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Abstract  
Today, increasing air pollution and global mean temperature, due to overconsumption of non-renewable 
resources, is a fact. Climate change is affecting life worldwide, with major draughts and flooding as a 
result, with severe consequences, especially for the poorest. In order to prevent further utilization of 
Earth’s resources, an action for a sustainable development needs to be taken.  Changes can be made, 
preferably in symbiosis, by knowledge, behavioral change and technical innovations. Since almost three 
billion people in the world are using traditional biomass for cooking at an open fire, cookstoves can serve 
as a solution, improving standards of living, slow down deforestation and reducing emissions. 

This thesis is a study made on two improved cookstoves manufactured in Swedish called FirePipe. A field 
study was performed in the village of Borebor Silasie, in central Ethiopia. Standardized tests were used as 
tools for benchmarking the performance of the stoves. The participating test group was asked to write 
down their fuel usage during 6 weeks, both with their traditional stove, the Three Stone Fire (TSF), and 
the FirePipe stove separate. Tests were performed in order to evaluate if the FirePipe stoves could 
reduce the fuel consumption compared to the traditional stoves. Two complimentary tests, the Water 
Boiling Test (WBT) and the Standard Safety Test (SST), were performed in selected families with their 
cooperation, in order to determine the thermal characteristic and safety aspect of the stoves.   

Conducted tests showed a better overall performance for the FirePipe stoves than the TSF. Especially, in 
decreasing fuel and time usage, which are two important aspects for adopting a cookstove. The 
combustion of FirePipe stoves was less sensitive for external disturbances, and the chef could therefore 
complete other things parallel to cooking. Some areas of improvements have been detected and better 
firepower and thermal efficiency would be preferable. The pots, which the FirePipe stoves were 
designed for, do not correspond to the effect produced by the cookstove. FirePipe has the potential to 
contribute to sustainable energy use through more efficient cooking and reduced fuel usage. 

 

 

 

  



 

Sammanfattning 
Idag är ökade luftföroreningar samt ökad global medeltemperatur, orsakade av överkonsumtion av icke 
förnybara källor, ett faktum. Klimatförändringarna påverkar livet världen över, med utbredda torkor 
samt översvämningar som följd, vilket har förödande konsekvenser, speciellt för de allra fattigaste. För 
att förebygga ytterligare förbrukning av jordens resurser måste agerandet för en hållbar utveckling ske. 
Förändringarna kan ske, helst i symbios mellan kunskap, beteendeförändring och tekniska innovationer. 
Eftersom nästan tre miljarder människor världen över använder traditionell biomassa för matlagning 
över öppen eld kan spisarna vara en lösning, som både ökar livsstandarden samt minskar avskogning och 
emissioner. 

Detta arbete är en studie av två förbättrade svensktillverkade spisar kallade FirePipe. En fältstudie av 
dessa gjordes i byn Borebor Silasie i centrala Etiopien. Standardiserade tester användes som verktyg för 
att jämföra spisarnas prestanda. Den deltagande testgruppen bads anteckna deras bränsleåtgång under 
sex veckor, både under användning av deras traditionella spis samt FirePipe-spisen separerat. Testen 
gjordes för att kunna utvärdera om FirePipe-spisarna kunde minska bränsleåtgången jämfört med det 
traditionella alternativet. Två komplimenterande tester, ett vattenkokningstest (WBT) samt ett 
standardiserat säkerhets test (SST), genomfördes i utvalda familjer, med deras samarbete, för att 
utvärdera termiska egenskaper och säkerhetsaspekter hos spisen. 

Testerna som genomfördes i studien visar på att FirePipe-spisarna minskar förbrukningen av bränsle 
samt tidsåtgången för att tillbereda mat. Detta är två av de viktigaste aspekterna för att en spis ska ta sig 
in på en marknad. Förbränningen i FirePipe-spisarna var mindre känslig för yttre omständigheter, vilket 
möjliggjorde att matlagaren kunde göra andra saker parallellt med att de lagade mat. En rad 
förbättringsområden upptäcktes under utförandet av testerna, en högre effekt samt ökad termisk 
effektivitet skulle vara att föredra. Värmeenergin visade sig vara för låg i förhållande till de kastruller som 
FirePipe spisarna var designade för. FirePipe-spisarna har potentialen att bidra till hållbar 
energianvändning genom effektivare matlagning och minskad bränsleanvändning 
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Nomenclature 
 

Name Character Unit 

Ash Content of dry substance            % 

Diameter         cm 

Difference in height between     and           cm 

Differences in temperature 

 

   °C 

Equivalent dry wood consumed      g 

Firepower     W 

Fuel required, cooking standard meal                      g 

Height 

 

        cm 

Height of Cooking Surface     cm 

Height of Obstructions 

 

    cm 

Height over Sea Level      m 

Height, starting    m 

Height, tipping        m 

Individual multipliers, Final Safety Score      - 

Local Boiling Point, Water       °C 

Lower Heating Value, dry fuel        MJ/kg 

Lower Heating Value, wet fuel        MJ/kg 

Length of wide side         cm 

Mass of Burned Fuel Remaining     g 

Mass of Char Remaining       g 
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Mass of Fuel, dry           g 

Mass of fuel, during test     g 

Mass of Fuel left     g 

Mass of Fuel, wet           g 

Mass of Initial fuel bulk     g 

Mass of Water in Fuel                g 

Moisture Content    % 

Moisture Content, wet       % 

Number of times Standard Meals cooked    - 

Point received in each Safety Test      - 

Quantity of stoves used in test    - 

Rate, wood consumed bringing water to boil     g/min 

Ratio of Heights    - 

Remaining Ash content, burned wood      g 

Specific consumption     g/liter 

Specific fuel consumption    % 

Standard Deviation   - 

Sum of all points from  Safety Tests 

 

    - 

Temperature, Celsius  ( ) °C 

Temperature, cold reservoir    °C 

Temperature, hot reservoir    °C 

Temperature, Kelvin    K 

Temperature of object n  ( )  °C 

Thermal Efficiency    % 
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Time to finish the test       min 

Total amount fuel for test                      g  

Total weight of all food cooked                    g 

Turn Down Ratio     % 

Water remaining     g 

Water temperature, end of test      °C 

Water temperature, start     °C 

Water Vaporized      g 

Weight of pot      g 

Weight of pot after test          g 

Weight of pot before test          g 

Weight of each pot used in the test 

 

       g 

Weight of each pot with cooked food         g 

 

Acronyms   
 

  

AFREA Africa Renewable Energy Access 

ARI Acute Respiratory Infections 

CCT Controlled Cooking Test 

CEM Clean Energy Ministerial 

COPD Chronic Obstructive Pulmonary Disease 

EnDev  Energizing Development 

FAO Food and Agriculture Organization of the United Nations 

FDRE  Federal Democratic Republic of Ethiopia 

GACC  Global Alliance for Clean Cookstoves 

GDP Gross Domestic Product 

GHG  Green House Gases 

GIZ  Deutsche Gesellschaft für Internationale Zusammenarbeit  

IAP  Indoor Air Pollution 



4 
 

ICS   Improved Cookstove 

IDA International Development Association 

IGA  International Geothermal Association 

IRAC International Agency for Research on Cancer 

IRENA International Renewable Energy Agency 

KPT  Kitchen Performance Test 

LPG Liquefied Petroleum Gas 

MDG Millennium Development Goals  

NGO Non-Governmental Organization 

PCIA The Partnership for Clean Indoor Air 

PM Particulate Matter 

SACE Southern Alliance for Clean Energy 

SEA Swedish Energy Agency 

ISO  International Organization for Standardization 

IWA International Workshop Agreement 

TSF  Three Stone Fire 

UN United Nations 

UNDESA United Nations Department of Economic & Social Affairs 

UNDP United Nations Development Program 

UNF  United Nations Foundations 

UNFCCC  United Nations Framework Convention on Climate Change 

UNSD United Nations Statistics Division 

WADE World Alliance for Decentralized Energy 

WBT  Water Boiling Test 

WTE Waste To Energy 

WWF World Wildlife Found 
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1. Literature 
This chapter is an introduction to the project which contains the background of the problem in section 
1.1. Fact about Ethiopia and the energy situation will be found in 1.2 and 1.3. Biomass based fuel will be 
described in 1.4. Three Stone Fires, a more detailed description of cookstoves and the FirePipe will be 
found in section 1.5 through 1.7.  

1.1 Background  
In order to promote sustainable development and to make an improvement on the standard of living for 
humans, technical solutions and technical knowledge is a necessary key. New effective innovations can 
reduce the consumption of scarce resources, decrease the level of emissions, help increase the planets 
resilience for climate change and reduce its harmful effects (UNDP, 2010). 

In 1987, the United Nations defined the term Sustainable Development through the Brundtland Report; 
"Sustainable development is development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs”. In other words, this means meeting human 
needs without unsustainable damage to the environment and the ecosystems (United Nations, 1987). 

The increasing of the global mean temperature, more known as global warming, is a matter affecting life 
worldwide. Caused by continuous overconsumption and induced high levels of greenhouse gas emissions 
(GHG), mostly from high income countries, behavioral and technical changes need to be adopted to slow 
down the global warming. Despite less developed countries low impact on the climate change, they are 
afflicted with the most severe consequences, putting the poorest people into greater vulnerability 
(Leonard, 2011). 

Global incitements have been implied to counteract the increasing temperature. In an attempt to 
address this issue, the Kyoto Protocol to the United Nations Framework Convention on Climate Change 
(UNFCCC) was created in Kyoto, Japan in the end of 1997 and entered into force in 2005 (UNFCCC, 2013). 
The key objective of this protocol is a global cooperation to achieve; 

 “A stabilization of greenhouse gas concentrations in the atmosphere at a level that would prevent 
dangerous anthropogenic interference with the climate system” (UNFCCC, 1998).  

Also, the UN emphasizes the importance of energy efficiency. Renewable forms of energy need to be 
both developed, and increased in use, as a substitute for fossil fuels. To achieve this, research and 
promotion of technical solutions need to be introduced (UNFCCC, 1998). Moreover, another important 
objective is to minimize the impacts of climate change on low income countries, facilitate the 
development of sustainable energy to provide them to not take the same path as the more developed 
countries with the usage of fossil fuels (Svanström and Gröndahl, 2010). 

In order to engage companies, governments and actors of the civil society, the United Nations declared 
2012 as the “International Year for Sustainable Energy for All”. An initiative where two of the three goals, 
achievement dated to 2030, were (UN, 2012); 

- Universal access to modern energy services 
- Reducing global energy intensity1 by 40%,  

                                                           
1
 Energy intensity – the total energy use by all of human civilization (Yoder, 2013) 

2
 Clean Energy indicates energy from renewable sources, often related to solar, wind and sustainable bioenergy 
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The same year, due to the ending of the first phase of the Kyoto Protocol, the United Nations 
Department of Economic & Social Affairs (UNDESA) held a conference on sustainable development, the 
Rio+20 dialogue, in Rio de Janeiro, Brazil. One of the objectives that were up for discussion was: how to 
build a green economy (UN, 2013) – or in other words; “a biomass based economy” (Rio+20 Portal, 
2013). 

Even though encouraging the usage of biomass fuel, it must be used in a sustainable and effective way. 
Today, more than 2.7 billion people are relying on traditional biomass based fuel for cooking. This 
massive demand has adverse environmental and health effects (WHO, 2011). Inefficient burning of 
biomass based fuel has a clear correlation with increased climate change, both regionally and on a global 
level (Bigio, 2002).  High levels of emission cause negative effects on the users’ health (WHO, 2006a). 
According to a World Health Organization (WHO) report from 2006, there are three essential solutions to 
the problem of air-pollution; change of behavior, fuel and cooking equipment. This indicates that 
through knowledge, behavioral changes, efficient fuel and improved cooking solutions, unnecessary 
health impacts can be avoided. The usage of more efficient equipment, such as improved cookstoves, 
opens possibilities to a reduction of fuel usage, and thereby the amount of emissions. These three 
elements in symbiosis make a sustainable way of improving health and reducing the negative effects of 
indoor air-pollution (WHO, 2006a). 

Moreover, the importance of implementing sustainable energy systems in low income countries and 
growing economies, needs to be addressed, due to clear correlation between nations GDP and their use 
of energy (Gapminder, 2013). Under these conditions growth, and increased standard of living, will 
contribute to more intense usage of natural recourses, increased air-pollution, raising the levels of GHG 
emissions and speed up the pace of global warming (UNDP, 2010). Therefore it is vital that this economic 
expansion is realized in a sustainable manner. A part in achieving this is through technical solutions and 
technical knowledge. One less developed country with a rapidly growing economy, now facing these 
issues is Ethiopia. 

1.2 Facts about Ethiopia 
This section will give an overview of Ethiopia in aspects of economy, culture and cooking habits. 

1.2.1 General 
With its land area of total 1.1 million square kilometers and more than 91 million inhabitants, Ethiopia is 
the second-most populated country in the African continent and also the most populous landlocked 
nation in the world. The capital, Addis Ababa, located as shown in Figure 1, has only approximate 
population of 4 million, and due to its non-urbanization, most of the Ethiopian population is living in 
rural areas (The World Factbook, 2013).  
 
Ethiopia is one of the poorest countries in the world due to recurrent and prolonged droughts, conflicts, 
and refugee problems (The World Bank, 2012b). Many Ethiopians are living in conditions of extreme 
poverty with over 7 million people are facing food insecurity (FDRE, 2011a). Almost 30 percent of the 
population falls below the poverty line, which means roughly around 1.25 dollar per day and person (The 
World Bank, 2012b). Due to this, drought has multiple times confirmed the vulnerability of the Ethiopian 
people (FDRE, 2011a).  Still, it is a fast growing economy, one of the most rapid on the African continent, 
with a GDP growth of 7.2% in 2011 and an inflation of 33.2 % the same year (The World Bank, 2012b). 
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The foundation of the Ethiopian economy is based on agriculture. It is representing the single largest 
source of employment for the population, with totally 85% of the employment, and almost half of the 
GDP, 46% in 2012. One of the most important raw products of the agriculture is the coffee bean. In the 
segment of export it has been the major product for a long time. The possibility of turning the organic 
waste into energy in form of e.g. briquettes has since the recent ongoing debates about the climate been 
more relevant than ever. Essentially, the large coffee production has opened the door for Ethiopians to 
use their own waste for energy. (The World Factbook, 2013)  

Ethiopia has a huge potential to access renewable resources, with an ability to access all the clean 
energy2 it needs from natural resources (FDRE, 2011a). Unexploited biomass based energy resources can 
support the energy needs of Ethiopia’s underprivileged. These, often unevaluated potential resources, 
can also assist growth from a nation-economical viewpoint. According to recent studies biomass 
generates approximately 20 times more local employment than any other form of energy (Ndegwa et al. 
2011). Also this has an economically stimulating effect; as to it is an important source of energy for many 
small and medium-scale industries in Africa (Karekezi, 2002). Since 2009, Ethiopia has been a member of 
the International Renewable Energy Agency (IRENA). One of the initiatives taken under this partnership 
is to increase the capacity of renewable geothermal energy3 by 2013 (IRENA, 2013).  The recent 
development in hydropower should not be seen as a sustainable renewable resource for Ethiopia. The 
increased dependency leaves the Ethiopian power sector more vulnerable to drought. This, due to the 
climate change, is now a scenario more likely to often occur (REEEP Policy Database, 2012). An important 
aspect to achieve sustainable growth for Ethiopia is to detain the opportunities of renewable biomass 
based energy, such as coffee husk mentioned above. 

                                                           
2
 Clean Energy indicates energy from renewable sources, often related to solar, wind and sustainable bioenergy 

(SACE, 2013) 
3
 Geothermal energy means the thermal energy generated and stored in Earth (IGA, 2013)) 

Figure 1, Map of Ethiopia (FDRE, 2011a)  
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Ethiopia relies heavily on biomass for their thermal energy4 (REEEP Policy Database, 2012). Rural poverty 
linked with a multitude of other factors make biomass based fuel the primary energy source of Ethiopia 
(Guta, 2012), with a share of over 92% of the total energy utilization (EnDev, 2012). Most of the biomass 
based energy used in Ethiopia is generally not sustainable: more than two thirds of the districts 
bioenergy usage exceeds the production (REEEP Policy Database, 2012).  The potential resources, which 
could be used as renewable forms of energy, can be found in the waste products from agriculture. For 
example, the coffee residues have the potential of producing over 214 tons of biomass per year (Guta, 
2012). In the large perspective, that does not seem too much, where the usage of biomass based energy 
can yearly reach up to 2 tons per family and the total amount of biomass used globally is estimated to be 
730 million tons per year (GACC, 2012a). But for Ethiopia this is still an important source of renewable 
energy and a step in the right, more sustainable, direction. 

Other potential sources of renewable biomass based energy are industrial waste from the large banana 
and cotton production (Guta, 2012). A fast growing, thriving, industry in Ethiopia is the sugar production, 
planned to be increased in large scale (Davison, 2011). Ethanol can be produced quite cost effectively 
from the sugar cane residues, making it possible to uncomplicatedly extend the supply (Stokes, 2004). 
Another energy source from the sugar industry is the possibility to turn production waste into bagasse 
pellets (Erlich, 2013). There are governmental initiatives focusing on the sugar development, and several 
new plants are to be built in the upcoming years. Ethiopia wishes to multiply their sugar production and 
the goal is to become one of the world’s ten biggest exporters of sugar, along with being self-sufficient in 
sugar crop by the end of 2013 (Davison, 2011). According to recent studies in Brazil their bagasse 
produced annually has the potential of covering 20 percent of their total energy usage by 2020 (Buisness 
Wire, 2009), this clearly indicates what an important source of fuel the bagasse is. This clearly indicates 
that Ethiopia should really grip the potential of a large scale production of biomass based energy from 
industrial waste. 

What lies ahead for the Ethiopian energy market is to better manage sustainable biomass, through 
embracing the potential of converting the traditional biomass fuel and industrial waste into renewable 
forms of biomass based energy, such as biogas, biodiesel and bio-ethanol. Price and availability play 
important parts, and need to be competitive towards other forms of fuels. These liquid and gaseous 
forms of power are promising sustainable forms of energy, but the technology to make this a fact needs 
to be developed (Guta, 2012). In the direct economical perspective this should not be overlooked; here 
exists a potential of retaining foreign currency through export (FDRE, 2011a). Yet, aligning national 
energy supply with socio-cultural and economic development is addressed as the major challenge in 
Ethiopia’s energy sector (Guta, 2012).    

On the aspect of Ethiopian food culture, there are two elements more essential than others; Injera-
baking and fasting. The Ethiopians love their Injera, a bread or “pancake” made out of teff5, which can be 
eaten with different types of sauces. Injera-baking alone, stands for 50% of the primary energy utilization 
in Ethiopia, and over 75% of the total household use of energy. The dish requires a flat, large sized stove 
for baking, named “Injera stove” (see Figure 2), used for this purpose only (Beyene and Koch, 2012). Also 
there is an Orthodox Christian culture of fasting in Ethiopia (more than 40% of the population is 
Orthodox). Specific days (Wednesdays, Fridays and during fasting) it is not allowed to eat before lunch-

                                                           
4
 Thermal energy is the energy in a system generated and measured by heat (Klein & Nellis, 2011) 

5
 Teff (Eragrostis tef) – is  a cereal grain crop  solely growing in one country in the world; Ethiopia (National 

Academy of Science, 1996) 
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time nor eating meat during the whole day (Government of Ethiopia, 2012). These are aspects important 
to this study; as it will be reflected in the cooking habits of the Ethiopians. 

 

Ethiopia is a country where the development of an electrical network is far from complete. 77% of the 
population is without any access to electricity, making it one of the countries in the world with the 
lowest percentage to access electrical power (WEOO, 2012). This “modern energy” is a minor supply 
source for Ethiopians (FDRE, 2011b). Roughly 96% of the Ethiopian population is using traditionally 
biomass based energy for cooking (WHO, 2011). This major supply source of energy is mainly based on 
charcoal, dung and fuelwood. The high demand on biomass has resulted in Ethiopia facing serious 
problems in energy supply and utilization. In the continuous hunt for firewood, the consequences are 
affecting the environment, causing deforestation (FDRE, 2011b) and a reduction by 2% every year of 
farm yield potential (FDRE, 2011a). Since Ethiopia battles with the ability to cover its own food demand, 
the consequences of this reduction are fatal (WHO, 2011).  

The usage of traditional energy sources also causes severe effects on the health of the consumers. 
Annually over 72 000 people die of polluted air in Ethiopia and another 700 000 suffer from the bad 
cooking conditions. This staggering numbers must be decreased and this can be reached by more 
sustainable, less polluting, resources. In this case, both improved cookstoves and efficient biomass based 
energy can reduce these harmful effects (GACC, 2012a). 

Regarding the level of CO2 emissions per capita, Ethiopia has a low rate, 0.1 metric ton per capita, 
compared with other Sub-Saharan less developed countries with an average of 0.9 metric tons per 
capita, and other low income countries at 0.3 metric tons per capita. Also, to make a statement on 
Ethiopia’s low emissions, this can be put in comparison with the levels of e.g. Sweden and the US, which 
is 4.7 respectively 17.3 metric tons per capita (The World Bank, 2009). While being a growing economy it 
is important for Ethiopia to expand in a sustainable way, and not to dramatically increase the rate of CO2 
emissions, while achieving their goal; becoming a middle-income country.  

 

Figure 2, Woman baking Injera – on the specific flat 

Injera stove in the village of Borebor Silasie. 

 (Murray, 2013)  
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1.2.2 Incitements  

The Federal Democratic Republic of Ethiopia (FDRE) is governmentally divided as illustrated in Figure 3.   

 

Figure 3, Government divisions 

All federal decisions concerning all parts of Ethiopia and its economy are made by the Federal 
Government. Thereafter, in the hierarchy follows nine regions with a Regional Government, who are 
able to make decisions in relation to their area. Often there are regional offices and institutions 
responding to the federal, e.g. Federal Energy Office vs. Regional Energy Office. Every region includes 
several district levels called Wereda Administration; followed by Kebele administration where even more 
local decisions take place (Government of Ethiopia, 2013). 

Ethiopia is a country which signed the Kyoto Protocol, but yet with no binding targets. However, the 
nation has on its own initiative created targets and incitements similar to the objectives of the Kyoto 
Protocol (UNFCCC, 2013).  

Recent efforts to manage a higher standard of living for the Ethiopians, made by donors and the 
Government of Ethiopia, have strengthen the agriculture and thereby the economy. A Growth and 
Transformation Plan has been implemented, which briefly contains agricultural, industrial and 
infrastructural projects (FDRE, 2010).  One important part in this project is the investment in renewable 
energy, including the fuel of this study; biomass based energy. In this plan, the Government of Ethiopia 
formulated the following visions; 

Ethiopia’s long-term vision is (FDRE, 2010),  

“To become a country where democratic rule, good-governance and social justice reigns, upon 
the involvement and free will of its peoples; and once extricating itself from poverty and becomes a 
middle-income economy.”  

Ethiopia’s long-term vision in the economic sector is (FDRE, 2010),  

“To build an economy which has a modern and productive agricultural sector with enhanced 
technology and an industrial sector that plays a leading role in the economy; to sustain economic 
development and secure social justice; and, increase per capita income of citizens so that it reaches at the 
level of those in middle-income countries.”  

Notable is that the core target of the Ethiopian economy is to become a middle-income country. It is of 
great value that this is realized through sustainable development. To ensure this, Ethiopia has embarked 
a Green Economy Strategy, an incentive to increase climate-resilient and carbon-neutral growth. The 
strategy has the following vision, challenge and goal; 

Federal 
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 The vision: “Achieve middle-income status by 2025 in a climate-resilient green economy”  

 Ethiopia’s challenge: “Realize economic development goals in a sustainable way” 

 The plan: “Follow a green growth path that fosters development and sustainability”  

The main content of the strategy is the necessity for the Ethiopian economy to develop and achieve their 
goals in a sustainable way.   

Even though the GDP has been continuously growing for the last years, the level of income per capita has 
not followed; it is still one of the lowest in the world (The World Factbook, 2013). To reach both the 
goals of the Ethiopian government and the common worldwide climate objectives, one important part is 
the ability of managing to reach out and assist the poorest people in order to meet their basic needs. To 
succeed, technical solutions are required. One of these solutions could be the improved cookstoves. 

In “Ethiopia’s climate-resilience Green Economy Strategy” from 2011 the FDRE emphasizes the 
importance of using more efficient stoves in order to reduce the amount of burned fuelwood for 
cooking. They have implemented a plan of deploying more than 9 million improved cookstoves by 2015. 
According to the report this would have a massive positive impact on Ethiopia and its population as well 
as globally. Using more efficient stoves would essentially (FDRE, 2011a); 

 Save energy 

 Reduce GHG emissions 

 Decrease damageable health effects from air-pollution 

 Reduce amount of hours spent on fuel collection (Empowerment) 

 Create jobs in the cookstove industry 

 Save USD 270 million in opportunity cost for fuelwood 

 Increase rural household income by 10% 

In order to make this a reality, the government developed an investment plan, including programs 
covering improved distribution, financing and production.  They describe this implementation of 
improved cookstoves to be; “The most powerful initiative overall” (FDRE, 2011a). 

1.3 Energy poverty and Energy ladder 
Mostly, poverty is defined as the lack of, or low, income, often referred to being placed under the 
poverty line, based on how much one person has the ability to spend during each day (The World Bank, 
2013). However, there is another form of measuring poverty, more accurate to the topic of this thesis – 
Energy poverty (Sovakcool, 2012). This scarcity indicates the ability to meet basic energy needs. 
According to the United Nations Development Program of 2010, these needs can be divided into two 
energy indicators; electricity and cooking fuels. Meaning, having lack of access to electricity and/or 
having reliance on traditional biomass fuels such as; charcoal, wood and dung is considered being energy 
poor (UNDP, 2010). Energy poverty can also be measured by how much of their income a family spends 
on fuel – more than 10% to 15% per year equals living in energy poor conditions (Sovakcool, 2012).   

One, and the most common, way to describe this type of poverty is by an “Energy ladder” (See Fig. 4). 
This illustrates the bottom of the ladder, containing solid fuels, meaning traditional biomass based fuel 
and coal, for energy services like e.g. cooking and lighting (Holdren and Smith, 2000).  
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Figure 4, the Energy Ladder. Retrieved from WHO (2006)  

Higher up the ladder there are non-solid fuels, starting from liquid and gaseous fossil fuels on to natural 
gases and the top; electricity. The cleanness, convenience and efficiency of the fuels increase the higher 
up the ladder they are (WHO, 2006b), leaving crop waste and dung most inefficient, and electricity the 
ideal choice when seeking energy efficiency of high heat-output. 

Increased prosperity and development are indicated as factors for moving higher up the ladder (WHO, 
2006b). Although, due to how households use their energy, these factors are not considered to be 
entirely accurate (Sovakcool, 2012). Even households with a higher income prefer using e.g. firewood 
because of its availability and locally low cost compared to the more modern energy (Hiemstra-van der 
Horst and Hovorka, 2008). Studies analyzing fuel choices have in some cases shown switches from e.g. 
kerosene to biomass - a backward movement on the energy ladder (Lewis and Pattanayak, 2012), yet 
again, motivated by affordability and availability.   

In the perspective of sustainable development, ideally the step of liquid and gaseous fossil fuels would 
be passed over. Meaning, that a growing economy would go directly from biomass based energy to the 
source of electricity to meet their energy need (Davis, 1998). Thus, this seems to be an unattainable 
challenge for less developed countries like Ethiopia; a country which is suffering from energy poverty 
due to its profound reliance on biomass based resources and the significant demand causing weaknesses 
of indigenous biomass resources (Guta, 2012).    

Meanwhile, the importance of technical solutions and technical knowledge is the essential key to 
decrease energy poverty, and minimizing the harmful effects of being at the bottom of the Energy 
ladder.  
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1.3.1 Why electricity is not yet the solution in Ethiopia 
Electricity would, with its transferred efficiency of 100%, be the optimal source of energy (Klein and 
Nellis, 2011). This sort of power is placed at the top of the Energy ladder and common in the more 
developed countries. The reason for this is the requirement of a developed infrastructure to obtain a 
well-working electricity system (CEM, 2012). In most low income countries, like Ethiopia, this is not yet 
the solution to their energy demand. Ethiopia has been expanding their network of electricity 
continuously during the last years, and electricity lines can be seen even in some rural areas (The World 
Bank, 2012). It should be emphasized that most of these lines are not yet even connected to any source 
of energy, and therefore cannot provide this part of the population with power.  Mainly the power-grid 
follows along the main roads, far from the distant villages. Together with the International Development 
Association (IDA) an electricity access project, started in 2007, has been set up to enable to expand the 
rural access. In November 2013 the second phase of this project will come to its closing (The World Bank, 
2012). Although, the network of electricity in Ethiopia is suggestively growing, the generated energy will 
primarily go to less power-demanding purposes like lighting. For example; a 40 Wh lamp burning 1 hour 
requires only 40 Wh (0.144 MJ)6, while a common electricity-stove demands approximately 2300 watt 
(8.280 MJ) during the same time period. This shows that cooking for 1 hour results in roughly 60 times 
more energy use, than having a lamp turned on for the same amount of time (E.On, 2012). Before the 
people in the rural areas can use electricity for their cooking a massive expansion is vital, and this will not 
take place in the nearest future for Ethiopia. 

In the meantime, biomass is the presented solution. In the next chapter the concept of biomass will be 
explained along with comparisons of different sorts of biomass based energy. 

1.4 Biomass based Energy  
Due to the past years increasing awareness of the climate change and its effects on the environment, 
renewable biomass based energy has become a product of worldwide interest (Guta, 2012). These are 
considered to be a carbon-neutral renewable source of energy (The Gold Standard, 2011). This recent 
rising attention also has it grounds in rising prices of fossil fuel and concerns of energy security. 
Furthermore, it is obvious that the consumption of fossil fuel needs to be dramatically decreased, 
resulting in a continuous search for clean energy. Biomass has the possibility to offer renewable energy 
for wider households, industrial and transportation services. Hence, technical innovations can be a turn 
in the world’s energy system (Guta, 2012). 

In the process of burning solid biomass based fuel the level of moisture plays an important part in the 
aspect of efficiency and environmental effects. A less moisture containing fuel burns at a higher 
temperature (UNDP, 2010). During the process the energy of the biomass is converted into heat. Firstly, 
when igniting the fuel, the water inside the biomass starts evaporating. This procedure requires energy, 
preventing the temperature from increasing above its boiling point, forcing the water temperature to 
stay under 100°C (Havtun, 1997). Therefore, the combustion process will be slow during this phase. At 
the time the biomass is dried out, the temperature rises and to 200 – 300 °C and for firewood, the 
pyrolysis process starts at this temperature. Solid fuel heats up with lack of oxygen, the fuel is 
undergoing thermal degradation, meaning that the chemical structure in the fuel changes.  The fuel 
emits gases and tar, leaving charcoal as an end-product. When reaching 700 °C, gasification is taking 
place. In this phase, the solid fuel is mixed with oxygen and converted into syngas, carbon monoxide and 
hydrogen. At these higher temperatures the combustion is fully developed, the biomass, and carbon 
within it, will burn in a mix with oxygen creating heat to be used for e.g. cooking (Loo Van Sjaak, 2008). 

                                                           
6
 1kWh = 3600 kJ = 3.6 MJ (Havtun, 1997) 
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As mentioned earlier the worldwide consumption of biomass is estimated to be 2 billion tons every day 
(WHO, 2006b). The International Energy Agency (IEA) projected that the amount of people relying on 
biomass could increase by 100 million by 2030, and will continue to rise (Jones, 2010).  In less developed 
countries, like Ethiopia, with several poor rural communities, an aim would be to mount higher up the 
Energy Ladder. Again, availability and affordability are two factors decreasing the pace of this process, 
leaving biomass to remain as the most practical fuel in these areas (Polsky and Ly, 2012). Availability and 
affordability have also previously been mentioned as two major factors in the choice of biofuel, and 
these vary notably from region to region throughout Ethiopia, due to domestic energy requirements 
(GACC, 2012d). One important challenge that lies ahead is the possibility to reduce the gap between 
supply and demand of biomass energy (EUEI PDF, 2009). More efficient forms of the existent biomass 
can decrease the demand; these forms could be pellets and briquettes.   

Pellets and briquettes made out of renewable biomass is a common source of fuel in less developed 
countries. These are often made from recycled materials, agricultural- and industrial waste (Seboka, 
Getahun and Haile-Meskel, 2009). The residuals are being compressed, making the resource to reach 
higher density; thereby resulting in a fuel more consistent in size and composition than the originally 
biomass based materials (GACC, 2012b). Pellets and briquettes have a lower operating cost than the 
more preferable choices in high income countries – electricity and oil (SEA, 2011). By pelletizing or 
briquetting biomass, a significant improvement in the performance of the stoves can be achieved (Bruce 
et al. 2011). Under the right conditions these fuels can be burned more efficiently than the traditional 
biomass. A Rwandan pellets making co-operation recently shown that their high density pellets made out 
of wood were four times more efficient than the traditional wood fuels (GACC, 2012b). Thanks to their 
more convenient size; pellets and briquettes requires low work input compared to wood (SEA, 2011). 

The challenges in providing briquettes and pellets at a large scale and affordable prices are the 
availability. In previous setting this had been proved rather complex (GACC, 2012b). Waste-derived fuel, 
like biomass, calls for a lot of cleaning, drying and preparation (Seboka et al. 2009). It often requires the 
construction of an industry for its production, resulting in the need of small-scale factories in rural areas. 
The existing technology has substantial potential but necessitates both development and evaluation for 
large-scale use of pellets and briquettes (Bruce et al. 2011). Storage space and some attendance are two 
issues required with these sorts of fuel, due to most of the crops, representing the material of the pellet 
or briquette, are very seasonal (SEA, 2011).  

The United Nations Foundation describes both pellets and briquettes as “clean” fuel, due to the fact that 
they require no additives in the production process. Even though there has been very little independent 
testing on the climate impacts of pellets and briquettes usage, there is a clear indicator that this type of 
fuels could significantly decrease both emission and fuel usage (GACC, 2012b). 

For the Ethiopian market sustainable fuel could be made out of sawdust, sugar cane waste or coffee 
husk. All these are suitable for Densified briquettes – a product of a simple compaction process of 
biomass in high pressure. By converting these loose residuals into pellets or briquettes a more energy 
rich and user-friendly fuel, compared to traditional biomass, is obtained (UNHCR, 2002). 

The most common traditional biomass based fuels used today in less developed countries like Ethiopia 
are, as mentioned earlier; dung, firewood and charcoal. Basically biomass based energies are derived 
from three sources; agricultural residues, forestry residuals and energy crop (Guta, 2012). Generally afro-
industrial residues and crops have low bulk and energy density (Seboka et al. 2009). It is apparent that 
different types of biomass based fuel have different types of properties, and in the search for the right 
source of energy their significant pros and cons needs to be taken under consideration. The general 
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different thermal characteristics, such as moisture rate, Lower Heating Value (LHV) and ash content, of 
traditional biomass and other more contemporary residue based biomass are to be found in table 1.  

Thermal Energy Characteristics 

Source of Biomass Moisture rate % LHV (MJ/kg) Ash Content % 

Dung (dry) (a,b)  12-15 12.0- 14.5 11.0-27.0 

Firewood (c) 10-60 8.4-17.0 0.25-1.7 

Charcoal  (c) 1-10 25.0-32.0 0.5 -6.0 

Bagasse (wet) (c,a,d) 40-60 7.7-8.2 1.5-11.0 

Bagasse (dry) (c,a,d) 10-15 16.2-17.7 1.5-11.0 

Coffee Husk (e, c) 10-13 16 -16.4 0.6-11.4 

Pellet of wood (f, g) < 10 16.9 - 18.7 <1.0 

Table 1, Retrieved from: a) WTE, 2013 b) Piet and Lens, 2005 c) Sullivan and Barnes, 2006 d) Shell Foundation, 2004 e) Seboka et al. 2009: 
f) Paul, 2012 g) Srikantaswamy et al. 2013 

There is a correlation between efficient biomass fuel and a high level of heating value (LHV). At the same 
time, a low moisture rate and a low rate of ash content are most preferable. The outcome of ash is 
evidently correlated with the initial moisture level of the fuel, this due to the process of burning solid 
fuel mentioned above. When comparing different types of biomass it is evidently important to take 
these two factors into account. If these are not taken under consideration all biomass based resources 
would have almost equal energy values (Rosillo-Calle and Woods, 2007).  

In table 1, above, the spectrum of the most general values for moisture rate, LHV, and ash content for 
different types of biomass based fuel are presented. As shown in the table, the highest levels of heating 
value (LHV) are to be found in charcoal and pellets of wood, 25 -32 MJ/kg and 16.9 -18.7 MJ/kg 
respectively, and not surprisingly they have both among the lowest overall ash content (0.5-6.0% and 
below 1% respectively) as well as moisture rate (1-10% and below 10%). At the same time the lowest 
level of heating value (LHV), firewood (8.4 – 17 MJ/kg) and wet bagasse (7.7 – 8.2 MJ/kg), have among 
the highest levels of moisture, 10 – 60% (firewood) and 40-60% (wet  bagasse). These figures of water 
content is also related to the ash contents, 0.25 -1.7% and 1.5-11% respectively. The importance of a low 
moisture rate for higher efficiency is clearly indicated by the increased heating value, 16-2 -17.7 MJ/kg, 
of the dried bagasse (10-15%). Compared to other types of biomass based fuel, table 1 also gives 
information of the traditionally used fuel, dung has a rather low LHV (12.0-14.5 MJ/kg) and a comparably 
high content of ash from generally 11% up to 27%. In this table the values for dried dung with a moisture 
rate between 12 -15% has be included, but fresh dung can have a much higher moisture rate, up to 
approximately 78%, and therefore a much lower LHV (Seboka et al. 2009). Another fuel, of great interest 
for this study, mentioned in table 1 is the coffee husk. The data collected above (LHV: 16.0-16.4 MJ/kg, 
Ash content: 0.6-11.4%) are general values for coffee-residue briquettes with a moisture content of 10 -
13% (for references: see table 1). 
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Another way of presenting the characteristics of different types of biomass based fuels are through the 
typical energy conversion efficiency. This is described as the ratio between useful output and the added 
input (Klein and Nellis, 2011), in this case meaning the energy from the biomass based fuel converted 
into heat inside the cooking pot. Meaning; the higher the energy conversion the more efficient biomass 
based fuel. The energy conversion efficiency varies within the same type of fuel depending on their 
moisture rate, typical LHV and what kind of stove is being used. In table 2, presented below, examples of 
this efficiency for the earlier mentioned type of biomass based fuels are illustrated; 
 
Energy Conversion Efficiency 

Source of Biomass 
Moisture 
rate (%) 

LHV 
(MJ/kg) 

Energy Conversion Efficiency (%) 

Dung (traditional stove) (a) 15 14.5 12 

Firewood (traditional stove) (a) 15 16.0 15 

Firewood (efficient stove) (a) 15 16.0 25 

Charcoal (traditional stove) (a) <10 30.0 20 

Charcoal (efficient stove) (a) <10 30.0 30 

Bagasse (b) 50 17.0 20 

Coffee Husk (b) 13 16.0 33 

Pellets of Wood (b) <10 17.5 34 

Table 2, Retrieved from: a) Sullivan and Barnes, 2006 b) Shell Foundation, 2004. Firewood and Charcoal values are received from cooking 

on their respectively stoves (see chapter about cookstoves), dung, bagasse, coffee husk and pellets of wood from traditional stoves (TSF 
etc., see next chapter). 

The table above, (table 2), clearly demonstrates the higher efficiency of pelleted and briquetted biomass. 
Pellets of wood and coffee husk briquettes are shown to have an energy conversion efficiency of 33% 
respectively 34%, when used in a traditional stove, with the properties of less than 10% moisture rate 
and a LHV of 17.5 MJ/kg respectively 13% moisture rate and 16.0 MJ/kg of LHV. This can be compared 
with dung (moisture rate 13%, and LHV of 14.5MJ/kg) with the same sort of efficiency on solely 12%. The 
importance of a low moisture rate is stated through wet bagasse, with a moisture content of 50% and 
LHV of 17.0 MJ/kg, which on a traditional stove only gives the energy conversion efficiency of 20%. The 
increased efficiency when using an improved cookstove instead of the traditional option is illustrated in 
table 2 with two different examples; firewood and charcoal. As one can read from the table, the energy 
conversion efficiency is increased by ten percentage points for the same types of fuel when used in an 
efficient stove. Firewood, with a moisture content of 15% and a LHV of 16.0 MJ/kg gives the energy 
efficiency of 25% instead of 15% when used on an improved cookstove. Furthermore, charcoal with a 
moisture content of less than 10% and a LHV of 30.0 MJ/kg increases from 20% to 30% of energy 
conversion efficiency when the traditional stove is changed into an efficient stove.  
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1.4.1 Dung  
A common source of energy in low income countries is dried dung, more often than not; cow dung. In 
Ethiopia this is a frequent used fuel in the rural areas (UNDP, 2010). It is a renewable energy source, 
generated from everyday animal waste and regularly cheaper than the modern fuels. Purchasing 
normally requires no cash outlays, and often occurs by the exchanging of other products (e.g. crops) 
(Barnes et al. 1994). It decreases the time spent on collecting fuel, due to that it is often available directly 
at home. The possibility to use dung instead of wood eases the local pressure on the scarce wood 
resources. The use of dung contains some inconvenient aspects; if it is too wet during burning a lot of 
unhealthy smoke will be generated and in addition, due to its nature it is often not the most preferable 
choice (UNDP, 2010). Dung also requires a process of handling, caused by the necessity of drying and 
formatting it into “briquettes” before using it as fuel (Serio et al. 2002).  

1.4.2 Firewood 
Wood is still the largest source of biomass based fuel used in the world today (GACC, 2012d), and also 
the most common energy resource in Ethiopia (AFREA, 2011). There are several problems connected 
with firewood. Firstly; it is a scarce resource constraining the availability. Secondly; it requires a lot of 
handling, such as gathering and drying. The density of the wood plays an important part when it comes 
to the developed effect and the eminence of combustion (SEA, 2011). The level of moisture and the 
quality of the fuel are other significant factors. The type of wood plays an important part in the efficiency 
outcome, and is highly affected by the level of moisture, if the wood is too wet, it could be almost 
impossible to ignite, it will burn much slower and less clean (SEA, 2011). This is partly illustrated in the 
table 3 below, where the energy content, LHV (Lower Heating Value), of the same sort of wood with 
different moisture rates were estimated; 
 
Lower Heating Value correlation between Moisture Rate 

Source of Biomass Moisture Rate % LHV (MJ/kg) 

Firewood (wet, fresh out) 40 10.4 

Firewood (air dried, humid zone) 20 14.6 

Firewood (air dried, dry zone) 15 15.6 

Firewood (oven dry) 0 20.0 
Table 3, (WTE, 2013) 

There is a clear correlation between a lower percentage of moisture rate and increased heating value. 
The relation between these two can be described in form of an equation; 
 

              (       )              

(               ) 
 
Where        is the Lower Heating Value for the wet wood, the        Lower Heating Value for the 

dry wood, and       the wet basis moisture content in percent of the biomass and the constant 2.447 
is the latent heat of vaporization of water in MJ/kg at 25oC. This indicates that the maximum heat 
value is obtained when the wood is completely dried (Sokhansanj, 2011).   

1.4.3 Charcoal 
Charcoal is a biomass based fuel, generally made out of animal and vegetation substances, in the most 
common form: a residue of wood (UNHCR, 2002). In more developed countries these are often to be 
found in form of briquettes, while in less developed countries the charcoal is regularly produced in a less 

Equation (1) 
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compact form (UNFCCC, 2011). Through carbonization - a process where the wood loses all its moisture 
and most volatile content - the wood is turned into charcoal. During its production usually more than 
half of the energy contained inside the wood is lost. Lately this unnecessary loss of energy has increased 
the support for improved production technologies (EUEI PDF, 2009). Nevertheless, charcoal is considered 
to be preferable fuel - especially in rural areas - due to its high energy-density, low weight, convenience 
and burns without producing much of particulate matter emissions (GACC, 2012b). On the other hand, 
charcoal commonly, due to inefficient combustion, has high carbon monoxide emissions, making it non-
preferable in a health perspective. Unlike most other forms of biomass, the charcoal is purchased and 
the production often takes place in rural areas, generating jobs (GACC, 2012b). 

1.4.4 Pellets of Wood 
Pellets made out of wood are the most common type of pellets, generally made from compacted 
sawdust or other waste from wood product manufactures (Pelles Fuel Institute, 2011). According to the 
International Energy Agency (IEA), the production of wood pellets has more than doubled between 2006 
and 2010 in Europe and North America (Cocchi, 2011). This is a growing market, expected to be an 
important source of efficient energy in low income countries. Wood pellets are generally extremely 
dense and can be produced with a moisture-content below 10%, which generates very high combustion 
efficiency. Geometrically these pellets are especially convenient; their small size allows an easy access of 
fuel into the stove. Though, it not as intense on deforestation as firewood, pellets made of wood is still a 
concern; if this becomes a large-scale industry it could significantly interfere with the scarce resources 
(Manomet Center for Conservation Science, 2010). 

1.4.5 Sugar Cane 
Sugarcane is the world’s largest crop, and a major plant in many countries. As mentioned earlier; sugar is 
a growing industry, planned to be multiplied, enabling Ethiopia to large-scale production of biomass 
based energy from industrial waste (FAO, 2004). Sugarcane is one of the plants with the highest 
bioconversion efficiency, and it has the potential to be more effective than e.g. solar energy. After the 
crop has been harvested, crushed and pressed it produces bagasse – a fibrous wet matter (WADE, 2004). 
This procedure results in (Austin, 2011):  

Process:  10 tons sugarcane → 3 tons wet bagasse 

The bagasse requires strategic storage, due to that the cane is a seasonal crop and the supply of bagasse 
peaks shortly after harvest. In 2005, approximately 345 000 tons of bagasse was produced in Ethiopia 
(UNSF, 2005). Obtainable technologies can in an efficient way turn the bagasse into electricity, which can 
play an important part when electrifying the rural areas in Ethiopia.  

1.4.6 Coffee Husk Briquettes 
Coffee is, as mentioned earlier, an important product of export for Ethiopia. The annually high 
production, 160 000 tons (estimated to 200 000 tons including illegal production) makes the remaining 
husk an important source of energy. The coffee production has different characteristics and generally 
there are two types of procedures: wet and dry processing (Seboka et al. 2009): 

 Wet process:  100 kg coffee  → 4 kg residue 
 Dry process:  100 kg coffee → 25 kg residue  

Of the total residue husk represents more than 90%. It has a considerably low bulk density 
(approximately 50 – 80 kg/  ), and is difficult to handle and transport. However, these residues can be 
turned into more efficient fuels by pelleting or briquetting. After this process the density can be 
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increased to 500 – 600 kg/  . The availability of coffee husks is quite high throughout Ethiopia, but most 
accessible in the east and south regions, and there are already several large-scale suppliers on the 
market (Seboka et al. 2009).  

In order for biomass based fuel to be a sustainable source of energy, it is necessary to use it in an 
efficient way and as mentioned earlier, technical innovations can be this turn in the world’s energy 
system (Guta, 2012). In the next chapters different types of stoves, from the traditional Three Stone Fire 
(TSF) to several different types of improved cookstove, will be presented.  

1.5 Three Stone Fire 
Traditional Cooking with Three Stone Fire (TSF) and related problems will be discussed in the following 

section. 

1.5.1 Introduction 
As mentioned earlier, almost three billion people in the world are using traditional biomass energy for 
cooking. In most of the households, women are the ones responsible for building the fires and the 
preparing of meal. The ways of cooking differ, but mainly through the usage of inefficient stoves. The 
most common cooking device in the world is the TSF (illustrated in Figure 5), a technique which is 
merely, as the name tells, three stones equal in size and shape put together, upon which a cooking 
device can be placed. This kind of open fire cooking wastes a lot of fuel, due to that the heat source is 
mainly focused on the bottom of the cooking vessel (WHO, 2011). 

Therefore, the energy from the actual fire is not effectively transferred to the pot, keeping the heat 
transfer coefficient7 of the Three Stone Fire at a low rate. Generally only about 10 -15% of the total 
energy from these fires enters the inside of the vessel, and thereby reaches the food or water that 

                                                           
7
 Heat Transfer Coefficient – the quantitative characteristics of convective heat transfer between a fluid medium 

and the surface (Klein and Nellis, 2011). 

Figure 5, Three Stone Fire (TSF) 
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should be heated. A fire in an open system is difficult to control and easily effected by wind and other 
outside factors. With this low rate of efficiency surplus fuel is spent, time is wasted and the amount of 
pollution that rises to the atmosphere or ceilings is unnecessarily high (UNHCR, 2002). 

1.5.2 Health Issues 
Because the TSF is often used in rooms with bad ventilation, families that relay on biomass and charcoal 
for cooking can live with exposure of pollutants up to 100 times higher than accepted standards within 
the industrialized countries (GACC, 2012c). Effects of indoor air pollution caused by cooking, leads to that 
two million people die prematurely every year and even more suffer from health diseases, making it the 
5th most common cause of death in low income countries (WHO, 2011). Exposure to emissions from 
cooking, such as particulate matter (PM), carbon monoxide and carbon dioxide, has several severe 
health effects. The most lethal include acute respiratory infections (ARI), chronic obstructive pulmonary 

disease (COPD), various types of cancer, where the most common is lung cancer, and less resistant to 
tuberculosis. Among the less deadly are asthma, different eye problems like cataract, low birth weight 
and perinatal health conditions (Ezzati et al. 2002). Children are among the ones most exposed to the 
emissions. They are also put to risk when helping or playing in areas near the open fire (Rehfuess et al. 
2011), as well as to the dangers of handling the fire and fuel collection. Handling the open fire causes 
injuries where burns and scalds are common. Collecting fuel (Figure 6) can take several hours a day and 
the collected bundles can weigh up to 70 kg. In areas where fuel is scarce, walking long distances with 
heavy loads can cause head and spinal injuries. In unsafe areas such as war zones, the walk is also a 
security issue where assaults have been reported (GACC, 2012c). 

1.5.3 Economic Issues 
Another consequence of the inefficient energy use of the TSF is that much time is needed to prepare the 
food. Energy poverty and general poverty are often related. In Ethiopia, the average time to collect 
cooking fuel is six hours per week (EnDev, 2012). Above this, preparing and cooking food take 
considerable amount of time, which leaves the women, and sometimes children, with little time left for 
income generating work or education, leading to a social imbalance (WHO, 2002). 
In most urban areas and in rural areas where fuel supply is scarce, money spent on buying fuel is a major 
issue. More efficient fuel types, such as electricity, are often cheaper per Joule. However, since these are 

Figure 6, A woman Carrying Firewood, Addis Ababa (Hedlund, 2013) 
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seldom available in poor countries, already strained economies are sometimes forced to spend up to 
20% of the household’s disposable income on fuel (UN, 2005).  

1.5.4 Environment Issues 
In low income countries, 730 billion tons of biomass is burned in households annually and due to lack of 
efficient technology, leading to negative environmental effects (The World Bank, 2011a). For example, 
24% of the total black emission in the world is from burning biomass with traditional technology (GACC, 
2012a). Moreover, the incomplete fuel combustion of the TSF generates a high amount of particals that 
remain in the atmosphere and contribute to the global warming (The World Bank, 2011a). 

Deforestation is caused by harvesting unsustainable amounts of firewood (Mongabay, 2012), and the 
effects of deforestation are causing vital problems. Firewood scarcity is raising the prices and making it 
beneficial to collect more remote firewood to sell. As the soil goes barren the land is therefore less 
suited to use for agriculture, as well as more sensitive to regional climate disruption (WWF, 2013). 
Consequences of this can be more frequently erosions and loss of ecological variety. With fewer forests 
to absorb the carbon dioxide, there is also a risk for accelerating global warming (Rockström et al, 2009). 

1.6 Cookstoves  
Main purpose for cookstoves is to be a bridging technology between traditional cooking over open fire 
and electrical stoves. Cookstove is a technology that can reach out to many of the poorest people and 
provide a better future. 

1.6.1 Why Cookstoves? 
As mentioned in the background, problems caused by TSFs are avoidable, having diverse solutions e.g. 
better ventilation, change of fuel and change of cooking habits. Introduction of improved cookstoves 
(ICS) is one of the solutions, as it has potential to reach out to the majority of the population due to low 
production costs (GIZ, 2012). There could be said to be three categories of stoves, the traditional like 
Three Stone Fires, improved cookstove (ICS) and clean cookstoves. Improved cookstove is mainly used 
for stoves that have improved efficiency over the TSF and with a chimney or closed combustion chamber 
to remove smoke from the cooking area (The World Bank, 2011a). Clean cookstoves are designed for 
more efficient energy, like electricity and Liquefied Petroleum Gas (LPG) (GACC, 2012a). 

The improved design of the ICSs, to enclose the fire, gives a higher thermal efficiency 8compared to the 
TSF. The concentrated fire will give a higher burning temperature resulting in a more complete 
combustion and cleaner burning. This provides double benefits, reducing greenhouse gas emissions and 
IAP. Reduction of indoor emissions can prevent many of the health issues related to the TSF (Abhishek et 
al. 2012). With higher thermal efficiency the cookstove will also reduce the fuel usage as less heat is lost 
while cooking.  One stove can save 65% of the fuel compared to the TSF, saving energy and resources, as 
well as reducing the labor related with collection and cooking. This enables families to increase their 
standard of living with more time to spend on work or care for their children (Andrew et al. 2011). 

1.6.2 Different Cookstoves 
More than 50 ICS types exist today, and due to the array of different cooking cultures, there is no one-fit-
all design. ICSs differ in regards to design, materials used, size, prize etc. Mass produced cookstoves are 
usually made in metal, while cookstoves produced locally uses materials available in the region such as 
ceramics, bricks and clay (Differ, 2012).  

                                                           
8
 Thermal Efficiency – the dimensionless performance (percentage) of the device, in this case the ratio between 

heat output and heat input (Klein and Nellis, 2011). 
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The main categories are Rocket stoves, Gasifier stoves with secondary combustion, Forced Air, Charcoal 
and Liquid/Gas stoves. 

Rocket Stove 
Rocket stoves are design to capture the heat from the fire, to improve the heat transfer to the pot and 
reduce emissions compared with Three Stone Fires. As to be seen in figure 7, there are four main 
principles. (Aprovecho Research Center et. al 2005) 

 Insulation to retain the heat 
The heat flow path should be insulated, especially around the combustion area, to keep the heat 
from the fire concentrated on the pot. The insulation material should be lightweight with small 
pockets of air to not conduct the heat into the body of the stove.  

 Maintain good draft 
A small opening into the fire creates draft and allows oxygen through the burning process. The 
chimney above the fire increases the heat transfer as it allows the smoke to ignite on its way up, 
producing heat. The chimney design should be about three times higher than the diameter of the 
combustion chamber for best efficiency.  

 Improve heat transfer to the pot 
For the pot to absorb as much heat as possible the gas should be passing quickly as air has low 
thermal conductivity9.  

 Fire tending 
The amount of fuel used should be adjusted so that the gas has enough oxygen to ignite. Only the 
fuel that is burning should be hot, too much and smoldering fuel creates smoke. Smoke is 
unburned materials, containing harmful emissions. 
 
 

Secondary Combustion and Gasifier stoves  

One of the most recent improvements used in several cookstoves is secondary combustion, seen in 
figure 8. This air-system technique facilitates an increase of the efficiency through superheating10 the air 
inside the stove. After the primary combustion, the air in the chamber is preheated during its travel 
through the stove. Thereafter, secondary air supply is put into the flame path for an additional burning 
                                                           
9
 Thermal conductivity - Describes mediums heat transfer properties (Klein and Nellis, 2011) 

10
 Superheat – the temperature of a gas or vapor, above its boiling point (Klein and Nellis, 2011) 

Figure 7, Principles of a Rocket Stove 

Rocket Stove 
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process, creating the secondary combustion. The key of this technique is to provide air in the combustion 
process in order to increase the energy flux11. This innovation possesses several advantages as the stove 
will burn hotter, that will lead to lower emissions and reduced fuel usage. This is done in following steps. 
(Klein and Nellis, 2011) 

 Gas Flow 
When the fuel heats up it releases gases that mixes with fresh air, entering in small ventilation 
holes in the bottom of the stove. This can be seen in figure 8, blue arrows are air and orange 
preheated gas from the combustion chamber. Through conduction the air and gas gets 
preheated in the secondary combustion, moving up and ignites over the primary combustion 
chamber, illustrated with green arrows in figure 8. 

 High thermal efficiency 
The mixture of syngas and air allows high temperatures; the stove is heated to 700 °C. Due to the 
high generation of heat the thermal efficiency to the pot is greater than in a primary combustion 
stove. As the absolute heat difference increase, the thermal efficiency is increasing as well. 

 Secondary combustion 
Carbon monoxide in the air is splined and mixed with the moisture form the fuel in the 
secondary combustion. As to be seen in figure 8, red arrow, emissions are forced in to the heat 
of the flame and during a chemical reaction the emissions are reduced to syngas, containing 
carbon dioxide and hydrogen, which can be burned. The process is: 

                                                                                                                                      
 

  

                                                                                                                                CO +   O       +     
 

 

 

Figure 8, Principles of a secondary combustion stove 

The longer time the burned gases spend at higher temperatures, the more apparent are the benefits of 
the combustion process (Klein and Nellis, 2011). 

Forced Air 
To improve the efficiency of the gasifier stove it could be supplied with a powered fan. The fan is placed 
under the bed of fuel and blows small jets of air with high velocity into the combustion chamber. The 
forced air mixture will optimize the ignition of the gases resulting in higher burning temperature and 

                                                           
11

 Energy flux – the rate of transferred energy through a surface (Klein and Nellis, 2011) 

Secondary Combustion Stove 
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more complete combustion (GACC, 2012a). As the fan creates an intense heat the carbonization process 
will improve, leaving hot red-glowing char at the end of the combustion process that could be used to 
effectively simmer food (Anderson and Reed, 2004). It has also been estimated that not all types of fuel 
are preferable when using a gasifier. For example, cow dung has shown to decrease the conversion 
efficiency and heat value dramatically when used in a gasifier for biomass (Prokash et al. 2010). 
Therefore, it is vital to use the intended source of energy, such as pellets of wood mentioned in the 
section of Biomass based Energy, for maximum efficiency when using these types of stoves. 

Charcoal Stoves 
The charcoal stoves are similar to the Rocket stove in its design, enclosing the combustion chamber for 
better efficiency. To vary the amount of draft throughout the stove there is a ventilation door; opening it 
will increase the firepower for rapid boiling and an enclosed door is used for simmering.  The charcoal is 
placed on top of the grid and the cooking gear is placed directly above for efficient heat transfer. 
(Aprovecho Research Center et al. 2011) 

Liquid/Gas Stoves 
The stoves using liquid or gas are usually designed with a container consisting of the liquid or gas, placed 
right above the pot for cooking. The fuel is burned with an intense blue flame and the heat can be 
adjusted easily with a knob. The high pressure in the canister creates superior mixing of gas, air and 
flame when burned and will therefore have a clean combustion (Aprovecho Research Center et al. 2011). 

1.6.3 Standardized tests 
As GACC is working for cookstove standards and certifications, there are now four interim standard tests, 
Standard Safety test (SST), Water Boiling Test (WBT), Kitchen Performance Test (KPT) and Controlled 
Cooking Test (CCT). The first standard test was developed by Volunteers in Technical Assistance (VITA) in 
the 1980´s. Further development has been done by Shell Foundation, University of California-Berkeley 
and Aprovecho Research Center who updated the protocol in 2009 (Aprovecho Research Center, 2009). 
These tests are to ensure the function of the cookstove and enable benchmarking between different 
types. The results are categorized into four groups, Tier 0 to Tier 4. Tier 0 represents traditional open fire 
stoves. The best performing ICS using biomass are reaching Tier 3 while liquid and gas stoves are 
reaching Tier 4 (Berkeley Air Monitoring Group, 2012). To ensure the efficiency of the cookstove before 
doing a field test, the WBT and CCT should be conducted in laboratory where the performance of the 
stove can be evaluated. When the stove design and performance is optimized, a KPT can be done in the 
field. In order to determine the pollutants from the stove, an emissions assessment could be done while 
conducting the tests. 

1.6.3.1 The Standard Safety Test (SST). 

The purpose of the test is to ensure the users safety, reducing the risk of injuries such as cuts on sharp 
edges and burns when handling the cookstove (PCIA, 2012d). The main steps in the process are the ones 
described below (Johnson, 2006): 

1. Sharp edges and Points 
A cloth is used and rubbed along the exterior surface to evaluate numbers of catches/tears in the 
fabric. The hazards of sharp edges are that it could conduct cutting wounds and the risk for 
overturning the stove by clothing catching the edges. 
 

2. Cookstove Tipping 
It is important that the cookstove maintain an upright position during cooking, spill of hot contents 
or fuel can cause severe injuries. Therefore the stove will be slightly tilted to the point where it tips 
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over. This is done to distinguish the center of gravity and evaluate the tipping potential, calculated 

as,    
    

  
 where (  ) are the Ratio of starting height (  ) and tipping height (    ). 

 
3. Containment of Fuel 

The test evaluates the risk of burning fuel coming out from the combustion chamber, both in upright 
position and when being overturned. 
 

4. Obstructions near Cooking Surface 
The area next to the cooking surface should be flat so pots easily can be moved. Obstacles sticking 
up is evaluated by their risk for create hazardous situations. 
 

5. Heat Transfer 
The heat transferred from the body of the cookstove will be measured to evaluate the risks of 
burning or material nearby the stove to catch fire. Measurements will be taken on the external 
surface, ambient air, surrounding materials as the floor and on objects that needs to be handled 
while cooking, like a door for the combustion chamber. 
 

6. Flames Surrounding the Cook pot 
Flames appearing in the cook pot area can catch fire on clothing or cause burns while handling the 
pot. Therefore the amounts of flames surrounding the cook pot will be observed and graded. 
 

7. Flames/Fuel Exiting Fuel Chamber, Canister or Pipes 
To minimize the risk for the surroundings to ignite the fuel should not extend beyond the loading 
region or storage container. This test will evaluate the risk of flames exiting the burning area. 
(Johnson, 2006) 

 

1.6.3.2 Water Boiling Test (WBT) 
The WBT intends to measure stove performance, identify design flaws and enable benchmark with 
similar stoves. The WBT should be done in standardized laboratory conditions for the benchmark, and 
should be conducted three times on each stove to get accurate results. The test is focusing on thermal 
efficiency, burning rate, fuel consumption, fire power, turn-down ratio (ratio of the stove’s high power 
output to its low power output), fuel and time use. The stoves ability will be measured in three different 
phases: 

 Bring water to boil from a cold start  

 Bring water to boil when the stove is hot and  

 Maintain the water at simmering temperature.  

The test should be done using local practises, with a lidless pot. Room and water temperature should be 
measured before the test, the fuel consumption and amount of water in the pot should be measured 
before and after each phase. The WBT should be done quickly but without wasteful amount of fuel. 
(Aprovecho Research Center, 2009) 

 High Power (Cold Start) Phase is simulating the stoves capacity of high power tasks in cooler 
conditions e.g. after a cold night. It is conducted by bringing 5 litres of water to a boil. When the 
water has boiled, time to bring the water to boil, amount of water left in the pot, fuel and char 
remaining should be measured.  
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 The High Power (Hot Start) Phase is simulating the stoves capacity of high power tasks in e.g. 
warm climate or when the stove is still warm from earlier cooking tasks. This phase should be 
started quickly after the Cold Start, using the cookstoves´ remaining heat. Ignite the fuel, 
measure up 5 new litres of water and follow the procedures for the Cold Start except when 
boiling is reached, keep the char in the fuel bed for the simmer test.  
 

 The Low Power (Simmering) test is done with the remaining water from the High Power (Hot 
Start) test and follows immediately after that stage. This test is done to simulate cooking of 
legumes or pulses, that takes a long time and are common in many parts of the world. The water 
should be simmering for 45 minutes, keeping the temperature as close as possible to 3 °C below 
the boiling point, with the water not allowed to fall more than 6 °C below the boiling 
temperature. The same measurements as in phase one should be done. (Aprovecho Research 
Center, 2009). 

Studies have shown specific fuel consumption to be a stronger indicator of stove performance than 
simple measurement of thermal efficiency (MacCarty et al. 2010) 

1.6.3.3 Kitchen Performance Test (KPT) 
KPT is to be conducted after the WBT and CCT have reached satisfied results, to ensure the cookstove to 
be beneficial for the testers. The test is done in field and gives a good assessment of how the cookstove 
is used in households. KPT is done in order to find the difference in fuel usage between the traditional 
stove and the new. It is done complementary with a survey in order to collect other valuable information 
about the experience of the new stove. Selection of volunteer participants should be, if possible, 
randomized; the number of households in the study should be 10% of the households in the chosen 
community or at least 20-30 households. As this will give a large sample of data the test are reliable and 
comparable. The test can be done in two ways, (Bailis, 2009b)  

 Paired, as longitudinal or panel study. Measuring the fuel usage with the traditional stove for 
one week, after that, introduce the new stove and perform the measurements with the new 
stove for one week.  

 Cross-sectional, as case-control study. The test will have two groups of families, one using the 
traditional stove and the other using the new stove. The comparison data between the groups 
will be collected during a week.  

Upon measuring the fuel usage after each meal cooked, the first week of the study will also be to identify 
the living conditions in the cluster/clusters in terms of social, economic, cooking environment. When 
switching to the cookstove, the measurements will continue for a week. The fuel usage between the 
traditional and new stove will be compared. (Bailis, 2009b) 

The households using the cookstoves will be asked to continue with the procedure for a month without 
interaction from the testers. After this period, a qualitative survey, including interviews, should be 
conducted. This will be done in order to identify strength and weaknesses in the new stoves 
performance, adoption rate and changes in the household’s economy and demographic status. (Bailis, 
2009b) 

A factor to consider during the test is whether to provide fuel or not. Providing fuel might lead to a 
higher fuel usage, while it is easier to keep track of the fuel used in the households. From participating 
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households, this test requires effort and behavioral change and might lead to some drop outs during the 
test. (Bailis, 2009b) 

1.6.3.4 Controlled Cooking Test (CCT) 

The CCT is used to analyze the difference in fuel usage and time spent on cooking between the 
traditional stove and the new stove. A typical local cuisine will be chosen and performed by a local cook 
and performed at the different stoves. Local cooking procedures should be followed; a lid could be used 
if that is widely practiced. During the cooking, notes will be taken on difficulties and handling of the 
stove. Measurements will be focused on fuel usage, time to cook the dish and emissions. (Bailis R. 2009a) 

The first phase is to cook with the traditional stove and the second phase is cooking with the new stove. 
When performing the test, the user should be experienced with the new stove. The test should be 
repeated three times for each stove and the same single meal should be cooked. The ingredients should 
be pre-weight and all of it used. Measuring the emissions will be done either in a laboratory or with 
monitoring equipment in the performer’s home, wherever the test is performed. In the end of the test, 
the user is asked to evaluate the new stove. (Bailis R. 2009a)  

1.6.4 Benchmarking  
Benchmarks for 50 stoves have been done by McCarty et al in the Aprovencho Research Center (2010). 
The main categories of cookstoves in the test are Simple, traditional, Stoves, Rocket Stoves, Gasifies, 
Forced Air, Charcoal and Liquid/Gas. This benchmark will be used as a guidline when testing the FirePipe. 
The benchmark is based on firewood as fuel which will have an impact on the emissions produced.  
Compared to firewood, pellets and briquettes usually produces less emissions while crop residues and 
dung produces a higher amount. (Berkeley Air Monitoring Group, 2012)  

Another aspect is that the laboratory tests cannot predict the actual cooking performances of the stove 
due to the ideal conditions in the laboratory environment. The difference, based on a test with rocket 
stoves, can be seen in Figure 9. Considerations should also be taken regarding the WBT, for example 
Injera cookstoves are not design to boil water as their primary task and therefore perform poorly in this 
context. (Berkeley Air Monitoring Group, 2012)  

Standardized laboratory tests are a good indication. According to other studies relative performance 
from these in the laboratories can be seen in the actual cooking act. If passing the benchmark, the stove 
is expected to use less fuel and emit less pollution compared with TSF. This will diminish the risk of 
introducing underperforming cookstoves in the real world. (Aprovecho Research Center et al. 2011)  
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Figure 9, Difference in performance of laboratory and field Tests using Traditional- and Rocket Stoves (Berkeley Air 
Monitoring Group, 2012) 

In the benchmark test, the energy for producing the fuel and cookstoves was not taken into account. 
This can be a substantial limitation of the test, since for example only 40 % of the original energy content 

of wood is remaining in the charcoal after the pyrolysis process. (Guta, 2012) 

Measurements of PM and CO emissions, fuel use for performing the WBT will be discussed in this 
section. Heat transfer efficiancy can vary greatly between stove types. Liquid/gas stoves are the most 
successful ones, with their possition highest up on the energy ladder, exhibit less emissions and use 
smaller amount of energy compared to other stoves. (MacCarty et al. 2010) 
  
The stated benchmark for PM emissions is that cookstoves should not emit more than 1500 mg of PM to 
complete the 5 liter WBT, shown by the purple line in Figure 10, to reach a desirable result (Anderson, 
2009). Results of 50 stoves can be found in Figure 10, were, in comparison with TSF, gasifier, forced air 
and liquid/gas stoves showed the greatest improvements, averaging 90 % less emissions to complete 
WBT. Charcoal stoves reduce the PM emissions with 80% and the Rocket stove emits around 50 % 
compared to the TSF, but with a high variation of performance. Completing the WBT, Two-Pot Rocket, 
performing best, produced 376 mg of PM emission and Heavy Skirted Rocket stove has the highest 
emission and produced 1806 mg PM. The variation between these two stoves is 1430 mg PM emission 
and this is due to the large differences in design of rocket stoves. (MacCarty et al. 2010)  



32 
 

 

As for CO emissions, the ICS should not emit more than 20 grams completing the WBT. TSF produces just 
over 60 grams in the WBT. Most of the charcoal stoves produce more than the TSF, where the rocket-
type charcoal stove is the most efficient but still producing 20 % more CO emissions. The low burning 
flame is causing the higher CO emission. CO reduction for a Rocket stove can be 75% compared to TSF. 
This is due to a higher temperature in the combustion. Most efficient are the ones with a short insulating 
chimney just over the fire as it causes a natural draft, hot gases in the combustion chamber are less 
dense than the outside air, therefore is the outside pressure higher and enters the openings in the 
combustion chamber moving the flue gas up the chimney. Gasifier stoves show variation in their result, 
but are in average performing in levels with the Rocket stoves.  The most successful stoves are again 
forced air and liquid/gas stoves. (MacCarty et al. 2010) 
 
Fuel and energy usage to complete the WBT is not supposed to exceed approximately 850 grams of dry 
wood, differs between types, or equivalent to 16.500 kJ to reach the benchmark. (MacCarty et al. 2010) 
 
In Figure 11 the energy use of 50 stoves can be found. Results are varying widely, not all better than the 
TSF (MacCarty et al. 2010). Blue line represents the highest recommended energy use to complete the 
WBT. As low fuel usage is one of the major factors for adoption, the stove should show a distinct 
reduction compared to TSF to be successful on the market (Differ, 2012). Charcoal stoves are using 
similar amount of energy during the WBT as the TSF, but is mainly used for simmering, not boiling water. 
Rocket stoves reduce the fuel consumption by 33% in average. As in the emissions test, stoves with well-
designed combustion chambers, with good air draft, are more efficient. Forced air stove reduces the fuel 
usage about 40 %. While the forced air stove is efficient in the tests, it requires small pieces of wood. 
Time consuming fuel handling is making them less user friendly and will therefore lower the adoption 
rate. Gas and liquid fuels are, again, the most efficient ones, but the market for this fuel is not yet 
developed.  Standard benchmarks open the possibility for improved biomass-fuelled cookstoves to reach 
respectable performance, and thereby making them better suited for the current market. (MacCarty et 
al. 2010) 

PM Emissions  

Figure 10, Cookstove Performance of Particulate Matter Emissions to complete the WBT (MacCarty et al. 2010) 
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1.6.5 Cookstove Market  
Hillary Clinton announced the creation of Global Alliance for Clean Cookstoves in September 2010 with 
the goal to scale up the cookstove use. The goal is to supply 100 million homes with cookstoves before 
2020; this will be done together with governments, civil society, organizations and different business 
sections. (U.S Department of state, 2010)  Another international initiative is UN: s “Sustainable Energy 
for All”, that urge for the development of cookstoves as their first bullet in their action agenda for 
sustainable development. (Sustainable Energy For All, 2011)The problem with inefficient cooking and the 
related health issues have been drawing attention, leading to a worldwide focus on efficient cookstoves. 
To enable benchmarking, standardized tests are under development. This serves as valuable guidelines in 
product development of cookstoves. To speed up the process a wider introduction of carbon financing 
for the cookstoves could contribute to more actors willing to improve the market with better and more 
affordable cookstoves. (Disch et al. 2010) 

With a lot of different clean energy alternative opportunities, such as solar power and hydroelectric 
power, the Ethiopian government is keen to expand their electricity grid in a sustainable way. Since 
developing new markets and technology takes time, action for a sustainable energy development needs 
to be taken now (Svanström and Gröndahl, 2010). One of the government’s main goals is formed in The 
National Clean Cook Stove Program Ethiopia (NCCSPE) to disseminate 9 million cookstoves by 2015 (SNV, 
2011). It is predicted to increase the rural household’s income with 10 % and reduce the emissions by 50 
Mt    e annually by 2030. This is due to be done with international support by different sectors in e.g. 
carbon credits programs (FDR of Ethiopia, 2011). There are several stakeholders that could be in use to 
reach the target. Efficient cookstoves are sought after by NGO:s, companies and civil society to enable 
clean cooking for people in low income countries (Tisserand, 2012).  

 
 

Energy Use  

Figure 11, Energy use for cookstoves to complete the WBT (MacCarty et al. 2010) 
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The Ethiopian Market 

The main problem to overcome is that the market for ICS in Ethiopia has a lack of demand from the 
consumers. This because they are more expensive than traditional stoves and the benefits provided from 
the ICSs are not understood. To reach the consumers there is a need for more direct marketing, showing 
the performance of the cookstove and how it can satisfy the user needs. To enable this there is a need to 
map the customers demand and creating a guarantee system of the stoves performance (Accenture, 
2011a). Most of the Ethiopian cookstoves are locally produced in a small scale and there have been 
issues with variances in standards between producers. Upon this, the raw material is affected with 
higher costs by markup due to that the Ethiopian construction sector is blooming making the production 
of cookstoves more costly. The current market is dependent on the government and different NGOs, 
where the Energy Office, Women’s Affairs and GIZ, are the main actors. They are mainly concentrating 
on local production with cost reduction and education for producers. The focus has overlooked the 
overall market growth, showing difficulties with the Ethiopian supply-chain. A more centralized 
production with local resellers is suggested in Accenture´s report on the cookstove market (2011b). But 
as the infrastructure is not fully developed in major parts of Ethiopia the distribution chain is suffering 
and there is a need for individual models for the different regions.  (Accenture, 2011a) 

Cookstoves in Ethiopia 
In Ethiopia there are several different cookstoves types with two main purposes of cooking, one used for 
Injera, figure 12, and the other for sauce.  Most common are simple stoves, like the Three Stone Fires. In 
the segment for Injera stoves, Mirt and Gonzye are the most common ones (Accenture, 2011a). Injera 
has a circular shape with a diameter up to 50 centimeter and the Injera cookstove therefore requires a 
large construction. The main purpose of Injera stoves is to enclose the fire, protect it from wind and 
create a better heat transfer to the stove plate. The stove also has a chimney to increase the draft for a 
higher combustion temperature, see figure 12. Mirt cookstoves are made from concrete and Gonzye 
cookstoves from clay, both materials working as cast iron with a large thermal inertia. Once it is heated it 
maintains the high temperature and the Injera could be cooked in the remaining of the ashes, reducing 
the amount of fuel needed. In average the Mirt stove reduces the fuel consumption with 50 % compared 
to bake Injera over open fire. (Megen Power Ltd, 2008) The Mirt stove also has a small hotplate at the 
side to prepare coffee on, as could be seen in figure 12. Laketch is a charcoal stove and beside the Mirt 
stove, the most common in Ethiopia (Beyene and Koch, 2012). The stove is produced with clay insulation 
material and metal cladding. Merchayle stove are mostly used for briquettes and Tikikil stove is mainly 
used for wood. Both produced similar to the Mirt stove by clay and metal. These stoves are used to 
prepare sauce and other side dishes to the Injera (Accenture, 2011a). 
 

Figure 12, Principles for a Mirt Injera cookstove. 

Injera Stove 
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Fuel distribution 
Today, fuels used by clean cookstoves, e.g. LPG, are facing practical issues in reaching out to the poor 
households because of unsatisfactory distribution and high cost, especially in rural areas (IRAC, 2010). 
Before the customer is guaranteed the supply of fuel for the stove, the incentive for changing to this 
alternative will be insignificant. And before there is a demand of cleaner fuels there will be no market for 
it. To address this problem, collaboration is needed to provide all the market components 
simultaneously (Accenture, 2011b). At this moment there are few stoves committed to these fuels alone, 
briquettes and pellets are most often used with an improved biomass stove. These types of stoves have 
potential to gain market shares from penetrating the market successfully (UNF, 2012). Also, this could be 
a potential niche for the Gustav Innovations manufactured ICS: FirePipe. 

1.6.6 Adoption process of cookstoves 
The industry for improved cookstoves has the recent years become more commercialized, and the actors 
within this field have understood the importance of customer satisfaction and need-based product 
development (Beyene and Koch, 2012). In order to succeed with a cookstove on the market it is 
important to understand how to make people adopt the stove.     

In 2012 the Differ group launched a report; A Rough Guide to Clean Cookstoves, determining the three 
most important factors for customer satisfaction and therefore the critical aspects of ensuring cookstove 
adoption (Differ, 2012); 

 Reduced fuel consumption 

 Reduced cooking time 

 Practical design aspects (size, usability and functionality) 
 

Firstly, there is the possibility to lower the users’ fuel cost by decreasing the fuel consumption, which 
directly lowers the cost of cooking. Thereby, the purchasing power and the customers’ satisfaction are 
increased. Secondly, cooking time needs to be shortened, or at least equal to the time spent in cooking 
the traditional way. If this is not the case, costumers have been shown to rapidly return to their former 
practices. Last, but not least, there is the ability to meet the users’ demands. Size, flexibility and user-
friendliness are three important aspects within this field (Differ, 2012).  
 
Studies have shown that users prefer improved cookstoves resembling their traditional stoves. 
Implementing a stove lacking these factors stands small chances of being well adopted. Other 
characteristics described as key factors are; long lifetime, low breakage rate, improved safety, improved 
cleanliness and lower emissions. It is also vital that the cookstove offers an affordable price level (Differ, 
2012), the higher the price – the more difficult the adoption (Beyene and Koch, 2012). The adoption rate 
is a function of the families’ income; “they don’t buy, if they can’t afford it” (Windroch International, 
2009). Also Amacher et al. (1992) showed the significance in affordability when adoption should be 
implemented (Amacher et al. 1992). Other studies have shown that women, since they are almost 
exclusively responsible for cooking and fuel collecting, are more prone to cookstove adoption. Yet, they 
seem to be more sensitive about the price. If the cost for purchasing a cookstove increases, women tend 
to reduce their ability to buy a stove more than men intend to do (Miller and Mobarak, 2011). In 
summary, economical, health and environmental advantages are issues needed to be considered for a 
successful adoption or as Global Alliance for Clean Cookstoves expresses it in their Transformation plan 
(GACC, 2013); 

“To ensure successful adoption of clean cookstoves and fuels, training on the operation and maintenance 
of clean cookstoves is critical”  
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The Ethiopian government and other institutions have implemented incitements to move forward the 
adoption of clean cookstoves technologies, but with limited success (Beyene and Koch, 2012). Raising 
awareness is vital, focus should be on the families’ benefits from purchasing a cookstove, such as; health, 
economical and faster cooking etc. Research has shown that people in less developed countries seldom 
adopt health and environmental beneficial technology. Causes can be found in the lack of understanding 
(Gine and Yang, 2009), and difficulty in experience their benefits due to its not directly affecting the 
household (Miller and Mobarak, 2011). Education is therefore once again an important key.  

Other factors that have been identified, when adapting new cookstove technology in low income 
countries are; liquidity constrains, present bias and information weaknesses on fuel savings and stove 
durability (Levine and Cotterman, 2012).  Levine and Cotterman proved, in their study 2012 in Uganda, 
that sales offers –a free trial period, time payments and the right to return defective stoves- could 
neutralize these factors. The result was an increscent from 5 percent to 45 percent on cookstove 
adoption (Levine and Cotterman, 2012). When implementing a new cookstove on the market the 
duration of adoption strongly affects the outcome. Analyses indicate that the adoption rate increases 
steadily over time. The timing of adoption plays an important part, and before entering a market 
research on acceptance should be done (Beyene and Koch, 2012).   

In 2012, Beyene and Koch presented three essential determinants affecting adoption behavior and the 
power of purchasing clean cookstoves in Ethiopia (Beyene and Koch, 2012); 

 Product price 

 Household income 

 Household wealth  
 

Understanding the pace of adoption in addition to all determinants can provide information that 
generally can be used for incitements increasing the speed of implementation (Beyene and Koch, 2012).   

At the moment cookstoves are a push product, meaning that the market for the product and its demand 
already exist and the item need to be taken, or pushed, directly to the costumer. Compared to pull 
product such as a mobile phone; the demand needed to be created – where costumers need to be 
attracted, or pulled, to obtain a market (GACC, 2012a). In order to successfully adopt a push product the 
focus should lie on the potential consumers, instead of primary focusing on stoves capability and ease 
pressure on forests. In recent years, due to the apparent of a market more consumer-demand 
orientated, several models offering tailored stoves for a specific group and market has been launched 
(Beyene and Koch, 2012).  

High price on firewood has been found as a critical factor in cookstove adoption (Lewis and Pattanayak, 
2012). Correspondingly suggesting that implementation of improved cookstoves could have a positive 
outcome if fuel-efficient stoves were introduced in areas where firewood is not easy to access (Mobarak 
et al. 2012). On the other hand; where fuels are free or easily available these efficient cookstoves would 
be harder to adopt. But implementing a new cookstove is not solely an introduction of a new cooking 
device; it is also an accomplishment of introducing a new way of cooking practices (Ruiz-Mercado et al. 
2011). The introduction will be simplified through assistance from respected community members 
(Miller and Mobarak, 2011), they can ease the acceptance of the new technology wishing to be adopted. 

It is common that the improved cookstove coexists with the traditional cooking device in households. To 
ensure benefits and maximum usage of improved cookstoves, the product should be designed to meet 
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the local demands (Ruiz-Mercado et al. 2011). For example; in Ethiopia the aspect of Injera baking should 
be taken into account.    

1.7 FirePipe Stoves 
Non-advanced biomass fired cookstoves could be an alternative to the traditional Three Stone Fire by 
enclosing the heat source of the fire (MacCarty et al. 2010), and thereby increasing the efficiency and 
reducing the levels of emissions. The company “Gustav Innovation” has developed such an improved 
cookstove, the FirePipe. The product is patented (and patent pending), inexpensive to produce, easy to 
transport and in addition uses secondary air in an innovative way, enhancing the efficiency of 
combustion (Widström, 2013).  

Gustav Innovation is a Swedish based company, founded by its present owner Gustav Widström in 2005. 
The vision is to “to develop products which positively affect millions of people worldwide” (Widström, 
2013). The company is co-operating with the department of Energy Technology at the Royal Institute of 
Technology (KTH) in Stockholm, Sweden. Together with KTH, Gustav Innovation takes part within a 
research project financed by the Swedish International Development Cooperation Agency (SIDA), to 
develop the product to use bagasse pellets, named; 

“Increased services from the cane sugar industries: Polygene ration of heat, power, cooling, clean 
water and biomass based fuels to improve the energy efficiency” 

This co-operation also involves the Addis Ababa University in Ethiopia as well as the growing sugar 
industry of that country (Erlich, 2013). 

KTH has assisted Gustav Innovation in the development of the FirePipe stove through technical expertise 
and analysis. Prior to this thesis a study on a previous model of the FirePipe stove was made in 2012 by 
Devine and DeSantiago, (2012). Their evaluation showed, through WBT, that the thermal efficiency of 
this model was 41% (Devine and DeSantiago, 2012). Compared to other similar cookstoves, 
benchmarked in the study, this is considered to be high. This comparison also shows that on the safety of 
operation for the users, the stove did especially fine. Fields where the FirePipe cookstove did not 
perform as well were on the fuel consumption and energy use, where the result was 1617 grams and 
28811 kJ respectively. Through benchmarking the FirePipe with other stoves, both ICS and TSF, these 
outcomes were among the highest. The dimensions of the tested FirePipe were 147 grams in weight and 
11 cm in height (Devine and DeSantiago, 2012).   

Since then, and since the FirePipe was originally invented in 2008, improvements have been made to 
achieve a higher efficiency. Experimenting with dimensions and technique; several models of the 
FirePipe have been developed, resulting in the two models of this study (see figure 13 respective 14). 
The FirePipe is assembled by picture based instructions. It is folded by hand into a stove, where no tools 
are to be needed, by the user. The stove is a one piece, low weighted, flat sheet of metal, making it easy 
and inexpensive to transport (Widström, 2013). 

As mentioned, two (2) of the recent developed FirePipe stoves will be used in this study (see figures 13 
and 14).  Below follows a description of the two different designs. Both types will be evaluated with 
firewood and dung as fuel and thereafter compared with the usage of wood pellets respectively coffee 
husk briquettes. 
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1.7.1 FirePipe 1, Primary Combustion Stove 
The first model of the FirePipe (in this report referred to as FirePipe 1 – see fig. 13) is a primary 
combustor. Technically this means it is a standard reciprocating stove that uses the main combustion of 
air (Henderson and Blazowski, 1989), like the Rocket Stove mentioned earlier. Around the stove small 
openings for oxygen entrence and draft have been made, and the conic shape of the stove (see fig. 13) is 
to centralize and capture the heat at the bottom of the cooking pot. Together with FirePipe 1, a 
windshield will be attached. This shield will protect the fire from being effected by outside sources, such 
as wind, allowing the fire to burn more intensely. Between the primary combustor and the windshield, 
any preferable insulation can be sited for extra heat preservation. After this material has been put into 
place the stove is sealed, not to be opened again. 
 
 

 

Figure 13, FirePipe 1 (Widström, 2013) and (Murray, 2013)  

  

Dimension FirePipe 1 
 

Stove: 

Height:           255 mm 

Diameter:        189 mm 

 

. 
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1.7.2 FirePipe 2, Secondary combustion stove 
The other model of the FirePipe stove (in this report referred to as FirePipe 2 – see fig. 14) has used the 
technique of secondary combustion (see chapter 1.6.2), one of the most recent improvements of the 
FirePipe stoves. Small holes on the sides of the stove, and its windshield, enable fresh air with oxygen to 
enter the burning process. The superheated gas, generated by the additional burning, then exits through 
small holes in the very top of the secondary combustor (see fig. 14). The additional unattached 
windshield will, like to the previous mentioned FirePipe stove, work as a protector for outside factors 
such as wind. The stove also contains a supplement grid build-in for collecting coal and ash. This extra 
finesse can, if desired, work as a grill, heated by the residuals from the main cooking, enabling fuel 
reduction and disposal of unused energy. In addition, a foldable unfastened handle for removing the 
stove, when heated for emptying ash and coal, is supplied to the FirePipe 2 (Widström, 2013).  

 

 

Figure 14, FirePipe 2 (Widström, 2013) and (Murray, 2013)  

  

Dimension FirePipe 2 
 

Stove: 

Height:         198 mm 

Diameter:        90 mm 
 

Windshield: 

Height:           278 mm 

Diameter:       189 mm 
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2 Problem Proposal and Objectives 
In this chapter the foci and questions at issue of this thesis is presented. 

This report has its main foci on two issues. Firstly, it is focusing on the efficiency of two different kinds of 
FirePipe stoves.  

 Determine differences in resources spent using TSF and FirePipe stoves 

 Verify the correspondence of the FirePipe to the Water Boiling Test   

 Calculate thermal efficiency, heat transfer, effect etc. for the FirePipe and compare with TSF 

 Determine differences of recourses, when cooking with traditional biomass based fuel (firewood 
and dung) compared with pellets. 

 Benchmark FirePipe performance with other stoves 

Secondly, the focus was on possible product development of the FirePipe. The study included how 
people used and experienced the stove, in order to identify possible improvements. Mainly, this part was 
based on the user’s reflections. 

 Determine the test group usage of the FirePipe 

 Verify the design of the FirePipe, which would be most useful for the people whom perform the 
cooking. In size, height, volume etc. 

 Determine which one of the two FirePipe stoves would be preferable for the people living in the 
village (based both on cooking habits and fuel access). 

 Evaluate if there are any other fields of use for the FirePipe. E.g. used as a light or heat source 

 Determine if the FirePipe stoves have potential, using briquette and pellets 
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3 Methodology 
This chapter is a description of how this project and its thesis took form, from research to evaluation and 
analysis in 3.1. Followed by constrains of the thesis in 3.2 and possible scenarios that may occur 
throughout the study. Finally, the calculations used are presented in 3.3.  

3.1 Project Approach 
The working processes for this project, and how it was developed throughout its accomplishment, are 
presented in the forthcoming context. The thesis continuous project approach is illustrated in figure 15 
below. 

 

Figure 15, Project Approach 

3.1.1 Research & Preparation   
The main preparations for this project started in October 2012, and were ongoing until the date of 
departure to Ethiopia, 18th February. Before the arrival in Ethiopia the required information were 
collected, due to perform the field study as efficient as possible. The research was divided in to two 
parts, one focusing on cookstoves and the other gathering information about Ethiopia. For the 
cookstoves part social aspects, possible markets, possible living standards, and how they could 
contribute to a sustainable environment were the main focus. Intended for the technical aspect an 
evaluation of how to determine thermal efficiency, firepower etc. were performed. To evaluate this; 
three tests were to be performed; SST, WBT and KPT. Equations used can be found in 3.3.  

To get hands on experience of the FirePipe, a cookstove workshop was held in Västervik, Sweden. This 
opportunity also worked as a preparation for the demonstration on the cookstoves in the village. 

3.1.2 Field study 
The field study was divided in two parts, here called field study and complementary field study. This, to 
enable the users to get to know the FirePipe stove. Due to late shipping of the FirePipe stoves the study 
became three weeks delayed. The impact of this holdup was that the adoption process could not be fully 
observed (Bailis, 2009b), as well as time limitations made it impossible to perform the CCT. Performing 
the CCT would have given us a more exact comparison between the TSF and the FirePipe stove and 
detailed usage observation. However, the outcome from the study is believed to not be affected much 
by this.  

The field study was performed as an empirical research in a village, Borebor Silasie, nearby the town of 
Dejen, in the Amhara region, (located 300 km north of Addis Ababa) for nearly nine weeks (18th February 
- 22th April 2013). The bases were both in the town of Dejen, Borebor Silasie and in Addis Ababa. A 
translator and driver were hired in order to help communicate with the villagers, due to language 
difficulties, respectively transport from the accommodation in Dejen to Borebor Silasie. Before the field 
study started, a meeting was set with the Kebele local administrator, to ensure the corporation and 
support from the governmental department. Twenty households in the village, willing to participate, 
were selected by the village administrators. The families were divided into four groups with five in each 
group; and one group was to be visited per day. The first visits were to hold a presentation of the 

Research and 
Preparation 

Fieldstudy 
Complemental 

fieldstudy 
Evaluation and 

Analysis 
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purpose of the study and perform a demographic interview with each family. Also, the pre-purchased 
equipment, such as; scales and bags for weighing the fuel, pens and paper to write down the 
measurements, were handed out and the families were asked to gauge data for the studies analysis. 

The focus for the study was the performance of the stoves, and to get the best results on the time given, 
main focus was on complete a KPT. In the KPT, the households measured fuel usage and time when 
cooking, first with the TSF and then with the FirePipe stoves. Data were collected continually in order to 
compare the difference of performance between the Three Stone Fire (TSF) and the FirePipe stoves. The 
fuel usage and time spent cooking were urged to be measured as often as possible in each household 
After collecting information about the current cooking conditions, the two different cookstoves were 
introduced. Half of the families (10) were handed FirePipe 1, using traditional fuel. The other half (10 
families) received FirePipe 2. In addition to FirePipe 2 the participants also received 4 bags of pellets per 
family, in order to try both traditional fuel and pellets on FirePipe 2. To get comparable data, the families 
were asked to continue measure fuel usage and time spent on cooking. Families receiving FirePipe 2 
tried the stove with both pellets and traditional fuel, in order to receive a comparison with the available 
fuel, since pellets is not yet on the market in Ethiopia.  

3.1.3 Complementary field study 
After introducing the FirePipe stoves, the families had two weeks to adapt the new cookstove and 
register the data for the KPT. Preferably there should be at least a month for adoption, but due to time 
restrictions, this was not possible. The complementary study was structured the same way as the first 
part; families were visited individually and five families per day. To evaluate the cookstove a feedback 
survey was done and can be found in appendix D. This contained generally opened questions to enable 
the user to provide thoroughly feedback. All data on the FirePipe stove were collected. 

Additional to the KPT, two more tests were performed. First, a benchmarking WBT was performed for 
each FirePipe stove, with pellets respectively briquettes. And, secondly, the Safety test was done to 
observe possible dangers of handling the stoves.  The two additional tests were done by the authors, but 
in field with local practices.  

To evaluate the safety of the stoves, a SST on both models was done. Evaluation of FirePipe stoves safety 
were done by conducting ten standard tests, performed by the students once on the FirePipe 1 model, 
and once on the FirePipe 2 model. Each test scores points that are evaluated between poor – 1, Fair – 2, 
Good – 3, Best – 4, with given parameters. The tests are weighted differently and have multipliers 
depending on the injure severity in case of accident. For example, a cut on a sharp edge is likely to cause 
a scratch while flames exiting the fuel chamber can give severe burn injuries. The overall rating will be 
calculated with a minimum rating of 25 points and a maximum of 100 (see table 5) (Johnson, 2006).  

 

    Safety Test Overall Rating 

Overall Rating Total Point Score 

Best 93 ≤ S ≤ 100 

Good 84 ≤ S ≤ 92 

Fair 76 ≤ S ≤ 83 

Poor 25 ≤ S ≤ 75 

                                                                       Table 4, Safety test Overall Rating (Johnson, 2006) 
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In order to evaluate the stove performance of the two FirePipe stoves and to be able to benchmark their 
performance with traditional Three Stone Fire as well as other Improved Cookstoves, the WBT were 
performed. The WBT were completed in selected families in order to evaluate the efficiency of the (TSF) 
and the FirePipe stoves. Tests were performed with different fuel among the stoves. On the traditional 
stove used in the villages – the Three Stone Fire – the WBT were completed with dried cow dung. WBT 
on FirePipe 1, with primary combustion, was done with briquettes and FirePipe 2, with secondary 
combustion was done with pellets. Briquettes and pellets were used as these fuels are considered to be 
the fuel for the future, as discussed in section 1.4.  

The following measurements are the most important to evaluate in the WBT:  

 Firepower is the ratio of energy from the fuel per unit time, measuring the power in Watt.  

 Thermal efficiency describes how well the heat is transferred from the fuel to the pot. It is the 
ratio between how much energy needed for the heating and evaporating of the water to the 
heat produced by the fuel used.   

 Burning rate describes the amount of wood consumed when bringing the water to boil or, in the 
simmer test, keep the water boiling measuring the fuel usage per time unit.  

 Specific fuel consumption is the amount of fuel that is needed for the specific task. In the high 
power test it is measuring the required amount of fuel for bringing one kilo of water to boil and 
simmering test it measures the amount of fuel needed to maintain one kilo water at boiling 
temperature.   

3.1.4 Evaluation and analysis 
Final evaluation was done with the measured data and standard tests, analyzed together with the 
feedback for development of the FirePipe stoves. The means of the fuel use were calculated and usage 
was compared between the Three Stone Fire and the FirePipe stoves. A benchmark with other types of 
cookstoves was also made with the received data.  
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3.2 Constrains 
 Focus was only on the chosen 20 families in the specific village of Borebor Silasie.  

 10 families tested FirePipe 1, with traditional biomass based fuel    

 10 families tested FirePipe 2 with a) traditional biomass based fuel and b) Pellets  

 Households were voluntary participating and therefore expected to be positive towards the 
FirePipe   

 Only biomass based energy that the households of this specific village traditionally utilize and 
collect were used evaluating the TSF.  

 The briquettes in this study will solely be made out of coffee husk from southern Ethiopia and 
wooden pellets, manufactured in Sweden. 

 The data from the families were used directly assumed that the data were correct.   

 Demographics is similar within the village 

 In discussions, participants might have influenced each other’s opinions of the FirePipe 

 FirePipe 2 is partly evaluated with fuel that is not available on the Ethiopian market at the 
moment 

 There is a time limitation, resulting in too short adoption time. 

 The health perspectives were solely evaluated through the participating households perception 

 Emissions were not measured due to lack of equipment 

 Measurements were not as precise as the ones in laboratories due to less detailed equipment 

 Due to lack of equipment, steps including heat measurements in the SST were approximated  
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3.3 Equations used 
As shown in Table 4, the study considered the following perspectives in the different tests that were 
performed.  

Objectives of the different tests performed in this study 

Test SST WBT KPT 

Objective Evaluate the user safety of the 

cookstoves. 

Comparison of firepower, 

thermal efficiency, fuel usage 

etc. between TSF and 

FirePipe. And if possible, 

benchmark the FirePipe with 

other cookstoves 

To evaluate the fuel usage 

over a period of time. Enable 

feedback from the user, 

strengths and weaknesses. 

Table 5, Objectives of the tests that were performed. 

3.3.1 Standard Safety Test (SST) 

 

Ratio of Tipping Height (  ):         
     

  
 

Difference in height between obstructions and the cooking surface: 

                

 

Temperature differences:                

 

Sum of all points from individually Safety Tests:  

     ∑(    

  

   

    ) 

 = Index for each test (up to 10) 

(Johnson, 2006) 

3.3.2 Water Boiling Test 

 

Thermal Efficiency:      
      (            ) (       )         

       
 

 

4.186 is the specific heat capacity of water (J/g °C) 

2260 it the energy required to evaporate one kilo of water (J/g)  

    =Assumed to be 18680 (J/g) 

(Bailis, 2009) 

 

 

Equation (6) 

Equation (2) 

Equation (3) 

Equation (4) 

 

Equation (5) 
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Vaporized Water During the Test:                       

(Bailis, 2009) 

 

 

Dry Fuel Equivalent:           (  (       ))            

The factor (  (       )) adjusts the mass of wood burned by the amount of wood required to heat 

and evaporate the mass of water in the wood. 

Char has approximately 150 % the calorific content compared to wood,            is used for the wood 

converted into unburned char.  

 

Fuel Usage:                   

(Bailis, 2009) 
Mass of Char Remaining:                    
(Erlich, 2013) 
 
Mass of Ash Remaining:                                (    ) 

 
(Erlich, 2013) 
 

Specific Fuel Consumption:                    
   

            
 

 

Burning Rate:        
   

     
 

 

Firepower:          
   

        
 

 

Turn-Down Ratio:        
   

   
  

 

Boiling point at h (m) above sea level:           
    

   
   (  ) 

(Bailis, 2009) 

Relation between the temperature on the Celsius scale  ( ) and the Kelvin scale    (K): 

    ( )          

 (Havtun, 1997) 

Moisture Content in the Fuel:      
                   

         
     

(Bailis, 2009) 

 

 

 

Equation (7) 

 

Equation (8) 

 

Equation (9) 

 Equation (10) 

 

Equation (11) 

 

Equation (12) 

 
Equation (13) 

 

Equation (14) 

 
Equation (15) 

 Equation (16) 

 

Equation (17) 

 

Equation (18) 
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The Effective Calorific Value in the Fuel: 

 

    
                             (             )

         
 

 

(Bailis, 2009) 

 

Mass of Water in Fuel:                                       

 

    =Assumed to be 18680 (J/g)  

4.186 is the specific heat capacity of water (J/g*°C) 

80 represents typical change from ambient temperature to boiling point (°C) 

2260 it the energy required to evaporate one kilo of water (J/g)  

(Bailis, 2009) 

 

 3.3.3 Kitchen Performance Test (KPT)  

 

Standard Deviation:      √
 ∑   (∑ )

 

 (   )
 

Variance (variability of data):              
 ∑   (∑ )

 

 (   )
 

  =index for each data  

 = value for each data 

(Bailis, 2009b) 

 

Mean of samples:     ̅  (      )     

  =index for each data  

(Gunnar Blom, 2004) 

 

Mean Standard Deviation:     √
  

 
    

  
 

 
     

  =index for each data  

(Gunnar Blom, 2004) 

 

Confidence Interval (CI) Endpoints:   ̅     
 ⁄
(   )   

√ 
⁄  

  
 ⁄

= t-distribution, value received from (Gunnar Blom, 2004) 

  =index for each data  

    =degree of freedom 

(Gunnar Blom, 2004) 

 

  

Equation (19) 

 

Equation (20) 

Equation (21) 

Equation (22) 

Equation (23) 

Equation (24) 

Equation (25) 
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4. Result and discussion  
In this chapter, the result from the different tests and surveys are presented. Furthermore, these results 
are being discussed and their uncertainties are being evaluated. In 4.1 the results from the SST are 
presented, followed by 4.2 containing the results of the WBT. The results of the KPT the feedback are 
publicized in 4.3 respective 4.4. 

Since, all tests were complete in field environment; the result might therefore differ from if they would 
have been conducted in laboratory environment.  

4.1 Performance in Standard Safety Test (SST) 
The results of the Standard Safety Test on the two types of FirePipe, FP 1 and FP2 and their total rating 
are presented in table 6. The ratings are done with the criteria presented in the SST, chapter 1.6.3.1 
(Johnson, 2006). When fuel was needed to complete the test, dung was used on FP1 and pellets were 
used on FP2. 

Result of the SST for FirePipe 1 (FP1) and FirePipe 2 (FP2) 

Safety Test Weight FP1 Rating FP2 Rating 

Sharp Edges and Points 1.5 2 3 1 1.5 

Cookstove Tipping 3 4 12 4 12 

Containment of Fuel 2.5 3 7.5 3 7.5 

Obstructions Near Cooking Surface 2 4 8 4 8 

Surface Temperature 2 1 2 2 4 

Heat Transmission To Surroundings 2.5 4 10 4 10 

Temperature of Operational Construction 2 4 8 1 2 

Chimney Shielding 2.5 4 10 4 10 

Flames Surrounding the Cookpot 3 2 6 1 3 

Flames Exiting Fuel Chamber, Canister, or 
Pipes 

4 4 16 4 16 

Total 
  

82.5 
 

74 

Table 6: Results from the Safety Test 

The following text will give a short review of the performance in each test for both stoves. 

4.1.1 FirePipe 1, Primary Combustion 
The first test measures the number of Sharp Edges and Points where clothing could get stuck while 
cooking. As the stove is carved out in metal, it left some sharp fragments in the perforation that the cloth 
got stocked on, resulting in three holes in the rag. This gives the stove a ranking of Fair.  

In the Tipping Test FirePipe 1 is performing well due to that it is insulated with a mix of clay, water and 
grass, providing a stabile center of gravity. As seen in Appendix A, there is only a difference of 1.8 cm of 
tipping height between the lowest and highest tipping point, with the highest ratio of 0.784, performing 
in the range of Best rating.  
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The third test, Containment of Fuel, the area where the fuel can be seen is measured. FirePipe 1 has one 
fuel loading area and air holes under the pot for better combustion. Where only the fuel loading area is 
included in the calculation, because this is the place where burning fuel or embers possibly can escape. 
The air openings under the fuel loading area are constructed so that the fuel is not able to exit that way. 
The total area where the fuel can be seen is 53.6 cm2; rating Good in this test, see Appendix A.  
 
In the test for Obstructions near Cooking Surface the pot is placed upon the top of the cookstove, and 
there is just one uneven part in the closure, sticking up 1 mm. As there are little obstructions in the 
cooking area, the stove receives grading: Best.  
 
When testing the surface temperature, the cookstove is slightly warmer at the upper part, where the 
combustion is taking place, then the lower part. The stove is usually placed at the floor when operating, 
and therefore the test are based on the scores for “bellow child-line”. During cooking the metal is 
reaching temperatures 50 °C higher than the air temperature, resulting in Poor performance in this test. 
 
The Heat Transfer to Surroundings is measured at the floor and walls close to the stove. The floor 
temperature reached 38 °C, but as the cookstove is mainly used outside, there is no surrounding wall. 
FirePipe 1 is therefore receiving Best rating in this test. 
 
The seventh test, Temperature of Operational Construction, the cookstove received Best rating due to 
that there is no parts of the cookstove that needs to be touched during regular use.  

As FirePipe 1 does not have chimney it therefore, by default, receives Best rating on the Chimney 
Shielding test, see terms for this in the description of the SST (chapter 1.6.3.1). 

In the test Flames Surrounding the Cookpot, the height of the flames is evaluated. When using FirePipe 1 
there are flames leaving from the combustion chamber, surrounding the cook pot. The flames are 
reaching most part of the pot but not entirely up to the handles, resulting in a Fair rating.  

The last test is Flames Exiting the Fuel Chamber, where the cookstove is receiving Best rating due to that 
the fuel is burning inside the stove, and there is no flames exciting the fuel loading area at any time.  

The FirePipe 1 rated a total of 82.5 of 100 in the Safety Test, an overall performance rating of Fair. The 
points and total scores can be found in Table 8. FirePipe  1 received Best grading in six of the ten tests, 
Test 2 (Cookstove Tipping), Test 4 (Obstruction near Cooking Surface), Test 6 (Heat Transmission to the 
Surroundings), Test 7 (Temperature of Operational Construction) , Test 8 (Chimney Shielding) and Test 
10 (Flames Exiting Fuel Chamber). The cookstove also performed well in test 3 (Containment of Fuel). 
The area where the stove has potential of improved performance is mainly to be found in Test 1 (Sharp 
Edges and Points), Test 5 (Surface Temperature), and Test 9 (Flames Surrounding the Cookpot). These 
four tests are standing for 26 percent of the total points12 and the reason for the cookstoves safety rating 
at the lower half, Fair.  

4.1.2 FirePipe 2, Secondary Combustion 
When performing the first safety test, Sharp Edges and Points, on the FirePipe 2, with secondary 
combustion, the fabric got caught and tread several times on the exterior surface. Occurring especially 
when rubbing the wind shield, where the cloth got stuck and ripped on every flap. While rubbing the 
grid, also resulted in more than a few catches; leaving the total amount of snags above four. On the 
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 Calculated through ∑Weightn/Sum of all Weights, where Weightn representing the weight of tests n=1, 5, 9. 
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actual stove the fabric did not got not caught nor tread a single time. But since the numbers of rips is 
counted both on the stove and its supplements the overall rating on this test was Poor, scoring the 
lowest point, one.   

In the test of the stability of FirePipe 2, Cookstove Tipping, the stove performed well. The highest ratio 
between the height before and after the tilt outcome was 0.853, resulting in the stove achieving Best 
performance. Measurements were taken on all six sides and the data can be found in Appendix A.  

The gaps representing the area which fuel is exposed were rather low on this type of FirePipe. Only half-
moon shaped areas in the top of the wind shield allowed visible fuel. The areas of these gaps were 
measured to a total of 53.7cm2. How this was calculated is to be found in Appendix A. No other openings 
were discovered where fuel could be observable. Due to this result the stove performed Good on the 
Containment of Fuel test. 

On the test of Obstruction near Cooking Surface FirePipe 2 received Best rating.  Solely in one place an 
obstruction higher than the cooking surface could be found. This one is located where the closure of the 
stove is placed and the obstacle is measured to barely 1 mm. Due to this the risk for accident is low and 
the safety performance scores the highest point. 

When measuring the risk of getting burned when handling the stove through the Surface Temperature 
test, the differences between the surface of the stove and the ambient air temperature were high. The 
air temperature was measured to 28oC and the surface of the stove was estimated to be above 78oC, 
making the differences above 50oC and the result of this test Poor.  

In the test of the Heat Transmission to the Surroundings, observations showed that FirePipe 2 is most 
often used outdoors. Due to this and the position of the FirePipe, no surrounding wall-temperature was 
to be measured. Heat could easily be felt when getting 1 cm close to the cookstove’s surface, both from 
all the sides and when approaching from above. Even though heat was to be felt, the differences 
between the environment surface and the ambient air temperature, measured to 28oC, was estimated 
below 45oC.  The temperature under and on the bottom of the wind shield was just slightly warmer than 
the surrounding air. These measurements results in that this FirePipe receive the Best rating. 

On the seventh test, Temperature of Operational Construction, the first step was to determine which 
areas of the stove that were being touch during regular operations. It was shown that no surfaces 
needed contact when the grid was not in use. If this were the only case FirePipe 2 would have received 
the rating of Best. But when using the grid, the surface of the FirePipe requires handling. The grid needs 
to be moved when adding more fuel. The detachable handle can be used for performing this task, but 
the stove obliges some stabilization during the grid removal. The upper part of the stove is thereby 
touched for this purpose. The surrounding air temperature was measured to 28oC. In the top of the 
FirePipe, the heat is apparent and estimated above 60oC. This makes the difference between touch 
surfaces and the ambient air temperature greater than 32oC, giving the stove the lowest rating. Despite 
the lack of necessitate of touching any surface when not using the grid, this usage decide the level of 
safety, making the overall rating equal to Poor.  

Due to that the FirePipe 2 does not obtain a chimney it automatically receives Best rating and four points 
on the test of Chimney Shielding, just like FirePipe 1. 

When evaluating the safety of Flames Surrounding the Cookpot the results differ depending on what 
kind of pot is being used. Using the coffeepot, the flames surrounded the entire pot, including the 
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handles. With a bigger pot, which could be placed on the Cookstove, the flames came out from the air 
holes and reached the pot height, but did not surround the entire pot. The test is determined by the 
worse performance resulting in the FirePipe receiving Poor rating.    

On the tenth and last test, Flames Exiting Fuel Chamber, Canister, or Pipes, FirePipe 2 is given the rating 
of Best. The flames only exit thought the intended way from the combustion chamber and no 
uncontrolled flames are present.  

All the points, along with its multiples, of each specific test on the FirePipe 2, with secondary 
combustion, can be found in Table 8. As shown in the same table FirePipe 2 received a total point of 74 
out of maximum 100 points. Even though this FirePipe performed best possible on several tests it does 
not get a higher rating than Poor. Its performance is on the higher end of this rating, just one point away 
from the rating of Fair. Improvements of safety are mainly to be found in Test 1 (Sharp Edges and 
Points), Test 5 (Surface Temperature), Test 7 (Temperature of Operational Construction) and Test 9 
(Flames Surrounding the Cookpot). Due to that the FirePipe scores the lowest point (1) on three of these 
testes, representing 26 per cent13 of the total maximum points, the overall rating is dramatically 
decreased. Although some of the test scored low, half, five, of the performed tests received the 
maximum point; Test 2 (Cookstove Tipping), Test 4 (Obstruction near Cooking Surface), Test 6 (Heat 
Transmission to the Surroundings), Test 8 (Chimney Shielding), Test 10 (Flames Exiting Fuel Chamber).  

4.1.3 FirePipe Performance 
Even though the outcome of rating on the Standard Safety test differed between FirePipe 1, – Fair and 
FirePipe 2, – Poor, they performed equally on several tests. In four of the test the result did disagree; 
Test 1 (Sharp Edges and Points), Test 5 (Surface Temperature), Test 9 (Flames Surrounding Cookpot), and 
Test 7 (Temperature of Operational Construction). FirePipe 1, with primary combustion, clearly 
outperformed FirePipe 2, with secondary combustion, on surfaces touch during regular use when 
receiving the highest rating while FirePipe 2 solely performed Poor. On both the tests of fabric getting 
caught or ripped and uncovered flames touching Cookpot FirePipe 1 perform slightly better than FirePipe 
2. Meanwhile, the FirePipe 2 did not get as hot as FirePipe 1 during usage and therefore received a 
higher score.  

Both models of FirePipe are performing similar in the Standard Safety test. They generally perform well 
on the technical aspects, such as; heat transmission to surroundings, stability and flames solely exiting 
through the combustion chamber. To achieve a higher safety rating the manageability need to be 
improved without decreasing the technical performance. In summary, some problems that requests 
solving for this to be achieved are the following: 

 Less high flames exiting combustion chamber without decreasing the heat transfer 

 Reduce the heat of surfaces without reducing the efficiency 

 Less sharp obstacles without decreasing stability  

The areas of improvement are alike for both the stoves. While cooking, both of the stoves are producing 
high flames out from the combustion chamber, surrounding the cookpot. This causes risk for burns and 
nearby materials or construction to catch fire. Once using the cookstoves the surface gets warm, over 
78oC, making it too hot to handle without the risk of burns. Also, most of the cooking is taking place on 
the floor, causing a hazard for the children, who might come in contact with the stove. Both of the stoves 
have flaps sticking out and some rough edges, due to the carving process when manufactured. This is 
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 Calculated through ∑Weightn/Sum of all Weights, where Weightn representing the weight of the tests n=1,7,9. 
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causing risk for tearing clothing or getting cuts. FirePipe 2 is hard to handle when using the grid, due to 
the necessitate of moving the hot grid when refueling the stove. Overall neither of the FirePipe stoves 
performed in line with the aspects of the Standard Safety Test. 

4.1.4 Uncertainties and weaknesses in performed Standard Safety Test (SST) 
When performing the Standard Safety Test (SST) several aspects can affect the result. First of all, all 
measurements were completed during field studies and no laboratorial equipment was used. In the 
circumstances where no equipment was accessible improvising was applied, giving the result an 
uncertainty.  While performing the Cookstove Tipping test the different heights were measured and read 
manually with help of a ruler. The center of gravity, the point of tipping, was also estimated manually. 
Another factor effecting the data of this test is the possibility of a finding a flat surface. The test was 
performed on the ground outside one of the households, on a spot considered to be horizontal. 
However, since the results of this test on both FirePipe stoves were not close to achieving another rating, 
these uncertainties would with great possibility not have affected the outcome. Another difficulty when 
performing the safety tests were to measure the area of gaps where fuel could be visible. On the top of 
FirePipe 2, the secondary combustor,  the openings, where fuel could be exposed, were approximated to 
half-circles and calculated in that way, resulting in an inexact area.  Since the total area where fuel could 
be visible on FirePipe 2 were close to a higher score a more correct area measurement could improve 
the achieved rating.  

During the tests, no thermocouple was accessible, thus tests requiring temperature measurements on 
surfaces had to be estimated. High temperatures were estimated through letting drops of water steam 
on the surface. A quick evaporation indicated a temperature close to the boiling point of water: roughly 
around 100oC (Havtun, 1997), which could help determine if the temperature for example was above 
78oC. In the same way lower temperatures were estimated through differences between the surface and 
body temperature. A surface considered to be cold was approximated below human body temperature: 
37oC (Elert, 2005), making it possible to estimate if the temperature was below 45oC. Due to the method 
of measuring these temperatures the level of uncertainty of the data is rather high. More precise 
equipment could change the outcome of received performance for the FirePipe stoves.   

4.2 Performance in the Water Boiling Test (WBT) 
This study will solely give guidelines about the stoves performance as it is not done with the same 
precision as laboratory tests. When conducting a WBT in field the fuel usage rises in average 10 %, but it 
can be even higher, see section 1.6 for more information. The conducted WBTs in this study showed this 
pattern as well. A summary of the results of the different test can be found in the tables (7, 8, 9 and 10) 
presented below, more detailed results can be found in Appendix B. To be considered is that the tests 
were conducted with different fuel for the stoves. TSF was tested with dung, FP 1 with briquettes and FP 
2 with pellet. This will affect the results, for more information about the specific fuel, see section 4.1. 

4.2.1 High Power, Cold Start Test 
The first test is high power, cold start. In average FirePipe 1 used 29 minutes to boil 5 liters of water 
compared to the TSF that used 26 minutes, due to average higher firepower for the Three Stone Fire. 
3.66 kW for the TSF compared to 3.33 kW for the FirePipe 1, as seen in table 7. Furthermore, the thermal 
efficiency is higher for the TSF as well, 36%, compared to 23%, thermal efficiency is a measure of the 
heat from the fuel that is contained to the pot. Even if average performance in these aspects is better for 
the TSF, it has a higher standard deviation indicating a higher variation of performance.  For the burning 
rate and specific fuel consumption the FirePipe 1 performed better, using 12 g fuel per minute and 18 
g/kg water the stove brings to boil, compared to the TSF that used 18 g/minute and 172 g/kg water it 
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brings to boil. The same pattern can be seen here as well, the TSF has a higher variance between the 
results from the 3 tests. FirePipe 2 was not able to boil the water. Variations of pots were used and the 
amount of water was reduced to 1 liter, but the stove was still not able to boil the water. Due to the 
impossibility of getting the water to boil using FirePipe 2 the thermal efficiency of 17 %, found in table 7, 
was calculated by the fuel usage and ash remaining for heating the water 98 minutes.  

Average Results High Power Test Cold Start 

1. HIGH POWER 
TEST (COLD 

START) 
Unit 

TSF 
(Dung), 
Average 

SD 
FP 1 (Briquettes), 

Average 
SD 

FP 2 (Pellets), 
Average 

Time to boil Min 26 14 29 8 - 

Firepower W 3661 958 3331 497 - 

Thermal 
efficiency 

% 36 % 15 % 23 % 6 % 17 % 

Burning rate g/min 18 4.7 12 2.4 - 

Specific fuel 
consumption 

g/kg 172 105 159 58 - 

Table 7, Average results from part 1 of the WBT, High Power Test, Cold Start. 

4.2.2 High Power, Hot Start, Test 
The results is shown in table 8,  as can be seen, the time to boil the water is 20 minutes for the TSF and 
21 minutes for FirePipe 1. As in the first test the firepower is higher for the TSF, 5.4 kW compared to 3.4 
kW watt. In the hot start test the thermal efficiency for the TSF is 28 % while FirePipe 1 now have a 
thermal efficiency of 34 % compared to 23 % in the cold start (table 7). This indicates that FirePipe 1 is 
capturing the heat better when hot, and is able to transfer it to the pot, than the TSF. However, the TSF 
still has a higher firepower. As in the cold test, the FirePipe 1 was performing better in fuel usage. 
Burning rate for FirePipe 1 was 12.2 g/min compared to the TSF that was using 26.4 g/min, and in 
specific fuel consumption, the FirePipe 1 is using 113 g/kg and the TSF 212 g/kg water it was bringing to 
boil. For all tasks, except time, the FirePipe 1 had a more uniform performance between the tests.  
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Average Results High Power Test Hot Start 

2. High Power Test (Hot 
Start) 

Unit 
TSF, (Dung) 

Average 
SD 

FP 1 (Briquettes), 
Average 

SD 

Time to boil Min 20 2 21 4.6 

Firepower W 5398 1334.3 3383 453.2 

Thermal efficiency % 28 % 21 % 34 % 13 % 

Burning rate g/min 26.4 6.5 12.2 2.1 

Specific fuel 
consumption 

g/kg 212.3 121.3 113.6 13.1 

Table 8, Average results from part 2 of the WBT, High Power Test, Hot Start. 

4.2.3 Simmer Test 
As could be seen in the high power test, the TSF has higher effect with firepower of 4.5 kW and 3.3 kW 
for the FirePipe 1 for the simmer test, see table 9. Average thermal efficiency is 26 % for the TSF 
compared to 18 % for FirePipe 1, but with a lower variation of performance. Burning rate is 26.8 g/min 
for the TSF and 11.0 g/min for the FirePipe 1. The TSF used about the same amount of fuel in all tests to 
complete the simmer test, giving a standard deviation of 0.8. FirePipe 1 had a slightly higher variation 
with 3.0 g/min. Specific fuel consumption is showing the same pattern, the TSF is using more fuel per kg 
water to boil then the FirePipe 1 with 955 g/kg compared to 669 g/kg. In overall performance of the tests 
the FirePipe 1 showed a more equal performance.  

Average Results Low Power Simmer Test  

3. Low Power (Simmer) Unit 
TSF (Dung), 

Average 
SD 

FP 1 
(Briquettes) 

Average 
SD 

Firepower W 4519 1762.3 3261 881.6 

Thermal efficiency % 26 % 21 % 18 % 4 % 

Burning rate g/min 26.8 0.8 11.0 3.0 

Specific fuel 
consumption 

g/kg 669.4 427.1 373.8 106.7 

Table 9,, Average results from part 3 of the WBT, Simmer Test. 

Benchmark value to complete the WTB (5 L) is 15 MJ (Aprovecho Research Center, 2009). Cookstoves 
should not exceed this energy use to reach the ranking. TSF used 53 MJ and the FirePipe 1 used 43 MJ. 
The same performance pattern with higher variation for the TSF can be seen in the energy use as well, 
see table 10.  

Benchmark Values for WBT (5 L) 
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Benchmark value (for 5 
L) 

Unit 
TSF (Dung), 

Average 
SD 

FP 1, 
(Briquettes), 

Average 
SD 

Energy use benchmark 
value 

kJ 53 336 31 093.3 42 950 10 666.4 

Table 10, Average energy use to complete the WBT (5 L) 

4.2.4 TSF Performance 
Benchmark value was 53.3 MJ compared to Aprovencho laboratory test where the TSF used 21.8 MJ 
(Aprovecho Research Center, 2009). The result from the three different tests had a high variation, and 
differed between 17.6 MJ to 73.8 MJ and with a standard deviation of 31 MJ. This could be seen in the 
other results as well; in general the results had a higher standard deviation then the FirePipe 1. The 
firepower was overall higher than for the FirePipe stoves but observation of the tests on the TSF showed 
that it requires large amount of work to maintain a high effect of the fire.  

4.2.5 FirePipe 1, Primary Combustion, Performance 
Tests completed on the FirePipe 1 is showing that the stove is more fuel efficient than the TSF, it has a 
lower specific fuel consumption and burning rate. This is probably partly due to that briquettes are more 
energy efficient than dung. Overall, the standard deviation is smaller through the test for the FirePipe 1 
compared to the TSF. Fuel use of the FirePipe 1 is more equal than the TSF. One reason for a more equal 
performance could be that the FirePipe 1 is enclosing the fire, making it less sensitive for external 
circumstances. The FirePipe 1 (see the picture to the left in figure 17) showed a low firepower, indicating 
that the effect of the stove is not as high as for the TSF. Thermal efficiency of the FirePipe 1 was under 
the expected values. The test showed a higher than expected energy use, exceeded the energy use for all 
of the 50 stoves tested in McCarty’s report from 2010. This could partly be caused by incompatible 
design for large pots and too small combustion chamber. 

4.2.6 FirePipe 2, Secondary Combustion, Performance 
The first three tries, one time with 5 liters of water respectively two times with 2.5 liters, were 
performed with the same pots used for the WBT on the Three Stone Fire. But as fuel, pellets were used 
instead of the traditional. However, FirePipe 2 (see the picture to the right in figure 17) could not bring 
the water to boil and the tests had to be annulled. The first try, with 5 liters of water, was cancelled after 
1 hour 17 minutes. When no result could be achieved with this amount of water, the test was repeated 
with 2.5 liters of water and a slightly smaller pot. Even these tests had to be annulled because the boiling 
point could not be reached. The second try was cancelled after 46 minutes and the third after 51 
minutes. Observation of the process showed that the stove was able to lift the water to a temperature 
just under boiling point but was not able to get the water to boil. Due to this one more test was 
conducted to enable calculations of the thermal efficiency. Data collected from the boiling attempt were 
used to calculate the efficiency of the FirePipe. Thermal efficiency was calculated to 17 %. This together 
with observations of the process indicates that the firepower is not high enough and therefore not able 
to bring the water to boil. This could be caused by a too small combustion chamber in relation to what 
pots it is constructed for. And in addition, it could be affected by too much air entering the windshield; 
heat from the fire is not effectively transferred to the pot as air is cooling down the hot gases before 
they reach the pot. 
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Figure 16, performing WBT, from right; FirePipe 1, FirePipe 2 

4.2.7 Uncertainties and weaknesses in performed Water Boiling Test (WBT) 
In the aspect of measuring the weight of the water (2.5 kg respectively 5 kg) for these tests a scale 
borrowed from the village was used. The scale had one decimal exact showing, but the certainty of the 
value shown was never tested. There is a possibility that the amount of water used slightly differ from 
the intended amount. The same uncertainty also has the possibility to affect all the other measured 
weights taken during the test. An uncertainty also lies in the pot used in the tests. These did not have a 
perfect cylindrical shape and was not standard pots, giving an unequal heat transfer that might influence 
the test. Likewise the measurements of fuel come with an uncertainty. Scales were bought on a local 
market in Addis Ababa and used the mechanic of a feather to determine the weight. These scales 
showed the exactness of 0.1 kg, but were both hard to read (the lines of the weight were not completely 
horizontal) and quality uncertain (the feather could have lost its elasticity during repeated usage), 
increasing the possibility for incorrect values.  

Another problem occurring during the test was the difficulty of determining when the water was boiling 
at requested force. This could have caused incorrect data in time, fuel usage and water amount effecting 
the result. Only a thermometer defining temperatures up to 50oC was accessible when performing this 
test, thus the temperature of local boiling point could not be measured. Scientifically an ambiguity 
coming across was the uncertainty of determining the amount of ash when measuring remaining fuel, 
these measurements could greatly obstruct the outcome. If a large amount of ash was defined as fuel, it 
would significantly increase the thermal efficiency. The amount of ash therefore was both weighted and 
calculated manually. As the stoves used different fuels some results might be affected by different 
capacities of the fuel used.  

Since these tests were performed during a field study the human factor plays a part of uncertainties and 
weaknesses in the measured data. Tests were done in different households and the participants were 
asked to manage the fire, leading to difference in performance between tests.  

4.3 Performance in the Kitchen Performance Test (KPT) 
The Kitchen Performance Test (KPT) is completed in order to determine the efficiency of the two 
different types of FirePipe stoves in distinguishing with the traditional Three Stone Fire, and to 
benchmark with other improved cookstoves.  

4.3.1 Fuel Usage 
The result of the KPT is presented in total energy use per week (table 11), energy use for sauce (table 
12), and energy use for coffee (table 13). Difference in time is presented in (table 14 and 15). All values 
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relate only to the aforementioned stove, if another stove was used parallel this data are to be found 
together with all the other data for that particular stove. Thus, the usage of TSF is kept apart even after 
the introduction of the FirePipe stoves.  The data per week is weighted, and calculated through the 
average value per cooking occasion on the particular stove. 

Table 11 is showing fuel use per week and family, both total and per main task. Average consumption 
when cooking on TSF is in total 1765 MJ with a total standard variation of 139 MJ. From the total energy 
use is sauce corresponding to 50 % with 882 MJ and coffee 30 % with 524 MJ. FirePipe 1 is utilizing 948 
MJ per week and family, in average with a variation of 154 MJ. The reduction of fuel is resulting in a total 
saving of 46 %. As for the TSF, the sauce is 50 % of the total energy use with 475 MJ and coffee stands for 
38 % with 359 MJ. Compared to FirePipe 1, FirePipe 2 have higher energy use with 1416 MJ, leading to a 
smaller total average saving with 20 % compared to TSF. FirePipe 2 has a total standard deviation of 120 
MJ. Sauce is spending 35 % of total energy with 497 MJ and coffee 40 % with 560 MJ. When the total 
energy use is reduced, Injera baking corresponds to a higher percentage of total use, 30 % with TSFs total 
energy use, 38 % respectively 25 % of FirePipe 1 and FirePipe 2 total energy use. The standard variation 
is indicating how far from the mean all values are, FirePipe 1 has the highest total variation and FirePipe 
2 has the lowest. The Confidence Interval (CI) for fuel savings compared to TSF was calculated for both 
stoves on weekly energy savings, see Appendix C. CI for FirePipe 1 is between 153 MJ to 842 MJ. 
Meaning that the fuel saving is between this range with 95 % certainty. For FirePipe 2 CI is statistically 
significant with 95% confidence between 64 MJ to 525 MJ.  

Energy use of Different Stoves and Cooking Tasks 

Average Energy Use per Week and Family (MJ)   

TSF(Traditional fuel) Value (MJ) SD (MJ) SD (%) % of total fuel use 

Sauce 882 207 23.5% 50% 

Injera 359 231 64.3% 20% 

Coffee 524 280 53.4% 30% 

Total 1765 139 29% 100% 

FirePipe     

FP 1 (Traditional fuel)     

Sauce 475 398 83.8% 50% 

Injera 359 231 64.3% 38% 

Coffee 115 54 46.7% 12% 

Total 948 154 39% 100% 

Energy Savings 46%    

FP 2 (Traditional fuel+pellets)     

Sauce 497 274 55.1% 35% 

Injera 359 231 64.3% 25% 

Coffee 560 21 3.7% 40% 

Total 1416 120 28% 100% 

Energy Savings 20%    

Table 11, Average Energy use per week for the families conducting the KPT 
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Injera baking was done on a Mirt stove in all households and a comparison of cooking food and coffee 
between the new stoves and TSF was also conducted. When just comparing energy use, excluding Injera, 
the saving showed a greater result. Paired-samples were calculated and can be found in Table 12, 
presenting the energy use (MJ) for cooking sauce. Due to that the FirePipe was not used to make cereal 
crops, it was still done on the TSF, and actual energy savings can differ from the calculated value. Data is 
showing that FirePipe 1 reduced the energy use in average 51 %, cooking sauce. In average the FirePipe 1 
showed a saving of 52 % and the FirePipe 2 showed a total saving of 42 %, when used both with pellets 
and traditional fuel. As expected, using FirePipe 2 with just pellet, fuel savings were greater than with 
traditional fuel. Results showed an average saving of 57 %. This indicates that if FirePipe 2 is to be used, 
pellet is to prefer as it is more efficient.  

Average Energy Use, Cooking Sauce 

FP 1, Average Energy Use (MJ) for Cooking Sauce, Paired-Samples 

 

Per 

Meal 
SD 

Fuel Savings 

compared to TSF 

Per 

Week 
SD 

Fuel Savings 

compared to TSF 

TSF 49 41% 
 

972 48% 
 

FP 1 23 76% 52% 475 84% 51% 

 
FP 2, Average Energy Use (MJ) for Cooking Sauce, Paired-Samples 

 

Per 

Meal 
SD 

Fuel Savings 

compared to TSF 

Per 

Week 
SD 

Fuel Savings 

compared to TSF 

TSF 44 50% 
 

792 40% 
 

FP 2, total 25 47% 42% 497 55% 47% 

FP 2, just traditional 

fuel 
25 88% 42% 508 95% 46% 

FP 2, just pellet 19 45% 57% 472 75% 40% 

Table 12, Average Energy Use, cooking Sauce 

Coffee procedures differ between families which can be seen in the high standard deviation of collected 
data, see table 13. Calculations are therefore weighted, based on the same weekly coffee cooking in all 
results. The low standard derivation on FirePipe 2 can be explained by that only data from one family 
were obtained. Results are indicating decrease in fuel usage when using FirePipe 1, of 22 % per week, 
and increased fuel usage when cooking on FirePipe 2, of 7 % per week, compared with TSF. As 
mentioned in WBT the difficulties of getting water to boil could contribute to the increase in energy use 
for FirePipe 2. Coffee requires, unlike sauce, boiling water. Also, energy for cooking coffee is not 
evaluated as pared-samples, due to limited amount of data. This could influence the result as well.  

Average Energy Use, Cooking coffee 

Coffee Per Week (MJ) SD Fuel Savings compared to TSF 

TSF 524.45 56%  

FP1 114.84 47% 22% 

FP2, total 560.38 4% -7% 

Table 13, Average Energy Use (MJ) for Cooking Coffee 
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Overall results 
Due to high variation in energy usage between families and meals, the energy saving differs highly, but 
the test is indicating that there is energy, and fuel, saving when using the FirePipe stove compared to 
TSF. In the average fuel use for the FirePipe stoves, FirePipe 2 is showing a more equal pattern, with less 
protruding values. Average fuel use for the FirePipe 1 is 475 MJ, including 2 families that exceed 1000 MJ 
per week. The mean for FirePipe 2 is 497 MJ, including 1 family that exceeds 1000 MJ per week. Higher 
variance of FirePipe 1 can be due to that the stove just has samples from nine households while FirePipe 
2 has samples from ten households. The results indicate that FirePipe 1 is preferable when using 
traditional fuel, while FirePipe 2 could suggestively be developed as a pellet-stove. 

As described in the WBT, KPT also showed problems of effect for FirePipe 2. The stove was used with 
small pots, placed on the grid above the combustion chamber or, if the pot could be placed on the stove, 
the pellets were placed on the grid, positioned on the highest flap. This is indicating that the efficiency of 
the FirePipe 2 is not satisfying. Another improvement that could be done is to reduce the amount of 
wind entering the windshield. The problem might be caused by the holes generated from folding the 
spikes, which upon the grid can be placed, enables too much wind entering the combustion chamber, 
causing the flames to leave thought the air holes, beside the pot. 

4.3.1 Time Usage 
In addition to fuel usage, each family were asked to measure the time they spent cooking, including start 
up, with the traditional stove and their assigned FirePipe. This data were received for time differences in 
cooking sauce, see table 14 for FirePipe 1, and table 15 for FirePipe 2.    

Time Spent on Cooking, Test group 1, FirePipe 1 – Primary combustor stove 

 
Average Time  

TSF  
SD 

(%) 
Average Time 

FP 1  
SD 

(%) 
  Reduced 

Time  
  CI 95%  

All Households 54 min 45 sec 10.5 27 min 51 sec 9.7 26 min 54 sec 23 min 19 sec - 30 min 29 sec 

Paired-Samples 42 min 27 sec 9.3 32 min 25 sec 14.3 10 min 2 sec 6 min 17 sec -13 min 42 sec 

Table 14, Time Spent on Cooking, FirePipe 1 

For the test group later handed FirePipe 1, the average time for a family to cook sauce on the traditional 
stove (TSF) were, as presented in table 14 above, 54 minutes and 45 seconds, with 10.5% standard 
derivation (SD). When using the new FirePipe stove the average time decreased to 27 minutes and 51 
seconds, with a standard derivation of 9.7%. Through comparison the result of a reduced time spent 
cooking sauce was calculated to 26 minutes 54 seconds. By calculation a confidence interval (CI) for the 
differences in time at a 95% confidence level it gave the result of; minimum: 23 minutes and 19 seconds 
and the maximum of 30 minutes and 29 seconds. The received value of reduced time is within this 
interval. Only four families’ data before and after the FirePipe introduction were available. These data 
gave the result of an average time of 42 minutes and 27 seconds (standard derivation of 9.3%) with the 
TSF, and an average time of 32 minutes and 25 seconds (standard derivation of 14.3%) when using 
FirePipe 1. The average time differences for these paired-samples (PS) were evaluated the same way as 
the average overall time reduction. As shown in table 14; the result was that 10 minutes and 2 seconds 
were saved when using the FirePipe instead of the Three Stone Fire.  This value was within the calculated 
confidence interval at a 95% level of minimum 6 minutes and 17 seconds and a maximum at 13 minute 
and 42 seconds. The credibility of the values in table 14 is, due to the small amount of data rather low. 
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Overall the values have roughly the same credibility, but are slightly more uncertain for the data received 
on FirePipe 1. Interesting to note is also that the two intervals with 95% confidence for time reduction, 
calculated from all available data as well as only from paired-samples, does not overlap. This can both be 
explained by the lack of quantity and quality in the data. For example only 4 families out of ten had data 
both before and after the FirePipe stove introduction, and the measured data differed greatly (see 
Appendix C). Notable is also that the CI describes the variability in the differences in average time 
reduction, and therefore illustrating the credibility in the   Reduced Time. 
 
Time Spent on Cooking, Test group 2, FirePipe 2 – Secondary combustor stove 

 
Average Time  

TSF  
SD 

(%) 
Average Time 

FP 2  
SD 

(%) 
  Reduced 

Time  
  CI 95%  

All Households 51 min 31 sec 15.3 35 min 34 sec 43.5 15 min 57 sec 6 min -25 min 54 sec 

Paired-Samples 52 min 19 sec 17.3 38 min 47.2 14 min 19 sec 2 min 29 sec - 26 min 9 sec 

Table 15, Time Spent on Cooking, FirePipe 2 

  
The same evaluation of time spent cooking was done on the families handed FirePipe 2. These 
measurements showed that the average time for a household to prepare sauce was 51 minutes and 31 
seconds, with a standard derivation of 15.3%. The time was reduced to 35 minutes and 34 seconds 
(standard derivation of 43.5%) when using the improved cookstove of this study, giving a time reduction 
of 15 minutes and 57 seconds. This result is within the calculated confidence interval (CI) at a 95% 
confidence level of minimum 6 minutes and a maximum of 25 minutes and 54 seconds. For FirePipe 2 
paired-samples (PS) were obtained for five families. With an average time of cook sauce with TSF of 52 
minutes and 19 seconds (standard derivation of 17.3%) respectively 38 minutes (standard derivation of 
47.2%) with FirePipe 2. This gave the result, shown in table 15, of a time reduction when preparing sauce 
of 14 minutes and 19 seconds, within the 95% confidence leveled interval between 2 minutes and 29 
seconds up to 26 minutes and 9 seconds. The standard derivations for the time-measurements on the 
TSF were rather high, but did not differ that radically from all data compared to only paired-samples. On 
the other hand the standard derivation for FirePipe 2 was significantly high, both with a standard 
derivation close to 50%, reflecting the fluctuation in the time values. In contrast to FirePipe 1, the two 
95% confidence intervals of FirePipe 2 were pursuing the similar variations of less time spent cooking.  
 
The evaluation between time spent cooking on FirePipe 1 compare to TSF gave quite fluctuating results, 
between 10 and almost 30 minutes, depending on if it was calculated from all received data or just from 
the households where paired-samples were available. A great difference in average reduced time and 
not overlapping confidence intervals, makes it impossible to in a credible way determine how much less 
time the women could spend on cooking with FirePipe 1. What, on the other hand is clearly indicated is 
that FirePipe 1 does reduce the time spent cooking. 
 
For FirePipe 2 both of the average time reductions indicated a decrease in time spent of approximately 
15 minutes, but due to the significantly high standard variation on the time-measurements on FirePipe 2, 
this cannot be taken as anything other than a hint of how much time could be saved. The confidence 
intervals overlap, but are rather extensive, indicating that the time reduction could be marginal from TSF 
or up to roughly 26 minutes of time-saving.   
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However, the lack of available data, and its uncertainties, makes it difficult to draw any conclusions 
whether FirePipe 1 or FirePipe 2 have the highest time-saving.  Overall, the conclusion of the time 
measurements clearly indicates that the FirePipe stoves reduce the time spent cooking, but the range of 
this decrease is not possible to determine.  
 

4.3.2 Uncertainties and weaknesses in performed Kitchen Performance Test (KPT) 
Conducting the KPT should be done after the stove has performed at satisfying level in a laboratory WBT 
(Bailis, 2009b). When arriving to Ethiopia, the FirePipe had not been tested in a laboratory environment 
and did not have any guarantee of performance. Also, due to the lack of exploratory data, reliability of 
KPT is hard to evaluate. 

Selection of the families in the test was not chosen randomly, which are to be preferable for performing 
a KPT (Bailis, 2009b). The administration office had selected 20 families whom were interested in 
conducting the test. This could have an impact on the results of the test, due to the possibility of a too 
homogenous group being chosen and preferential household attributes of the administrators when 
selecting the families. Generalization of fuel savings outside this cluster will therefore not be possible to 
do. Additionally, the stove is just tested in one environmental setting. Factors considering different usage 
of the stove, cooking cultures and climate variations could therefore not be taken in consideration.   

The test is based on data from the families participating in the study and is to be used as accurate 
measurements. Potential sources of error are hard to control.  None of the women conducting in the test 
has any education, the measurements and the notes had, in most cases, to be done by other family 
members. This is affecting the amount of data that could be accessed. Some families did just have a few 
measurements, contributing to a higher uncertainty. Furthermore, it has not been taken into account for 
how many people each meal was prepared for as it could contribute to higher uncertainties. The 
demographic survey did not take into account that family members could live outside the household.  

The scales used are the same as in the WBT, with the measurement exactness of 0.1 kg. Since, it was 
observed that the numbers on the scale were a bit hard to read for the participants in the test group, the 
measurements from the families were often just written with 0.5 kg precision. Hence, it is essential that 
this might not be the precise weight. 

Availability of fuel is to be reflected in the consumption patterns. As the pellets were given away for free, 
the fuel usage might be higher than if the families would have to pay for it themselves. In the period 
when the tests were conducted the available of fuel was good and the patterns of fuel usage will not be 
considered to differ between pellets and traditional fuel. Furthermore, the comparison of fuel usage 
between the TSF and FirePipe stoves does not take under consideration that before the FirePipe stoves 
were introduced most cooking tasks were performed on the traditional stove. Meanwhile, only coffee 
and sauce were made on the FirePipe. Therefore, it is uncertain if cooking task, such as preparing cereal 
and crops, are included in the total fuel usage on the traditional stove. This may cause that the average 
fuel usage value for the TSF is increased, giving the FirePipe an advantage in the fuel consumption 
comparison. 

Regarding the results for time spent cooking; the lack of amount of data is a significant uncertainty. The 
quantity of paired-samples, data available both before and after the introduction of the FirePipe within 
the same household, is exceedingly scares. A credible statistical result may therefore not be displayed. 
Also, the timekeeping were made by the households themselves, and due to their level of education 
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together with the uncertainty of their measuring equipment, there is not certain that these 
measurements are accurate.   

Due to the short adoption period there is hard to see patterns of changes in behavior, and durable 
changes in fuel usage.  Furthermore, the long-term use of the FirePipe stoves could not be evaluated.  

4.4 Feedback evaluation of the FirePipe stoves 
As a part of the KPT standardized feedback question are to be asked to the participating families after 
certain time of usage of the improved cookstove. This is performed in order to detect advantages and 
disadvantages of using the FirePipe compared to the traditional stove, and also to determine possible 
areas of product development.  

4.4.1 FirePipe Evaluation 
The feedback evaluation showed that 100% (FirePipe 1) respectively 90% (FirePipe 2) of the households 
were using their improved cookstove every day, giving an overall everyday usage of the FirePipe stoves 
of 95%. When asked if it was easier to cook meals with the new stove 80% of the women with FirePipe 1 
and 70% of the women with FirePipe 2 said: yes. The main reason, for both type of the stoves, was that 
the fire was easier to manage. Other contributing factors were; less time spent cooking and the mobility 
of the FirePipe. When asked which cooking tasks which were easier to accomplish with the new stove 
the overall result was: coffee and sauce. Totally 85% (FirePipe 1) respectively 90% (FirePipe 2) of the 
participating women said these cooking assignments were now done more easily. In the aspect of 
maintenance 100% of the households with FirePipe 1 said the stove required cleaning of both ashes and 
fuel. FirePipe 2 gave the corresponding result of 90% of the households. The survey also showed that 
other purposes than just cooking where the FirePipe stoves were used; heating (100% of the 
households), lighting: (10%), preparing food for livestock (10%). Regarding pots; iron, clay and coffee are 
the most common types used on both of the FirePipe stoves. For more detailed information about these 
questions of the feedback: see Appendix D. 

Another important aspect in the adoption process of improved cookstoves is the usage of 
complementing stoves. Research showed the 100% of the 20 households were still additionally using the 
Injera stove. Furthermore, 100% of every household with FirePipe 2 were still using their traditional 
stove, while this percentage was slightly lower, 80%, on FirePipe 1. Both iron- and clay stoves were used 
by 40% of the FirePipe 1 households, while their usage was by 20% respectively 40% of the FirePipe 2 
users. Coffee- and tea stoves were still used additionally (10% respectively 20%) in FirePipe 1 household, 
while they were not used in households handed FirePipe 2. The exact data for these measurements can 
be found in Appendix D.    

Advantages of FirePipe 
The women were asked what they did like the most about the new cookstoves, and the results were (the 
percentage correspond to the proportion of women who stated each option); 

                             FP 1 

 Reduced fuel consumption (60%) 

 Less time spent cooking (30%) 

 Mobility of stove (10%) 

FP 2 

 Reduced fuel consumption (60%) 

 Less time spent cooking (20%) 

 Mobility of stove (10%) 

 Fire burns with no disruption (10%) 
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Part of the feedback survey was to evaluate possible problems of the new stoves. The feedback showed 
that following problems were not present with the improved cookstove (the percentage corresponds to 
the proportion of women who stated each option); 

                             FP 1 

 Fire does not go out easily (100%) 

 Does not break easily (100%) 

 Heats indoor (100%) 

 Does not cause burns (90%) 

 Creates less smoke than TSF (80%) 

 Easy to control temperature (100%) 

 Easy to start (90%) 

FP 2 

 Fire does not go out easily (100%) 

 Does not break easily (100%) 

 Heats indoor (90%) 

 Does not cause burns (100%) 

 Creates less smoke than TSF (80%) 

 

Compared to the traditional stove both FirePipe gave a more stable fire and caused less burns. 90% of 
the households also thought both FirePipe 1 and FirePipe 2 were more solid and made indoor heating 
easier than their traditional alternative. On the aspect of generated harmful smoke, 90% respectively 
80% of the households thought the new stove generated less smoke. For the FirePipe 1 users, all said 
that the fire was easier to start, as well as 60% of them thought the temperature was more controllable.  

The stoves have been shown to be more preferable for cooking tasks requiring a small sized pot. Along 
with the meals easiest to cook on the FirePipe were sauce and coffee –these necessitate small pots, 
perhaps it would be advantageous to focus on the small-sized stove market.  

 Preferable for cooking with small-sized pots 

 Preferable for sauce and coffee making 

Technical benefits of the stoves were a more stable fire that does not require monitoring, it burns with 
no disruptions, the stoves causing less burns and generating less smoke than the traditional stove. In the 
aspect of user-friendliness positive contributes from design were the mobility, stability and solidity of the 
stove. Mainly every one of the women thought the new stove were a better source of heat than the 
traditional stove.  Due to the mobility, the families were now able to move the stove inside living area 
during cold seasons, which were not possible with the traditional stove. Furthermore, some found 
FirePipe 2 to be less suitable for heating, suggestively a direct consequence of its low efficiency. 

The women were also asked about their perception of health problems which gave the results of 80% of 
the women with FirePipe 1 and 40% of the women with FirePipe 2 experienced an decrease in breathing 
problems. In the matter of eye problems 60% respectively 40% had noticed an improvement.  

Disadvantages 
The feedback evaluation of problems present with the improved cookstove showed that the 
disadvantages of the FirePipe stoves were (the percentage correspond to the proportion of women who 
stated each option); 
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                             FP 1 

 Preferred size of fuel does not fit (90%) 

 Does not provide light (80%) 

 Pots do not fit stove (90%) 

 Requires lot of maintenance (60%) 

 Unstable pot (40%) 

FP 2 

 Preferred size of fuel does not fit (100%) 

 Does not provide light (100%) 

 Pots do not fit stove (90%) 

 Requires lot of maintenance (90%) 

 Unstable pot (80%) 

 Hard to control temperature (90%) 

 Hard to ignite (50%) 

Each household with FirePipe 2 considered it to be requiring more maintenance than the traditional 
stove, the corresponding amount of households with FirePipe 1 was 70%. Both of the FirePipe stoves 
required a lot of maintenance in form of cleaning of ashes and fuel every day. Almost every one (85%) of 
the women thought the new stove required more maintenance than the traditional stove.  The small 
sizes of the stoves are one reason for this problem and once again the solution would be to increase the 
size of the stove. If the stove is made in a larger size, the maintenance would decrease.  

Furthermore, all the participating women thought their preferable choice of fuel were less suitable in 
size for the FirePipe. Neither of the stoves provided any useful light, and 100% of the households 
considered that the TSF were a better source of light.  The feedback evaluation showed that the pots 
used by the women were less suitable for the new stove; pots were less able to fit and were more 
unstable. Additional problems were detected solely on FirePipe 2, 60% of the households considered it 
to be more complicated to ignite a fire, while all of the households found it more difficult to control the 
cooking temperature on the new stove compared to the traditional option.  

All households were asked what problems they encountered during FirePipe usage. What was in 
common for both FirePipe 1 and FirePipe 2 were; 

 Coffee pots does not fit 

 Large sized pots does not fit 

 Coffee pots does not stand stable 

 Requires cleaning of ash every day 

Another problem with both stoves, although not mentioned rather frequently, was the generated smoke 
the FP stoves created. One family with FirePipe 1 referred to this, while one fifth of the households with 
FirePipe 2 considered the concentrated smoke to be a problem. For one woman this issue resulted in 
that she did not use the actual secondary combustor at all, instead she solely used the windshield and 
the grid. When cooking, fuel were put upon the grid and ignited. Although, in general, the households 
thought the FirePipe stoves to be better than the TSF. Other problems located from the feedback were 
that FirePipe 2 was not suitable for heating indoors and for FirePipe 1, dung was hard to ignite. 
Furthermore, one woman was worried about breakage of the stoves feet. Consistently the feedback 
evaluation also showed that Injera were not possible to make on the FirePipe stoves due to its small size. 
Meanwhile, the women exceedingly requested an improved stove suitable for baking Injera. In order for 
these stoves to be replaced by a FirePipe stove its dimensions needs to be enlarged. Although, this large 
increase in size would be a challenge for the FirePipe producer.  

During the feedback evaluation some other observations also were performed. When women were 
facing a problem with the stove they often came up with their own solutions. For example, the grid for 
the secondary combustor, that originally was designed to place charcoal on, was instead used for as a 
pot holder for small-sized pots (see picture 18). This caused a problem of refilling fuel, due to the grid 
blocking the opening of the stove, which also was too hot to remove during usage.  Moreover, families 
with FirePipe 1 also found it difficult to refill fuel through the small entrance box. They solved the 
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problem through adding fuel from above, where the heat is exiting the stove. Another problem observed 
was the difficulty of moving the stove after usage, when the surface was heated. One solution was 
putting a brick under the stove and carrying the stove on the brick.  

 

 

Figure 17, Coffee Cooking on FirePipe 2 

An additional observation was done on that FirePipe 1 right from the beginning, when the stoves were 
handed out to the families, were the more preferable choice. Women that were assigned to test FirePipe 
2 asked to switch into FirePipe 1.   

Improvements 
The households were asked what type of improvements they considered the FirePipe stoves to require, 
and for their propositions for product development. The results were (the percentage correspond to the 
proportion of women who stated each option); 

                             FP 1 

 Requires handles (100%) 

 Larger fuel entrance box (50%) 

 Pot rest (50%) 

 Larger stove (10%) 

FP 2 

 Requires handles (80%) 

 Larger fuel entrance box (10%) 

 Pot rest (50%) 

 Larger stove (30%) 

 Larger air holes on windshield (10%) 
 

Since Injera baking is such a big part of the total cooking in Ethiopia (Beyene and Koch, 2012), and in 
Borebor Silasie, almost every one of the women requested an improved cookstove designed for making 
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Injera. When asked if they would like several different stoves 85% of the women said that they would 
like one stove in a small size, like the one they are testing, and one stove in a larger size. 

Furthermore, their request for a larger fuel entrance box is highly correlated with the fact that the 
preferable fuel – in this case: dried cow dung and local tree (firewood), are too big in size for the 
indented entrance box. Therefore, it required handling in form of sawing or breaking into smaller pieces. 
The fact that the women instead added fuel from the top of the stove is also a consequence of that a 
larger entrance box is needed. 

In order to achieve the requested improvements, mutually for both types of FirePipe stoves, the 
following product improvements needs to taken under consideration;   

 Supplement stove with handles and pot rest without interfering with the design of a foldable flat 
sheet of metal.  

 Increase size of stove and fuel entrance box without impairing with technical performance  

4.4.2 FirePipe Performance 
Almost every one of the women, 95%, were using their FirePipe every day, indicating that the stove is 
highly useful and an improvement of their traditional option. The percentage of women who were 
experience that meals were easier to cook with the new stove was slightly lower on FirePipe 2. This can 
be seen as it correlated with the difficulties in controlling the temperature and igniting the fire. The 
feedback evaluation showed that FirePipe 1 kept being the most preferable choice after the weeks of 
usage. This could be explained by the overall better performance by FirePipe 1 such as; more 
advantages, less disadvantages and less areas of improvement compared to FirePipe 2. 

Overall the women with FirePipe 1 thought the fire was easier to start and the temperature was easier to 
control on FirePipe 1 than the traditional stove.  At the same time the most of the households with 
FirePipe 2 considered it to be more complicated to ignite a fire and more difficult to control the cooking 
temperature on the new stove compared to the traditional option. Another reason why FirePipe 1 
performed better on the feedback evaluation could be the aspect of smoke. A larger percentage of 
FirePipe 1 users thought the stove produced less smoke than the traditional option, in the same time as 
more users of FirePipe 2 considered the heavy smoke to be a problem. As mentioned, one woman found 
the smoke generated by FirePipe 2 so heavy that she did not use the actual combustor at all.  

In turn these problems can be explained by the difficulty of understanding the technology and the lack of 
experience of the technique of cooking with a stove using FirePipe 2.  The same reason can explain why 
the women had a more positive attitude towards FirePipe 1 right from the beginning. FirePipe 1 also 
reminds more of the cookstoves already existing in the village, like the coffee stove, which could be yet 
another reason why the women preferred receiving this type of stove. This would also explain why 
FirePipe 2 was occasionally used in the wrong way. 

4.4.3 Uncertainties and weaknesses of the Feedback 
The women are positive to conducting in this study, which could affect their opinions. Some of the 
women gave the same feedback when they use the improved cookstove for just a couple of times as in 
the final feedback when they had used the FirePipe several times more. This implies that the women 
gave the answers they thought were appropriate and appreciated by the research group. Furthermore, 
since the households were geographically located very close to each other, the women could easily 
affect one another with their personal opinion. As the families are from the same village, they are 
relatively homogenous; they have similar education and socioeconomic status. Hence, one could expect 
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rather non-fluctuating answers. This also implies that the result cannot be applied as a generalization, or 
as a representation, for the Ethiopian population (Bailis, 2009b). There is also an uncertainty in the 
credibility in the answers given from the women, due to the language difficulties. Occasionally it was 
noted that the received answer for a specific question in fact were the answer to another question.  

Preferably this feedback survey should take place three to six month after the improved cookstove has 
been introduced (Bailis, 2009b). But due to the time limitation of this study the feedback questions were 
asked less than three weeks after the FirePipe stoves were first introduced. Meaning; that the results of 
the feedback are not seen from a long-term perspective, which in turn implicates that there is an 
uncertainty in the reliability of the results.  
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5 Conclusion and future work 
This chapter contains the conclusions and evaluations of this thesis along with suggestions for future 
work to further evaluate the FirePipe stoves are presented.  

5.1 Conclusion 
Questions to be answered were how the FirePipe stoves corresponded to the standardized tests: SST, 
WBT and KPT. With its main foci on; difference in resources spent, performance and the users preferences 
about using the FirePipe stoves, see section 2 for Problem Proposal and Objectives.  

Technical advantages that both of the FirePipe could contribute with, characterizing an improved 
cookstove, were less time spent cooking and reduced fuel consumption compared to TSF, which are two 
of the most important aspects of implementing and adopting a cookstove. Almost all participants used 
the FirePipe every day, in particular for cooking sauce and coffee. This indicates that the FirePipe stoves 
have good potential of a successful adoption process.  

In the tests conducted, the FirePipe stoves showed a more equal pattern of fuel usage. One reason for a 
more consistent performance could be that the FirePipe stoves is enclosing the fire, making it less 
sensitive for external circumstances. As a part of this an indication of behavioral change could be seen, 
as when the fire did not require the same attendance, the chef could do other things parallel to the 
cooking task. Another advantage due to the mobility of the stove was that it now was possible to heat 
the living area and not just the cooking area. Overall, a suggestion of other fields of use for the FirePipe 
stoves could be heating.  

Indications of the received results is that if there are a sustainable use of the FirePipe stove, savings from 
reduced fuel and time usage can contribute to a higher standard of living for the families, and increase 
the empowerment of the women. In addition, reduced fuel consumption could also contribute to a 
better environment, slowing down the mentioned problem of deforestation.  

Both briquettes and pellets have higher energy content, and if the market for these fuels is developing, it 
could be a potential niche for the FirePipe stoves. In the KPT, use of pellet in FirePipe 2 showed 
advantage over traditional fuel. For FirePipe 1, briquettes were only used in the WBT, but indications 
from fuel consumption are that briquettes are to prefer.      

The FirePipe stoves were used complementary to the TSF and thorough the tests, some indication of 
improvements that could contribute to a better performance have showed. All tests are indicating that 
the stoves have a low firepower and thermal efficiency. The stoves did not perform in line with the 
benchmark energy use standard in the WBT completed in this study. Problems with the size of the stove, 
together with unstable and non-fitting pots gives the conclusion of the FirePipe stoves being incorrectly 
dimensioned for its purpose of use, with reference to this specific test group. Cooking habits among the 
participants showed that it would be preferable with one larger and one smaller FirePipe stove, to 
correspond to their cooking needs.  

The preference of FirePipe 1 indicates that its design and mode of application is closer of what is 
required to become a replacement. On the other hand, FirePipe 2 had a generally lower percentage 
usage of other complementary stoves, but this should not be drawn to any conclusion since no data are 
available for if the families had access to these types of stoves.  
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Conclusion from the tests is indicating that FirePipe 2 is too technically advanced and requiring 
knowledge in order to be used in the right way. The case of FirePipe 2 not being used as indented also 
support this conclusion.   

In the aspect of adding handles to the stove to enable movement when heated from cooking, it is vital 
that these handles do not catch the same heat as the surface of the stove. The suggested solution could 
be removable handles, similar to the handle for the grid on FirePipe 2.  

Concerning the health benefits from using Gustav Innovations improved cookstove the result should not 
be drawn into any direct conclusion since the time of usage was much too short and most damageable 
health effect are solely detected after a long-term usage. Even though the feedback indicates that the 
FirePipe stoves are contributing to a better cooking environment.  

5.2 Future work 
FirePipe stoves have potential to affect people’s lives to the better. But, before entering the market, 
further development on both the FirePipe stoves efficiency is to recommend. When reached a satisfying 
performance, a WBT in laboratory conditions to enable a better benchmark and ensure performance, 
could be the next step. Furthermore, the KPT, SST and CCT should be performed on the later improved 
FirePipe stoves. In this study the CCT was not performed, due to time-limitations. This should be 
completed after the improvement has been made.  

It is also preferably to try the cookstove in a more inhomogeneous group of people. The participants 
chosen for this study was, as mentioned, a homogenous assembly. For future work a more in-
homogenous group, from different areas and dissimilar levels of income, can be selected for the KPT and 
its feedback survey. Also, the participants could be handed fuel equal in energy content in order to avoid 
abnormal usage of fuel by the families, in this case, given pellets for free. This would probably contribute 
to a fairer comparison between the two different types of FirePipe stoves. To receive a more fair and 
credible result of the feedback evaluation it should be performed after a longer time of usage, preferable 
three to six months after the introduction. Findings from a study with greater extent can achieve results 
that reflect a larger market. The feedback is the most important step, to enable a cookstove that fits the 
local needs and practices of the intended consumer group.  

If FirePipe 2 is to be further developed and implemented, the market for pellets should be investigated.  
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Appendix 
 

Appendix A, Result SST 

Safety Test, Cookstove Tipping 

FP 1    FP 2    

Run 
Starting 
Height 

Tipping 
Height 

Ratio Run 
Starting 
Height 

Tipping 
Height 

Ratio 

1 25.5 19.3 0.757 1 27.2 22.5 0.827 

2 25.5 19 0.745 2 27.2 22.1 0.813 

3 25.5 18.7 0.733 3 27.2 23.2 0.853 

4 25.5 18.2 0.714 4 27.2 22.0 0.809 

5 25.5 19 0.745 5 27.2 23.1 0.849 

6 25.5 20 0.784 6 27.2 21.2 0.779 

 

Safety Test, Containment of Fuel Area 

 

Containment of Fuel FP 1 FP 2 

Calculation 6.7 8 3.14 2  (5.7/2)  6/2 

Area (cm2) 53.6 53.7 
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Appendix B. Result WBT 

WBT, Performance TSF 

Results from the three water boiling tests made on TSF are presented in following tables. 

Average Performance TSF 

 

1. HIGH POWER TEST (COLD 
START) 

Units Test 1 Test 2 Test 3 Average SD COV 

Time to boil Pot # 1 
 

Min 14 42 23 26.3 14.1 54% 

Temp-corrected time to 
boil Pot # 1 

Min 14 43 24 27.2 14.5 53% 

Burning rate 
 
g/min 16 15 23 17.9 4.7 26% 

Thermal efficiency 
 

% 52% 22% 32% 36% 15% 43% 

Specific fuel 
consumption  

g/liter 104 292 118 171.7 104.6 61% 

Temp-corrected specific 
consumption 

g/liter 109 302 122 177.7 107.5 60% 

Temp-corrected specific 
energy cons. 

kJ/liter 1 342 3 704 1 501 2182.5 1 320.2 60% 

Firepower 
 
Watts 3 195 3 025 4 762 3661 957.6 26% 

         
2. HIGH POWER TEST (HOT 

START) 
Units Test 1 Test 2 Test 3 Average SD COV 

Time to boil Pot # 1 
 

Min 22 18 20 20.1 2.0 9% 

Temp-corrected time to 
boil Pot # 1 

Min 23 19 20 20.9 2.2 11% 

Burning rate 
 
g/min 31 29 19 26.4 6.5 25% 

Thermal efficiency 
 

% 13% 19% 52% 28% 21% 75% 

Specific fuel 
consumption  

g/liter 324 230 83 212.3 121.3 57% 

Temp-corrected specific 
consumption 

g/liter 339 237 86 220.7 127.4 58% 

Temp-corrected specific 
energy cons. 

kJ/liter 4 162 2 916 1 053 2710.2 1 564.3 58% 

Firepower 
 
Watts 6 419 5 888 3 888 5398 1 334.3 25% 

         
3. LOW POWER (SIMMER) 

 
Units Test 1 Test 2 Test 3 Average SD COV 

Burning rate 
 
g/min 28 26 26 26.8 0.8 3% 

Thermal efficiency 
 

% 13% 14% 51% 26% 21% 82% 

Specific fuel 
consumption  

g/liter 978 849 182 669.4 427.1 64% 
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Temp-corrected specific 
energy cons. 

kJ/liter 69 651 66 258 30 586 55498.3 21 641.0 39% 

Firepower 
 
Watts 5 672 5 396 2 491 4519 1 762.3 39% 

Turn down ratio 
 

-- 0.56 0.56 1.91 1.01 0.8 77% 

BENCHMARK VALUES 
(for 5L)         

Fuel Use Benchmark 
Value  

G 6 008 5 592 1 429 4 343 2 532.0 58% 

Energy Use Benchmark 
Value  

kJ 73 779 68 674 17 553 53 336 31 093.3 58% 

Table 16, Average Performance in the WBT for TSF 

Test 1, Input data, TSF 

 

Initial Test Conditions, Test 1       

Data value  units  Label 

Air temperature 21.8  ºC   

Wind conditions, No Wind 
 

2     

Fuel dimensions   100%   

Fuel moisture content (wet basis) 12%  %  m 

Gross calorific value (dry fuel) 13 600  kJ/kg  HHV 

Net calorific value (dry fuel) 12 280  kJ/kg  LHV 

Effective calorific value      

(accounting for fuel moisture) 10 500  kJ/kg  ceff 

Char calorific value 29 500  kJ/kg   

Data   value  units  label 

Dry weight of Pot # 1 (grams) 420  g  P1 

Weight of container for char (grams) -  g  k 

Local boiling point 91.7  ºC  Tb 
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Test 1, TSF 

 

TEST #1 TSF  COLD START HIGH POWER 

  Start   Finish: when 

      Pot #1 boils 

Measurements Units data label   data label 

Time (in 24 hour form) hr:min  tci   0:13 tcf 

Weight of wood g 2200 fci   1800 fcf 

Water temperature, Pot # 1 ºC 20.0 T1ci   91.0 T1cf 

Weight of Pot # 1 with water g 2800 P1ci   2500 P1cf 

Fire-starting materials (if any) -- Hot charcoal     

Weight of charcoal + container g     5.8 cc 

 

TEST #1 TSF  HOT START HIGH POWER (OPTIONAL) 

  Start   Finish: when 

      Pot #1 boils 

Measurements Units data label   data label 

Time (in 24 hour form) hr:min  thi   0:22 thf 

Weight of wood g 2360 fhi   1060 fhf 

Water temperature, Pot # 1 ºC 20.0 T1hi   91.0 T1hf 

Weight of Pot # 1 with water g 2800 P1hi   2600 P1hf 

Fire-starting materials (if any) -- Hot charcoal     

Weight of charcoal+container g     171.6 ch 

 

TEST #1 TSF  SIMMER TEST 

  Start  Start:when   Finish: 45 min 

     Pot #1 boils   after Pot #1 boils 

Measurements Units data label  data label   data label 

Time (in 24 hour form) hr:min  tci   tsi   0:45 tsf 

Weight of wood g 2200 fci  2490 fsi   400 fsf 

Water temperature, Pot # 1 ºC 20.0 T1ci  91 T1si   91.0 T1sf 

Weight of Pot # 1 with water g 2800 P1ci  2600 P1si   1700 P1sf 

Fire-starting materials (if any) -- Hot charcoal       

Weight of charcoal+container g        275.88 cs 
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Test 1, Calculations and results TSF 

 

TEST #1, TSF  COLD START   HOT START 

Calculations/Results Units data label   Data label 

Wood consumed (moist) g 400 fcm   1 300 fhm 

Net change in char during test g 53 Δcc   172 Δch 

Equivalent dry wood consumed g 215 fcd   699.3814 fhd 

Water vaporized from all pots g 300 wcv   200 whv 

Effective mass of water boiled g 2 061 wcr   2 160 whr 

Time to boil Pot # 1 min 14 Δtc   22 Δth 

Temp-corr time to boil Pot # 1 min 14 Δt
T

c   23 Δt
T

h 

Thermal efficiency % 52% hc   13% hh 

Burning rate g/min 16 rcb   31 rhb 

Specific fuel consumption g/liter 104 SCc   324 SCh 

Temp-corr sp consumption g/liter 109 SC
T

c   339 SC
T

h 

Temp-corr sp energy consumpt. kJ/liter 1 342 SE
T

C   4 162 SE
T

H 

Firepower watts 3 195 FPc   6 419 FPh 

 

TEST # 1 SIMMER TEST (CALCULATIONS DIFFER FROM HIGH POWER TEST)  

Calculations/Results        Units   data label  

Wood consumed during the simmer phase (moist) g   2 090 fsm  

Net change in char during test phase g   223 Δcs  

Equivalent dry wood consumed  g   1251.23 fsd  

Water vaporized    g   900 wsv  

Water remaining at end - All Pots g   1 280 wsr  

Time of simmer (should be ~45 minutes) min   45 Δts  

Thermal efficiency    %   13% hs  

Burning rate      g/min   28 rsb  

Specific fuel consumption   g/liter   978 SCs  

Firepower       watts   5 672 FPs  

Turn down ratio    --   0.56 TDR  

Specific Energy use   kJ/liter   69 651 SES  

Fuel Benchmark to Complete 5L WBT g   6 008 BF  

Energy Benchmark to Complete 5L WBT kJ   73 779 BE  
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Test 2, Input data TSF 

 

Initial Test Conditions, Test 2, TSF      

Data value  units  label 

Air temperature 21.0  ºC   

Wind conditions, Light breeze 
 

3     

Fuel dimensions   100%   

Fuel moisture content (wet basis) 12%  %  m 

Gross calorific value (dry fuel) 13 600  kJ/kg  HHV 

Net calorific value (dry fuel) 12 280  kJ/kg  LHV 

Effective calorific value      

(accounting for fuel moisture) 10 500  kJ/kg  ceff 

Char calorific value 29 500  kJ/kg   

Data, Test 2   Value  units  label 

Dry weight of Pot # 1 (grams) 1 200  g  P1 

Weight of container for char (grams) 1 600  g  k 

Local boiling point 91.7  ºC  Tb 

 

Test 2, TSF 

 

TEST #2, TSF  COLD START HIGH POWER 

  Start   Finish: when 

      Pot #1 boils 

Measurements Units data label   data label 

Time (in 24 hour form) hr:min  tci   0:41 tcf 

Weight of wood g 1780 fci   500 fcf 

Water temperature, Pot # 1 ºC 19.0 T1ci   91.7 T1cf 

Weight of Pot # 1 with water g 3700 P1ci   3300 P1cf 

Fire-starting materials (if any) -- Hot charcoal     

Weight of charcoal+container g     1800 cc 
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TEST #2, TSF  HOT START HIGH POWER (OPTIONAL) 

  Start   Finish: when 

      Pot #1 boils 

Measurements Units data label   data label 

Time (in 24 hour form) hr:min  thi   0:18 thf 

Weight of wood g 1510 fhi   610 fhf 

Water temperature, Pot # 1 ºC 19.0 T1hi   91.7 T1hf 

Weight of Pot # 1 with water g 3700 P1hi   3500 P1hf 

Fire-starting materials (if any) -- Hot charcoal     

Weight of charcoal+container g     1700 ch 

 

TEST #2, TSF  SIMMER TEST 

  Start:when   Finish: 45 min 

  Pot #1 boils   after Pot #1 boils 

Measurements Units data label   data label 

Time (in 24 hour form) hr:min  tsi   0:45 tsf 

Weight of wood g 1490 fsi   100 fsf 

Water temperature, Pot # 1 ºC  T1si    T1sf 

Weight of Pot # 1 with water g 3500 P1si   2600 P1sf 

Fire-starting materials (if any) -- Hot charcoal     

Weight of charcoal+container g     1800 cs 

 

Test 2, Calculations and results, TSF 
  COLD START   HOT START 

Calculations/Results Units data label   data label 

Wood consumed (moist) g 1 280 fcm   900 fhm 

Net change in char during test g 200 Δcc   100 Δch 

Equivalent dry wood consumed g 614 fcd   529.3206 fhd 

Water vaporized from all pots g 400 wcv   200 whv 

Effective mass of water boiled g 2 101 wcr   2 301 whr 

Time to boil Pot # 1 min 42 Δtc   18 Δth 

Temp-corr time to boil Pot # 1 min 43 Δt
T

c   19 Δt
T

h 

Thermal efficiency % 22% hc   19% hh 

Burning rate g/min 15 rcb   29 rhb 

Specific fuel consumption g/liter 292 SCc   230 SCh 

Temp-corr sp consumption g/liter 302 SC
T

c   237 SC
T

h 

Temp-corr sp energy consumpt. kJ/liter 3 704 SE
T

C   2 916 SE
T

H 

Firepower watts 3 025 FPc   5 888 FPh 
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SIMMER TEST (CALCULATIONS DIFFER FROM HIGH POWER TEST)  

Calculations/Results        Units   data label  

Wood consumed during the simmer phase (moist) g   1 390 fsm  

Net change in char during test phase g   - Δcs  

Equivalent dry wood consumed  g   1188.53 fsd  

Water vaporized    g   900 wsv  

Water remaining at end - All Pots g   1 400 wsr  

Time of simmer (should be ~45 minutes) min   45 Δts  

Thermal efficiency    %   14% hs  

Burning rate      g/min   26 rsb  

Specific fuel consumption   g/liter   849 SCs  

Firepower       watts   5 396 FPs  

Turn down ratio    --   0.56 TDR  

Specific Energy use   kJ/liter   66 258 SES  

Fuel Benchmark to Complete 5L WBT g   5 592 BF  

Energy Benchmark to Complete 5L WBT kJ   68 674 BE  

 

Test 3, Input data, TSF 

 

Initial Test Conditions, Test 3       

Data value  units  Label 

Air temperature 21.0  ºC   

Wind conditions, No Wind 
 

2     

Fuel dimensions   100%   

Fuel moisture content (wet basis) 12%  %  M 

Gross calorific value (dry fuel) 13 600  kJ/kg  HHV 

Net calorific value (dry fuel) 12 280  kJ/kg  LHV 

Effective calorific value      

(accounting for fuel moisture) 10 500  kJ/kg  ceff 

Char calorific value 29 500  kJ/kg   

Data   value units Label 

Dry weight of Pot # 1 (grams) 800 g P1 
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Weight of container for char (grams) 1 500 g K 

Local boiling point 91.7 ºC Tb 

 

Test 3, TSF 

 

TEST #3, TSF  COLD START HIGH POWER 

  Start   Finish: when 

      Pot #1 boils 

Measurements Units data label   data label 

Time (in 24 hour form) hr:min  tci   0:23 tcf 

Weight of wood g 2200 fci   1000 fcf 

Water temperature, Pot # 1 ºC 19.0 T1ci   91.0 T1cf 

Weight of Pot # 1 with water g 5750 P1ci   5449 P1cf 

Fire-starting materials (if any) -- Matches, firewood     

Weight of charcoal+container g     1700 cc 

 

TEST #3, TSF  HOT START HIGH POWER (OPTIONAL) 

  Start   Finish: when 

      Pot #1 boils 

Measurements Units data label   data label 

Time (in 24 hour form) hr:min  thi   0:19 thf 

Weight of wood g 1600 fhi   600 fhf 

Water temperature, Pot # 1 ºC 19.0 T1hi   91.0 T1hf 

Weight of Pot # 1 with water g 5750 P1hi   5349 P1hf 

Fire-starting materials (if any) -- Charcoal, firewood     

Weight of charcoal+container g     1700 ch 

 

TEST #3, TSF  SIMMER TEST 

  Start:when   Finish: 45 min 

  Pot #1 boils   after Pot #1 boils 

Measurements Units data label   data label 

Time (in 24 hour form) hr:min  tsi   0:44 tsf 

Weight of wood g 1800 fsi   600 fsf 

Water temperature, Pot # 1 ºC 91 T1si   91.0 T1sf 

Weight of Pot # 1 with water g 5300 P1si   3800 P1sf 

Fire-starting materials (if any) -- Charcoal, firewood     

Weight of charcoal+container g     1900 cs 
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Test 3, Calculations and results, TSF 

 

  COLD START   HOT START  

Calculations/Results Units data label   data label  

Wood consumed (moist) g 1 200 fcm   1 000 fhm  

Net change in char during test g 200 Δcc   200 Δch  

Equivalent dry wood consumed g 546 fcd   374.5979 fhd  

Water vaporized from all pots g 301 wcv   401 whv  

Effective mass of water boiled g 4 606 wcr   4 507 whr  

Time to boil Pot # 1 min 23 Δtc   20 Δth  

Temp-corr time to boil Pot # 1 min 24 Δt
T

c   20 Δt
T

h  

Thermal efficiency % 32% hc   52% hh  

Burning rate g/min 23 rcb   19 rhb  

Specific fuel consumption g/liter 118 SCc   83 SCh  

Temp-corr sp consumption g/liter 122 SC
T

c   86 SC
T

h  

Temp-corr sp energy consumpt. kJ/liter  
1 501 

SE
T

C   1 053 SE
T

H  

Firepower watts 4 762 FPc   3 888 FPh  

 

SIMMER TEST (CALCULATIONS DIFFER FROM HIGH POWER TEST)  

Calculations/Results        Units   data label  

Wood consumed during the simmer phase (moist) g   1 200 fsm  

Net change in char during test phase g   200 Δcs  

Equivalent dry wood consumed  g   545.609 fsd  

Water vaporized    g   1 500 wsv  

Water remaining at end - All Pots g   3 000 wsr  

Time of simmer (should be ~45 minutes) min   45 Δts  

Thermal efficiency    %   51% hs  

Burning rate      g/min   12 rsb  

Specific fuel consumption   g/liter   182 SCs  

Firepower       watts   2 491 FPs  

Turn down ratio    --   1.91 TDR  

Specific Energy use   kJ/liter   30 586 SES  

Fuel Benchmark to Complete 5L WBT g   1 429 BF  

Energy Benchmark to Complete 5L WBT kJ   17 553 BE  
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WBT, Performance FirePipe 1 

Average Performance FirePipe 1 

1. HIGH POWER TEST (COLD 
START) 

Units Test 1 Test 2 Test 3 Average SD COV 

Time to boil Pot # 1  min 24 26 38 29.3 7.6 26% 

Temp-corrected time to boil 
Pot # 1 

min 25 29 42 32.1 8.9 28% 

Burning rate  g/min 9 14 12 11.5 2.6 23% 

Thermal efficiency  % 32% 21% 17% 24% 8% 33% 

Specific fuel consumption  g/liter 89 156 208 150.9 59.5 39% 

Temp-corrected specific 
consumption 

g/liter 94 173 231 166.0 68.8 41% 

Temp-corrected specific 
energy cons. 

kJ/lite
r 

1 661 2 837 3 790 2762.9 1 066.4 39% 

Firepower  watts 2 530 3 715 3 336 3194 605.4 19% 

         
2. HIGH POWER TEST (HOT 

START) 
units Test 1 Test 2 Test 3 Average SD COV 

Time to boil Pot # 1  min 26 20 17 21.0 4.6 22% 

Temp-corrected time to boil 
Pot # 1 

min 27 22 19 22.8 4.3 19% 

Burning rate  g/min 10 11 14 11.6 2.2 19% 

Thermal efficiency  % 27% 28% 48% 34% 12% 35% 

Specific fuel consumption  g/liter 109 95 120 107.7 12.8 12% 

Temp-corrected specific 
consumption 

g/liter 114 105 134 117.7 14.5 12% 

Temp-corrected specific 
energy cons. 

kJ/lite
r 

2 022 1 723 2 191 1978.8 236.9 12% 

Firepower  watts 2 831 3 050 3 828 3236 523.9 16% 

         
3. LOW POWER (SIMMER)  units Test 1 Test 2 Test 3 Average SD COV 

Burning rate  g/min 14 9 9 10.6 3.0 28% 

Thermal efficiency  % 15% 23% 17% 18% 4% 24% 

Specific fuel consumption  g/liter 401 237 437 358.1 106.7 30% 

Temp-corrected specific 
energy cons. 

kJ/lite
r 

73 295 39 832 48 210 53778.9 17 412.7 32% 

Firepower  watts 4 146 2 429 2 940 3171 881.6 28% 

Turn down ratio  -- 0.61 1.53 1.13 1.09 0.5 42% 

BENCHMARK VALUES (for 
5L) 

        

Fuel Use Benchmark Value  g 2 524 1 878 3 096 2 500 609.5 24% 

Energy Use Benchmark 
Value 

 kJ 44 631 30 802 50 780 42 071 10 232.3 24% 
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Test 1, Input data, FirePipe 1 

 

Initial Test Conditions, Test 1, FirePipe 1    

Data value  units label 

Air temperature 20.0  ºC  

Wind conditions, Moderate wind 
 

4    

Fuel moisture content (wet basis) 11%  % m 

Gross calorific value (dry fuel) 19 000  kJ/kg HHV 

Net calorific value (dry fuel) 17 680  kJ/kg LHV 

Effective calorific value     

(accounting for fuel moisture) 15 453  kJ/kg ceff 

Char calorific value 29 500  kJ/kg  

Data 

  

value  units  Label 

Dry weight of Pot # 1 (grams) 420  g  P1 

Weight of container for char (grams) 280  g  K 

Local boiling point 91.7  ºC  Tb 

 

Test 1, FirePipe 1 

 

TEST #1 FirePipe 1  COLD START HIGH POWER 

  Start   Finish: when 

      Pot #1 boils 

Measurements Units data label   data Label 

Time (in 24 hour form) hr:min 8:26 tci   8:50 tcf 

Weight of wood g 1650 fci   1210 fcf 

Water temperature, Pot # 1 ºC 20.5 T1ci   91.7 T1cf 

Weight of Pot # 1 with water g 2920 P1ci   2730 P1cf 

Fire-starting materials (if any) -- Maize     
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Weight of charcoal+container g     387 cc 

 

TEST #1 FirePipe 1  HOT START HIGH POWER (OPTIONAL) 

  Start   Finish: when 

      Pot #1 boils 

Measurements Units data label   data label 

Time (in 24 hour form) hr:min 9:07 thi   9:33 thf 

Weight of wood g 1890 fhi   1400 fhf 

Water temperature, Pot # 1 ºC 20.5 T1hi   91.7 T1hf 

Weight of Pot # 1 with water g 2920 P1hi   2720 P1hf 

Fire-starting materials (if any) -- Maize     

Weight of charcoal+container g     387 ch 

 

TEST #1 FirePipe 1  SIMMER TEST 

  Start:when   Finish: 45 min 

  Pot #1 boils   after Pot #1 boils 

Measurements Units data label   data label 

Time (in 24 hour form) hr:min 9:40 tsi   10:25 tsf 

Weight of wood g 1190 fsi   250 fsf 

Water temperature, Pot # 1 ºC 91 T1si   91.0 T1sf 

Weight of Pot # 1 with water g 2720 P1si   2000 P1sf 

Fire-starting materials (if any) -- Hot charcoal     

Weight of charcoal+container g     500 cs 
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Test 1, Calculations and results, FirePipe 1 

 

Test 1, FirePipe 1  COLD START   HOT START   

Calculations/Results Units data label   data label   

Wood consumed (moist) g 440 fcm   490 fhm   

Net change in char during test g 107 Δcc   107 Δch   

Equivalent dry wood consumed g 206 fcd   249.7696 fhd   

Water vaporized from all pots g 190 wcv   200 whv   

Effective mass of water boiled g 2 311 wcr   2 301 whr   

Time to boil Pot # 1 min 24 Δtc   26 Δth   

Temp-corr time to boil Pot # 1 min 25 Δt
T

c   27 Δt
T

h   

Thermal efficiency % 32% hc   27% hh   

Burning rate g/min 9 rcb   10 rhb   

Specific fuel consumption g/liter 89 SCc   109 SCh   

Temp-corr sp consumption g/liter 94 SC
T

c   114 SC
T

h   

Temp-corr sp energy consumpt. kJ/liter 1 661 SE
T

C   2 022 SE
T

H   

Firepower watts 2 530 FPc   2 831 FPh   

          

 

SIMMER TEST (CALCULATIONS DIFFER FROM HIGH POWER TEST), Test 1, FirePipe 1  

Calculations/Results        Units   data label  

Wood consumed during the simmer phase (moist) g   940 fsm  

Net change in char during test phase g   113 Δcs  

Equivalent dry wood consumed  g   633.099 fsd  

Water vaporized    g   720 wsv  

Water remaining at end - All Pots g   1 580 wsr  

Time of simmer (should be ~45 minutes) min   45 Δts  

Thermal efficiency    %   15% hs  
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Burning rate      g/min   14 rsb  

Specific fuel consumption   g/liter   401 SCs  

Firepower       watts   4 146 FPs  

Turn down ratio    --   0.61 TDR  

Specific Energy use   kJ/liter   73 295 SES  

Fuel Benchmark to Complete 5L WBT g   2 524 BF  

Energy Benchmark to Complete 5L WBT kJ   44 631 BE  

 

Test 2, Input data, FirePipe 1 

 

Initial Test Conditions, Test 2, FirePipe 1       

Data value  units  label 

Air temperature 23.5  ºC   

 

Wind conditions, No Wind 
 

2     

Fuel moisture content (wet basis) 11%  %  m 

Gross calorific value (dry fuel) 17 720  kJ/kg  HHV 

Net calorific value (dry fuel) 16 400  kJ/kg  LHV 

Effective calorific value      

(accounting for fuel moisture) 14 240  kJ/kg  ceff 

Char calorific value 29 500  kJ/kg   

Data   Value  units  Label 

Dry weight of Pot # 1 (grams) 430  g  P1 

Weight of container for char (grams) -  g  K 

Local boiling point 91.7  ºC  Tb 

 

Test 2, FirePipe 1 
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TEST #2, FirePipe 1  COLD START HIGH POWER 

  Start   Finish: when 

      Pot #1 boils 

Measurements Units data Label   data label 

Time (in 24 hour form) hr:min 8:49 tci   9:15 tcf 

Weight of wood g 1180 fci   640 fcf 

Water temperature, Pot # 1 ºC 24.2 T1ci   91.7 T1cf 

Weight of Pot # 1 with water g 2930 P1ci   2700 P1cf 

Fire-starting materials (if any) -- Firewood     

Weight of charcoal+container g     64.2 cc 

 

TEST #2, FirePipe 1  HOT START HIGH POWER (OPTIONAL) 

  Start   Finish: when 

      Pot #1 boils 

Measurements Units data label   Data label 

Time (in 24 hour form) hr:min 9:34 thi   9:54 thf 

Weight of wood g 1000 fhi   610 fhf 

Water temperature, Pot # 1 ºC 24.2 T1hi   91.7 T1hf 

Weight of Pot # 1 with water g 2930 P1hi   2790 P1hf 

Fire-starting materials (if any) -- Firewood     

Weight of charcoal+container g     64.2 ch 
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TEST #2, FirePipe 1  SIMMER TEST 

  Start:when   Finish: 45 min 

  Pot #1 boils   after Pot #1 boils 

Measurements Units data label   Data label 

Time (in 24 hour form) hr:min 9:59 tsi   10:44 tsf 

Weight of wood g 1220 fsi   820 fsf 

Water temperature, Pot # 1 ºC  T1si    T1sf 

Weight of Pot # 1 with water g 2790 P1si   2120 P1sf 

Fire-starting materials (if any) --      

Weight of charcoal+container g     35 cs 

 

Test 2, Calculations and results, FirePipe 1 
Test 2, FirePipe 1  COLD START   HOT START 

Calculations/Results Units Data label   data label 

Wood consumed (moist) g 540 fcm   390 fhm 

Net change in char during test g 64 Δcc   64 Δch 

Equivalent dry wood consumed g 353 fcd   223.1661 fhd 

Water vaporized from all pots g 230 wcv   140 whv 

Effective mass of water boiled g 2 271 wcr   2 361 whr 

Time to boil Pot # 1 min 26 Δtc   20 Δth 

Temp-corr time to boil Pot # 1 min 29 Δt
T

c   22 Δt
T

h 

Thermal efficiency % 21% hc   28% hh 

Burning rate g/min 14 rcb   11 rhb 

Specific fuel consumption g/liter 156 SCc   95 SCh 

Temp-corr sp consumption g/liter 173 SC
T

c   105 SC
T

h 

Temp-corr sp energy consumpt. kJ/liter 2 837 SE
T

C   1 723 SE
T

H 

Firepower watts 3 715 FPc   3 050 FPh 
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SIMMER TEST (CALCULATIONS DIFFER FROM HIGH POWER TEST), Test 2, FirePipe 1  

Calculations/Results        Units   data label  

Wood consumed during the simmer phase (moist) g   400 fsm  

Net change in char during test phase g   (29) Δcs  

Equivalent dry wood consumed  g   399.855 fsd  

Water vaporized    g   670 wsv  

Water remaining at end - All Pots g   1 690 wsr  

Time of simmer (should be ~45 minutes) min   45 Δts  

Thermal efficiency    %   23% hs  

Burning rate      g/min   9 rsb  

Specific fuel consumption   g/liter   237 SCs  

Firepower       watts   2 429 FPs  

Turn down ratio    --   1.53 TDR  

Specific Energy use   kJ/liter   39 832 SES  

Fuel Benchmark to Complete 5L WBT g   1 878 BF  

Energy Benchmark to Complete 5L WBT kJ   30 802 BE  

 

Test 3, Input data, FirePipe 1 

 

Initial Test Conditions, Test 3, FirePipe 1       

Data value  units  label 

Air temperature 25.0  ºC   

 

Wind conditions, Moderate Wind 
 

4 

    

Fuel moisture content (wet basis) 11%  %  m 

Gross calorific value (dry fuel) 17 720  kJ/kg  HHV 

Net calorific value (dry fuel) 16 400  kJ/kg  LHV 

Effective calorific value      



97 
 

(accounting for fuel moisture) 14 241  kJ/kg  ceff 

Char calorific value 29 500  kJ/kg   

Data   value  units  label 

Dry weight of Pot # 1 (grams) 420  g  P1 

Weight of container for char (grams) -  g  k 

Local boiling point 91.7  ºC  Tb 

 

Test 3, FirePipe 1 

 

TEST #3, FirePipe 1  COLD START HIGH POWER 

  Start   Finish: when 

      Pot #1 boils 

Measurements Units Data label   data label 

Time (in 24 hour form) hr:min 11:19 tci   11:57 tcf 

Weight of wood g 1090 fci   500 fcf 

Water temperature, Pot # 1 ºC 24.2 T1ci   91.7 T1cf 

Weight of Pot # 1 with water g 2920 P1ci   2650 P1cf 

Fire-starting materials (if any) -- Firewood     

Weight of charcoal+container g     26.96 cc 

 

TEST #3, FirePipe 1  HOT START HIGH POWER (OPTIONAL) 

  Start   Finish: when 

      Pot #1 boils 

Measurements Units Data label   data label 

Time (in 24 hour form) hr:min 12:04 thi   12:21 thf 

Weight of wood g 880 fhi   550 fhf 

Water temperature, Pot # 1 ºC 24.2 T1hi   91.7 T1hf 
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Weight of Pot # 1 with water g 2920 P1hi   2400 P1hf 

Fire-starting materials (if any) --      

Weight of charcoal+container g     26.96 ch 

 

TEST #3, FirePipe 1  SIMMER TEST 

  Start:when   Finish: 45 min 

  Pot #1 boils   after Pot #1 boils 

Measurements Units Data label   data label 

Time (in 24 hour form) hr:min 12:28 tsi   13:20 tsf 

Weight of wood g 1010 fsi   300 fsf 

Water temperature, Pot # 1 ºC  T1si    T1sf 

Weight of Pot # 1 with water g 2400 P1si   1700 P1sf 

Fire-starting materials (if any) --      

Weight of charcoal+container g     58.81 cs 

 

Test 3, Calculations and results, FirePipe 1 

 

Test 3, FirePipe 1  COLD START   HOT START  

Calculations/Results Units data label   data label  

Wood consumed (moist) g 590 fcm   330 fhm  

Net change in char during test G 27 Δcc   27 Δch  

Equivalent dry wood consumed G 464 fcd   238.0674 fhd  

Water vaporized from all pots G 270 wcv   520 whv  

Effective mass of water boiled G 2 231 wcr   1 981 whr  

Time to boil Pot # 1 min 38 Δtc   17 Δth  

Temp-corr time to boil Pot # 1 min 42 Δt
T

c   19 Δt
T

h  

Thermal efficiency % 17% hc   48% hh  

Burning rate g/min 12 rcb   14 rhb  

Specific fuel consumption g/liter 208 SCc   120 SCh  

Temp-corr sp consumption g/liter 231 SC
T

c   134 SC
T

h  

Temp-corr sp energy consumpt. kJ/liter 3 790 SE
T

C   2 191 SE
T

H  

Firepower watts 3 336 FPc   3 828 FPh  
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SIMMER TEST (CALCULATIONS DIFFER FROM HIGH POWER TEST)  

Calculations/Results        Units   data label  

Wood consumed during the simmer phase (moist) g   710 fsm  

Net change in char during test phase g   32 Δcs  

Equivalent dry wood consumed  g   559.252 fsd  

Water vaporized    g   700 wsv  

Water remaining at end - All Pots g   1 280 wsr  

Time of simmer (should be ~45 minutes) min   52 Δts  

Thermal efficiency    %   17% hs  

Burning rate      g/min   11 rsb  

Specific fuel consumption   g/liter   437 SCs  

Firepower       watts   2 940 FPs  

Turn down ratio    --   1.13 TDR  

Specific Energy use   kJ/liter   48 210 SES  

Fuel Benchmark to Complete 5L WBT g   3 096 BF  

Energy Benchmark to Complete 5L WBT kJ   50 780 BE  
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Appendix C, Results from KPT 
 

Energy Use (MJ), Three Stone Fire      

Family Meals per day n Per Meal SD EU/week SD 

1 3 11 34.42  722.88  

2 3 14 56.63  1189.28  

3 3 9 72.61  1524.83  

4 2 66 27.88  390.36  

5 3 15 79.72  1674.12  

11 3 14 38.14  801.00  

12 3 6 45.06  946.31  

13 3 3 20.25  425.25  

14 3 2 69.00  1449.00  

15 2 5 42.46  594.44  

FP 1   48.62 41% 971.75 48% 

6 3 4 29.00  609.00  

7 3 10 58.44  1227.14  

8 3 21 32.74  687.45  

9 3 16 33.72  708.16  

10 3 9 20.49  430.38  

16 3 73 26.48  556.09  

17 1 12 88.70  620.91  

18 3 18 42.64  895.48  

19 3 12 69.49  1459.24  

20 6 11 34.43  722.97  

FP 2, 

Total/Average 

 331 43.61 50% 791.68 40% 

Total/Average   46.12 13% 881.71 45% 

 

Energy Use (MJ), FirePipe Stove      

FP 1      

Family Meals per day n Per Meal SD EU/Week SD 

1 3 6 11.92  250.25  

2 3 7 12.80  268.80  

3 3 9 54.18  1137.79  

4 2 20 9.01  126.09  

5 3 6 27.84  584.68  
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11 3 32 11.26  236.45  

12 3 9 53.06  1114.17  

13 3 3 16.92  355.25  

14 3      

15 2 7 14.17  198.40  

Total/Average 99 23.46 76% 474.65 84% 

  FirePipe 2    

Family       

6 3 17 27.70  581.70  

7 3 18 32.11  674.31  

8 3 18 12.10  254.10  

9 3 5 14.76  309.96  

10 3 49 32.50  682.50  

16 3 12 13.33  279.93  

17 1 27 25.73  180.11  

18 3 18 31.00  651.00  

19 3 18 49.80  1045.80  

20 3 13 14.77  310.17  

Total/Average 195 25.38 47% 496.96 55% 

 

Confidence Interval , Per Week 

 
Three Stone Fire FP 1   

Energy Use (MJ) 971.75 474.65 -497.10 

SD 
464.89 

397.93 198.01 

Calculated Values 

n 10 9 19 

m 
  

17 

 
Alfa 

 
0.05 

Confidence Interval Max 
 

-152.65 

 
Min 

 
-841.55 
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Confidence Interval , Per Week 

 Three Stone Fire FP 2   

Energy Use (MJ) 791.68 496.96 -294.72 

SD 319.23 273.73 132.98 

Calculated Values 

n 10 10 20 

m   17 

 Alfa  0.05 

Confidence Interval Max  -64.12 

 Min  -525.32 

 

 

Only 

Traditional 

Fuel 
   

Only Pellets 
  

Family n Per Meal 
SD 

(%) 

Per 

Week 

SD 

(%) 
n 

Per 

Meal 

SD 

(%) 

Per 

Week 

SD 

(%) 

6 6 
    

11 16.40 
 

344.40 
 

7 5 63.40 
 

1331.40 
 

13 20.10 
 

422.10 
 

8 6 18.00 
 

378.00 
 

12 9.20 
 

193.20 
 

9 
          

10 
          

16 3 21.40 
 

449.40 
 

9 10.60 
 

1187.20 
 

17 3 6.60 
 

46.20 
 

24 28.10 
 

196.70 
 

18 
     

10 31.00 
 

651.00 
 

19 
          

20 3 16.00 
 

336.00 
 

11 14.73 
 

309.33 
 

Total/Aver

age 
20 25.08 88% 508.20 95% 90 18.59 45% 471.99 75% 

 

Time for Cooking Sauce 

  Three Stone Fire FP 1 

Family Pers. Time/meal (min) n SD Time/meal (min) n SD 

1 5 53.00 2 9.90 30.25 4 7.59 

2 5 44.00 3 2.00 32.20 5 3.49 
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3 4 75.00 1     

4 8 88.47 15 19.45    

5 4    21.17 6 1.72 

11 5 32.75 4 6.08 16.53 32 3.89 

12 6 40.00 1  50.67 3 16.17 

13 4 50.00 3 17.32    

14 5       

15 5    16.29 7 3.04 

Average 54.75 29  27.85 57  

  Three Stone Fire FP 2 

6 7 40.00 3 0.00 48.00 12 20.00 

7 3 32.00 2 35.40 15.00 2 7.07 

8 7 46.00 3 1.00 46.18 17 36.85 

9 6 59.06 16 25.25 32.50 4 5.00 

10 4    23.40 15 5.82 

16 4       

17 3       

18 5       

19 7 47.50 6 13.32    

20 6 84.55 11 12.93 48.33 12 19.81 

Average 51.52 41  35.57 62  

 

Confidence Interval All Households 

 Three Stone Fire FP 1   

Value 54.75 27.85 -26.90 

SD 5.72 2.70 2.00 

Calculated Values 

n 7 6 13 

m   11 

 Alfa  0.05 

Confidence Interval Max  -23.31 

 Min  -30.49 
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Confidence Interval Paired-Samples 

 
Three Stone Fire FP 1   

Value 42.44 32.41 -10.03 

SD 3.93 4.65 1.93 

Calculated Values 

n 4 4 8 

m 
  

6 

 
Alfa 

 
0.05 

Confidence Interval Max 
 

-6.29 

 
Min 

 
-13.77 

 

Confidence Interval All Households 

 Three Stone Fire FP 2   

Value 51.52 35.57 -15.95 

SD 7.88 15.46 5.49 

Calculated Values 

n 6 6 12 

m   10 

 Alfa  0.05 

Confidence Interval Max  -6.00 

 Min  -25.90 

 

Confidence Interval Paired-Samples 

 Three Stone Fire FP 2   

Value 52.32 38.00 -14.32 

SD 9.07 17.95 6.36 

Calculated Values 

n 5 5 10 

m   8 

 Alfa  0.05 

Confidence Interval Max  -2.49 

 Min  -26.15 



105 
 

 

Appendix D. Feedback, result 

FEEDBACK QUESTIONS: 
    

Household code 
 

FP 1 FP 2 Total 

Questions to be posed to the principle user of the improved stove 
   

1. How often does the family use the stove? Every day 100% 90% 95% 

  
Several times a week 0% 10% 5% 

  
One time per week 0% 0% 0% 

  
Less than weekly 0% 0% 0% 

  
Never 0% 0% 0% 

2. 
What kinds of pots are being used on the 
new stove? 

Iron pot 100% 100% 100% 

  
Clay pot 80% 70% 75% 

  
Coffee pot 70% 60% 65% 

  
Tea pot 20% 40% 30% 

  
Large pot 10% 0% 5% 

3. 
Does the family perform maintenance on 
the improved stove? 

Cleaning stove of ashes Daily 100% 90% 95% 

  
Cleaning fuel Daily 100% 90% 95% 

  
Repairing cracks 0% 0% 0% 

  
Clean outside of pot 0% 0% 0% 

4. 
Is the stove used for any purpose other 
than cooking food for the family? 

Preparing food for livestock 10% 0% 5% 

  
Preparing food/drink for 

commercial sale 
0% 0% 0% 

  
Heat 100% 100% 100% 

  
Light 10% 0% 5% 

  
Other 

 
0% 0% 

5. 
Does the family use any other kinds of 
stoves in addition to the improved stove? 

Injera stove 100% 100% 100% 

  
Coffee stove 20% 0% 10% 

  
Iron stove 40% 20% 30% 

  
Traditional stove 80% 100% 90% 

  
Clay stove 40% 60% 50% 

  
Tea Stove 10% 0% 5% 

6. Is it easier to cook with the new stove? Yes: 80% 70% 75% 

      

7. 
Do meals take longer to prepare using 
the new stove? 

Yes: 0% 0% 0% 
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8. 
Are there any cooking tasks easier to 
accomplish with the new stove?  . 

Yes; 100% 100% 100% 

  
Coffee 80% 90% 85% 

  
Tea 20% 70% 45% 

  
Sauce 80% 100% 90% 

  
Boiling Water 30% 20% 25% 

9. 
What does the cook like most about the 
stove?     

  
Reduced fuel consumption 60% 60% 60% 

  
Less time spent cooking 30% 20% 25% 

  
Solid 10% 0% 5% 

  
Can cook indoors 0% 10% 5% 

  
Fire does not go out easily 0% 10% 5% 

10. 
Is there anything that the cook would 
change about the new stove? 

Handles 100% 80% 90% 

  
Larger stove 10% 40% 25% 

  
Larger entrance box 50% 10% 30% 

  
Pot rest 50% 20% 35% 

  
Air holes through windshield 0% 10% 5% 

11. 
What problems does the cook have with 
the improved stove?     

a. The stove causes burns 
 

10% 0% 5% 

 
Better than Traditional 

 
100% 100% 100% 

b. The pots are not stable 
 

40% 80% 60% 

 
Better than Traditional 

 
30% 20% 25% 

c. The pots do not fit 
 

90% 90% 90% 

 
Better than Traditional 

 
0% 10% 5% 

e. Stove makes a lot of smoke 
 

20% 20% 20% 

 
Better than Traditional 

 
90% 80% 85% 

g. Stove is hard to start 
 

10% 50% 30% 

 
Better than Traditional 

 
100% 40% 70% 

h. Fire goes out easily 
 

0% 0% 0% 

 
Better than Traditional 

 
100% 100% 100% 

i. Hard to control temperature 
 

0% 90% 45% 

 
Better than Traditional 

 
60% 0% 30% 

    
0% 0% 

j. It is difficult to cook certain foods? Yes; 100% 100% 100% 

  
Injera 100% 100% 100% 

  
Cereal 80% 100% 90% 

  
Coffee 10% 10% 10% 
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Bread 10% 0% 5% 

l. Cannot fit preferred size of fuel 
 

90% 100% 95% 

 
Better than Traditional 

 
0% 0% 0% 

m. 
Stove does not heat the room during cold 
seasons  

0% 10% 5% 

 
Better than Traditional 

 
90% 90% 90% 

n. Stove does not provide light 
 

80% 100% 90% 

 
Better than Traditional 

 
0% 0% 0% 

o. Stove breaks easily 
 

0% 0% 0% 

 
Better than Traditional 

 
90% 90% 90% 

p. Stove needs a lot of maintenance 
 

60% 90% 75% 

 
Better than Traditional 

 
30% 0% 15% 

q. Other problems (list) 
    

  
Hard to ignite 10% 20% 15% 

  
Coffee pot not fit 30% 40% 35% 

  
Not fit large pot 30% 30% 30% 

  
Coffee pot not stable 20% 50% 35% 

  
Large pot not stable 10% 0% 5% 

  
Worried about breakage 10% 0% 5% 

  
Cleaning ash every day 40% 10% 25% 

  
Not fit dung/ local tree 80% 20% 50% 

  
Smoke 10% 20% 15% 

  
Not for heating 0% 10% 5% 

  
Hard to control temperature 0% 40% 20% 

  
Do not use combustor 0% 10% 5% 

12. Would you like several different stoves? Yes; 70% 100% 85% 

  
Big and Small 

   

13. Have you noticed a difference in: 
    

  
Breathing problems 40% 0% 20% 

  
Better 80% 40% 60% 

  
Eye problems 20% 10% 15% 

  
Better 60% 40% 50% 

 


