meaning that the cultural differences  
inside the country are wide. This implicates that any product marketed successfully in one area  
of Kenya, might be culturally unsuitable for others.

The stove market profitability in rural areas can be considered rather low. Instead of  



manufactured stoves the free self-build three-stone stove is still in use, and the acquisition  
capacity of the rural poor is low.

Overview of currently used stoves in Kenya 

The traditional method of cooking in rural Kenya is open fire on the "three-stone stove", shown  
in Image 12. It has several problems, e.g. the negative effect on indoor air quality, but it is widely  
used because of its low price. Other commonly used stoves are small metal stoves, which use  
either charcoal or wood as a fuel. Kerosene and gas stoves are more rare. (Kammen 1995)  

 

Image 12.  Traditional three-stone stove .

 

Image 13. Charcoal-burning stoves: Metal Jico (left) and Kenya Ceramic Jico, KCJ (right).
"Jico" means "stove" in Swahili. 21                                 

The first improved stoves started to appear in the beginning of the 1980's. Kenya Ceramic Jico  
(KCJ), shown in Image 13, is one of the most successful ones. It uses less charcoal than the  
traditional metal stoves because of the ceramic lining preventing the heat from escaping in the  
air. The fuel savings create annually a typical saving of $65 per household, which is up to a fifth  



of the annual income for urban dwellers. In rural areas the main fuel is firewood, so KCJ is not  
that popular among rural population. In addition, the price of the stove ($2 to $5) is regarded as  
expensive for the poorest people. In 1995 it was estimated that approximately one million  
households were cooking with KCJ.

Solar oven is a new technology, utilizing only the energy of sun rays. This makes it emission-
free. Solar ovens have different designs. Image 14 illustrates a simple “box cooker”, collecting  
the sun rays by reflecting walls covered with aluminium foil or sheet. Within the box the energy  
is reradiated as infrared heat, not being able to escape since it is blocked by the glass ceiling of  
the box. The pot is situated at the bottom metal plate. The problem of the solar oven is that it  
takes several hours to cook a complete meal with it and it can only be used in sunny weather.  
Because of this it can not completely substitute the traditional wood stoves, but when used as a  
supplement method it can reduce the need of cooking-fuels by 50 %. However, at the moment it  
is regarded as excessively expensive for poor households. (Kammen 1995)

 

Image 14. Principle of a solar oven, "box cooker". 22                                 

Improved stove adoption 

Since the energy crisis in the 1970's, more attention has been paid to introducing more efficient  
stoves in developing countries. Mainly the increased deforestation and the fuelwood crisis have  
spurred governments, private donors and non-governmental organizations to finance and develop  
improved stove programs. Intervention of these programs are justified by rapid urbanization,  
change in fossil fuel prices and low economic conditions. In general, the most important  
improvements are reduced need for fuelwood, less consumption of local wood resources and  
reduced air pollution. (Barnes & Floor 1999, pp. 120-121, Barnes et al. 1994, p. 4)

In urban areas, the general pattern in cooking is to move from firewood to charcoal or kerosene,  
then to liquefied petroleum gas (LPG), natural gas, or electricity. However, in rural areas the  
freely available biomass makes it an attractive option. With scarce firewood, the residents move  
down even to crop residues and dung. (Barnes et al. 1994, p. 1)



The improved stove programs can lead to unexpected results compromizing the anticipated  
benefits. In Sri Lanka it was observed that when wood-fired cooking was made more wood  
efficient with the improved stoves, people would cook longer than before. In Kenya some  
households cooking with more advanced methods switched back to charcoal when an efficient  
stove became widely available. (Barnes et al. 1994, p. 6)

The opportunities for the adoption of the Anila stove are evaluated below against two  
frameworks. The first one was developed by Makame in 2007 for evaluating the adoption of  
improved stoves in Zanzibar. The second one is a framework of common success or failure  
practises, based on a World Bank study of 137 improved stove programs.  

Anila stove adoption in Makame's framework  

According to Makame (2007), the adoption and diffusion of improved stoves can be evaluated  
against three principles. The first principle is individual factors, like information, economical  
situation and level of education. Second principle is the actual stove attributes, consisting of the  
relative advantage, complexity and compatibility with existing practices. Third principle is  
management support, e.g. the means taken by local organizations.

The first principle, informing and educating is strongly related to adjusting the marketing  
strategy to the local circumstances. The stove should be marketed according to the level of  
education, person in charge of stove aquisition decisions, cultural values and so on. In the Anila  
stove project, the local parter SACDEP is a key method of collecting the relevant information.

Makame (2007) argues that the most important attributes in stove adoption are those that apply  
to adoption of an innovation in general. He presents the five most essential characteristics:  
trialability, observability, relative advantage, complexity and compatibility.

Trialability refers to the possibility of trying out the technology before adoption. This could be  
implemented at some example sites where local habitants could freely try out the stove.  
Observability refers to observable results. If the Anila stove functionality fits into the cooking  
practises, it should show visible results of shorter wood collection times. Regarding the by-
product charcoal, it must be viewed beneficial enough for the soil to be used as planned, instead  
of burning it. The relative advantage means that the improved stove should bring relevant  
advantages compared to the old methods. This could be, for example, the cleaner indoor air. The  
complexity should be explicable; that is the stove should not be overly complex in its use. It  
remains to be seen whether the utilization of the Anila stove is considered as too complicated in  
the target areas in Kenya. The last characteristics, compatibility, refers to fitting with the current  
practises and cultural values. This should be concluded in the field test, as the cooking practises  
of rural Kenyas are not common property.

The third principle deals with the social change related to the adoption. How well the new social  
processes can be supported, and the change resulted from the adoption of the new technology  
affects the adoption and resulting benefits of the new technology. In the case of the Anila stove,  
it is vital to build strong local competences that can support the new social processes.

Anila stove comparison against reasons for success or failure  

Barnes et al (1994, p. 14) studied 137 improved stove programs and analyzed possible reasons  
for success and failure. Listed programs are presented in Table 17, combined with critical  



evaluation of the Anila stove functionality when applicable.

Table 1. Possible reasons for success or failure of stove programs, analyzed with the Anila  
stove.
(Adapted from Barnes et al 1994, p. 14) 

Reasons for success Reasons for failure Comparison to Anila stove 

Program targets region 
where traditional fuel and 
stove are purchased or fuel  
is hard to collect. 

Program targets region 
where traditional fuel and 
stove are not purchased or 
fuel is easy to collect. 

Currently not known. 

People cook in 
environments where smoke 
causes health problems and 
is annoying. 

People cook in the open, and 
smoke is not really a 
problem. 

Currently not known. 

Market surveys are 
undertaken to assess 
potential market for 
improved stoves. 

Outside "experts" determine 
that improved stoves are 
required. 

No market surveys are yet 
taken; the need has been 
evaluated by outsiders. 

Stoves are designed 
according to consumer 
preferences, including 
testing under actual use. 

Stove is designed as a 
technical package in the 
laboratory, ignoring 
customers' preferences. 

The stove has not yet been 
tested under actual use, but 
will be tested in May 2009. 

Stoves are designed with 
assistance from local 
artisans. 

Local artisans are told or 
even contracted to build 
stoves according to 
specifications. 

No assistance from local 
artisans has yet been 
received. 

Local or scrap materials are 
used in production of the 
stove, making it relatively 
inexpensive. 

Imported materials are used 
in the production of the 
stove, making it expensive. 

Local materials are planned 
to be used. However, 
practical plans haven't been 
done yet. 

The production of the stove 
by artisans or manufacturers 
is not subsidized. 

The production of the stove 
by artisans or manufacturers 
is subsidized. 

Estimated cost for the stove 
is very high, so subsidies are 
being considered. Also 
alternative income sources 
through carbon storage are 
being evaluated. 

Stove or critical components 
are mass produced. 

Critical stove components  
are custom built. Currently not known. 

Similar to traditional stove. Dissimilar to traditional 
stove. 

The Anila stove is quite 
different from the traditional 
stoves. 

The stove is easy to light 
and accepts different-sized 
wood. 

The stove is difficult to light 
and requires the use of small 
pieces of wood. 

The stove accepts different 
sized wood as well as other 
biomass. 

Power output of stove can Power output cannot be Power output cannot be 



be adjusted. easily controlled. controlled. 

The government assists only 
in dissemination, technical 
advice, and quality control. 

The government is involved 
in production. 

Currently government is not 
involved. 

The stove saves fuel, time, 
and effort. 

The stove does not live up to 
promised economy or 
convenience under real 
cooking conditions 

Currently not known. 

Donor or government 
support extended over at 
least 5 years and designed to 
build local institutions and 
develop local expertise. 

Major achievements 
expected in less than 3 
years, all analysis, planning, 
and management done by 
outsiders. 

Currently not known. 

Monitoring and evaluation 
criteria and responsibilities 
chosen during planning 
stages according to specific 
goals of project. 

Monitoring and evaluation 
needs are not planned and 
budgeted, or criteria are 
taken uncritically from other 
projects or not explicitly 
addressed. 

Currently not known. 

Consumer payback of 1 to 3 
months. 

Consumer payback of more 
than 1 year. 

The estimated price for the 
stove is currently very high.  

Table 17 indicates that besides carefully inspecting the stove usage in local circumstances, the  
stove program should be well designed. Even though the Anila stove is rather different from  
traditional stoves, it suits well the local patterns of using biomass. Taking more time could be  
justified, if the by-product charcoal can be seen as useful. However, the habit of burning charcoal  
has been much enforced so changing this common habit can be difficult.

Considerations for marketing the Anila stove  

Marketing of the Anila stove should primarily be targeted at women, since women usually cook  
and collect the firewood in Kenya. In earlier stove projects it has been noticed that the most  
acceptable stove design will be achieved only if users, in this case women and small farmers,  
actively participate in the process. This would be important to consider in the upcoming field  
testing (see recommendations). (Barnes et al. 1993)

Second very important target group would be the local farmers, who could be the beneficiaries of  
the by-product charcoal. Changing the habit of using the charcoal as fuel strongly relates to the  
farmers' willingness to use the charcoal in farming.

Experience has taught that involving local artisans in designing, producing and marketing of the  
stove is vital for it's success. Local artisans know best what materials are locally available and  
what sort of design is easy to produce and doesn't cost too much. Local artisans are also experts  
in local marketing. They can, for example, demonstrate the stoves as a way to market them. This  
is especially important, when the marketed stove differs a lot from the traditional ones - as the  
Anila stove does. Thus, in marketing the Anila stove, three special groups should be considered:  
women, farmers and artisans. (Barnes et al. 1993)



Technical feasibility 

This chapter describes the manufactured  model Anila stove and the design alterations to the 
original blueprints. In addition, the model stove is evaluated as a product from the users'  
perspective. 

Stove design and functionality  

The model Anila stove that was built in the TKK Water Laboratory is based on the original  
design and drawings of Professor U.N. Ravikumar. In order to make the stove more compact and  
less heavy to maneuver, the original dimensions were decreased by approximately 20 %. The  
dimensions and the layout of individual parts can be viewed in more detail in the appendix  
"Model assembly and blueprints of the model stove".
 
The outer and inner cylinders, as well as the circular top rings were shaped from a 1,8 mm thick  
steel plate. To provide enhanced stability and durability the bottom of the stove was  
manufactured from a thicker 2,3 mm steel plate. The individual pieces were welded together and  
the welding butts were smoothed with a grinder to improve the overall aesthetics of the stove.  
The feet of the stove (to provide stability for the stove) and the cooking increments (to provide a  
place for pots/pans for cooking with the generated heat from the inner cylinder) were  
additionally manufactured from the 1,8 mm thick steel plate, which turned out to be a successful  
choice, since they were quite easily shaped to their intended form. The key features of the model  
stove, including the cooking increments, handles and the feet can be viewed in image X below.

 

Image 15.  Model Anila, built in the TKK Water Laboratory.

 Generally, the manufacturing of the model stove was not very challenging. Three complete days  
were spent for the building of the stove and an additional one for testing. Considering that the  
stove was built by two people whose experience of prior stove building was close to none, it can  
be assumed that in the hand of skilled local artisans the stove could be reproduced quite easily.  
The hardest part of the model manufacturing was the welding process, but with prior welding  
skill and adequate equipment this phase could be done with ease. The different phases of the  
manufacturing process can be viewed in the appendix "Model assembly and blueprints of the  
model stove" provided with this study.



Product evaluation from user perspective 

The produced Anila stove was evaluated against four dimensions: correspondence to the needs,  
the adoption, physical use and aesthetics. The needs are related to the primary reasons for using  
the stove. The adoption deals with the product's learnability and taking the stove into use. The  
physical use comprises of such issues as safety and ergonomics. The aesthetics deals with the  
attractiveness of the stove. 

  

The evaluation was carried out in the working group. Additional material for the evaluation was  
collected from a workshop that was organized in multicultural student teams, attending the  
Sustainable Global Technologies study programme. Additional user feedback will be collected  
from Kenya, from May 2009 to 2011. 

  

Needs 

Based on the literature, four main needs have been identified for using the stove. The needs are,  
in the order of estimated importance: 

Cooking 
Charcoal production (for soil ameliorating) 
Heat production 
 Insect avoidance 

  

The test stove produced energy for cooking for approximately 45 minutes. Depending on the  
cooking habits, this time restriction might not be suitable for all cooking occassions. In addition,  
the stove must be let to cool down after cooking, so using the stove right away after the last  
cooking is not possible. 

  

The charcoal production can be considered as an important need. As described in the previous  
chapters, soil depletion is a serious problem and using the charcoal for soil amelioration could  
enhance soil properties. However, more field research is needed to conclude, how easy or  
difficult adopting the charcoal production method would be. 

  

Open fire often creates an open space for community meetings in various cultures. The fire has  
two purposes: to produce light and to heat. The Anila stove can easily be used for general heat  
production, but it would most probably not displace the current practise of open fire. This should  
be investigated in more detail. 

  



Smoke can be used for repelling insects. The Anila stove produces smoke first, but after the  
pyrolysis starts, the smoking stops. However, this should be considered as a health issue, as it  
will result in better indoor air quality, if the stove is used indoors after the smoking period. 

  

Adoption 

The adoption of the stove cannot be easily estimated without good understanding of the local  
culture and habits. Some indicative results were compiled from a workshop survey. There were  
six student participants from different countries. Most evaluated that they would learn fast to use  
the product, however using the product was evaluated as average. Understanding the  
functionality was characterized by yes or no answers: generally the evaluator either understood  
or did not understand. The results are presented in Figure 3, with the range being 5 - I totally  
agree to 1 - I totally disagree. The native countries of the evaluators are presented with different  
colours.  

  

 

Figure 3.  Evaluation of stove adoption by a multicultural student group

Physical use 

One of the main concerns for using the Anila stove was safety. The outer cylinder is very hot  
after the pyrolysis has started, and can cause burn injuries. Special concern were the kids, who  
possibly play around and could accidentaly fall on the stove.   

  

The model stove was created smaller than the proposed stove, but still the lifting issue was  
raised. The empty model stove weights approximately 6 kg. However, the stove must be filled 
first with biomass, and then turned around. The estimated weight for the biomass is 3 kg. Also to 
adjust the ring to hold the bottom tightly closed, requires some amount of force. 



  

The stove is made of such materials that will rust if used in wet environments. Thus, using the  
stove requires some maintenance. 

  

The kettle will be placed on three kettle holders. However, if the ground is uneven, the kettle  
might not stay firmly on the stove, and may cause problems of falling. The stove should not be  
used in such uneven ground that it might fall over. 

  

Aesthetics 

A very important quality for an everyday product is the aesthetics and cultural suitability. The  
anila stove is very different from many other stoves and it might not be recognized as stove at  
first. Also the possibilities of painting the surface with appealing colours could be investigated  
for making the stove more appealing.

Financial feasibility 

This chapter aims to assess the financial feasibility of the Anila stove. The stove profitability is  
evaluated briefly, as well as an intriguing source of income through carbon credits. With the  
resources available for this course, it was possible to cover the most general aspects of the  
financial feasibility. A more detailed feasibilty study over financial issues should be conducted at  
the local level. 

Profitability 

Financially, the target group for Anila stove consists of people with a very low daily income.  
Thus, the target group members presumably cannot buy those stoves that are sold with full  
market price. However, according to a study of 137 stove programs (Barnes et al. 1994, pp. 24-
25), the stove programs that have offered stoves at no cost, found out that the usage and  
maintenance rates were unacceptably low. Balancing between subsidies and investments can be  
difficult: sometimes the subsidies can be justified, but the objective should be eventual self-
reliance. With strong subsidies that might prove difficult to reach. This imposes a challenge to  
making the stove manufacture profitable.

At this phase, it is difficult to estimate the final true price for the Anila stove. However, some  
indication can be get from building the model stove as well as from a previous project with Anila  
stoves.

The constructed model stove required approximately 1 m 2 of 1,8 mm (0,5145m2) and 2,3 mm 
(0,0855m2) thick steel plate material. The material cost for steel plate depends on local market  
price. 

The SCAD project has distributed Anila stoves in Southern India. The unit price for stove in  
2000 ended up being approximately 30 euros. In the project villages about half of the families  
have adopted the stove, with those who haven't reporting the main reason being the high price.  
Similarly, in Kenya this price would not be within the reach of the rural poor. (Friese-Greene  



2008)

Some financial risks are caused by the fact that the Anila stove uses firewood as fuel, which is  
considered free. Thus the reduced need for firewood is not seen directly as cash flow for the user,  
but indirectly in reduced time needed to collect the firewood, and more time for other money-
making activities or free time. However, this can make justifying the cost of the Anila stove  
challenging, as the indirect earning can be less appealing. If the by-product charcoal can bring  
financial benefits e.g. in the form of reduced need for fertilized or through money gained by  
selling the charcoal, the financial investment could be seen justified.

The profitability could be greatly affected if the stove could be mass produced (Barnes et al  
1994, p. 13), as manual labour makes the price easily very high. However, mass production  
requires much more investments and so it can be harder to achieve.

To sum up the profitability, at the current situation the Anila stove still faces many challenges to  
become an attractive option financially.  

Carbon credits as a financing option 

Carbon credits is a system under the Kyoto Protocol to limit and reduce greenhouse gas  
emissions through market-based mechanisms. There are three mechanisms in place: emissions  
trading, Clean Development Mechanism (CDM) and Joint Implementation (JI). Emissions  
trading is based on granting emission allowances, enabling participants who have spared credits  
to sell the excess capacity. CDM allows earning Certified Emission Reduction (CER) credits for  
implementing emission-reduction projects in developing countries, whereas Joint  
Implementation allows earning Emission Reduction Units (ERU) in another industrialized  
country. (UNFCCC 2009).

It has been actively discussed whether carbon credits would provide a mean for poor in the  
developing countries to access a source of income. However, the number of CDM initiatives in  
Africa has been so low that the United Nations Framework Convention on Climate Change  
(UNFCCC) has expressed their concern and need to initiate more. As of 2008, there were 23  
carbon sequestration projects in 14 countries, of which 2 are currently and 8 potentially Kyoto-
compliant. (Jindal, Swallow, Kerr 2008)

Jindal, Swallow and Kerr conclude that forestry-based carbon sequestration offers win-win  
opportunities for both economical development as well as environmental protection, even though  
there are challenges in such areas as land tenure, transaction costs and benefits addressed to local  
communities. However, Henry et al (2009) argue that conventional afforestation/deforestation  
CDM projects are seriously limited by the poor potential for carbon capture without  
compromising food production in such densely populated regions as Western Kenya.

In the current situation, establishing a system for allowing private households to earn while using  
the Anila stove for carbon capture, seems as a vision of the future. Confirming the carbon  
capture and storage with so low transaction costs that the local stove users would still be left with  
extra income, is a huge challenge. This would require strong local expertise and innovative ways  
of supervision. Such issues and risks as the fluctuation in the price of carbon credits, corruption,  
and local admistration should be evaluated and new practises carefully evaluated. However, the  
Anila stove opens up a new and very intriguing possibility for a source of income.



Field Research Plan 

The project is funded by the Ministry for Foreign Affairs of Finland.  It is managed by Coalition 
for Environment and Development (CED), Science for Ecological Health and Livelihoods  
(SHALIN).   Aalto University is a technical partner.  In Kenya, the project is coordinated by 
SACDEP Kenya while the technical research is handled by Kenya Forestry Research Institute  
(KEFRI).  Others are UCB Berkeley ELP, PACJA, Earthwatch Institute, Carbon Manna, etc   

The project is working with farmer households and who will be testing the stoves and  
undertaking the char experimentation   

Aim 

To promote the research and development of a fuel efficient stove that uses gasification  
(pyrolysis) to burn biomass material for domestic and institutional use.   

To  investigate the efficacy of using charcoal in different soils to improve the soil conditions and  
agricultural productivity.   

Objective:  

To slow down the rate of deforestation through improving the efficient use of biomass,  
contribute to improved air quality household level, improve soil quality and hence food  
security.  Other long term objectives are to scrub the excess carbon in the atmosphere from non-
point carbon sources.   

The research thesis  

The a technical solution on energy that works at a household level can be a powerful tool for  
cross cutting change with deep impact in human health, agriculture and social enterprise. 

 The research general framework 

By combining household fuel efficiency and the use of charcoal as an additive to soil is an  
innovative idea of  increasing the usability of land, improving food security and addressing the  
question of green house gases.   

This approach broadens the options of dealing with climate change, water conservation,  
regeneration of biodiversity.  It also targets working at the household level where biomass  
material is the main source of the daily energy needs as well the point where the impacts of  
climate change will be felt. 

  

The fact that many of the drylands soils have been degraded means that they are currently far  
from saturated with carbon and their potential to sequester carbon may be very high (Farage et  
al 2003), their agricultural productivity is also very poor. This makes the consideration of this  
approach strategic at many levels.  

  



The research will target working with communities predominantly using firewood as a source of  
energy, charcoal burners, and people whose livelihood is based along the biomass-energy value  
chain. 

Efficacy of charcoal in the soil and impact on agriculture:  

KEFRI - Kenya Forestry Research Institute will be leading in undertaking the technical aspects  
of  soil measurements and testing of stoves (efficiency).   

  

SACDEP will determine 30 households that will be provided with support to set up  
experimental and open access demonstration plots.   Each farmer will be guided on how to set up 
the plots so that there are controls etc.  The same farmers will be the ones to test the different  
stoves.  The farmers will be taught how to keep records etc! 

  

The selection of the households will be based on a criteria that will enhance efficiencies, build  
on existing frameworks and strategically supporting the work of the implementing agencies.  

NB: There is a possibility of having 25 households and 5 institutions.   But the main idea would 
be linked to the strategy of the stoves development.  

  

What will be measured in the research? 

Soils conditions 

·       The water holding capacity of the soil  

·       The amount of humus 

·       Level of pollutants if any 

·       Aggregate stability of the soil 

·       Nutrient composition and level 

·       Microorganisms in the soil   

 quantities of carbon in the soil 

Productivity of agriculture  

·       The colour of products 

·       Size of fruits 

·       Amount of product harvested 



·       Size of product 

·       general vigour 

The Stove Research and Development  

The project will focus on the development, improvement and domestication of gasification  
stoves. 

The stoves that have been identified for localisation and improvement include the Anila stove  
which in November was modified to F-Biomass Stove; the TLUD stove   and Lucia Stove from 
World Stove

Miombo a Norwegian NGO are planning a stove project in Tanzania. They have been working  
on the TLUD stove.  The TLUD1 stove has been tested in Zambia, in Uganda.   Anderson2 one of the lead developers of the stove has agreed to  

collaborate with the project  especially in the technology transfer.  .  The construction and design of the TLUD 3 stove is open access.   

World Stove have a project that will start in Kenya in mid 2010.   Their Lucia Stove4 can be modified to suit local conditions and the size can be from household to  

institutional scale.   Nathaniel, who has also developed a carbon negative sauna in Finland are very keen to collaborate in this work.

Liana ry - a the Finnish NGO working in Tanzania received funding for stove development.   These two projects have agreed to collaborate in the technical expertise.

 Data Recording and information sharing  

The data from the field will be collected from different sources The f armers will record their observations about the land productivity and stove domestication.  

  

KEFRI- will collect soil samples from the farmer plots.   This will be designed to ensure that data collected will help answer the questions in 3.1.2 above.   The data and 

findings will be shared with all the key stakeholders.    

  

KEFRI working with SACDEP and the farmers will test the stoves for efficiency and domestication.  

The artisan working with SACDEP will develop sketches for the different stoves and produce manuals for the development of the most usable stove.   They will also 

document where the other stoves would need improvement for usability.  

  

SACDEP: will assist in the documentation of the farmer experiences and organise for sessions where the farmers will have opportunity to share their results among  

themselves and with other stakeholders.  

  

SACDEP working with students/volunteers (from Finland or Kenya) will collect data primarily through field visits, interviews, household surveys, review of policies  

relevant policies etc.   They will also review and profile risks against the various stake holders.   Based on these results, the research will then explore the means to  

mitigate or minimise those risks to the most vulnerable and create opportunities based on the identified technology (pyrolysis).   Socio-economic data of the  

participating households will also be documented.  



Local Artisans and capacity building 

Local artisans will be involved in the development, testing and domestication of the stove. They  will be expected to take a strong and central role in the stove  

development.  This will ensure that the project attains an enterprise dimension right from the start.  

Expected results  

The research will give us a better understanding of efficacy of charcoal in soil and a gasifier stove that is efficient and domesticated for local use developed.  

Farmers with knowledge on use of stove and impact of charcoal in soil

Understanding of the risk factors associated with the approach.

Other emerging opportunities and limitation  

There are many open opportunities in this framework research, that include innovation and as  
well as developing solutions that address a much larger questions of energy, food and  
biodiversity.  

There are also many limitations;   Firstly there limitation on how to access the technology that can efficiently use biomass at a micro scale.   There is also the issue of 

how to develop a monitoring system such that if the charcoal in the soil ends up being more lucrative than the charcoal in the market, it does not work as a negative  

incentive to burn trees for the sole purpose of producing charcoal for agriculture.   This is however linked to bigger policy questions.  

  

Conclusions 

The Anila stove is an intriguing new technology that could offer win-win situations for the rural  
poor as well as in the combat against global warming. The main benefits of the technology for  
the users are reduced need for fuelwood, possibility of using other biomass and better indoor air  
quality. The produced charcoal can be used to ameliorate soils, in addition to functioning as  
carbon storage.

The Anila stove would best fit rural areas where fuelwood is scarse and the local habitants see  
the benefit of reducing the need for wood. It combines greatly with farming, as the by-product  
charcoal can be mixed into the soil to increase its productivity.

However, current estimates of the Anila stove price make it inaccessible to those most in need  
without heavy subsidies. Alternative income systems, through e.g. selling excess grinded char to 
other farmers or carbon sequestration to targetted customers, are worth more careful inspection  
in local conditions.

Recommendations 

It is very important to conduct further research in the proposed concept focusing on the  
technology, the financial and agricultural application in Kenya and beyond. The research should  



cover the questions of acceptability and usability of the technology, of the proposed financing  
mechanisms, setting up of records and monitoring systems, the optimum amounts of char in the  
different soils etc.

More field research is needed about the local cooking practices and habits in order to properly  
evaluate whether the Anila stove matches the needs for cooking and fits the local cultural values.  
More research is required on how to design a successful program for promoting the adoption of  
Anila stoves encompassing the multiple benefits.   The research will establish the value of the 
stove as an alternative cooking and heating stove and the use of char in promoting soil fertility,  
promoting indoor air quality and its relationship to climate change mitigation.

The stove design was developed in India, and modified in Finland. There should be more  
research and development of the model in partnership with local artisans.   The involvement of 
local users in the evaluation and development will provide insights on how to make the design  
suitable and appropriate in meeting different user needs.

For exact calculation on firewood savings and biochar produced, more testing should be  
conducted on how much wood is being used compared to alternative stoves. The tests should not  
be conducted in laboratory but in real settings using local biomass energy sources.

The effects that the biochar produces in the soil should be documented and inspected in order to  
estimate the amount of char that should be applied into the soil for different crops.   This will be 
important for determining optimum amounts required for particular soil types and conditions.
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