
Quantifying the Potential Impact of
Improved Stoves in Nyeri County, Kenya

Master  of Science Thesis Report
Youssef Boulkaid ~ 901012-T318



ii

Acknowledgments
This research project would not have been possible without 
the support of many people.

First and foremost, I would like to thank to my thesis su-
pervisor for this project, Francesco Fuso Nerini, for both 
the thesis proposal and his valuable guidance and advice 
throughout my work. I would also like to thank the people 
at Renetech, Tom Walsh and David Bauner, for their valu-
able input on the subject, and the information which made 
possible the case study in Nyeri. Many thanks to Pr. Mark 
Howells for his extremely inspiring class, which directed 
me towards this particular field of studies and thesis.

Moreover, I would like to express my many thanks to ev-
eryone working at Help Self Help Centre. In particular to 
Mr Bernad Muchiri who kindly accepted and welcomed 
me as a volunteer and Alice Thuita for her tremendous help 
on-site.

I would also like to convey thanks to ÅF for providing the 
financial means for the field study. Finally, I wish to express 
my love and gratitude to my beloved family, for their un-
derstanding and endless love, through the duration of my 
studies.



iii

Contents
ACKNOWLEDGMENTS �����������������������������������������������������������������������������������������������������������������������������������������������������������������II

ABSTRACT ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������V

PART I� INTRODUCTION AND CONTEXT ����������������������������������������������������������������������������������������������������������������������������������1
1. INTRODUCTION ................................................................................................................................................................................................................. 1

1.1. Research objectives .....................................................................................................................................................................................................1

1.2. Research scope ............................................................................................................................................................................................................1

2. CONTEXT .............................................................................................................................................................................................................................. 1

2.1. The state of cooking appliances in the developing world ...........................................................................................................................................1

2.2. Kenya, an overview ....................................................................................................................................................................................................3

2.3. Cooking sector in Kenya.............................................................................................................................................................................................5

2.4. Nyeri County[11] .......................................................................................................................................................................................................6

2.5. Help Self Help Centre .................................................................................................................................................................................................8

3. COOKSTOVE TECHNOLOGIES AND FUELS .............................................................................................................................................................. 9

3.1. Overview .....................................................................................................................................................................................................................9

3.2. Traditional cookstove technologies in rural Kenya ...................................................................................................................................................9

a)  Three-stone fires ........................................................................................................................................................................................................9

b)  Traditional metal charcoal stove ............................................................................................................................................................................10

3.3. Improved cooking stoves ...........................................................................................................................................................................................10

a)  (Ceramic) multipurpose stoves, the Kenya Ceramic Jiko model ...........................................................................................................................11

b)  Gasifier stoves ..........................................................................................................................................................................................................12

c)  Rocket stoves ............................................................................................................................................................................................................13

3.4. Household fuels ........................................................................................................................................................................................................13

3.5. Modern cooking solutions and fuels ........................................................................................................................................................................14

PART II� AN ENERGETIC APPROACH TO HOUSEHOLD COOKING NEEDS ����������������������������������������������������������������������16
1. METHODOLOGY ............................................................................................................................................................................................................... 16

1.1. Introduction ..............................................................................................................................................................................................................16

1.2. Key variables and concepts ......................................................................................................................................................................................16

1.3. Data sources .............................................................................................................................................................................................................16

2. ENERGY NEED PER MEAL ............................................................................................................................................................................................. 16

3. ENERGETIC COMPARISON OF DIFFERENT COOKING STOVES ...................................................................................................................... 19

4. ECONOMIC ANALYSIS .................................................................................................................................................................................................... 20

4.1. Opportunity cost  ...................................................................................................................................................................................................20

4.2. Cooking price per MJ and per month ......................................................................................................................................................................21

4.3. Savings from a switch to ICS ...................................................................................................................................................................................21

4.4. Miscellaneous notes on the economic calculations .................................................................................................................................................22

5. SINGLE STOVE ENVIRONMENTAL IMPACT ........................................................................................................................................................... 23

PART III� COUNTY-SCALE ICS IMPACT ASSESSMENT MODEL ��������������������������������������������������������������������������������������������25
1. GOAL AND METHODOLOGY ....................................................................................................................................................................................... 25

1.1. Goal and scope .........................................................................................................................................................................................................25

1.2. Model overview ........................................................................................................................................................................................................25

1.3. Calculation methods ................................................................................................................................................................................................25

1.4. Input variables: sources and assumptions ...............................................................................................................................................................26

1.5. Scenarios ...................................................................................................................................................................................................................27

2. SCENARIOS AND THE WORLD BANK GLOBAL TRACKING FRAMEWORK ................................................................................................. 29



iv

2.1. The framework .........................................................................................................................................................................................................29

2.2. Kenyan ICS grade assessment ..................................................................................................................................................................................29

2.3. County-wide tier assessment ...................................................................................................................................................................................30

3. RESULTS ............................................................................................................................................................................................................................... 30

3.1. Energy demand ........................................................................................................................................................................................................30

3.2. Cooking costs ............................................................................................................................................................................................................31

3.3. Forestry impact .........................................................................................................................................................................................................31

4. SENSITIVITY ANALYSIS .................................................................................................................................................................................................. 32

PART IV� CONCLUDING THOUGHTS ����������������������������������������������������������������������������������������������������������������������������������������34
1. SUMMARY ........................................................................................................................................................................................................................... 34

2. PERSONAL CHALLENGES .............................................................................................................................................................................................. 34

3. IDEAS FOR FURTHER RESEARCH ............................................................................................................................................................................... 34

ANNEXES ����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� I

BIBLIOGRAPHY �����������������������������������������������������������������������������������������������������������������������������������������������������������������������������II



v

Abstract
Energy poverty is defined as the lack of access of house-
holds in developing countries to modern energy sources, 
and their consequent reliance on solid biomass fuels for 
cooking. So-called “Improved stoves” have been promoted 
by various public and private actors since the 1970s to tack-
le various environmental and health challenges associated 
with biomass use.

Impact studies of such projects are usually based on on-
site surveys about the stoves’ use, and thus are extremely 
site-specific, and difficultly generalizable. This thesis 
project aims to introduce a novel approach to impact as-
sessment of improved cooking stoves on both local energy 
needs and deforestation in the area.

This approach will base most of its figures and assumptions 
on calculated energy needs rather than survey reports. This 
will result in a highly flexible energy model, which can be 
used and adapted to help decision and policy makers in 
their function.

The area of Nyeri County, Kenya, where the author com-
pleted a one-month field study, is used throughout the 
thesis as a case study in order to validate the model.
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Part I. Introduction and 
context

1. Introduction
1.1. Research objectives

The main objective of this thesis is to assess the impact of 
improved cooking stoves (ICS) on their local environment, 
especially energy demand and fuel savings. The specific 
case of Nyeri County, Kenya will be considered throughout 
this work.

Specifically, this thesis aims to answer these main ques-
tions:

• What are the main cooking solutions (traditional 
and “improved”) used in Nyeri County, and how 
do they compare to each other?

• How do the ICS solutions compare to traditional 
cooking solutions?

• How would a county-wide widespread adoption 
of ICS impact the energy system? The environ-
ment?

1.2. Research scope

In order to get a hands-on experience with the context and 
situation, a field trip was conducted during the month of 
May 2014 in Nyeri County. Since cooking and fuel use hab-
its can vary within different areas even in the same country, 
it was decided to focus this thesis work on the area of rural 
Nyeri County.

2. Context
2.1. The state of cooking ap-
pliances in the developing 
world

While the use of modern cookstoves in the developed 
world is today considered a mere banality, nearly half the 
world’s population sill cook today the same way it has been 
done for thousands of years, as seen on Figure 1: Percent-
age of Households Using Solid Fuels for Cooking[3]. Using 
an open flame or, in the best cases, a crude cookstove, they 
burn solid fuels such as wood, coal, crop residues, sawdust 
or animal dung to produce the heat needed for their daily 
meals. This is especially true in sub-Saharan Africa and 
Asia, where a third of the urban population and often 80% 
to 90% of the rural population still rely on solid fuels[1]. 
According to an estimate by the International Energy 
Agency (IEA), by 2030, more than 100 million more peo-
ple will still use traditional biomass than do so today[2]. 
This impacts –directly or indirectly- many aspects of the 
lives of the affected people.

Health impact

The daily exposure to the smoke from an often ill-con-
trolled combustion causes many people – especially wom-
en- to inhale a number of toxic components, which can 
cause (and often do) a range of chronic and acute health 
effects, including child pneumonia, lung cancer, chronic 
obstructive pulmonary disease, and heart disease, as well 
as low birth-weights in children born to mothers whose 
pregnancies are spent breathing toxic fumes from open 
fires[1]. An estimate by the World Health Organization 
puts the exposure to cookstove-generated smoke as the 
fifth worst risk factor for disease in developing countries, 

Figure 1: Percentage of Households Using Solid Fuels for Cooking[3]
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causing almost two million deaths a year – more than ma-
laria or tuberculosis[3].

Figure 2: Premature Annual Deaths from Cook-
stove Smoke and Other Selected Diseases[2]

Another major health threat is encountered during the fuel 
collection itself. As people tend to sometimes cross long 
distances to collect fuel, they expose themselves to various 
hazards, both natural (broken bones, backache, snake 
bites…) and human. A report from the WHO reads: 

“Reports from war zones and refugee camps provide 
sad testimony of girls and women being assaulted 
when they leave the relative safety of their homes to 
collect fuel.”[3]

Economic impact

Energy poverty can be seen as both a cause and a conse-
quence of economic poverty. A low income cannot afford 
a modern way of cooking and leads to heavy reliance on 
inefficient cookstoves fueled by solid biomass. This in turn 
leads to a strong dependence on the fuels used, which 
sometimes means having to accept any work to afford the 
fuel, or not work at all and collect fuel instead. This makes 
traditional cookstoves responsible for a sizeable opportu-
nity cost, when not directly responsible for a large chunk 
of a family’s income.

The evolution of the main way of cooking with increased 
prosperity and development is often summarized in a so-
called “energy ladder”. This model illustrates the fact that 
people rely less and less on solid fuels as they get wealthier, 
but that solid fuels are often still present in the cooking 
energy mix, at least partially, until a relatively high income 
threshold. It is also important to notice that the term “lad-
der” isn’t completely adequate, since fuel stacking (using 
more than a single type of fuel) is almost always a part 
of the transition. What is today called the energy ladder 
model is actually often more a reference to the energy stack 
model, since the original energy ladder model didn’t ac-
count for fuel stacking[4]; and is illustrated in Figure 3: The 
energy ladder model[3].

Figure 3: The energy ladder model[3]

Social impact

In most developing countries, cooking still remains a 
woman’s responsibility. Women are often in charge of both 
cooking for their families and collecting the fuel needed 
for that. This makes women particularly affected by the 
household energy poverty, which makes them more sub-
ject to health hazards, and keeps them from spending more 
time generating income or increasing their educational 
opportunities. The lack of income leads to dependence on 
collecting fuel, but time collecting fuel greatly diminishes 
their opportunity to earn more income, which leads to a 
vicious circle of poverty.

Moreover, young girls often have to assist their mothers in 
physically demanding fuel collection and cooking activi-
ties, preventing them from attending school and further 
deepening the feminine involvement in this vicious circle.

Environmental impact

With 2.4 billion people burning biomass fuels on a daily 
basis, about 2 million tons of biomass are going up in 
smoke every day[3]. In most of the urban areas in devel-
oping countries, charcoal is usually the fuel of choice. In 
the rural areas, fuel wood and charcoal share that position.

When biomass harvesting is done in an unsustainable 
manner (as is often the case in developing countries), it 
opens the path for a number of environmental problems, 
both locally and globally. Local issues include loss of biodi-
versity, mud-slides, loss of watershed, and desertification, 
which places further pressures on regional food security 
and agricultural productivity.

On a more global scale, the impact on the climate change 
issue can be quite significant:
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The burning of solid fuels produces significant quan-
tities of emissions that impact the climate in the 
short-term, including gases such as methane, carbon 
monoxide, and nitrous oxides, as well as particles 
such as black carbon. Residential sources, mainly 
from cookstoves, represent more than 25 percent of 
the global inventory of black carbon emissions[1].

2.2. Kenya, an overview1

General information

Kenya is located in East Africa, shares a border with Tan-
zania, Somalia, Ethiopia, Sudan and Uganda, and has a 
coastal strip within the western Indian Ocean.  A 2013 
estimate puts its population at slightly more than 43 mil-
lion, with 76% living in rural areas[5]. A former British 
colony, it gained independence in 1963. The nation has 
since undergone various transformations. This includes 
the recent adoption of a new constitution in 2010, which 
puts devolved governance in a central place of the coun-
try’s political strategy.

1  Most of the information in this section is taken from [8], 
unless stated otherwise.

Figure 4: Map showing the location of Kenya 
Credits: IntelliTect.com

Politico-economic context

Despite the post-election violence it has been through in 
2007, Kenya remains a relatively politically stable country 
in the region, and is the major hub for business and finance 
in East Africa. Although agriculture employs 75% of the 
workforce, the service sector accounts for roughly 65% of 
the GDP. High inflation and a weak Kenyan shilling put 

Photo 1: A woman cooking in her kitchen, in the area surrounding Karatina, Nyeri County 
Photo taken by the author
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pressure on businesses in 2011. Although rates have stabi-
lized since, a recent surge of terrorist attacks in April-May 
2014 have put the Kenyan economy in a tough spot once 
again, as the tourist sector plunged and bad weather and 
lower external demand hurt agriculture production[6]. 

After the March 2013 elections, a major change in the 
country’s organization occurred: each of the original 47 
districts became a county, and would be led by a governor 
for the first time. This is an important political transition, 
since devolved governance means that each county will 
now be able to pass local legislation. As a result, most of 
the major private sector players, who previously central-
ized their activity in Nairobi, are beginning to open county 
subsidiaries.

Social context

Kenya, as most developing countries, is traditionally a 
patriarchal society. Men often dominate the formal and 
modern sector, and are more prone to migrate to urban 
areas to find work, while women look after the rural home. 
Women are generally primarily responsible for domestic 
tasks, including water and fuel collection, caring for family 
members and raising children. They are however increas-
ingly taking on more empowered roles, helped by the new 
constitution and the Ministry of Gender, Children and 
Social Development, created in 2008.

Resources and infrastructure

Kenya has a huge potential for agriculture, as well as a 
large number of natural resources and abundant wildlife. 
However, overexploitation, population pressure, and lack 
of appropriate policy have led a variety of environmental 
problems such as deforestation, endangering the future 
availability of these resources.

Compared to its East African neighbors, Kenya has fairly 
well developed infrastructure, transport, and communi-
cation networks. However, much can still be improved, 
especially in rural areas, which are home of the majority of 
the population.

Development strategy

The current medium to long term development strategy for 
the country is called Vision 2030, and covers a period from 
2008 to 2030. In this strategy, Kenya aspires to become a 
“newly industrializing, middle-income country providing 
a high quality life to its citizens by the year 2030”[7]. The 
vision is based on three ‘pillars’: economic, social and 
political, and aims to meet its Millennium Development 
Goals (MDGs) by 2015.

Photo 2: Remaining trunks of cut trees, Mt. Kenya Forest 
Photo taken by the author
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Figure 5: Logo of Kenya Vision 2030

2.3. Cooking sector in Kenya

Solid fuel use

Solid fuels are the most important source of household 
energy in Kenya, as 84% of the population rely on them[5]. 
Firewood and charcoal account for 68% of the total pri-
mary energy consumption. About 55% of this is derived 
from farmlands of woody biomass as well as crop residue, 
animal waste, and the remaining 45 % from forests. 

In spite of past efforts to promote wood fuel substitutes such 
as LPG or Kerosene, the number of people relying on wood 
fuel is not decreasing. Wood fuel is predicted to continue 
being the primary source of energy for the majority of the 
rural population and urban poor until the rural economy 
switches from subsistence to a highly productive economy. 
Wood fuel demand frequently outstrips supply because the 
resources are depleted faster than they are replenished. The 
wood fuel shortage is further compounded by inefficient 
methods of charcoal production and consumption.

While rural populations rely primarily on collected solid 
fuels and have very low willingness and ability to pay, 
peri-urban firewood users often have trouble finding fuel 
and often pay a high price for it. Charcoal users usually 
purchase fuel on a regular basis and regard cost as a major 
issue.

Most households use multiple fuels depending on the type 
of food being cooked and the time of day (fuel stacking). 
In rural areas, most households can collect firewood for 
free, though it is becoming increasingly unavailable and/or 
regulated. The price of fuel is higher in urban centers and 
is subject to seasonal fluctuations.[8]

Consumer needs and priorities

In order to provide a reliable source of cooking energy to 
the Kenyan consumer, the needs, priorities and behavior 
pattern should first be assessed. A report by the Global 
Alliance for Clean Cookstoves[8] includes an extensive 
description of the key points of the Kenyan consumer be-
havior:

The consumer in Kenya requires a cookstove with 
the ability to generate both high intensity heat for 

boiling and low intensity heat for simmering. They 
also prefer a stove that has ability to heat quickly 
and help reduce cooking time. The stove must be able 
to function in the morning and evening and during 
all types of weather. In cold areas stoves also play a 
secondary function of providing space heating.

Women and girls are the primary cooks and fuel col-
lectors in Kenya. Most meals are prepared in a hut 
separate from the main house or a makeshift shelter. 
Meals are prepared using aluminum saucepans with 
low heat-retention, often without lids. Women gen-
erally cook seated and do not prepare more than one 
dish at a time. Many households use multiple fuels 
to meet their cooking needs, and in certain cases 
own more than one type of stove.

Household purchases are usually erratic and strict-
ly based on household needs and cash flow. Most 
families own a radio, bicycle, and mobile phone 
(depending on location), which shows that they are 
able to purchase more costly items when necessary. 
Aspirational purchases are likely to be on furniture, 
decorations, or repairs. Kitchen items, such as uten-
sils, are comparatively high priority in the pattern of 
household expenditures. The majority of purchases 
are made using cash, and buying on credit is not 
common. Most products are purchased at retail 
outlets, at the supermarket, or at a hardware store.

Health impacts

With 14 million people (out of the 43 million inhabitants 
of the country) directly affected by Household Air Pollu-
tion (HAP), the health impact of poorly controlled cooking 
solutions is staggering. Acute respiratory infections (ARI), 
usually linked to high levels of household air pollution, are 
the second leading cause of death in the country, with 26% 
of all deaths reported in hospitals attributed to the disease.

Government involvement

Various government entities have played important roles 
in cookstove development from a project implementation 
point of view, but rarely from a policy/regulation perspec-
tive. There has generally been relatively little coordination 
among the various government agencies[9].

The Ministry of Agriculture (MoA) and the Ministry of 
Energy (MoE) have been the two entities most involved in 
stove promotion. The MoE, through the department of Re-
newable Energy, has been involved in the cookstoves sector 
since 1980. The department has been promoting two stoves 
models/designs: the Kenyan Ceramic Jiko (cf. (Ceramic) 
multipurpose stoves, the Kenya Ceramic Jiko model), and 
the Upesi (also known as Maendeleo) stove that utilizes 
firewood. They have been doing this through ten Energy 
Centers across the country, which has been recently in-
creased to fifteen[8].

Other government entities such as the Kenya Bureau of 
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Standards (responsible for certifying stoves) and the Min-
istry of Forestry could play a role in the ICS issue, but their 
reach is currently limited[9].

Participatory Forestry Management

Participatory Forestry Management (PFM) is a relatively 
new concept that advocates for a local, decentralized 
management of forestry resources. Its main purpose is to 
involve the local population in the management, by for 
example entering agreements enabling and regulating fuel 
wood gathering and cattle grazing, often for a fee.

It is being adopted widely in many developing countries 
as an alternative method of managing forestry resources, 
and as an approach to achieve a sustainable management of 
threatened forests[10]. It has been introduced in Kenya in 
1997, and has led to the creation of community-based or-
ganizations called Community Forest Associations (CFAs). 

Most of the CFAs are now preparing to enter into forest 
management agreements with the Kenya Forest Service 
(KFS). This will grant the local communities management 
roles, although the KFS is retaining the forest resource own-
ership right and the right to withdraw from the agreement. 
The CFAs are formed by individual members who join by 
paying a prescribed membership fee. The CFA structures 
are rather diverse although this is being harmonized[10].

A more specific analysis of the Naro Moru local CFA can 
be found below.

2.4. Nyeri County[11]

Nyeri County is situated about 150 km north of Kenya’s 
capital Nairobi, in the country’s densely populated and 
fertile Central Highlands, lying between the eastern base 
of the Aberdare Range, which forms part of the eastern end 
of the Great Rift Valley, and the western slopes of Mount 
Kenya. It is home to 693.500 citizens, according to the Ken-
yan population census of 2009. Nyeri County is the 25th 
largest state in Kenya and has a relatively small surface area 
of approximately 3,337 Km2.

Photo 3: Wood sticks used for cooking in a rural home in Nyeri County 
Photo taken by the author



7

Figure 6: Nyeri County location in Kenya[12]

Economy

Around 53% of the working population is engaged in 
agricultural production while the rest are in commercial 
and public sectors. The largest formal employer in Nyeri 
County is the Government of Kenya. The various sectors of 
the service industry, including retail, hospitality, banking, 
insurance, the charity industry, religious bodies especially 
the Catholic Church and professionals are also significant 
employers. The major industry in the County is farming, 
with tea and coffee production and processing being the 
two main activities.

Tourism is also significant, as there are many tourist desti-
nations nearby, including the Aberdare and Mount Kenya 
National Parks.

Household data

According to the 2009 census, of the 201.700 households in 
Nyeri, 72% were using firewood for cooking and 15% were 
using charcoal[13]. The average household size in Nyeri is 
3.43 people per household. The household size distribution 
in Nyeri is given in Figure 7: Household size distribution in 

Photo 4: A view of the Kenyan Fertile Highlands, where Naro Moru is 
Photo taken by the author
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Nyeri County[14].

Figure 7: Household size distribution in Nyeri 
County[14]

2.5. Help Self Help Centre

The organization

This thesis work has been conducted with the help of a lo-
cal NGO, Help Self Help Centre (HSHC). Located in Naro 
Moru, HSHC’s main goal is to help local farmers grow their 
activity from subsistence agriculture to a more commercial 
one, making profits and fueling the local economy.

On the side of their business-development activity, HSHC 
also advocates for a better use of the local resources, in-

cluding forests, land plots, etc…  They have thus expanded 
their activities to include projects such as development 
of biodiesel production, gender development and micro 
finance developing programs, the creation of a local Com-
munity Forest Association and the development and com-
mercialization of an improved cooking stove[15].

Figure 8: HSHC Logo 
credits HSHC website

The local Community Forest Association (CFA)

Mt. Kenya Forest has six forest associations with MEFE-
CAP (Meru Forest Environment and Forest Protection 
Community Association) the largest[10]. The process of 
formulating the PFM plan for Naro Moru forest was start-
ed in late 2010 by Help Self Help Centre (HSHC) through 
funding from PACT Kenya and USAID[16].

This newly created CFA regulates the relationship between 
the local farmers and the KFS. The Naro Moru Forest 

Photo 5: ICS in the HSHC warehouse, waiting to be distributed 
Photo taken by the author
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Station CFA consists of 15 user groups and has 1,500 
farmer members[17]. The CFA is composed of different 
farmer interest groups, including grazing, wood collecting, 
eco-tourism and pruning. These activities generate both an 
income for HSHC and the farmers who benefit from an 
additional economic activity.

The Jiko ICS project

One of HSHC’s projects is to develop, produce and sell 
improved cooking stoves (ICS), inspired by the design of 
the Kenya Ceramic Jiko stove (cf. (Ceramic) multipurpose 
stoves, the Kenya Ceramic Jiko model).

HSHC has supervised the formation of “energy centers” 
groups. These groups help in advocating for the adoption 
of the stoves and advocating against destruction of forests. 
They are mostly formed of young people and older women. 
They are trained in the fabrication of the stoves, linked to 
the market and given the capacity to advocate for the ben-
efits of using the stoves.

Energy saving institutional stoves were also installed in 
schools where feeding programs have been introduced, as 
well as other institutions like hospitals and prisons where 
huge amounts of firewood is used and thus the usage is 
reduced[15].

This project is at the heart of this thesis work, and will be 
further developed below.

3. Cookstove technologies and 
fuels

3.1. Overview

The term “stove” refers to a device that generates heat 
from an energy carrier and makes that heat available for 
the intended use in a specific application. Cooking stoves 
are thus all devices that are able to both generate heat and 
transfer it to a suitable recipient (generally a cooking pot)
[18].

The different cooking technologies and fuels used in rural 
Kenya are summarized in the set of tables below. This part 
will then focus on giving more detailed descriptions of 
these technologies.

3.2. Traditional cookstove 
technologies in rural Kenya

Households often use a combination of different fuels 
and therefore different cooking technologies. However, 
most rural households use traditional 3-stone fireplaces 
for cooking and/or different types of improved firewood 
cooking stoves.

Although some of these improved stoves are imported, 

most are primarily made by local producers and sold in 
local markets. Moreover, a new generation of institutional 
rocket stoves has recently become common in schools and 
hotels. These stoves offer higher efficiencies (up to 40%) 
and save up to two thirds of the fuel used by less efficient 
stoves. However, their uptake has been low due to a lack of 
financial mechanisms to cover upfront costs.[8]

a)  Three-stone fires

The most basic cookstove used today are three stone 
cooking fires. It is composed of three suitable stones of the 
same height on which a cooking pot can be balanced over a 
fire. Unlike open fires, have the cooking vessel placed very 
close to the fire itself, limiting excessive waste of heat. With 
3-stone cooking fires a superheated space is effectively 
formed between the cooking vessel and the fire.

The stones serve different purposes. In addition to mak-
ing it physically possible to place a recipient on top of the 
burning wood, they serve as windbreaks and increase the 
thermal properties of the cooking fire.

Photo 6: A woman cooking on a three stone fire, 
Guatemala. 

Credits flickr.com/photos/gringologue/

Three stone fires have benefits not found on improved 
stoves such as: space heating, protection from insects, and 
the flexibility to use a wide variety of fuels in different sea-
sons. However, it is still a very basic and inefficient method 
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of cooking, and these benefits remain largely circumstan-
tial, especially considering their many drawbacks:

• Smoke is vented into the home, instead of out-
doors, causing health problems. (cf. The state of 
cooking appliances in the developing world)

• They are highly inefficient, and lead to a rather 
sizeable waste of fuel 

• The use of an open fire creates a risk of burns and 
scalds, especially when the stove is used indoors, 
particularly children susceptible to falling or step-
ping into the fire and receiving burns.

b)  Traditional metal charcoal 
stove

Charcoal cannot be used on a three-stone fire, and requires 
the use of a stove. The traditional charcoal stoves are called 
“jikos” (Swahili for “stove”). They are usually made of scrap 
metal and have no possibility to regulate the burn-rate of 
the fuel often don’t have pot-rests. This causes high emis-
sions of potentially lethal carbon monoxide and wastes a 
lot of fuel, as carbon monoxide is unburnt fuel with a high 
energy value[18].

Figure 9: Illustration of a traditional charcoal stove. 
Credits nzdl.org

They are usually produced and sold locally, and their price 
is around 300 KES (2.5€).

3.3. Improved cooking stoves

Cook stoves are commonly called “improved” if they are 
more “efficient” than the traditional cook stoves. In this 
case, the term efficiency refers not only to the thermal effi-
ciency of the device, but also factors other aspects such as 
smoke emissions, the ease of use, etc… 

3 Stone fire Traditional jiko
Cost range 0 200-400 KES
Fuel Wood Charcoal
Thermal efficiency 10-15% 20-25%
Dissemination Large Medium

Table 1: Traditional stoves comparison

Table 2: ICS technologies comparison

Kenya Ceramic Jiko Gasifier Rocket stove
Cost range 600-1000 KES 2000 KES 2500 KES
Fuel Wood, Charcoal Wood, other biomass Wood
Thermal efficiency 25-30% 30-35% 30-35%
Dissemination Low to medium Very low Very low

Table 3: Modern cooking solutions comparison

LPG burner Electrical stove Kerosene stove
Cost range 6000 KES 10.000+ KES 3500 KES
Fuel LPG Electricity Kerosene
Thermal efficiency 50-60% 70-80% 35-45%
Dissemination Very low Very low Very low
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a)  (Ceramic) multipurpose stoves, 
the Kenya Ceramic Jiko model

History and design

The Kenya Ceramic Jiko, known locally as the KCJ, is a 
charcoal-burning stove, now manufactured not only in 
Kenya, but in most of East African countries. It consists 
of a ceramic liner fitted inside a metal case. Compared to 
traditional metal stoves made in these countries, its design 
makes it more fuel-efficient. In almost all cases it is made 
by private entrepreneurs.

The KCJ was developed in the span of 8 years, as a result 
of work carried out by the Kenya Renewable Energy De-
velopment Project, a USAID-funded project in Kenya. It 
was adapted from a Thai Bucket stove to correspond to the 
local East African cooking habits[19].

The KCJ has a ceramic liner in a metal cladding. The ce-
ramic liner protects the outer metal structure from deterio-
ration by the fire and improves thermal insulation, provid-
ing a higher efficiency and a hotter flame. It has pot-rests 
creating a small gap between the charcoal and the pot, to 
allow some of the produced carbon-monoxide to burn off. 
Combustion is thus improved and less dangerous smokes 
emitted.

Due to these design characteristics the stove can save up to 
40 % of charcoal compared to traditional charcoal stoves 

and reduce toxic emissions[18]. As charcoal is usually 
purchased, users see the monetary benefit of saving fuel, 
which has made this stove model an economic success.

This design has since been an inspiration to a large number 
of manufacturers, small and large. HSHC is producing its 
own variation of the KCJ, the Kuni M’bili (KM). Other 
manufacturers present in Kenya include Develatech , 
Cookswell, Philips, Ezy Life, Burn and Paradigm Project.

Kuni M’bili (KM) Stove

The Kuni M’bili is the stove that will be used in this work 
to represent the KCJ family. Its production has been super-
vised by HSHC, who held training worKESops for locals to 
become manufacturers of this stove.

A Water Boiling Test (WBT), the standard protocol for 
measuring stove efficiencies, has been carried on this 
stove[20]. It shows a 4-6% improvement on thermal effi-
ciency, and a huge reduction of solid particle emissions. 
More details about the implications of these changes will 
be discussed in Part II.

It has a retail cost of 1000 KES, and a production cost of 
1300 KES. Its lifetime is 5 to 7 years, and it is in the process 
of a Gold Standard Certification. HSHC’s production ca-
pacity is 200-250 units per month. 

Photo 7: The ceramic linings of the KCJ-type stoves, before the final assembly 
Photo taken by the author
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b)  Gasifier stoves

Gasifier stoves are designed to force the gases and smoke 
that result from incomplete combustion of fuels back into 
the cookstove’s flame. There, the heat of the flame then 
continues to combust the particles in the smoke until al-
most complete combustion has occurred, resulting in very 
few if any emissions.

Typical gasifier stoves are known as Top Lit Updraft 
(TLUD) stoves because some fuel is lit on top of the stove, 
forcing combustible products to pass through the flame 
front before being emitted into the air[21].

Although lab tests indicate that gasifier stoves are more effi-
cient and safer than any traditional or even basic improved 
cookstove by a significant margin, questions remain about 
the applicability of these results to actual field usage. The 
design of these stoves make them very sensitive to the 
quality of manufacturing, and a poorly manufactured stove 
will often perform very poorly.

HSHC had planned to develop the use of gasifier stoves in 
its ICS development program, but the low quality of local 
manufacturing made the stoves produce too much smoke, 
rendering them unsuitable for selling and putting a halt to 
the project.

Photo 9: One of the gasifier stoves that was 
planned to be commercialized by HSHSC, 

credits Renetech

Photo 8: Staff from HSHC in the process of selling ICS 
Photo taken by the author
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c)  Rocket stoves

Rocket stoves are designed around highly insulated, 
L-shaped combustion chamber that allows for partial com-
bustion of gases and smoke inside the stove. They achieve 
efficient combustion of the fuel at a high temperature by 
ensuring a good air draft into the fire, controlled use of 
fuel, complete combustion of volatiles, and efficient use of 
the resultant heat.

Similarly to gasifier stoves, their design makes them very 
sensitive to the quality of manufacturing, and lab tests 
show that poorly manufactured stoves can even lead to 
an increase in fuel consumption[21]. For this reason, this 
technology is still not very present in Kenya, as people pre-
fer buying a stove of the KCJ design, more versatile and not 
so prone to manufacturing defects.

3.4. Household fuels

In Kenya, fuels used in the household include electricity, 
liquefied petroleum gas (LPG), kerosene, charcoal, and 
firewood. Agricultural residues such as cow-dung, maize 
cobs, coffee and tea prunes are also used, particularly by 
rural households[22].

Fuelwood

Although virtually all rural households use firewood, only 
24% of them were found to use purchased firewood[22]. 
Interviews during the field study showed that its cost is of 
roughly 200 KES for a bundle (20-25kg). Photo 10: A local woman cutting a piece of wood 

with a machete to use for cooking 
Photo taken by the author

The main type of wood in the region is eucalyptus, which 
has an energy density of 18 MJ/kg[23].

Charcoal

Charcoal is produced from trees and shrubs by a process 
known as pyrolysis, which involves the controlled burning 
of wood in a limited supply of air to minimize the oxida-
tion of carbon and its subsequent loss as carbon monoxide 
(CO) or carbon dioxide (C02). The product (charcoal) is 
almost pure carbon with approximately twice the energy 
density of the raw material (firewood), that is 32.4 MJ/kg 
against 15.5 MJ/kg for wood[24].

Nine tons of wood make one ton of charcoal, thus giving an 
energy conversion efficiency of 23%. Despite this low effi-
ciency, pyrolysis improves the attributes of the end product 
in terms of cleanliness in burning, energy density, and 
handling properties such as storage and transport. These 
attributes give charcoal a distinct advantage over firewood 
and are an important reason for the wide usage of charcoal 
as a fuel.
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Photo 11: A bag of charcoal, with a tin to mea-
sure the amount to be sold 

credits : http://centreofafricanstudies.wordpress.
com/

Charcoal prices are closely monitored by the government 
of Kenya. As of May 2014, it costs 73 KES for a 4 kg tin[25].

Agricultural residues

Crop and animal wastes are both sometimes used as sub-
stitutes for firewood in cooking applications. In Kenya, 
the most widely used crop residue as fuel is the maize cob. 
Other crop residues used as fuel include cotton stalks, cof-

fee and tea prunes. 

The animal waste that is usually burnt as fuel is cow dung. 
However, the practice is still not widely accepted[22]. In 
communities where it is accepted, dry dung is usually gath-
ered from the cattle pen rather than from the grazing fields.

3.5. Modern cooking solutions 
and fuels

LPG

While LPG burners are very practical and efficient com-
pared to their more traditional counterparts, the high fuel 
and stove prices make them a commodity used only by the 
wealthiest, urban portion of the population.

However, in the medium to long term scenarios, it could 
become affordable enough to be considered as used by a 
non-negligible portion of the population[26].

Electricity

Since the electrical grid is far from developed in the rural 
areas of Kenya, electricity-based cooking would require 
huge amounts of investments and is too expensive to con-
sider, even in a medium term scenario.

Photo 12: A kerosene pump in the city of Karatina, Nyeri County 
Photo taken by the author
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Kerosene

Kerosene is mostly used for lighting in the rural areas. 
However, it is sometimes also used for cooking, mainly 
in urban regions, which are out of the scope of the study. 
In rural areas it is sometimes used as a back-up plan for 
cooking, but its excessive pricing makes its use often very 
circumstantial.
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Part II. An energetic ap-
proach to household cook-
ing needs

1. Methodology
1.1. Introduction

Most studies consider the time spent cooking as a base 
number for energy calculations. However, only considering 
this value isn’t reliable when dealing with multiple fuels, as 
different cooking means and fuels need different cooking 
times. We are here considering the energy side instead.

This work will thus focus on finding, assessing and/or com-
puting some selected key properties that are common to 
all cooking solutions. This will then make it possible and 
relevant to compare different cooking means.

1.2. Key variables and con-
cepts

Selected variables

This part will focus on listing and describing the key vari-
ables chosen for the analysis. These lie in two categories: 
variables that has been measured, assessed and/or taken 
from literature (Measured data), and figures that are can be 
calculated from the aforementioned set of measured data 
(Computed data). These variables are then organized into 
7 categories:

• Fuel: technical data about the fuel used.

• Stove: technical data about the stove itself.

• Fuel lifetime: duration of a “unit” of fuel (cf. 
below for the description of a unit).

• Price: price calculations.

• Yearly data: data scaled to a yearly basis, to be 
used in the county-scale scale model.

Commercial fuel unit

Since different fuels are commercially available in different 
forms and sizes, a notion of “commercial fuel unit” (fuel 
unit for short) is introduced. This will refer to a single unit 
of commercially available fuel (e.g. a bundle for wood, a 
bag for charcoal or sawdust, a standard 13 kg bottle for 
LPG…). This will be used in order to normalize and com-
pare the costs of various fuels later on.

Final energy

As different stove/fuel combinations burn their fuel with 
different efficiencies and at different rates, it is useful to 

normalize some figures relative to the energy that is ulti-
mately available after accounting for all the losses (“Final 
energy”). These normalized numbers will be characterized 
by the suffix “by final energy” on their respective variables.

Key variables for a stove/fuel combination

The listing and description of all measured and computed 
variables is given in the next page.

1.3. Data sources

Literature

As the issue of improved cooking stoves usage gained an 
important momentum over the last 10 years, there is a 
significant amount of literature available on the subject. A 
first literature review was conducted on the beginning of 
the project to gain insight about the general context. Then 
after a field trip was conducted, a second literature review 
was necessary in order to put the material into a new per-
spective.

The reading material included both academic papers and 
policy reports.

Field trip

For the purpose of collecting the required data in a way 
that corresponds to the specific case studied (Naro Moru 
area), a month-long field trip was conducted in May 2014. 
During this field study, data was collected during inter-
views with both farmers and staff from HSHC. Moreover, 
local cooking habits were observed, making it possible to 
assess the energy requirements for cooking in this specific 
case.

2. Energy need per meal

Context

One of the most important and influential variables in this 
energy-centered model is the energy needed to cook a sin-
gle meal. In order to assess this value, a baseline case was 
considered: the cooking done at the HSHC guest house, on 
a daily basis. Different reasons lead to this choice:

• It was performed daily, which permitted the 
monitoring of the cooking times on a regular basis

• It was easily accessible for data gathering

• At the time of the field study, the meals were 
cooked for an average of 4 people, which represents 
the mean household size in the Nyeri County[14].

Method and calculation

A meal for 4 people, using a Kuni M’bili (KCJ concept) 
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Measured data Computed data

Fuel data
Variable Unit Description

Fuel name - Nature of the fuel used.
Fuel (commercial) unit - Commercial unit in which the fuel is sold (e.g. bundle for wood).
Conversion factor - Ratio used to convert the fuel amount from a commercial to a standard 

unit (e.g. kg/per bundle for wood).
Energy content MJ/kg Energy content (Lower Heating Value or LHV) of the fuel. Usually tak-

en from literature.
Energy content per fuel unit MJ/unit Energy content in a commercial unit of fuel.
Price per fuel unit KES Price of a commercial unit of fuel.
Price per energy unit KES/MJ Price of a MJ of fuel.

Table 4: Key variables for fuel data

Stove data
Variable Unit Description

Stove - Nature of the stove used.
Efficiency % Efficiency of the stove/fuel combination. From Water Boiling Tests or 

literature.
Fuel burning rate g/min Rate at which the fuel is burned in this stove/fuel combination.
Stove power W Normalized power of the stove.
Stove Price (KES) KES Stove local price.
Stove Lifetime Years Stove lifetime.

Table 5: Key variables for stove data

Fuel lifetime data
Variable Unit Description

Final energy provided per unit MJ Final energy delivered by a commercial fuel unit, after accounting for 
the energy losses.

Meals capacity per unit meals Number of meals it is possible to cook with a single fuel unit.
Fuel lifetime (days/unit) Days/unit Number of days it is possible for one fuel unit to provide for the cooking 

needs of all three daily meals.
Price per final energy, no oc KES/MJ Price of one megajoule of heating power, excluding opportunity costs.
Price per meal, no oc KES/meal Price of cooking a single meal using this stove/fuel combination, ex-

cluding opportunity cost.

Table 6: Key variables for fuel lifetime data
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Price data
Variable Unit Description

Fuel unit final cost KES Price of a commercial fuel unit, including the cost of purchasing the 
stove.

Cooking price per final energy KES/MJ Price of one megajoule of heating power.
Cooking price per meal KES/meal Price of one megajoule of heating power.
Cooking price - income ratio (1 
salary)

- Ratio of the daily cost of cooking to the daily income of an average 
farmer.

Table 7: Key variables for price data

Yearly data
Variable Unit Description

Yearly cooking fuel demand GJ Fuel energy needed to cook all meals for one household using this 
stove/fuel combination.

Yearly cooking cost per house-
hold

kKES Total yearly cost of cooking using this stove/fuel combination.

Table 8: Key variables for yearly data

Photo 13: The ICS in the guest house, that was used as a baseline case for cooking energy demand 
Photo taken by the author
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stove, is cooked in 45 min. considering: 

• Energy content of charcoal : 30 MJ/kg[23]

• Stove efficiency of 30% (from WBT)[20]

• A burning rate of 9 g/min (from WBT)[20]

Since we have equation (1)

And the fuel burning rate being given by

We get equation (2)

We arrive at the conclusion that one meal needs 3�64 MJ 
of final energy, or 12�15 MJ of fuel energy to be cooked. 
This result is in accordance with the results found in liter-
ature[27].

3. Energetic comparison of dif-
ferent cooking stoves

From equation (1), we can get the net weight of fuel used 
when a single meal is cooked:

The results are summarized in Table 9 and Figure 10.

 Stove Fuel consumed per meal 
(kg)

3 Stone open fire 1,44
Kuni M’bili (Wood) 1,06
Traditional jiko 0,47
Kuni M’bili (Charcoal) 0,40

Table 9: Fuel consumed per meal on different 
stoves

This corresponds to a net decrease in the amount of fuel 
used by 26% for wood and 13% for charcoal, when using 
an ICS instead of the traditional way of cooking. The fuel 
savings are more significant when using wood because the 
3-stone fire is largely more inefficient than a dedicated 
stove for burning charcoal, even though those are often 
also inefficient.

While this is a significant drop in the fuel consumption, it 
must be noted that it is still far from the advertised num-
bers of a 50% drop for fuelwood and 30% for charcoal.
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Figure 10: Fuel consumed per meal on different 
stoves. 

Blue = wood, Brown = charcoal

4. Economic analysis
4.1. Opportunity cost 

In his 1985 book Energy Use in Rural Kenya: Household 
Demand and Rural transformation, Richard Hosier made 
an attempt to get a realistic estimate of the opportunity cost 
for collecting firewood in rural Kenya[24]. Through a use 
of three different variables (time spent gathering, proba-
bility of being employed, prevailing wage), he calculates a 
shadow cost for the gathered fuelwood. Although his num-
bers cannot be used directly because of the Kenyan shilling 

inflation that has occurred since he gathered his data in 
1981, his work can be used to get an estimate that can still 
hold today. There are several ways to do so:

• As a first approximation, one approach would be 
to calculate the bought fuelwood cost vs collected 
fuelwood opportunity cost ratio, and, assuming 
that this ratio would stay constant over the years, 
use it to calculate a new opportunity cost.

• Or using the same formula he used in his pre-
vious work, updating the variables to match the 
present day values, compute a new opportunity 
cost from scratch.

Both approaches will be used, and the values compared.

First method

Hosier’s results in 1981 KES are described in Table 10:

Fuel Price/kg
Fuelwood (gathered) 0.05

Fuelwood (purchased) 0.20

Table 10: Gathered and purchased fuelwood 
prices, in 1981 KES[24]

According to these values, purchased fuelwood is 4 times 
as expensive as gathered fuelwood. Since a bundle of pur-
chased fuelwood today costs 200 KES, this would put a 

Photo 14: Women coming back from a day of fuelwood collection 
Photo taken by the author
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bundle of gathered fuelwood at a price tag of 50 KES.

Second method

Hosier computed the opportunity cost  of collected fire-
wood using the expression:

Where t is the time required to collect a kilogram of fire-
wood, θ the probability of being employed, and ω the pre-
vailing wage rate. He comments:

From this equation, there appear to be three factors 
influencing the opportunity cost of gathered fuel-
wood. The first is the time spent gathering each unit 
of fuelwood, which reflects the relative scarcity of 
fuelwood, as was argued in Chapter V. The second 
factor is the probability of the fuelwood gatherer 
being employed in some capacity outside the home-
stead. Under normal conditions, this factor would 
be expected to vary between 0 and 1, but might fall 
more frequently to the range of 0 to 0.5 as there is 
relatively high unemployment in rural Kenya in all 
but the peak agricultural seasons. The third factor 
is the prevailing wage rate, which is influenced by 
seasonality, minimum-wage regulations, and the 
education- level or level of human capital of the 
household member involved. [24]

To estimate t, interviews were conducted during the field 
study. However, the range of answers was so wide (inter-
viewed people reported living from 30 min to as much as 
1.5 hours far from the forest) that an averaging assumption 
has to be made. Taking into account both the round trip 
and the fuel collection time, let us assume that a collection 
of a full 25 kg bundle of wood takes half a day (4h).

For the remaining parameters, the legal minimum wage 
for an unskilled worker is 200 KES per day [28], and we 
assume a relatively high probability of being employed of 
0.7. This may not be realistic, but it also accounts for other 
more productive activities that could take place during this 
time, e.g. education.

This gives an opportunity cost of 70 KES for a full 25 kg 
bundle of fuelwood. This value is slightly higher than the 
first estimate made above, but is nonetheless consistent 
with it. This is the value that will be used in the rest of the 
work.

The World Bank’s approach in the Timor-Leste 
case

In a report about rural energy policy in Timor-Leste, the 
World Bank used an approach similar as Hosier’s meth-
od[29]. However, instead of considering the specific salary 
of an unskilled worker, an estimate of the mean hourly 
wage in the country was used as the opportunity salary.

As most of the women in charge of fuel collecting are not 

educated, using the mean country’s mean hourly wage was 
thought to put the opportunity costs at too high a value, so 
the salary of an unskilled worker was used.

However, depending on the evolution of the country’s sit-
uation (especially regarding gender equality) in the next 
years, the salary used as a baseline for the opportunity cost 
can be changed to a higher value.

4.2. Cooking price per MJ 
and per month

Now taking advantage of the model we have for each 
cooking solution, it is possible to calculate the price of a 
single MJ of cooking energy for each stove/fuel (Figure 11: 
Cooking price per final cooking energy (KES/MJ)), and 
then from there proceed to calculate the more significant 
price of cooking one meal for each case (Figure 12: Cook-
ing costs per month (KES/month)).

From those results, we can clearly distinguish three groups 
of price range:

• Cooking with gathered wood is by far the cheap-
est solution, with prices around 200-250 KES/
month. This largely explains why this is the most 
common way of cooking in the area.

• Then comes cooking with traditional solutions, 
using bought fuels, is the second most expensive, 
with prices around 500-1000 KES/month.

• The last group is composed of the so-called mod-
ern, non-biomass fuels, with prices of 1800 KES/
month and above.

Of those three groups, the second gives the most interest-
ing insights. It makes it obvious that using a 3-stone fire 
to burn purchased wood is the most expensive solution in 
this range. In that case, using an improved cooking stove 
cuts the cost by 240 KES each month, which adds up to 
2900 KES per year.

However, this is to be put in perspective, as households 
with an income large enough to afford to buy wood can 
usually afford at least a traditional charcoal cooking stove.

4.3. Savings from a switch to 
ICS

By applying the same calculation for other stoves, we get 
the yearly amount of money saved by switching to an ICS, 
including the cost of the purchase of the stove (Table 11).
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Fuel used Yearly saving (KES)
Gathered wood 604
Purchased wood 2916
Charcoal 944

Table 11: financial savings made by switching to 
ICS for selected fuels

We can note that a switch to an ICS will always result in a 
net yearly saving, even when accounting for the cost of 
purchasing the stove. This has to do with the cooking costs 
over time being vastly accounted for by the fuel price, and 
not so much on the price of the cooking stove by itself.

4.4. Miscellaneous notes on 
the economic calculations

On the cost of purchasing stoves

In order to take into account the cost of purchasing the 
stoves, the cost of each appliance was divided by its life-
time, to get a “daily cost”. However, this only slightly chang-
es the actual costs of cooking, since the fuels account for 
the largest part of the final costs.

Moreover, it is often hard for households to gather the 
rather important sum needed to purchase the stove. The 
daily cost of a stove is thus not a very accurate a way of ac-

Figure 11: Cooking price per final cooking energy (KES/MJ)

Figure 12: Cooking costs per month (KES/month)

Wood Charcoal Modern fuel
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counting for these costs, but it is still better than not taking 
this aspect into account at all.

On the number of meals per day

In Kenya as in most parts of the world, people usually eat 3 
meals per day. However, it is common that all three are not 
fully cooked meals, and rather for example fruits for break-
fast, with boiled water used to make tea. Another case of a 
meal that is not cooked is for example to eat leftovers from 
lunch for dinner. They usually have to be heated, but not 
fully cooked all over again.

That led to the assumption of a need of 2�5 meals cooked 
per day, which was made to account for these variations.

5. Single stove environmental 
impact

In this part, we will model and discuss the cumulative 
impact of a single stove during the entirety of its whole 
lifetime. According to interviews with the HSHC staff, the 
stoves are expected to have a lifetime of 5-7 years, which we 
will assume to be 6 years for the purpose of the model. This 
will then pave the way to a county-scale model, where all 
the contributions of the stoves will be summed up.

Fuel costs

The yearly calculations for fuel savings have already been 
made in 4.3 Savings from a switch to ICS. It is then straight-
forward to scale them up to the whole lifetime of a stove. 
The results are given in Table 12 below (using an opportu-
nity cost for the gathered wood):

Fuel One year Stove lifetime
Gathered wood 604 3625
Purchased wood 2917 17499
Charcoal 945 5667

Table 12: Saving on fuel costs during the lifetime 
of a stove (KES)

We notice that over the years, the fuel costs savings can add 
up to a significant amount. However, these values will rare-
ly be reached in practice, since purchasing wood is not a 
very common practice, and the savings earned by gathered 
wood will not be tangible (but are a way of accounting for 
opportunity costs).

The most concrete line in this table is the charcoal related 
one. Since charcoal is typically purchased, the saving of an 
annual 950 KES is a real concrete result of a switch to an 
ICS, and can be used to market the ICS adoption programs.

Photo 15: Collected fuelwood waiting to be sold 
Photo taken by the author
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Fuel consumption

Using the data from the previous part, we can here again, 
scale the results to get an estimate of the amount of fuel 
saved by a single ICS over its lifetime.

Fuel One year Stove lifetime
Wood 347 2081
Charcoal 57 341

Table 13: Fuel savings from a switch to an ICS 
(kg)

Once again, fuel savings add up to a significant amount 
over the years, breaking the bar of 1 ton of fuelwood saved 
after one year.

Moreover, if we consider a typical wood to charcoal con-
version efficiency of 15%[30], an ICS used with charcoal 
saves about 2200 kg of wood over its lifetime, making the 
end result it comparable to using it directly with fuelwood.

ICS can thus potentially save up to 2 tons of wood, regard-
less of the fuel used. However, this implies that the stove is 
correctly used and maintained, as well as consistently used 
over its whole lifespan.

Note on results consistency

Throughout the thesis work, all numeric values were 
checked against figures found in similar contexts (research 
works, surveys, etc…) to see if the results were in the same 
ranges and order of magnitude. This verification was a way 
to make sure that there were not any noticeable flaws or 
mistakes in the calculations, formulas and equations used.

All results so far have been falling in the right value ranges. 
This does not necessarily mean that all results are 100% 
exact, but it at least confirms that there is no major flaw in 
the model, approach or calculations.
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Figure 13: Overview of the County-scale model

Part III. County-scale ICS 
impact assessment model

1. Goal and methodology
1.1. Goal and scope

Now that we have a consistent model of single stoves, the 
next step is to try and model the behavior and effects of 
these cooking solutions on a larger scale.

The county-scale model is an extension of the single stove 
model, as it aims to generalize the energy and fuel calcula-
tions to the whole county. This has been achieved by mul-
tiplying the relevant values by the number of households 
using each kind of cooking solution, then gathering the 
data and comparing different scenarios.

The aforementioned scale choice is crucial: we aim for a 
scope that is large enough to have meaningful outputs, and 
be useable by decision and policy makers (to whom such 
models are usually directed). At the same time, the vari-
ance of some parameters (such as fuel repartition) across 
different regions and lifestyles means that the scope should 
also be specific enough for the model to be relevant.

For these reasons, the area chosen is rural Nyeri County. 
The data gathered during the Naro Moru field trip can be 
easily extended to the whole county, since the lifestyles are 
similar across this region. The restriction to the rural areas 
comes from the lack of precise data on local urban areas, 
and the major lifestyle differences between the two settings.

1.2. Model overview

The data from the single-stove model is of course crucial 
to the county-wide model. In addition to it, we added de-
mographic data such as population growth rate and energy 

mix data.

An overview of the model is shown on Figure 13: Overview 
of the County-scale model.

Note on fuel stacking in the model

This model only focuses on the main cooking solution 
used by a household. This is both because of the difficulty 
of finding data on the secondary fuels and the added com-
plexity that the model would have to support to account for 
fuel stacking. However, since an energetic approach was 
used, the energy demand value in the model isn’t affected 
by the fuel used, and the output values are still relevant.

1.3. Calculation methods

Total energy demand, fuel use and costs

Calculating the total energy demand and fuel costs for the 
whole county is relatively straightforward since we only 
need to scale the results in the previous part to account 
for all the households in the County. The cooking cost per 
household was also computed, to get a normalized cost 
figure.

The population growth rate was assumed to be the same as 
the national value, at 2.7%[5].

Impact on forestry

In order to compute the forest area saved by ICS, we need 
to find a way to convert a woody mass into a forest area. 
However, the most common conversion in forestry is vol-
ume-to-area, so we first need a way to calculate the volume 
of a given weight of wood, i.e. know the wood’s density.

However, this is a more complex issue than it sounds. The 
wood density depends on the precise species of the tree, its 
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growing conditions and it even varies within a tree itself!

From the field study, interviews with KFS officers showed 
that the most common tree used for fuelwood is the euca-
lyptus tree. An inventory of the Naro Moru forest shows 
that the predominant species of this tree is the Eucalyptus 
camaldulensis[16]. There is however no local study of the 
wood’s density, but the closest we could get is a study of the 
density of this same species of tree grown in Iran[31]. This 
study put the wood density in a range from 554 to 572 kg/
m3. For the purpose of this model, we assume a density of 
560 kg/m3.

Using this value, we can then calculate the volume of wood 
saved by an ICS, using the formula:

From this, using forest density value from an FAO forest 
resource assessment[32] which gives a national average 
forest density of d = 174 m3/ha, we can compute the area of 
forest corresponding to a given volume of wood:

Input data, assumptions and scenar-
ios

1.4. Input variables: sources 
and assumptions

Fuel distribution

The first key input variable in the model is simply the main 
fuel distribution, i.e. how many households use fuelwood 
as their primary fuel, vs charcoal. This data is easily avail-
able, as highlighted earlier, in the paragraph Household 
data. As of 2009, 72% of the Nyeri households were using 

fuelwood, and 15% were using charcoal.

Sources of fuelwood

In order to properly calculate the costs involved in the 
model, the repartition of the two major ways fuelwood 
is provided (collected vs. purchased) need to be known. 
However, there is very little data that is both recent and 
specific to Nyeri County. The most extensive study on the 
subject to this date has been made by F. Nyang in 1999[22]. 
According to it, in the sample that has been studied, rough-
ly a quarter of rural households purchase their fuelwood. 
An older study (made in 1985) also puts the share of house-
holds that occasionally or regularly purchased fuelwood at 
20% to 25% depending on the sampled area[24].

This suggests that this share can be assumed to be constant 
through time, and is of about 25%. This is the assumption 
that will be made in the model.

ICS penetration

The final key set of input variables is the penetration rates 
of ICS, both for wood and charcoal. This is a difficult data 
to get, since ICS are mainly distributed through private 
organizations, and there is no study on their penetration 
rates.

However, a report by USAID[9] gives some estimates that 
prove helpful for assessing the range values of the ICS pen-
etration rates. Those are national-wide values, and are:

• 4% penetration rate of ICS for wood, in rural 
areas, in the early 2000s

• In areas where an ICS adoption program was in 
place (GIZ/PSDA), the penetration rate was 38%

• 50-60% of charcoal users use an ICS
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• In the major cities Nairobi and Mombasa, this 
number jumps up to 80%

Using these figures, we can make some assumptions for the 
penetration rates in 2014:

• Assuming there has been a positive change in the 
wood ICS penetration, but in the absence of a ma-
jor county-wide stove adoption policy, the wood 
ICS penetration rate in rural areas is assumed to 
be at 6%

• Charcoal users are typically able to afford ICS 
technologies where awareness exists. We assume a 
number in the lower bracket of the USAID esti-
mate : 50%

1.5. Scenarios

Two scenarios are considered in the medium-term range: 

• A business as usual scenario, with a relatively low 
raise in the ICS adoption rates and switch from 
wood to charcoal

• A “ICS policy” scenario, where ICS are promoted 
and relatively widely adopted, and with a larger 
population switching from wood to charcoal

• A “Strong ICS policy” scenario, where ICS be-
come used by a large number of wood users and 
almost all charcoal users, and with a strong switch 
from wood to charcoal

The key input values for the scenarios are given below, as 
well as corresponding graphic representations.
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Variable (2030 value) Business as usual ICS Policy Strong ICS Policy
ICS wood penetration 10% 30% 50%
ICS charcoal penetration 60% 75% 90%
Fuelwood users (%) 80% 75% 70%
Charcoal users (%) 20% 25% 30%

Table 14: key input values for the scenarios
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2. Scenarios and the World Bank 
Global Tracking Framework

2.1. The framework

In its report Global Tracking Framework[33], the Sus-
tainable Energy For All initiative of the World Bank has 
proposed a framework designed to assess and compare a 
region’s household cooking energy access, on a tiered scale 
ranging from 0 to 5. Tier 0 corresponds to cooking habits 
relying exclusively on three-stone fires, and tier 5 to habits 
relying purely on non-biomass cookstoves.

This framework takes into account several parameters, 
described in figure 14 below.

2.2. Kenyan ICS grade assess-
ment

Since the HSHC Kuni M’bili stove has undergone third 
party testing, it is possible to assign a grade to it. The dis-
tinction between grade D and B is based on technical stove 
performance results, as proposed by the International 
WorKESop Agreement[34]. Performance is assessed using 
four criteria: safety, overall emissions, indoor air pollution 
and fuel use. The HSHC ICS performs as follows:

Criteria Corresponding IWA Grade
Safety1 2
Overall emissions 1
Indoor air pollution 2
Fuel use 2

Table 15: Technical grade assessment for the 
HSHC ICS

This puts the HSHC ICS at a technical performance cor-
responding to a tier-2 (grade C) stove. However, since the 
stove corresponds well to the local cooking habits, is easy 
to use and fulfills most cooking needs of households using 
it, the framework provides an adjustment to the technical 
data, described in figure 15.

This adjustment makes the HSHC ICS a level 3 stove. This 
confirms its positioning as an intermediary step between 
the traditional cookstoves and the higher tiers associated 
with modern fuels.

Figure 14: The multi-tiered framework for cookstoves
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2.3. County-wide tier assess-
ment

Using the assessment above, and assuming that the tradi-
tional jiko is a level 2 stove, we can assess the county-wide 
tiers of the different scenarios used in the model:

Scenario Tier
Business As Usual 0,76
ICS Policy 1,36
Strong ICS Policy 1,92

Table 16: Scenarios and corresponding 
WB tiers

The prevalence of three stone fires makes the Business As 
Usual tier quite low, but we can see that both scenarios can 
enable a significant jump up in the WB tier framework.

3. Results
3.1. Energy demand

Figure 16: Total cooking energy demand in differ-
ent scenarios

In the business as usual scenario, the total energy demand 
predictably goes up (by 30%), following the increase in the 
population over the years. An increasing energy demand 
to keep up with the increasing population is the current 
situation of many countries.

In the ICS policy scenario however, the total energy de-
mand for cooking stays relatively stable, despite the in-
crease in population. The introduction a certain number 
of ICS and 5% of the population switching from wood 
to charcoal gives the overall cooking efficiency the boost 

Figure 15: CCA adjustments for the WB framework
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needed to balance the increase in the final energy needs.

This balance is shifted even more in the Strong ICS Poli-
cy scenario. In this case, even though the population still 
increases, the cooking energy demand decreases by 30%! 
This shows how much of a margin there is in the field of 
improving energy efficiency in a global scale.

On the quantitative side, we can notice that both in in-
crease in the business as usual scenario and the decrease in 
the strong ICS scenario affect the cooking energy demand 
by the same amount (30%), but in opposite directions.

3.2. Cooking costs

Figure 17: Yearly cooking costs per household 
(kKES)

The model shows that the average yearly cooking costs 
per household increases in all scenarios. This is expected, 
since we assume that households are switching from using 
“free” fuelwood and stoves to buying a dedicated stove and 
switching to charcoal for some.

Also as expected, the strongest the ICS policy put in place 
is, the more significant the raise in costs is. However, since 
there is little relative difference between the costs increase 
in all three scenarios, it is likely that this increase is main-
ly caused by the households switching from fuelwood to 
charcoal,

Quantitatively, the increase is relatively small, at 2% to 3% 
depending on the scenario considered.

Overall, we can get from this result that, while there will 
always be a cost gap between using gathered fuelwood 
or purchased charcoal for cooking (as seen in 4.2 Cook-
ing price per MJ and per month), the economic gap from 
switching from a traditional cooking stove to an ICS is 
relatively small.

Thus on a policy perspective, it would be more efficient to 
push for a cookstove switch than a fuel switch.

3.3. Forestry impact

As can be seen on Figure 18: Cumulative forest area saved 
by ICS (ha), the fuel savings made by ICS adoption adds up 
over the years, reaching between 750 and 2500 ha in 2030, 
depending on the scenario.

In the ICS policy scenario, forest area savings amount to 
1650 ha, which is roughly double the amount of forests 
saved in the business as usual scenario. Switching to a 
strong ICS policy makes this figure go up to 2500 ha, which 
is another 850 ha more than the basic ICS policy scenario.

To put these numbers in perspective, let us compare them 
to the total forest area in Nyeri County. The actual forest 
area figure fluctuates by a surprisingly large amount de-
pending on the forest assessment considered, for the pur-

Figure 18: Cumulative forest area saved by ICS (ha)
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poses of this thesis we will consider the 2010 FAO Global 
Forest Resources Assessment [32], that puts the total forest 
area in Kenya at 3,467,000 ha. According to Kenya Forest-
ry Services, Nyeri County accounts for 38% of the global 
forest coverage in Kenya[35], which puts the Nyeri County 
forest area at 1,317,400 ha. 

The results are summarized in Table 17 below.

Scenario Forest Area Forest %
Business As Usual 762 0,058%
ICS Policy 1656 0,126%
Strong ICS Policy 2427 0,184%

Table 17: Forest savings due to ICS switch
As important as the raw numbers may seem, when put in 
perspective, the forest savings only represent a small part 
of the total forest cover in the County. This shows that fuel-
wood gathering only plays a minimal part on the pressure 
on the forests, and has a significantly less important role 
when compared to other activities such as its use for pro-
ductive activities (charcoal, lumber, etc…) and pressure for 
agricultural land.

However, the low figure is also explained by the fact that 
Nyeri County is the most forest-covered county of the 
country, while its population is only the 26th largest. This 
makes the calculated figure more of a lower bracket for the 
forest savings, but gives a general idea of the extent of the 
phenomenon.

Note on accounting for charcoal in forestry sav-
ings

It was decided not to account for forestry savings resulting 
from charcoal consumption in this model, for two reasons:

• 75% of the charcoal used in Nyeri County is 
produced outside the county. Since this model is 
focused around the direct impact of wood savings 
on Nyeri County, the model would actually be less 
accurate if charcoal-induced forestry savings were 
accounted for.

• A large part of the charcoal use is done in insti-
tutional contexts, such as schools, hospitals, etc… 
Since this study is centered around households, 
such a consumption pattern does not fit into this 
model.

Note on the sustainability of fuelwood harvesting

While calculating the forest area lost to fuelwood gathering 
can help grasp the extent of the link between cooking and 
deforestation, it is important to recall that this only ac-
counts for the losses in the forests. Every year there also is 
a substantial amount of tree planting and reforestation. The 
key to limiting deforestation is to find a balance between 
the wood harvested for cooking and the tree planting, thus 
achieving a sustainable way of harvesting firewood.

4. Sensitivity analysis
Now that our model is complete and its results analyzed, 
we ought to analyze its sensitivity to its input parame-
ters. Because some of these key parameters are results of 
assumptions and/or measurements, this analysis would 
enable us to see which parameters have most influence on 
the model’s output, and on what extent.

Parameters and outputs

Four key variables that were considered relevant were 
chosen, and their values varied between a low and a high 
figure. The key variables are presented in the table below:

Parameter Low Base High
Energy needed per meal (MJ) 3,276 3,64 4
Opportunity Cost (KES/bundle) 40 70 100
ICS Efficiency (wood) 0,17 0,19 0,22
Meals/day 2,3 2,5 2,7

Table 18: Key sensitive variables and their variations

The output results chosen to be analyzed were:

• The total energy demand in 2030, in the ICS pol-
icy scenario

• The cooking price per meal with an ICS and 
gathered wood

• The total forest area saved in 2030, in the ICS 
policy scenario

Results

The results are displayed in the form of tornado charts, 
with the parameters ranked from the more influent to the 
less influent. 

Figure 19: ICS Policy Total Energy demand (2030, 
million GJ)

 The total energy demand is mainly influenced by the ener-
gy needed per meal and the number of meals per day. The 
ICS energy efficiency only plays a minor role since most of 
the energy demand comes from the inefficient 3 stone 
cooking fires, and that the efficiencies range is a lot narrow-
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er than the energy needed per meal that can vary in a more 
important way.

Figure 20: Cooking price per meal with ICS + 
gathered wood (KES)

 The cooking price per meal with ICS and gathered wood is 
extremely dependent on the value chosen for the opportu-
nity cost. Since this figure is hard to estimate, it varies 
rather importantly in the sensitivity analysis, which ex-
plains its place at the top of the chart. The ICS efficiency 
and the chosen value for the energy needed per meal have 
a similar role in the variation of the final value.

Figure 21: Total forest area saved by 2030 (ICS 
Policy, ha)

 For the forestry savings, as expected, the ICS efficiency 
plays a major role. Each percent of thermal efficiency helps 
tremendously in forestry savings when applied on a county 
scale, which makes the stove’s manufacturing quality a 
major focus point in this issue. The energy needed per 
meal and number of meals per day play a similar role.

Conclusion

Due to the linearity of most equations used, the sensitivity 
of the output values to the variation of the input parameters 
is directly related to the variation range of the parameters 
used in the corresponding equations.

One notable exception is the major impact of ICS efficien-
cy on saved forest area, because of both the non-linear re-
lation between the efficiency and the fuel savings, and the 
fact that the computed result is the sum of forestry savings 
over the 15 years of the scenario.
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Part IV. Concluding thoughts

1. Summary
Throughout this thesis work we have explored the context 
of cooking solutions worldwide and in Kenya, explored 
and modeled the main and most viable ICS solutions 
in this context, and proceeded to model the impact of a 
county-wide adoption in different scenarios. Here are the 
conclusions that can be drawn from these models:

Importance of biomass-based cooking 

The cost analysis in 4.2 Cooking price per MJ and per month 
shows that the cost gap between biomass-based cooking 
and modern fuels is so high that it is the only economi-
cally viable way for most rural households to access their 
cooking needs, at least in the short to medium term. This is 
in accordance with World Bank Projections[33]. Biomass 
cooking is here to stay, and government policies should re-
flect that vision, and promote ICS technologies in order to 
ease the burden on their citizens, before adopting policies 
to engage in a transition towards modern fuels.

 That being said, there have been cases where very aggres-
sive policies (especially subsidies-based) made it possible 
for countries to leap-frog that step and transition into 
modern fuels in a very short time[26]. These policies are 
however very costly on their governments, and must be 
part of a country’s strategic development.

Fuelwood and deforestation

Domestic fuelwood harvesting is often denounced as an 
important factor in deforestation. The calculations made 
in this thesis work however show that while fuelwood 
harvesting certainly plays a role in deforestation, it is often 
only circumstantial, especially when compared to forest 
excision for productive activities and pressure for settle-
ment and agriculture.

Fuelwood harvesting also probably plays a more signif-
icant role in deforestation in other, more populated and 
less forest-dense counties, such as the ones in the arid and 
semi-arid areas, such as the regions in the north of Kenya.

2. Personal challenges
On a personal level, this thesis project posed many inter-
esting challenges. The first and most prominent one was 
the difficulty to gather data for many of the aspects covered 
in this work. Studies on the cooking sector in Kenya are 
readily available, but often outdated, very specific to a cer-
tain area, or provide figures inconsistent with each other. 
This was the main reason the field study was necessary, as 
it was the only way to get reliable, site-specific data. And 
even when access to the right people was possible, it was 
sometimes difficult to contact them. For example, I repeat-
edly asked Nairobi University for the raw data of their Wa-

ter Boiling Test (which would have made the model more 
accurate), but did not manage to get an answer.

When precise documented reports were available, I also 
had to be careful to differentiate data gathered directly on 
the field from laboratory tests. Laboratory tests often give 
much more technical information about stove technolo-
gies, but one has to be careful with these values, as they 
represent an ideal utilization of the cooking appliances, 
which is rarely found on the field.

Managing these various sources of data, cross-checking 
figures and making assumptions for the missing data was 
one of the most challenging aspects of this work.

Finally, conceiving the entire model from scratch was also 
a very interesting challenge. Since I haven’t come across an 
energy-based analysis of different cooking solutions in the 
literature, I had to come up with an entirely novel approach 
to the issue, and that was both challenging and fulfilling.

3. Ideas for further research

Include urban areas

The first and most important improvement that can be 
made to the model developed in this thesis would be to 
extend its scope to include urban areas. These areas are also 
a target of ICS because of their important use of charcoal in 
the model, and including them in the model would provide 
a more complete insight of the situation.

Add other fuels in the mix

This idea goes in pair with the previous one. Throughout 
this thesis we assumed that the modern fuel use was too 
marginal to be of a significant impact on the model, es-
pecially on the medium term vision considered. An idea 
for further development would be to include modern fuels 
(especially LPG) in the model, and phase them in in the 
energy mix for a clearer picture of the long term energy 
system (e.g. 2050).

Account for indirect effects

Although fuel and cost savings are the most obvious short 
term effects of switching to improved cooking stoves, they 
are far from being the only ones. Indirect, more subtle 
consequences of this switch include savings on health costs 
and safety increase both during fuel collecting and cook-
ing. Although these are hard to quantify, some attempts 
have been made to model their shadow costs[36]. Due to 
time constraints, they have not been including in the mod-
el for this thesis work but that can be an idea for further 
development.

Account for inflation and costs variation

As with every market, the costs of fuels vary, both in the 
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form of short term fluctuations and longer term trends. 
Accounting for these would require a study of the previous 
economic trends for the last years, and estimating the state 
and possible variations of the market, and their effects on 
cooking costs for households.
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Annexes

1. Sample of data for one stove

3 Stove open fire (purchased wood)
> Fuel data

Fuel Wood (Eucalyptus)
Fuel unit Bundle (22,5 kg)
Conversion factor 22,5
Energy content (Mj/kg) 18
Energy content per fuel unit (MJ/unit) 405
Price per fuel unit (KES) 200,00 KES
Price per energy unit (KES/MJ) 0,49 KES

> Stove data
Stove 3 Stove open fire (purchased wood)
Fuel Wood (Eucalyptus)
Efficiency (%) 14,00%
Fuel burning rate (g/min) 40
Stove power (W) 1680
Stove Price (KES) 0,00 KES
Stove Lifetime (years) 1
Fuel consumed per meal (kg) 1,44

> Fuel lifetime data
Final energy provided per unit (MJ) 56,7
Meals capacity per unit (meals) 15,58
Fuel lifetime (days/unit) 6,23

> Price data
Fuel unit final cost (KES) 200,00 KES
Cooking price per final energy (KES/
MJ)

3,53 KES

Cooking price per meal (KES/meal) 12,84 KES
Cooking price - income ratio (1 salary) 16%

> Yearly data
Yearly cooking fuel demand (GJ) 23,73
Yearly cooking cost per household 
(kKES)

12
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