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Executive Summary 
 

Introduction to study and tested stoves 
The purpose of this study was to obtain information on the potential suitability of a new 

generation of manufactured biomass cooking stoves for refugee and Internally Displaced Person 

(IDP) environments as well as disaster relief situations.  Berkeley Air Monitoring Group 

(Berkeley Air) was asked to combine rigorous quantitative stove performance testing using the 

Controlled Cooking Test protocol with as much qualitative assessment of the acceptability and 

usability of each stove as feasible during a time-limited visit to a refugee camp designated by 

USAID.  At USAID’s request, UNHCR agreed to host and facilitate the stove performance 

testing at the Dadaab refugee camp, located in northeastern Kenya.   

 

Five manufactured stoves were selected to be tested in the Dadaab refugee settlements.  They 

were: 

• Envirofit G-3300 Stove      

• StoveTec Wood Stove (26 cm) 

• Philips Natural Draft Stove 

• Save80 Stove  

• Vesto - The Variable Energy Stove             
 

To qualify for the study, all of these stoves performed well in laboratory tests, were centrally 

manufactured, required no assembly, could be easily transported, and were designed to burn 

wood.  In addition, a “three-stone fire” or (“open fire”) was tested as the comparison baseline.   

 

All of these stoves have cylindrical or hexagonal metal exteriors with a handle to facilitate 

moving them.  They all have metal combustion chambers where the fire is contained, except for 

the StoveTec, which has a ceramic liner.  Both the StoveTec and Envirofit stoves have an “L” 

shaped, front-loading combustion chamber, one of the design features that defines them as 

“rocket” stoves.  All of these stoves have been designed to control the air flow through the stove 

in order to optimize the mix of combustible elements (e.g. the air to fuel ratio), improving the 

cleanliness and efficiency of the burning process.  However, the technologies differ in that the 

Envirofit, StoveTec, and Save80 burn the fuel in a single combustion stage, whereas the Philips 

and Vesto stoves have a two-stage burning process and are sometimes known as “gasifier” or 

“semi-gasifier” stoves. 

 

All of the stoves except the Philips were provided with certain “accessories” or components that 

are not integral to the functioning of the stove but improve its performance.  Those that were 

most critical to the testing were:  

• The Save80 had an integrated pot, which was used as designed, suspended above the 

combustion chamber on the metal edge of the stove.   

• Both the StoveTec and Envirofit stoves came with metal skirts designed to contain and 

funnel the heat to the pot bottom more efficiently.  The skirts are not integral to the 

functioning of the stoves, but they have been shown in laboratory environments to 

increase efficiency. 
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Test objectives and methods 
The Berkeley Air field team spent five days in each of the three settlements of the Dadaab 

complex testing stoves.  The objective was to report the following metrics for each stove: 

• fuel efficiency (specific consumption); 

• cooking time; 

• acceptability of stove to end users; and  

• ease of use 

 

Twenty refugee women took part in the study – six or seven cooks in each settlement – to 

conduct a total of 214 Controlled Cooking Tests (CCTs).  The CCT is one of three standardized 

cookstove testing protocols commonly used in the household energy field to evaluate and 

compare technologies.  The CCT yields two main quantitative outputs: the amount of wood and 

time required to complete the task of cooking a standardized local meal, in this case rice with 

tomatoes, onions, and spices. The CCT was chosen as the basis of this study because it provides 

a standardized comparison of stove performance within the real-world parameters of local fuel, 

food, and cooking practices.  However, the evaluation of how well the community might accept 

the test stoves had to be measured separately with additional usability indicators. 

 

The test plan was designed to address study priorities and inflexible operational constraints. 

 

Priority #1: Achieve a statistically powerful comparison between each stove and the open fire 

despite uncertain field conditions. 

Priority #2: Have each cook test all the stoves, in order to increase the value, fairness, and 

power of the qualitative assessment methods and to better understand variability 

in the quantitative data.   

Priority #3: Collect as much usability information on the stoves as possible. 

 

Constraint #1:  The field team was given 15 days in December 2009 during which to complete 

the testing.   

Constraint #2:  The team’s daily work hours were limited by security procedures to 8:30 am to 

4:30 pm. 

 

In response to these considerations, a study plan was developed that had each cook first create 

her own baseline by testing the open fire three times and then test each of the five manufactured 

stoves at least once.  Each cook was given a short (e.g., 1-hour) training session on how to use 

the manufactured stoves.  The plan prioritized the testing of three of the five stoves – Envirofit, 

StoveTec, and Philips – in order to maximize the chances of obtaining statistically valid results. 

These stoves were prioritized because of their strong performance in laboratory testing, as well 

as their producers’ established reputation for quality and significant manufacturing capacity.  

 

To the extent practicable, the tests were conducted in a manner consistent with the 

manufacturers’ guidelines for optimal stove performance, and accessories were used where 

provided.  This resulted in two potentially uneven comparisons: the Save80 was tested with its 

own sunken pot whereas all the other stoves were tested with a typical UNHCR-issued pot 

resting above the rim of the stove; and the Envirofit and StoveTec stoves were tested with the 
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metal skirts surrounding the base of the pot.  No tests were conducted without the skirts.  Prior to 

the start of the testing, the women received a concise, two-part training on how to use the stoves 

from the Berkeley Air team.  This training was not designed to be extensive, but to simulate real 

life in a relief situation, where intensive user support is not practical.   

 

Three methods were used to assess the acceptability and usability of the five stoves.  

• During each cooking session, a field team member completed a standardized observation 

checklist, designed to capture information about the cook’s use of the stove, the stove and 

pot stability, and the smoke output (n=187). 

• A questionnaire on stove usability and preferences was administered to each cook after 

she completed the testing of any of the five manufactured stoves (n=86). 

• On the final day at each settlement, a focus group was conducted so the six cooks could 

discuss which stoves might best and least met their needs and circumstances. 

 

 

Quantitative test results and discussion 
All five of the manufactured stoves had significantly lower fuel use than the open fire, with 

savings ranging from 32 – 65%.  The first table below shows that the Save80 was the most fuel 

efficient stove tested, followed by the StoveTec and Envirofit rocket stoves.  In contrast, the time 

savings, also summarized below, were minimal.  Only the Vesto and Envirofit stoves had 

significantly faster cooking times than the open fire, and they saved only 7 and 5 minutes 

respectively.  The other three stoves had cooking times that were not statistically different from 

the open fire.  

 

Table 1. Ranking of the manufactured stoves on fuel efficiency and cooking speed.  Percent 

differences compared to the open fire are shown in parentheses. 

Rank Most fuel efficient 

(% savings vs. Open fire) 

Fastest cooking 

(% faster than Open fire) 

1 Save80 (65%) Vesto (12%) and Envirofit (8%) 

2 StoveTec (54%) and EF (52%) StoveTec (7%) 

3 Philips (46%) Save80 (2%) and Philips (-4%) 

4 Vesto (32%) --- 

 

Table 2 below shows quantitative stove performance results for each of the six stoves tested, 

including cooking time and specific consumption (fuel use), adjusted for  the amount of moisture 

in the wood and the amount of charcoal that remains unburned at the end of the test.  The table 

shows the number of tests completed, the averages, and the percent differences compared to the 

open fire.   
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Table 2. Summary of quantitative stove performance results for the six stoves, showing the 

average and percentage difference versus the open fire.  

 
(units) 

Open 

fire 
Envirofit StoveTec Philips Vesto Save80 

# of Tests na 54 38 38 38 24 22 

 
Specific  

consumption 

g wood/ 

kg food 
295 143 136 159 202 110 

Specific  

consumption 

% diff. vs. 

Open fire 
NA -52% -54% -46% -32% -63% 

 
Cooking 

time 
min 54 49 50 56 47 52 

Cooking 

time 

% diff. vs. 

Open fire 
NA -8% -7% +4% -12% -2% 

 

The results of the controlled cooking tests are strikingly consistent and show strong evidence that 

the stoves save fuel: of the 15 comparisons among stoves and the open fire, 13 of them are 

statistically significant.  The similarity of the fuel use, cooking time, and burning rate patterns 

across all 18 cooks provides strong evidence that the differences in performance seen in this 

study are due to intrinsic differences among the stoves.  At the same time, certain study design 

choices made either intentionally at the start of the work or out of necessity in the field, warrant 

investigation in case they skewed any of the results. 

 

• The differing number of tests performed for each stove type may have caused slight 

differences if a cook’s familiarity with a stove enhanced her ability to operate it more 

efficiently.  The consistency of the pattern of specific fuel consumption across test number, 

however, indicates that the differing number of tests did not skew the results in any material 

way. 

• Use of the provided, integrated Save80 pot instead of the standard UNHCR pot (which was 

used with all five other stoves) likely reduced fuel use for the Save80 stove, but we cannot 

say by how much. 

• Use of the provided skirts on the Envirofit and StoveTec stoves likely improved fuel 

efficiency, potentially by up to 30%.   

• The choice of the Dadaab location may have introduced a bias in favor of the two rocket 

stoves, as these stoves most closely resemble locally produced stoves already used in the 

camp in terms of design, operation, and fuel size.  The StoveTec and Envirofit stoves were 

almost immediately familiar to the women, and this familiarity almost certainly created a bias 

in the usability testing results.  Thus, it is possible that the Philips, Vesto, and Save80 stoves 

would have been better accepted with additional exposure and that further training might 

allow the cooks to use these stoves more efficiently than they did in these tests. 
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Qualitative assessment results and discussion 
The survey results showed that about three quarters of the cooks thought the Envirofit and 

StoveTec stoves would be an improvement over the stove they currently use in their own homes 

– a simple metal and clay Maendeleo stove, a simple brick rocket stove, or an open fire. 

Significantly, more than half thought that the other three stoves would not offer significant 

advantage, suggesting that they would not be motivated to adopt these new technologies without 

further incentives or training.   

 

The focus group results underscored that the women preferred the StoveTec stove, with the 

Envirofit model a close second, because these stoves were stable, portable, comfortable, and 

fuel-efficient.  The fact that these stoves are low to the ground was viewed as a plus, making 

them feel safer and allowing the women to sit while cooking.  All the cooks reiterated their 

dislike of the metal skirts that came with the StoveTec and Envirofit stoves, but this did not 

prevent them from picking these stoves as their favorites.  While each of the other three stoves 

garnered some praise, the women cited one or more of the following critical concerns: too small 

to hold family-sized cooking pot (Philips); forces cook to stand (Vesto); gives smoky/burnt taste 

to food (Vesto & Save80); is difficult to fuel (Save80); represents burn risk for family (Vesto).  

The participants also noted that the Philips, Vesto, and Save80 stoves required smaller pieces of 

wood than the StoveTec and Envirofit stoves, which they were not accustomed to and did not 

generally have the capacity to provide.  

 

These results demonstrate that it is critical to pair survey methods with quantitative cooking tests 

such as the CCT, as the survey results alone may provide misleading indications of actual stove 

performance (there were some discrepancies between the cooks’ perceptions of stove 

performance and the quantitative data supplied by the CCTs).  On the other hand, the CCT alone 

does not offer any information on how readily the stoves would be used if they were 

disseminated in the community.  In the Dadaab tests, neither the most fuel-efficient stove 

(Save80) nor the fastest cooker (Vesto) was immediately popular with the participants.   

 

 

Conclusions  

• All five tested stoves outperformed the open fire, requiring significantly less fuel to cook 

the test meal.  This result is not a foregone conclusion, as a skilled operator can cook very 

efficiently on an open fire.   

• The study’s strong consistent results demonstrate the quality of these five stoves and 

suggest it is likely that this performance differential would continue to be measurable 

across various operators and situations.   

• Fuel efficiency is not the sole determinant of user preferences.  Ease of use, safety, level 

of smoke, and taste of food are also key factors in the choice, assuming all models are 

equally available and affordable.   

• None of these stoves offered noteworthy savings in cooking time. 
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• Familiar stove technologies and designs may be more readily accepted by potential 

beneficiaries, and therefore easier to introduce in humanitarian situations, where time and 

security constraints may limit extensive training. 

• Technologies that require more behavior change on the part of the end user will also 

require more significant training on proper use than those that are more similar to current 

practices. 

• Addressing fuel requirements is critical to successful adoption as users are not necessarily 

willing or able to chop fuel to accommodate improved stove requirements. 

 

 

Recommendations and Next Steps 

• Entities seeking to disseminate an improved stove should research user priorities and 

offer more than one design choice to potential beneficiaries in the design stage of their 

program.  Ultimate stove selection must take into account the time and resources 

available to support significant transitions in user behavior. 

• Additional useful data could be obtained by: engaging other test populations; testing 

other stove and fuel options; conducting longer-term in-home monitoring; and testing 

stove emissions or indoor air pollution impacts. 

• It would be helpful to pilot programs that facilitate fuel preparation and provide 

implementation guidelines and case studies to humanitarian programs considering 

improved cookstoves. 
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1 Introduction 
1.1 Background and Purpose 
 
The purpose of this study was to obtain information on the potential suitability of a new 

generation of manufactured biomass cooking stoves for refugee and Internally Displaced Person 

(IDP) environments as well as disaster relief situations.  The US Agency for International 

Development (USAID) solicited Berkeley Air Monitoring Group’s services to provide an 

independent evaluation of stoves that might be useful to USAID operations as well as those of 

other organizations active in humanitarian situations.  The study would complement previous 

evaluations conducted by USAID consultants in Darfur and Northern Uganda 

(http://www.usaid.gov/our_work/economic_growth_and_trade/energy/pubs/cookstoves.html).  

 

The Berkeley Air Monitoring Group (Berkeley Air) team was asked to combine rigorous 

quantitative stove performance testing using the Controlled Cooking Test protocol with as much 

qualitative assessment of the acceptability and usability of each stove as feasible during a time-

limited visit to a refugee camp designated by USAID.  The objective was to report the following 

metrics for each stove: 

• fuel efficiency (specific consumption); 

• cooking time; 

• acceptability; and  

• ease of use. 

 

The stoves selected for the testing met a set of criteria developed in collaboration with USAID. 

More information on the criteria and stoves is provided in Section 2 (Methods).  

 

1.2 Study Location 
 

At USAID’s request, UNHCR agreed to host and facilitate the 

stove performance testing at the Dadaab refugee camp, located in 

the northeastern part of Kenya.  There are three different 

settlements/camps that make up this UNHCR complex: 

Dagahaley, Ifo, and Hagadera.  The settlements were started in the 

early 1990s, and many residents have been there for over a 

decade, as unresolved conflicts have prevented them from 

returning to their countries of origin.  The population of the 

overall camp stands at 266,000 as of November 30, 2009.  Ninety-

five percent of the population is of Somali origin, while other 

refugees come from Ethiopia, Rwanda, Sudan, Eritrea, etc.   

 

According to UNHCR, Dadaab camp has suffered from fuel 

shortages in recent years, prompting a growing interest in finding 

more fuel-efficient cooking technologies.  The average household 

of 8 family members typically depends on wood to meet all of its 

domestic energy needs.  At the time of the testing, there were two programs providing improved 
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cookstoves within the three settlements: Deutsche Gesellschaft für Technische Zusammenarbeit 

(GTZ) and Lifeline International.  The GTZ program, operating since the founding of the Dadaab 

camp, facilitates fuel wood distribution and distributes the Maendeleo wood-burning stove to 

refugees free of charge.
1
  These stoves are produced on site, and are present in the many camp 

households.  International Lifeline Fund has been producing rocket wood-burning stoves on site 

since 2006 and has reached 5000 families with this technology.
2
  Other camp residents cook with 

the traditional open fire.   

 

 
GTZ Maendeleo stove

3
      International Lifeline Fund stove production facility           

     

 

 

                                                 
1
 http://hedon.info/StoveImages:MaendeleoStove  

2
 http://www.lifelinefund.org/index.html

3
  

3
 http://www.bioenergylists.org/files/images/Maendeleo.jpg 
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2 Methods  
2.1 Stove Selection Process  
 

Five manufactured stoves were selected to be tested in the Dadaab refugee settlements.  In 

addition, a “three-stone fire” or (“open fire”) was also tested because it is the most generalizable 

baseline stove.  In order to be included in this evaluation, the stoves needed to have the following 

characteristics: 

• Previously tested in a laboratory and expected to significantly reduce wood usage; 

• Manufactured in a centralized facility and able to be produced in large enough numbers 

to meet humanitarian agency procurement needs; 

• No assembly required: the stove can be taken out of the box and used immediately; 

• Easy to use, requiring minimal training and little or no adjustment time;  

• Rugged enough to survive in the harsh conditions of a refugee camp;  

• Designed to burn wood: no special fuels or electricity required; 

• Portable and easily carried by a woman; and  

• Able to be made available in Kenya in December 2009. 

 

Because of time limitations, we were not able to test the Maendeleo and International Lifeline 

Fund stoves.   

 

2.2 Description of Test Stoves 
 

In the end, Berkeley Air identified five stoves that met the above criteria (shown below). 

  

 
     Envirofit G-3300 Stove           Save80 Stove              Vesto - The Variable Energy Stove 
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      Philips Natural Draft Stove    StoveTec Wood Stove (26 cm) 

 

 

All of these stoves have cylindrical or hexagonal metal exteriors with handles to facilitate 

moving them.  All but the StoveTec stove have metal combustion chambers where the fire is 

contained.  The StoveTec’s combustion chamber has a refractive ceramic liner, and the Envirofit 

stove has a ceramic base plate that fits into the bottom of the stove to add insulation, weight, and 

stability.  Both the StoveTec and Envirofit stoves also have an “L” shaped, front-loading 

combustion chamber, one of the design features that defines them as “rocket” stoves.  The 

Envirofit and StoveTec stoves share a design history and both adhere to standard rocket stove 

principles.   

 

As specified in the selection criteria, all of these stoves burn wood.  To varying degrees, they 

may also accommodate other biomass fuels such as stalks from food crops, husks, twigs, leaves, 

wood pellets, etc.  The two rocket stoves are fueled through an opening at the base of the stove.  

The Save80 has a small fueling port about midway up the stove body.  The Philips and Vesto 

stoves are fueled from the top and can be loaded with a batch of fuel before lighting the stove.  

As needed, additional pieces of fuel can be slid into the opening between the pot and the stove 

body.  For additional information about the fuel size and shape requirements for each stove, see 

Appendix 7.5.  

 

All of these stoves have been designed to control the air flow through the stove in order to 

optimize the mix of combustible elements (e.g. the air to fuel ratio) in order to improve the 

cleanliness and efficiency of the process.  The stoves’ combustion technologies, however, can be 

divided into two groups.  The Envirofit, StoveTec, and Save80 stoves are designed to burn the 

fuel in a single combustion stage.  The Philips and Vesto stoves have a two-stage process where 

the wood (or other biomass fuel) is first burned in the lower part of the combustion chamber and 

then a second influx of air towards the top of the stove mixes and burns the gases released in the 

first stage.  Such two-stage stoves are sometimes known as “gasifier” or “semi-gasifier” stoves. 

 

All of the stoves except the Philips were provided with certain “accessories” or components that 

are not integral to the functioning of the stove but can improve its performance.  The Vesto stove 

came with a metal stand and lid (designed to elevate the stove off of the ground and collect ash) 

as well as a grate that could be used to support the pot.  The Save80 was the only stove provided 

with an integrated pot, which was used as designed, suspended above the combustion chamber 
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on the metal edge of the stove.  The Save80 also came with a retained heat cooker in the form of 

a Styrofoam box molded to fit snuggly around the stove’s pot.  This can be used to keep beans 

and other similar foods cooking without a direct heat source.   

 

Both the StoveTec and Envirofit stoves have a metal shelf that sits in front of the stove to support 

the fuel wood as it sits in the combustion chamber.  These two stoves also came with metal skirts 

designed to fit around the base of the pot.  The function of the skirt is to increase heat transfer to 

the pot and thereby increase the overall efficiency of the stove.  The skirts are not integral to the 

functioning of the stoves, but they have been shown to increase efficiency in laboratory tests by 

approximately 30%, according to the manufacturers.  

 

  
     Envirofit stove with skirt            StoveTec stove with skirt Save80 with integral pot 

 

 

For information on how to contact the manufacturers of the tested stoves, see Appendix 7.1. 

 

2.3 Study Overview  
 

A total of 214 controlled cooking tests (CCTs) were conducted in the three different settlements 

of the Dadaab complex: Dagahaley, Ifo, and Hagadera.  The Berkeley Air field team spent five 

days in each of the three sites.  All tests were conducted inside the CARE compound at each site, 

which provided an environment where the test participants could focus undisturbed on the 

cooking tests.  
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                  Ifo camp                                 Dagahaley camp                   Hagadera camp 

 

A total of 20 cooks were involved in the study, including 18 primary cooks (six women from 

each settlement).  In two separate instances, one of the primary cooks was called away from the 

testing, and one of the test assistants (described below) took her place.  UNHCR and CARE 

International were charged with selecting representative cooks for the study.  They recruited the 

test participants from women’s groups in each of the settlements.  All of the cooks were Somali, 

as Somalis represent a large majority in the Dadaab camp, and covered a wide range of ages.   

 

On the first day at each site, the Berkeley Air team explained the test activities and the 

participation expectations and requested verbal confirmation that the selected women still wished 

to take part in the study.  The women were given all the cooked food to eat for lunch and/or to 

take back to their households.  At the conclusion of the studies, Berkeley Air made a monetary 

donation to all three women’s group in lieu of direct compensation to the cooks, translators, and 

helpers, as suggested by CARE and UNHCR.   

 

In addition to the test cooks, the field teams included several other assistants from the local 

community who helped with critical activities, such as chopping the vegetables, washing dishes 

between tests, shopping for food in the local markets, and chopping the wood.  By delegating 

these tasks to non-cooks, the team was able to increase efficiency and minimize variability 

across tests.  Additionally, Somali translators from within each settlement facilitated 

communication between the field team and the participants during stove and CCT training, 

survey data collection, and focus group discussions.  They were critical to the team’s 

effectiveness, providing guidance, helping to build relationships, and allowing the team to 

receive feedback throughout the study. 

 

 

2.3.1 Controlled Cooking Test 
 

The Controlled Cooking Test (CCT) is one of three standardized cookstove testing protocols 

commonly used in the household energy field to evaluate and compare technologies.  The CCT 

yields two main quantitative outputs: the amount of wood (or fuel, more broadly) and the amount 

of time required to complete the task of cooking a standardized meal, in this case rice with 

tomatoes, onion, and spices.  According to standard practice and the CCT 2.0 Protocol, the wood 

was weighed for each of the participants by the field team prior to the start of the test.  After the 

food was cooked, the leftover wood and charcoal were collected and weighed.  The weight of the 

pot, lid, and cooked food was also recorded.  The protocol recommends that at least three tests be 

conducted per cook for each stove, including the baseline technology (in this case, the open fire).  
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See Appendix 7.3 for the full CCT protocol and Appendix 7.6 for a list of instruments and 

QA/QC practices used in the study. 

 

The Controlled Cooking Test was chosen as the basis of this study because it provides a 

standardized comparison of stove performance within the real-world parameters of local fuel, 

food, and cooking practices.  The CCT allows us to compare the stoves in the test with the open 

fire and each other and to extrapolate those results to other locations with similar cooking and 

fuel use patterns.  However, an assessment of how well the tested stoves would be accepted into 

the community must be made from the additional usability metrics that were evaluated through 

structured observations, surveys, and focus group discussions (see Section 2.4 below). 

 

 

2.3.2 Timing and Configuration of Testing 

 
In designing the testing plan, the team addressed a range of considerations.  The top priority was 

to achieve a statistically powerful comparison between each stove and the open fire under 

whatever uncertain conditions might be encountered in the settlements.  The second priority was 

to have each cook test all the stoves, chosen in order to increase the value, fairness, and power of 

the qualitative assessment methods and to help provide a better understanding of potential 

sources of variability in the quantitative assessment.  The third priority was to collect as much 

usability information on the stoves as possible.  In addition to meeting these priorities, the test 

design had to conform to certain inflexible operational constraints.  Due to the limited visitor 

facilities at the camp complex, the field team was given a 15-day period in December 2009 

during which to complete the testing.  Further, it was requested that this time be evenly divided 

among the three camps that comprise Dadaab.  Once on the ground in each site, the team’s work 

hours were limited by security procedures to 8:30 am to 4:30 pm.  

 

In response to these considerations, a study plan was developed that had each cook first create 

her own baseline by testing the open fire three times and then test each of the five manufactured 

stoves at least once.  At the same time, the plan prioritized the testing of three of the five stoves – 

Envirofit, StoveTec, and Philips.  In order to maximize the chances of obtaining some 

statistically valid results from the fieldwork, these three stoves would be tested three times by 

some cooks and would have the greatest cumulative number of tests. These stoves were 

prioritized because of their strong performance in laboratory testing, as well as their producers’ 

established reputation for quality and significant manufacturing capacity.  A discussion of the 

potential impact of this test plan on the results is presented in Section 4 (Discussion). 

 

Once on the ground, the field team was able to deploy the test plan more or less as designed with 

relatively few problems.  The most significant disruption came from the fact that the Philips 

stove could not be delivered until two-thirds of the way through the fieldwork, which 

necessitated some rearranging of the testing schedule.  As a result, only 14 of the 18 cooks tested 

all five stoves: four cooks from Dagahaley camp did not test the Save80 stove.  The Envirofit 

and StoveTec stoves were tested 2-3 times by most of the cooks, while the Vesto and Save80 

stoves were tested 1-2 times by most.  Finally, in two instances, a cook had to leave the testing 

unexpectedly.  She was replaced by another woman who was familiar with the testing procedures 
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but who had not tested the open fire.  The final number of stove tests completed by each cook 

along with the total for each stove is shown in Appendix 7.7.  

 

 

2.3.3 Study Design Choices: Fuel, Food, Pots, and Attachments 
 

To the extent practicable, the tests were conducted in a manner consistent with the 

manufacturers’ guidelines for optimal stove performance, and attachments were used where 

provided.  Two of the stoves - the StoveTec and Envirofit - were provided with metal skirts to 

surround the base of the pot.  The women were trained on how to use these devices and were 

asked to use them during testing to the best of their ability.  No tests were conducted without the 

skirts.  The Save80 also came with a Styrofoam retained heat cooker.  This was not included in 

the testing as it would have disrupted the testing schedule and the standardization of the meal 

preparation process.  

 

With the exception of the Save80, all the stoves were tested with an aluminum cooking pot 

typically distributed to the refugees by UNHCR.  This pot has a volume of 10 liters and measures 

27 cm in diameter.  In all four cases, this pot was placed on top of the stove body, supported by a 

metal structure.  All four stoves were able to accommodate this size pot, although the diameter of 

the pot exceeded the diameter of the Philips stove by approximately 3 cm.  In the case of the 

Vesto stove, the UNHCR pot would have fit down into the body of the stove to rest on pot 

supports, but the test cooks resisted this arrangement because it would have required them to 

move the pot to refuel.  For the Save80 stove, which was the only stove provided with an integral 

pot, the pot was used as designed.  A discussion of the potential impact of these testing choices 

on the results is presented in Section 4 (Discussion). 

 

The tests were conducted using a standardized meal of rice and vegetables, which the Somali 

participants identified as representative of their cooking practices.  The typical method for 

preparing this meal was determined by the women at the first testing session (in Dagahaley) and 

vetted by the women at the subsequent settlements.  As a matter of course, all the participants 

placed a lid fully on the pot to bring the water to a boil and then kept the lid slightly off-set from 

the pot while the rice was simmering.  The details of the food preparation, ingredients, quantities, 

and the cooking method are shown in Appendix 7.4.  

   
 Ingredients         Pots and scales   Cooked food 

 

All tests were conducted using wood sourced from local merchants.  While the wood was not 

dried for the tests, moisture content was measured before each test and averaged 9.7% on the wet 

basis (with a standard deviation of 2.5%).  The range of the average moisture content per stove 

type was 8.8% to 10.8%, suggesting that the wood moisture was low and consistent throughout 
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the testing.  The wood was cut up into pieces with a cross-sectional dimension of approximately 

2 x 2 cm.  These pieces were then cut into differing lengths of 15 to 40 cm, as appropriate for 

each stove.  At the start of each test, the stove was lit using two plastic bags, in order to replicate 

typical camp practices.
4
  For additional information on fuel wood species and sizing, see 

Appendix 7.5.  

 

 

2.3.4 Stove Use Training  
 

Prior to the start of the testing, the women received a concise, two-part training on how to use the 

stoves from the Berkeley Air team.  This training was not designed to be extensive, but to 

simulate real life in a relief situation, where individuals typically do not have the opportunity to 

receive intensive training on the use of new stoves.  On the first day, they received an oral 

explanation and demonstration of the stoves’ features.  This preview session lasted 

approximately one hour, with equal time spent on each improved stove.
5
  The second training 

phase was conducted immediately prior to the introduction of a new stove into the testing.  At 

this time, a team member would review the operation and features of the stove with the cooks 

and then ask one cook to demonstrate lighting and operation for the other cooks.  Particular 

attention was given to refueling methods and air vent operation.  The training concluded with a 

thoroughly interactive discussion of the stove among the women and the trainers, with the aid of 

the translator. 

 

 
Stove use training 

 

In order to prepare themselves for this study, the Berkeley Air team took measures to familiarize 

themselves with the stoves prior to arriving in Dadaab.  All team members studied the printed 

operations manuals and viewed videos and websites about the stoves.  Furthermore, samples of 

all the test stoves were lit and operated at a site close to the Berkeley Air office in California.  

Finally, the team conducted practice CCTs at a home in Nairobi, Kenya immediately prior to 

arriving at Dadaab on all the stoves except the Philips, which was delayed in shipment.  

 

 

                                                 
4
 The practice of burning plastic at relatively low temperatures is known to have particularly hazardous emissions 

and is not recommended by USAID or Berkeley Air Monitoring Group. 
5
 In Dagahaley and Ifo camps, the Philips stove was not available during the first preview phase of the training, as 

the shipment to Dadaab was delayed.    
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2.4 Usability Assessment Methods   

 
During each of the CCTs, one Berkeley Air team member completed a structured observation 

form, designed to capture information about the cook’s use of the stove (including her 

confidence with the stove, ease of use of the stove, refueling practices, etc.), the stove and pot 

stability, and smoke output.  Structured observation forms were completed for 36 of the 54 open 

fire tests and for 151 of the 160 tests on the five manufactured stoves.   

 

Each cook completed a brief survey on stove usability and preferences for each of the five 

manufactured stoves.  These surveys were administered orally by the fieldworkers at the end of 

each day of testing.  The fieldworkers conducted the survey as an open ended interview and 

coded the cooks’ replies into the proper response categories; they did not prompt the cooks with 

the response categories.  In all, 86 surveys were collected, one for each stove-cook combination.   

 

At the end of the five days of tests in each settlement, one focus group discussion was held with 

all six of the cooks.  The purpose of these discussions was to invite the women to reflect on their 

experiences during the week and to draw some conclusions about which stoves they felt best and 

least fit their needs and circumstances.  Each of the focus group discussions followed a pre-

planned outline and used various types of questions and exercises to draw out the information 

from the participants. 

  

Each group discussion was facilitated by Tiana Razafindrakoto (Berkeley Air field supervisor) 

with the translator acting as the bridge between the facilitator and the group.  In the beginning of 

each focus group, the purpose of the meeting was discussed, and the participants were made 

aware that their opinion was valued and that there were no right or wrong answers. 

 

For copies of the user survey and focus group discussion template, please see Appendices 7.9 

and 7.10.   
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3 Results 
3.1 Quantitative Stove Performance 
 

This section summarizes the quantitative stove performance results from the controlled cooking 

tests (CCTs).  The CCT yields two main quantitative outputs: the amount of wood (or fuel, more 

broadly) and the amount of time required to complete the task of cooking the standardized meal.  

According to standard practice (and the CCT 2.0 Protocol), the amount of wood used is reported 

as specific consumption.  Specific consumption is a normalized measure of fuel use and is equal 

to the equivalent dry wood used divided by the final amount of food cooked.  The measure 

“equivalent dry wood consumed” normalizes or adjusts the amount of wood used to complete the 

CCT for two factors: the amount of moisture in the wood and the amount of charcoal that 

remains unburned after the cooking task is complete.  The standard units of specific consumption 

are grams of equivalent dry wood used per kilogram of food cooked (g/kg).   

 

Table 1 below summarizes the quantitative stove performance results for each of the six stoves 

tested in Dadaab, including specific consumption (fuel use) and cooking time.  The number of 

tests completed and the burning rate (the average amount of wood consumed per minute) are also 

shown for comparison.  The table shows the averages and the standard deviations
6
, along with 

the percent differences compared to the open fire.   

 

Table 1. Summary of quantitative stove performance results for the six stoves, showing the 

average, standard deviation (in parentheses), and percentage difference versus the open fire.  

 
(units) OF EF ST PH VE S80 

# of Tests na 54 38 38 38 24 22 

 

Specific  

consumption 

g wood/ 

kg food 

295 

(70)  

143 

(32) 

136 

(40) 

159 

(43) 

202 

(43) 

110 

(36) 

Specific  

consumption 

% diff. 

vs. OF 
NA -52% -54% -46% -32% -63% 

 

Cooking 

time 
min 

54 

(10) 

49 

(8) 

50 

(9) 

56 

(8) 

47 

(8) 

52 

(6) 

Cooking 

time 

% diff. 

vs. OF 
NA -8% -7% +4% -12% -2% 

 

Burning 

rate 

g wood/ 

min 

30 

(7) 

16 

(4) 

15 

(4) 

16 

(3) 

23 

(3) 

12 

(4) 

Note: OF = open fire;  EF = Envirofit G-3300;  ST = StoveTec;  PH = Philips Natural Draft;  VE = Vesto;  S80 = 

Save80 

                                                 
6
 Standard deviation is a statistical measure of the variability or spread of a set of measurements around the mean 

value.  The more widely the values are spread, the larger the standard deviation.  
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Figures 1 and 2 below show the average specific consumption and cooking time, respectively, 

for the six stoves.   
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Figure 1. Average specific consumption (g wood per kg food) for each stove type in all tests.  

 

0
2

0
4

0
6

0

C
o

o
k
in

g
 T

im
e
 (

m
in

u
te

s
)

OF EF ST PH VE S80

 
Figure 2. Average cooking time (minutes) for each stove type in all tests.  
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A series of statistical tests were performed to compare the average specific consumption and 

cooking time of each stove to each of the other five stoves in order to determine whether the 

performance of the stoves was statistically different or not.  The test is known as the “Student’s t-

test for significance,” and the values generated are known as “p-values.”  A p-value of less than 

0.05 is considered “statistically significant” and indicates that there is greater than 95% certainty 

that the difference between the two measured values did not occur by chance. 

 

Tables 2 and 3 below show the results of the t-tests comparing specific consumption and cooking 

time, respectively, for each of the stoves.  In each cell of Table 2 is a stove vs. stove comparison 

that indicates which stove had lower specific consumption (lower fuel use) and shows the p-

value of the t-test.  Table 3 shows the same for cooking time.  P-values lower than 0.05 indicate 

that the two values are statistically different.  Cells where the two compared values are not 

significantly different are shown in red font color and are marked as the same.  

 

Table 2 shows that all five of the manufactured stoves had significantly lower fuel use than the 

open fire.  Table 3 shows that only the Vesto and Envirofit stoves had significantly faster 

cooking times than the open fire.  The other three stoves had cooking times that were not 

statistically different from the open fire.  

 

 

Table 2. A stove versus stove comparison of specific consumption (fuel use), showing the stove 

with the lower fuel use and the p-value of the t-test for significance  

 OF 

 

EF ST PH VE 

EF 
EF lower 

(p=0.000) 
    

ST 
ST lower 

(p=0.000) 

same 

(p=0.46) 
   

PH 
PH lower 

(p=0.000) 

same 

(p=0.062) 

ST lower 

(p=0.019) 
  

VE 
VE lower 

(p=0.000) 

EF lower 

(p=0.000) 

ST lower 

(p=0.000) 

PH lower 

(p=0.000) 
 

S80 
S80 lower 

(p=0.000) 

S80 lower 

(p=0.001) 

S80 lower 

(p=0.013) 

S80 lower 

(p=0.000) 

S80 lower 

(p=0.000) 
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Table 3. A stove versus stove comparison of the cooking time, showing the faster stove and the 

p-value of a t-test for significance 

 OF 

 

EF ST PH VE 

EF 

 

EF faster 

(p=0.045) 
    

ST 

 

same 

(p=0.090) 

same 

(p=0.78) 
   

PH 

 

same 

(p=0.27) 

EF faster 

(p=0.001) 

ST faster 

(p=0.004) 
  

VE 
VE faster 

(p=0.006) 

same 

(p=0.23) 

same 

(p=0.17) 

VE faster 

(p=0.000) 
 

S80 
same 

(p=0.66) 

same 

(p=0.14) 

same 

(p=0.26) 

same 

(p=0.11) 

VE faster 

(p=0.011) 

 

 

Table 4, below, shows a ranking of the five manufactured stoves on each of the two measures of 

stove performance.  The percent differences compared to the open fire are also displayed in 

parentheses (as in Table 1).  The Save80 was the most fuel efficient.  While the StoveTec stove 

was slightly more efficient than the Envirofit stove, the two were statistically equal and are hence 

tied for second best.  The Philips stove is close behind in third place.  The Philips stove was 

actually statistically identical to the Envirofit stove in specific consumption, though statistically 

less efficient than the StoveTec stove.   

 

Overall, there was very little difference in cooking times among the six stoves.  The Vesto and 

Envirofit stove both ranked first in cooking time (while Vesto was the fastest, it was not 

significantly different from the Envirofit and StoveTec stoves).  The StoveTec stove was only 

slightly slower than the Envirofit stove (50 versus 49 minutes), but, unlike the Envirofit stove, 

the StoveTec was not significantly faster than the open fire.  Hence, the StoveTec stove is ranked 

second.  The Save80 and the Philips stoves had statistically identical cooking times and are 

ranked third.   

 

Table 4. Ranking of the manufactured stoves on fuel efficiency and cooking speed.  Percent 

differences compared to the open fire are shown in parentheses. 

Rank Most fuel efficient 

(% savings vs. OF) 

Fastest cooking  

(% faster than OF) 

1 S80 (65%) VE (12%) and EF (8%)  

2 ST (54%) and EF (52%) ST (7%) 

3 PH (46%) S80 (2%) and PH (-4%) 

4 VE (32%) --- 
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Figures 3 and 4 below show the average specific consumption and cooking time for each stove in 

each of the three settlements (Dagahaley, Ifo, and Hagadera).  The pattern (or relative values) of 

specific consumption by stove type is extremely similar in all three sites.  Additionally, 

Dagahaley and Ifo had very similar absolute specific consumption values for each stove type, 

while the Hagadera camp specific consumption values are systematically higher for each stove 

type.  The same can be said for cooking time.  The three settlements’ patterns of cooking time by 

stove type were quite similar, although not as similar as are the patterns for fuel use.  
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Figure 3. Average specific consumption (g/kg) for each stove type in each of the three camps of 

the Dadaab complex.   

 

 

1 = Dagahaley 

2 = Ifo 

3 = Hagadera 



Evaluation of Manufactured Wood Stoves in Dadaab Refugee Camps, Kenya  

Prepared by Berkeley Air Monitoring Group   Page 29 of 82 

February 2010 

0
2

0
4

0
6

0
0

2
0

4
0

6
0

OF EF ST PH VE S80 OF EF ST PH VE S80

OF EF ST PH VE S80

1 2

3

C
o
o
k
in

g
 T

im
e
 (

m
in

u
te

s
)

Graphs by camp

 
Figure 4. Average cooking time (minutes) for each stove type in each of the three camps.   

 

The patterns of specific consumption, cooking time, and burning rate by stove type are also quite 

similar for each of the 18 cooks (these are shown in Appendix 7.11).  The similarity of the fuel 

use, cooking time, and burning rate patterns across all 18 cooks provides evidence that the 

differences in performance seen in this study are due to the intrinsic differences between the 

stoves.   

 

Further discussion of these results and the potential implications on them of various study design 

choices can be found in Section 4 (Discussion of Issues Possibly Impacting Results). 

 

3.2 Usability Assessment  
 

Three methods were used to assess the usability of the five stoves:  

 

• A member of the field team completed a standardized observation checklist during each 

cooking session;   

• Each cook completed one survey for each of the five manufactured stoves she tested; and   

• A focus group was conducted in each camp on the last day of testing with all of the cooks 

from that camp (six).   

 

3.2.1 Structured Observations 
 

The field team completed structured observation forms during 187 of the 214 controlled cooking 

tests (36 of the 54 open fire tests, 36/38 of the Envirofit tests, 31/38 of the StoveTec tests, all 38 

1 = Dagahaley 

2 = Ifo 

3 = Hagadera 



Evaluation of Manufactured Wood Stoves in Dadaab Refugee Camps, Kenya  

Prepared by Berkeley Air Monitoring Group   Page 30 of 82 

February 2010 

of the Philips tests, all 24 of the Vesto tests, and all 22 of the Save80 tests).  Table 5, below, 

summarizes some of the primary results of the structured observations.  The table shows the 

average number of times per test the field team tallied incidents of stove refueling, the stove 

needing to be relit with a match, and periods of high smoke.  It also shows the observers’ average 

rating of the physical comfort of the cook while tending the fire during cooking.  The comfort 

rating categories were the following: (1) Physically relaxed, (2) Physically awkward, and (3) 

Physically straining.   

 

Table 5.  Summary of structured observations of cooks by field team.  

Stove # of Stove 

Refuelings per 

Test 

# of Times Relit 

with Match per 

Test 

# of Periods of 

High Smoke per 

Test 

Comfort Rating 

while Tending 

Fire 

Open fire 0.2 0.1 2.3 1.0 

Envirofit 3.6 0.0 1.0 1.2 

StoveTec 4.3 0.2 0.8 1.1 

Philips 7.3 0.1 1.6 1.3 

Vesto 6.2 0.0 1.2 1.4 

Save80 8.5 0.6 1.5 1.5 

 

As expected, all manufactured stoves required more refueling events than the open fire, with the 

two rocket stoves (Envirofit and StoveTec) requiring less refueling than the other three stoves.  

This finding is in line with the fuel sizing requirements of each stove.  The women needed to 

relight the Save80 stove more than the other stoves, likely due to the difficulty of seeing the fire 

and the overall newness of the stove to them.  All manufactured stoves had fewer visible periods 

of high smoke than the open fire, with the StoveTec having the lowest, followed by the Envirofit 

and the Vesto.  Lastly, the two taller stoves, the Save80 and the Vesto, scored a bit lower than 

the others regarding the observers’ rating of the cook’s physical comfort while tending the fire 

during cooking, as the cooks felt a bit awkward with the height of these stoves, being used to 

cooking low to the ground.    

 

3.2.2 User Survey  

 
This section summarizes the results of the surveys completed by each cook after she finished 

testing each improved stove one to three times.  All but 4 of the 18 cooks tested all five improved 

stoves.  The surveys were designed to capture the cooks’ impressions of the stoves’ applicability 

in their daily lives and their preferences among the five options.  These survey results, together 

with the structured observations and the focus group discussions, provide an important 

supplement to the CCT results, which do not offer any information on how readily the stoves 

would be used if they were disseminated as part of an intervention. 

 

The first figure below (Figure 5) shows how well the cooks liked each of the manufactured 

stoves relative to the stove they currently use in their own homes.  Information on the cooks’ 

own stoves was not part of the project scope; however, most Dadaab households have a simple 

metal and clay Maendeleo stove, a simple brick rocket stove, or an open fire.  The figure shows 

that about three quarters of the cooks thought the Envirofit and StoveTec stoves would be an 

improvement over their existing appliance.  Significantly, more than half thought that the other 
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three stoves would not offer significant advantage, suggesting that they would not be motivated 

to adopt these new technologies without further incentives or training.  Also worth noting is the 

fact that only one cook registered a strong negative comment about a stove, saying it would be 

worse than her current stove.  This aversion to overt criticism may be due to cultural norms or to 

the refugees’ low standard of living, which may incent them not to discourage any form of aid.   
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Figure 5. The cooks’ overall impressions of the manufactured stoves, relative to their traditional 

stove.   

 

The following two graphs (Figures 6 and 7) explore the attributes of each stove that most 

impressed the women positively and negatively, offering insights into the cooks’ primary criteria 

for selecting a new stove.  Overwhelmingly, the three positive attributes mentioned most 

frequently were cooking speed, convenience, and fuel savings.  Over 70% associated the 

Envirofit stove with convenience and fuel savings, and over 60% associated the StoveTec stove 

with fuel savings and rapid cooking.  Further, 50% of respondents said that convenience was one 

of the Philips’ stoves top attributes. (The term “convenience” was used here to denote primarily 

ergonomic comfort and ease of use, rather than to suggest that the stove was easy to integrate 

into their daily lives.) 
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Figure 6. A summary of the three most common responses regarding the best aspects of the 

stoves. 

  

There was less agreement among the cooks on the negative attributes associated with each stove.  

About 50% of respondents noted that the Vesto and Save80 stoves put out too much heat.  Other 

negatives noted by one third or more participants were that the Vesto was difficult to cook on; 

the Save80 was difficult to refuel; and the Philips was both difficult to cook on and to refuel.  In 

the case of the Philips stove, it appears the cooks were fairly split between those who liked the 

stove’s compact design and those who did not.   

 

It is also interesting to note that cooks’ perceptions of the stoves were not necessarily matched to 

the quantitative results, as the cooks were not informed of the fuel use and cooking time results 

at any time in the study, nor did they have a way of measuring these parameters directly for 

themselves.  Only 20% of the cooks noted that the Save80 saved fuel, whereas in fact it was the 

top performer in this category according to the CCTs.  Also, while the Vesto stove was the 

fastest stove in the CCTs, it placed third in terms of the percent of respondents reporting that it 

cooked rapidly.  
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Figure 7. A summary of the six most common responses regarding the worst aspects of the 

stoves.  

 

The survey attempted to gauge how much behavior change would be needed for the cooks to 

adopt each of the stoves at home.  Figure 8 below provides strong evidence that the cooks were 

much more comfortable with the two rocket stoves (Envirofit and StoveTec) than with the other 

models: none of them thought they would have to make any adjustments in the way they cook if 

they owned these stoves.  By contrast, the women were approximately evenly split on the 

question of whether the Save80 and Philips stoves would require adjustments, while 

approximately two thirds of the women thought the Vesto would require adjustments. 

 



Evaluation of Manufactured Wood Stoves in Dadaab Refugee Camps, Kenya  

Prepared by Berkeley Air Monitoring Group   Page 34 of 82 

February 2010 

0

10

20

30

40

50

60

70

80

90

100

EF ST PH VE S80

P
e
rc

e
n
t 
o
f 
R

e
s
p
o
n
d
e
n
ts

 (
%

)

Yes

No

 
Figure 8. The percent of cooks who reported having to change the way they cooked due to the 

stove. 

 

The survey also attempted to illuminate what kinds of changes the women felt they would need 

to make.  The team hypothesized that fueling practices would be impacted and asked the cooks 

to describe any changes in fuel-related activities that they experienced with each stove.  Figure 9 

shows that 70 to 90% of the cooks reported that the only impact the Envirofit or StoveTec stoves 

had on fuel-related activities was to cause them to use less wood.  By contrast, about the same 

percentage noted that smaller pieces of wood were needed in order to operate the Philips, Vesto, 

or Save80. 
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Figure 9. The impact of the stove on fuel practices and fuel use. 

 

At the conclusion of the survey, the cooks were asked what would motivate them to buy or not 

buy each stove (assuming it was available at an affordable price).  These responses were 

aggregated to create a general view of the factors in a stove purchase decision for these women 

and are shown in Tables 6 and 7.  The same three “best aspects” that women highlighted about 

each individual stove (as shown in Figure 6) were present again among the top 5 reasons for 

purchasing a stove: saves fuel, is convenient, and cooks faster.  Two additional factors noted by 

the women were the need for portability and the desire to reduce smoke.  The emission of too 

much smoke was cited by some cooks as one of the worst aspects of the Philips and Save80 

stoves, so this finding is not too surprising.  As shown in Table 7, here again the main traits that 

would deter the cooks from buying one of the stoves are similar to the negative attributes 

displayed in Figure 7.   
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Table 6. A summary of the reasons why the cooks would buy one or other of the manufactured 

stoves, if they could afford it.  

Comment Number of 

Responses 

Less fuel / more economical 36 

Light, small, or portable 16 

Less smoke 12 

Cooks faster 11 

Convenient 9 

Better tasting food  6 

Beautiful 4 

Durable 2 

Stable 2 

Can cook all foods 1 

Easier to refuel 1 

Has regulator for heat adjustment 1 

 

Table 7. A summary of the reasons why the cooks would not buy one or other of the 

manufactured stoves, even if they could afford it.  

Comment Number of 

Responses 

Uncomfortable to use 10 

Burns food  10 

Need to be skilled to use 9 

Dangerous (burns) 8 

Can't cook all foods 5 

Pot is unstable / doesn't fit well 4 

Stove is unstable 3 

Requires small pieces of wood 3 

Uses more fuel 2 

Difficult to refuel 2 

Can't do other things while cooking 2 

Too many parts 1 

Insufficient cooking capacity 1 

 

3.2.3 Focus Group Discussions 
 

According to the focus groups, the StoveTec stove was the preferred choice of the participants, 

with the Envirofit model a close second, because these stoves were stable, portable, comfortable, 

and fuel-efficient.  Participants noted that both stoves burned wood at an acceptable rate and 

produced less smoke than the other stoves in the test.  The participants felt that the reduced 

smoke improved the taste of the food.  The fact that the StoveTec and Envirofit stoves were low 

to the ground was valued highly for two reasons.  The participants expressed a preference to be 

able to kneel or sit while cooking and felt that the two allowed them to cook in this position.  
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Additionally, the cooks felt that both Envirofit and StoveTec stoves had a reduced risk of being 

toppled over and causing injury or fire.  

 

 
Focus group discussion 

 

Although the women liked both the rocket stoves, there was a general preference for the 

StoveTec design over the Envirofit one.  Participants appreciated the fact that the StoveTec stove 

has a heavier clay liner, much more like the traditional cooking stoves they are used to.  The test 

cooks felt that the clay liner improved the stove’s safety, making it less susceptible to being 

overturned and creating a more uniform exterior temperature with fewer hot spots that could 

cause burns. The StoveTec was also seen as a bit more efficient in the use of wood, even though 

their measured fuel consumption was statistically the same.  Some participants, especially the 

Dagahaley group, felt that the Envirofit design was easier to use.  They noted that the skirt 

design was more intuitive than the StoveTec one, making it easier to set up and operate.   

 

Nonetheless, all focus group participants reiterated their general dislike of the metal skirts that 

they were asked to use with the StoveTec and Envirofit stoves.  The cooks complained that the 

StoveTec skirt, which screws onto the pot, was difficult to put on the pot at the outset and then 

even more difficult to remove once the food was cooked and the hot pot needed to be taken off 

the stove and placed on the ground.  The Envirofit skirt was seen as a better design and easier to 

use, but it regularly fell apart and had to be reassembled when the stove was moved.   

 

The focus group participants agreed that the Philips stove had many positive attributes, but they 

perceived that it was not able to hold a pot large enough for their families.  (Interestingly, this 

finding was not evident in the user survey data.)  They also thought that it could be easily 

knocked over by their children inside their homes because of its size. 

 

The Vesto stove received approval from some of the cooks, especially the Hagadera group, for 

its fuel efficiency and ability to cook food quickly.  The biggest negative aspect of the Vesto was 

that it forced them to stand while cooking, which they described as awkward because they prefer 

to sit.  Furthermore, some participants reported it to be very smoky, which they felt made the 

food taste bad.  They also said that it seemed easy to burn themselves on the body of the Vesto, 

and that it was too light and could easily be knocked over by children.   

  



Evaluation of Manufactured Wood Stoves in Dadaab Refugee Camps, Kenya  

Prepared by Berkeley Air Monitoring Group   Page 38 of 82 

February 2010 

Although the Save80 stove received some recognition from the Hagadera cooks who accurately 

identified it as the most efficient stove in the test, it was generally unpopular with all three 

groups.  The chief complaint was that this stove was difficult to use due to the need to frequently 

tend the fire.  It was particularly challenging for the participants to get the pieces of wood into 

the stove due to the size of the fueling port and its location relative to the combustion chamber.  

The design of the Save80 pot was also foreign to the cooks, and some of them felt it caused them 

to burn the food, creating an unpleasant taste. 

 

The topic of fuel size and preparation prompted significant discussion with all three groups.  The 

participants noted repeatedly that the Philips, Vesto, and Save80 stoves required smaller pieces 

of wood than the StoveTec and Envirofit stoves.  The participants were not accustomed to 

cutting wood into small pieces and they wondered how they would meet this requirement if they 

had one of these stoves in their homes.  The Envirofit and StoveTec stoves were more familiar 

for them regarding stove type as well as the size of the required wood.  

 

Towards the end of each focus group discussion, participants were asked to choose the stove that 

best met their expectations for each of four categories: most fuel efficient, safest, most likely to 

be durable, and easiest to use.  The results of this exercise, showing a strong preference for the 

StoveTec design primarily and the Envirofit one secondarily, are presented in Table 8.  The 

cooks were also asked to rank all five stoves from 1 (most preferred) to 5 (least preferred).  The 

results of this exercise, presented in Table 9, again show the clear dominance of the rocket 

stoves, but also the mixed response to the Philips 

 

Table 8. A summary of focus group consensus regarding the best stove in four important 

categories 

 

 

 

 

 

 

 

 

Table 9. Stove rankings from the focus groups (most preferred to least preferred) 

 

 

 

 

 

 

 

 

3.3 Additional Field Team Remarks 

 

 Dagahaley camp Ifo camp Hagadera camp 

Most fuel efficient Envirofit and StoveTec StoveTec Save80 

Safest StoveTec StoveTec StoveTec 

Most durable StoveTec StoveTec StoveTec 

Easiest to use Envirofit StoveTec StoveTec 

Stove 

Rank 

Dagahaley camp Ifo camp Hagadera camp 

1 Envirofit StoveTec StoveTec 

2 StoveTec Envirofit Envirofit 

3 Philips Philips Vesto 

4 Save80 Save80 Philips 

5 Vesto Vesto Save80 
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Over the course of the testing, the field team made some informal observations that are not 

necessarily captured in the structured observations, survey results, or focus group discussions. 

Their ad hoc notes are presented below.    

 

• It seemed that the women had more difficulty operating the stoves that did not offer them 

an easy way to see the fire, as it was difficult for them to gauge when the stove needed to 

be refueled.  The lack of sightlines to the fire sometimes resulted in fires that went out but 

more often caused overheating and burnt food, especially in the Save80 and Vesto tests.  

• Dealing with the smaller wood pieces required for the Philips, Vesto, and Save80 stoves 

added much to the learning curve and adjustment to these stoves.   

• As described in Section 3.2.3 on the focus group discussions, the cooks generally had 

difficulty using the skirts.  Similar to a vegetable steamer basket, the Envirofit skirt was 

composed of overlapping flaps of metal attached to the stove around the base of the pot 

supports.  This design required less handling than the StoveTec detachable skirt, but it 

had a design flaw that caused some of the flaps to fall off the stove when it was moved 

from one location to another.  This was the primary cause of the cooks’ frustrations with 

the Envirofit skirt. 

• Placing large amounts of wood into the Vesto combustion chamber at the start of the 

cooking test caused flames to shoot out from around the side of the pot.   

 



4 Discussion of Issues Possibly Impacting Results 
 

The results of the controlled cooking test are strikingly consistent and show strong evidence that 

the stoves save fuel: of the 15 comparisons among stoves and the open fire, 13 of them are 

statistically significant.  The similarity of the fuel use, cooking time, and burning rate patterns 

across all 18 cooks provides strong evidence that the differences in performance seen in this 

study are due to the intrinsic differences between the stoves.  At the same time, certain study 

design choices made either intentionally at the start of the work or out of necessity in the field, 

warrant investigation in case they skewed any of the results. 

 

 

4.1 Differing Numbers of Tests per Stove 
 

While the standard CCT protocol recommends that each cook test a stove three times, the 

Berkeley Air team decided instead to prioritize the total number of tests and having each cook 

test each stove so that she could compare them all knowledgeably and fairly in the focus group 

discussions.  Each cook did conduct three open fire tests in order to create a strong baseline 

reference point against which her subsequent test results on each manufactured stove could be 

compared.  The differing number of repeated tests performed by each cook for each stove type 

may have caused slight differences, particularly in the potential for increased stove performance 

due to increased familiarity.  The consistency of the pattern of specific fuel consumption across 

test number, however, indicates that the fact that the stoves were not tested the same number of 

times (due to time constraints) did not skew the results in any material way. 

 

Figure 10 shows the specific consumption for each stove for each test number (the repeated tests 

by each cook on each stove).  This figure shows how fuel use changed as the cooks increased 

their familiarity with the stove.  While there may appear to be some trends, for a given stove 

type, none of the tests were statistically different (e.g. tests 1, 2, and 3 were statistically the same 

for each stove).  
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Figure 10.  Specific consumption for each stove for each test number (the repeated tests by each 

cook on each stove).   

 

This information is also displayed in Figure 11 below, which shows that the pattern of specific 

consumption across the six stoves seen in the average of all of the tests is quite consistent across 

test number.   
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Figure 11. Specific consumption for each test number for the six stoves.  The average of all tests 

is shown as well for each stove.   

 

 

Nonetheless, in order to investigate the potential effect of the differing number of repeated tests, 

the specific consumption values were compared using only the first tests of each stove (as 18 

first tests were completed for all stoves other than the Save80, which had 14 first tests).  This 

analysis revealed only one change in the results as detailed in Table 6.  While the StoveTec used 

significantly less fuel than the Philips when all tests were included, the two were statistically the 

same when only the first tests were included.  Thus, the one change in the findings in going from 

all tests to only first tests did not involve the Vesto and Save80, which had a limited number of 

second tests and no third tests.  Therefore, the Vesto and Save80 were not unfairly disadvantaged 

and the findings based on all tests regarding specific consumption are valid.  The similarity of 

the first tests to all tests regarding specific consumption can be seen in Figure 11.   

 

Because none of the five manufactured stoves saved substantial time relative to the open fire, we 

did not present an analysis of the total cooking time based on the test number.      

 

4.2 Pot and Skirt Choices  
 

Use of the provided, integral Save80 pot instead of the standard UNHCR pot (which was used 

with all five other stoves) likely reduced fuel use for the Save80 stove, but we cannot say by how 
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much.  Placing the pot on the grate on top of the Vesto stove instead of placing the pot inside of 

the Vesto stove likely caused an increase in fuel use for the Vesto stove, but we cannot say by 

how much.   

 

Use of the skirts on the StoveTec and Envirofit stoves, though not integral to their functioning, 

likely increased their fuel efficiency.  While both manufacturers report thermal efficiency gains 

of up to 30% in laboratory water boiling tests, we do not know their effect in these tests.   

 

4.3 Differences in the Hagadera Results 
 

In both the quantitative and qualitative measurements, Hagadera camp seemed to stand apart 

from the other two camps.  It may be significant that Hagadera used a different type of wood 

than the other two camps, although the average wood moisture was very similar in all three 

camps.  It is not known if the process for procuring and distributing fuelwood is different in 

Hagadera than in the other two camps.  It is also possible that the Hagadera households have 

somewhat different traditional cooking methods or stoves than the other camps.  We are not 

otherwise able to explain the differences seen in Hagadera camp, as such an analysis fell outside 

the scope of this study.   

 
4.4 Potential Effects of Familiarity with Improved Cookstoves 
 

One of the unanticipated effects of the choice of Dadaab as the location for the testing was that 

the cooks there already had significant exposure to some improved cookstoves.  The two models 

of improved stoves in use there most closely resemble the manufactured Envirofit and StoveTec 

rocket stoves.  The design, operation, and fuel size of the StoveTec and Envirofit stoves were 

therefore almost immediately familiar to the women, and this familiarity almost certainly created 

a bias in the usability testing results.  Thus, it is possible that the other three stoves would have 

been accepted and appreciated as readily with additional exposure and support.  It is also 

possible that additional training would allow the cooks to use the Philips, Vesto, and Save80 

stoves more efficiently than they did in these tests, after gaining a better understanding of their 

ideal operation, fuel loading methods, and wood size requirements.  Finally, it is further possible 

that, if the women could operate the non-rocket stoves at their peak efficiency, the benefits of the 

additional fuel savings might provide further incentive to adapt to some of those stoves’ usability 

constraints.   

 

4.5 Fuel Use Versus Burning Rate  
 

Figure 12 below shows a plot of fuel use (specific consumption) versus burning rate (the amount 

of fuel consumed in the stove per minute) for all 214 stove tests.  The figure shows that fuel use 

was fairly highly correlated with burning rate across all six stove types (the correlation 

coefficient, R
2
, of 0.79 is indicative of a fairly strong relationship between the two parameters).   
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Figure 12. Fuel use (specific consumption) versus burning rate for all 214 controlled cooking 

tests.  

 

Figure 12 indicates that the stoves that were able to operate effectively with lesser amounts of 

fuel burning at a time and/or encouraged the cooks to put less fuel into the combustion chamber 

at one time (thereby achieving a lower burning rate) required less wood to complete the 

controlled cooking test.  For each of the six stoves, loading more wood into the fire (increasing 

the burning rate) resulted in more fuel used to complete the cooking task.  This indicates that a 

stove that is able to operate effectively at lower burning rates without requiring the user to 

constantly tend the stove will both save fuel and be able to meet users’ needs for ease of use.   
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5 Conclusions and Recommendations   
 
5.1 All stoves significantly outperformed the open fire 
 

The most notable conclusion from this study is perhaps the fact that all five tested stoves 

outperformed the open fire, requiring significantly less fuel to cook the test meal.  Furthermore, 

this performance difference was robust and consistent across the three test sites and the 20 test 

cooks.   

 

While this result may seem like a foregone conclusion, it is in fact not as common as one might 

think.  In the hands of a skilled operator, the open fire can be a very effective cooking device.  At 

the same time, some supposedly improved stoves have not been sufficiently tested or not 

consistently configured, leading to wildly variable and sometimes very poor performance in the 

field. It is therefore a real testament to the quality of the stoves tested in this study that they all 

outperformed the open fire, and it is likely that this performance differential would continue to 

be measurable across various operators and situations.   

 

5.2 Fuel efficiency is not the sole determinant of user preferences  
 

Ease of use, level of smoke, and cooking speed are also key factors in a woman’s decision to buy 

one of these stoves, assuming all were equally available and affordable.  At the same time, the 

results demonstrated that, on their own, user perceptions of stove performance are not always 

accurate.  The Dadaab findings highlight several instances where the quantitative data does not 

match the users’ perceptions of fuel use and cooking speed.  Quantitative tests are needed to 

measure these indicators in order to set realistic expectations and meet overall human and 

environmental impact goals. 

  

This leads to the recommendation that any program seeking to disseminate an improved stove 

would do well to research user priorities among its target population and perhaps also to offer 

more than one design choice.  Although not explicit in the results, there is also the related 

implicit conclusion that familiar stove technologies and designs may be more readily acceptable 

than new ones.  This suggests that implementers might base part of their stove selection on the 

time and resources available to support significant transitions in user behavior. 

 

5.3 Addressing fuel requirements is critical to successful adoption  
 

One of the design features common to highly-efficient improved stove designs is the regulation 

of the fuel supply.  These stoves perform best when the fuel is fed into a restricted chamber at 

regular intervals.  This fact was not lost on the test cooks, and the concerns related to fuel 

preparation and fuel tending were raised in both the surveys and the focus group discussions.  In 

the Dadaab camp complex, the women generally felt comfortable with the thin but long sticks 

that the two rocket stoves require, even though the fuel still needed to be precut for these two 

stoves.  They were vocally less enthusiastic about chopping the wood into the smaller chunks 

needed to fuel the Vesto, Philips, and Save80.   
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5.4 No significant time savings 
 

The quantitative data revealed that none of the tested stoves offered a large time benefit to the 

cooks.  Even though two stoves did show a statistically significant decrease in cooking time over 

the open fire and the other stoves, the actual number of minutes saved was so small that it would 

not likely have much impact on the cook’s overall daily time-activity patterns.   

 

These results need to be viewed within the context of the structure of the CCT, which is not 

designed to provide a nuanced assessment of time savings.  The test only measures total cooking 

time and does not provide any information on whether the woman is fully occupied during that 

time or whether she could be engaged in other activities while cooking, due a change in the 

intensity of the process.  The CCT test also does not measure time needed to collect or prepare 

fuel, which are the activities most likely to be affected by the adoption of an improved stove.   

 

The lack of a significant improvement in cooking time is also reflected in the ambivalent 

qualitative data on this point.  At least two cooks cited on their surveys that “faster cooking” was 

a benefit of each stove, and more than 50% of the women listed rapid cooking as one of the best 

attributes of the StoveTec stove.  On the other hand, for every stove except the Save80, at least 

four women complained that the stove cooked too slowly, and just under half the women cited 

slow cooking as one of the worst attributes of the Vesto stove, even though it was, in fact, the 

fastest.  

 

5.5 Save80 leads the way in fuel efficiency but presents usability 

challenges 

 
Climate Management’s Save80 stove proved to have the highest fuel savings, and this finding 

was highly statistically significant.  One of the factors contributing to its performance was likely 

the integrated pot design, which suspends the cooking surface directly above the fire and in the 

midst of the hot gases.  On the other hand, the stove was the least popular among the cooks, with 

only 7% saying they would buy the stove if it were available in the market at an affordable price. 

The most frequently cited reasons were that the Save80 burns the food, is uncomfortable to use, 

and requires special skill to operate.  The focus groups also revealed that the constant need to 

refuel was a key usability challenge.  These findings lead to the recommendation that any 

program seeking to introduce the Save80 should plan for substantial user training and 

troubleshooting support. 

 

5.6 Familiar rocket stoves prove both fuel efficient and popular 
 

Both the rocket stoves tested in this study offered strong fuel performance and received high 

marks from the women for usability.  Although on average the StoveTec stove had 2% greater 

fuel savings over the open fire than the Envirofit stove, the difference is not statistically 

significant.  The cooks’ frustrations with the skirts did not dissuade them, as one hundred percent 

of them affirmed that they would buy the StoveTec and the Envirofit stoves, assuming they were 

available at an affordable price.  All of the cooks also stated that neither of these stoves would 

require them to make any change in the way that they cook their food.  Finally, one or the other 

of these two stoves was the top pick of the women in each of the three focus groups.  
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The strength of these findings point to the StoveTec and Envirofit rocket stoves as a good choice 

for the Dadaab sites and potentially for other refugee situations environments in Sub-Saharan 

Africa as well.  It seems likely that these stoves would have a higher chance of being adopted 

even if the program implementers were unable to provide in-depth training and/or sustained 

support, especially if the target population had already had some exposure to rocket stove 

technology and/or already used a size and shape of fuel that fits comfortably into the rocket 

combustion chamber.  Nonetheless, it remains critical for implementers to check for a good fit 

between local preferences and the height of the stove, the size and shape of the available fuel, the 

size and shape of cooking vessels and the type of cooking tasks regularly performed.  

 

5.7 Gasifier designs less effective; may require more training and support 
 

There were two stoves in the study that employ gasifier technology: the Philips and the Vesto.  

Both of these stoves demonstrated consistent fuel savings over the open fire, with the Philips 

outperforming the Vesto, but both also had design features that the cooks found undesirable. 

Both these stoves require smaller pieces of fuel, which raises the question for program 

implementers of how the fuel will be cut up and by whom, and creates a potential barrier to 

adoption. In both the surveys and the focus groups, the cooks also mentioned that the gasifiers 

were difficult to keep lit and fueled, and required advanced skill to operate.   

 

These findings lead us to tentatively conclude that these gasifier stoves would be more difficult 

to introduce at the Dadaab settlements.  Users would appear to need more training and support to 

successfully operate the stove and to feel confident in its performance.  Thoughtful marketing 

and outreach could help manufacturers build user trust and comfort with the gasifier design, 

although in the case of the Vesto, actual design changes may also be needed to enhance the 

stove’s safety.   
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6 Next Steps 
 
6.1 Engage other test populations and test other stove and fuel options  
 

Although the findings from this study provide some robust quantitative performance data and 

clear qualitative information, it is important to keep in mind that the results are not necessarily 

generalizable to all populations.  Not only was the work conducted in just one refugee complex, 

but all the test cooks were of Somali origin.  One obvious next step would be to repeat this study 

in a different environment with users of different cultures cooking different foods.  

 

Due to resource constraints, this study did not examine the suitability of stove technologies that 

rely on other forms of biomass, such a pellets, or other alternative fuel sources such as solar or 

ethanol.  Also excluded from the research were stoves with fans or blowers, which many see as 

the most promising technological innovation for solid-fuel stoves.  At the time the stoves were 

sourced, the study team was not aware of any fan stoves that did not require either some grid 

power or pelletized fuel.  Follow-up studies could look at the potential of these alternative 

technologies. 

 

6.2 Test stove emissions or indoor air pollution effects in the field 

 
Emissions of particulates, carbon monoxide, and other health- and climate-damaging pollutants 

are an enormous negative consequence of the use of solid biomass fuel for household energy.  

Reducing smoke for personal comfort and to improve the taste of the food was also a usability 

criterion for the Dadaab test participants.  While most of the stoves included in this project had 

also undergone emissions testing in the lab, it is important to extend this assessment into the 

field, where the particulars of local fuel, operator skill, and cooking habits can have a significant 

impact on outcomes.  The testing done at the Dadaab complex did not address this aspect of 

stove performance, and it cannot be inferred that stoves with high fuel efficiency also have lower 

emissions.   

 

6.3 Conduct longer-term in-home monitoring  
 

The selection of the controlled cooking test was well suited to the current program needs as it 

provided both comparable quantitative performance metrics and real-word usability information.  

However, these tests are still highly controlled and do not always reveal the full spectrum of 

implementation and adoption challenges.  Also excluded from the scope of the testing was any 

assessment of the relative emissions from the stoves or their impact on air quality and health.  

Both of these objectives could be met through a follow-up study of fuel use, stove emissions, and 

indoor air quality measured in homes over the course of 24 or 48 hours of normal cooking. 

 

6.4 Pilot programs that facilitate fuel preparation 
 

Any program seeking to implement an improved stove should consider the relationship between 

the available fuel and the fuel size and shape requirements of the potential intervention stoves.  



Evaluation of Manufactured Wood Stoves in Dadaab Refugee Camps, Kenya  

Prepared by Berkeley Air Monitoring Group   Page 49 of 82 

February 2010 

Further, it seems likely that anything the program can do to alleviate the individual burden of 

converting the fuel into the optimal size and shape could greatly enhance the likelihood of 

sustained stove adoption and accrual of sustainable benefits.  To date, relatively little attention 

has been paid to the impact of fuel requirements on stove adoption.  An initiative to pilot 

innovative ways to overcome this adoption challenge would add significantly to the overall 

success of stove programs in refugee and IDP environments. 

 

6.5 Provide implementation guidelines and case studies 
 

The lessons learned from this work together with other past and potential stove tests can be 

incorporated into USAID’s program toolkit to assist implementers in selecting and implementing 

improved stoves.  This information lends itself to both general guidelines as well as case studies 

highlighting specific challenges such as selecting or adapting stoves for particular cooking needs 

or matching stove and fuel types. 
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7 Appendices 
 

7.1 Contact information for stove manufacturers and retail stove prices  
 

Model: Envirofit G3300 Stove 
Manufacturer: Envirofit International 

Contact: Tim Bauer 

Email: tim.bauer@envirofit.org 

Website: www.envirofit.org 

Postal Address: 109 North College Avenue, Fort Collins, CO 80524-2602, USA 

 

Model: StoveTec Wood Stove 
Manufacturer: StoveTec 

Contact: Ben West 

Email: ben@stovetec.net 

Tel: +1 541-767-0287    

Website: www.stovetec.net 

Postal Address: P.O. Box 1175, Cottage Grove, OR 97424, USA 

 

Model: Natural Draft Stove 
Manufacturer: Philips Electronics India Limited 

Contact: Pawandeep Singh 

Email: Pawandeep.Singh@philips.com 

Tel: +91 124 4606000 (Extn. 6066) 

Fax: +91 124 4606666  

Website: www.philips.com 

Postal Address: 9th Floor; DLF 9-B; DLF Cyber City; DLF Phase 3; GURGAON - 122002; 

India 

 

Model: Vesto Stove  
Manufacturer: New Dawn Engineering 

Contact:  Thabsile Shongwe  

Email: thabsile.s@newdawnengineering.com 

General inquires and information: thabsile.s@newdawnengineering.com 

Sales information: sales@newdawnengineering.com 

Product support: support@newdawnengineering.com 

Tel: +268 518-5016 or 518-4194 

Website: www.newdawnengineering.com 

Postal Address: P.O. Box 3223 Manzini, MZ200, Swaziland 

 

Model: Save80 
Manufacturer: Climate Management Ltd.  

Contact: Klaus Trifellner 

Email: klaus.trifellner@climatemanagement.de 

Tel: +260 211 238 00-9 -10 

Fax: +260 211 238011 
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Mobile: +260 955 863295 

Website: www.climateinterchange.com 

Postal Address: P.O. Box 32978, Lusaka, Zambia 

Physical Address: 8201/C Lima Garden, Lusaka, Zambia 

 

 
Retail Prices of Stoves.  All of these manufactured stoves are available for less than 100 USD 

each.  Exact stove prices are based on quantity ordered and location.  Please contact the 

manufacturers for pricing details.   
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7.2 Stove manuals 
7.2.1 Envirofit G-3300 Stove 
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7.2.2 Philips Natural Draft Stove  

 

 

Confidential Divison, MMMM dd, yyyy, Reference 2

 
 

 

 

Confidential Divison, MMMM dd, yyyy, Reference 3
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Confidential Divison, MMMM dd, yyyy, Reference 4

 
 

Confidential Divison, MMMM dd, yyyy, Reference 5
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7.2.3 Save80 Stove 
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7.2.4 StoveTec Wood Stove (26 cm) 
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7.2.5 Vesto – The Variable Energy Stove 
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7.3 Controlled Cooking Test Protocol v2 

 
Prepared by Rob Bailis for the Household Energy and Health (HEH) Programme, Shell 

Foundation 

(Not currently included in Shell HEH Stove Performance Protocols) 
The controlled cooking test (CCT) is designed to assess the performance of the improved stove 

relative to the common or traditional stoves that the improved model is meant to replace. Stoves 

are compared as they perform a standard cooking task that is closer to the actual cooking that 

local people do every day. However, the tests are designed in a way that minimizes the influence 

of other factors and allows for the test conditions to be reproduced.  

Equipment 
The equipment required to conduct a series of CCTs is similar to the equipment required to 

perform the WBT. In addition, a sufficient quantity of food will be needed to conduct all of the 

tests. This is discussed in more detail below.  

• Fuel: A homogeneous mix of air-dried fuel wood should be procured. Sufficient wood 

for all of the CCTs should be obtained ahead of time. Use local input to determine the 

quantity of fuel required to cook a “standard meal” on a traditional stove. Assume that 

each stove will be tested at least 3 times and allow for some margin of error. For 

example, if local people report that a standard meal requires ~2.5 kg of fuel wood and 

three stoves are to be tested, then the full range of tests will require  

 2 x 
stove

tests
 3 x stoves 3 x 

meal

kg
 2.5 . 

The final factor of two is included to allow for aborted tests and other contingencies. This 

is roughly 45 kg of wood. As in the WBT, the fuel may be divided into pre-weighed 

bundles to save time during testing. 

• Food and water: Testers should be sure they have sufficient food and water for the 

entire range of tests. Like fuel, the food should be homogenous so that variability in food 

does not bias the results of the test.  

• Cooking pot(s): if possible, use the standard pots supplied with the testing kits. If the 

standard pots do not fit one or more of the stoves being tested, use the most appropriate 

pots and be sure to record the specifications in the Data and Calculation form. If possible, 

the same type (size, shape, and material) of pots should be used to test each stove. 

However, unlike the WBT, lids should be used if local cooks commonly use them. 

• Scale: Supplied with testing kit: (at least 6 kg capacity and 1 gram accuracy): (see note in 

WBT section). 

• Heat resistant pad to protect scale when weighing hot charcoal. 

• Wood moisture meter  

• Timer. 

• Thermometer (this is only for recording ambient temperature – food temperatures are not 

recorded in this CCT). 
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• Small shovel/spatula to remove charcoal from stove for weighing. 

• Dust pan for transferring charcoal. 

• Metal tray to hold charcoal for weighing. 

• Heat resistant gloves. 

CCT testing procedure 
The CCT described here is meant primarily to compare the performance of an improved stove to 

a traditional stove in a standardized cooking task. The procedure that follows should be applied 

to type of stove commonly in use in the community as well as the model or models of stove 

being promoted. Three repetitions of the CCT for each stove that is being compared are 

recommended.  

1. The first step in conducting the CCT is to consult with people in the location where the stove 

or stoves are going to be introduced in order to choose an appropriate cooking task. This 

should be done well ahead of time, to ensure that sufficient food can be obtained to conduct 

all of the necessary tests.  

• If the stove is designed for home use, then the task should be a typical meal consisting of 

foods that are regularly eaten in the community. It may include one or more dishes, 

though foods requiring complicated preparations should be avoided in the interest of 

time. In addition to the type of food, the testers 

and community participants must also decide on 

the precise quantity of food that is best 

representative of a typical family’s meal. This is 

critical to ensure that tests are uniform. If local 

measures are used, the testers should convert 

this into standard measurements and record 

these on the Data and Calculations form. The 

Box below shows an example of the food used 

for a CCT in West Africa (from Baldwin, 1987). 

• If the stove is designed for specialized 

applications, for example making tortillas or 

chapati, then the cooking task requires less input 

and testers must simply decide on the exact 

amount of food on which to base the test.  

• Once a cooking task has been decided on, ensure that sufficient food is available to 

conduct the tests.  

2. After deciding on a cooking task, the procedure should be described in as much detail as 

possible and recorded in a way that both stove users and testers can understand and follow. 

This is important to ensure that the cooking task is performed identically on each stove. If 

possible, include an objective measure of when the meal is “done”. In other words, it is 

preferable to define the end of the cooking task by an observable factor like “the skins come 

Example of food used in a CCT (adapted 

from Baldwin, 1987, p. 94) 

Dish Ingredient Quantity (g) 

Porridge water 4000 

 Millet flour 1000 

 

Sauce: oil  100 

 meat 450 

 tomatoes 300 

 water 2500 

 onions 70 

 spices 50 
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off the beans” rather than a subjective measure like “the sauce tastes right” (VITA, 1985, 

CCT Procedural note 2).  

After sufficient ingredients and fuel have been obtained and the steps of the cooking task are 

written up and well understood by all participants, the actual testing can begin. The cooking 

itself should be done by a local person who is familiar with both the meal that is being 
cooked and the operation of the stove to be tested. If the stove is a new design that differs 

significantly from traditional cooking practices, some training will probably be required before 

conducting the actual tests.
7
 When comparing stoves with the CCT, if more than one cook is 

used, each cook should test each stove the same number of times, in order to remove the cook as 

a potential source of bias in the tests. In addition, to ensure that the testers have control over the 

testing environment, the tests should be conducted in a controllable setting such as a lab or 

workshop rather than in a private home.  

3. Record local conditions as instructed on the Data and Calculation form. 

4. Weigh the predetermined ingredients and do all of the preparations (washing, peeling, 

cutting, etc) as described by the cooking directions recorded in step 2 above. To save time, 

for non-perishable food, the preparation can be done in bulk, so that food for all of the tests is 

prepared at once. 

5. Start with a pre-weighed bundle of fuel that is roughly double the amount that local people 

consider necessary to complete the cooking task.  Record the weight in the appropriate place 

on the Data and Calculation form.  

6. Starting with a cool stove, allow the cook(s) to light the fire in a way that reflects local 

practices. Start the timer and record the time on the Data and Calculation form. 

7. While the cook performs the cooking task, record any relevant observations and comments 

that the cook makes (for example, difficulties that they encounter, excessive heat, smoke, 

instability of the stove or pot, etc).  

8. When the task is finished, record the time in the Data and Calculation form (see the 

comments on determining when the task is complete in step 2 above).  

9. Remove the pot(s) of food from the stove and weigh each pot with its food on the balance. 

Record the weight in grams on the Data and Calculation form. 

10. Remove the unburned wood from the fire and extinguish it. Knock the charcoal from the 

ends of the unburned wood. Weigh the unburned wood from the stove with the remaining 

wood from the original bundle. Place all of the charcoal in the designated tray and weigh this 

too. Record both measurements on the Data and Calculation form.  

11. The test is now complete – you may now enjoy the food that was cooked or proceed by 

testing the next stove – each stove should be tested at least 3 times.  

                                                 
7
 Of course, if a great deal of training is required in order for a local user to “master” the use of the stove, then the 

stove-testers should probably reconsider that particular stove design.   
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Note: this procedure only requires the use of one standardized cooking task. However, stove 

testers are encouraged to develop a CCT for several different cooking tasks – particularly if the 

communities where the stove is being promoted cook meals that are equally popular, but differ 

significantly in their specific cooking requirements (for example, one task that involves slow 

boiling and another task that involves frying).  

Analysis 
After each test, transfer data from the Data and Calculation forms into the software. Once three 

tests for each stove are complete, the software provides a value of specific consumption and total 

cooking for each individual test as well as an average of three tests for each stove. Once CCTs 

for two stoves are completed, the software will compare the results and test for statistical 

significance. In addition, any qualitative observations made during each test should be noted. 

Each data form contains space for qualitative observations to be recorded and summarized on the 

“Results” page.  

Analysis of the CCT 
The calculations produced by the Data and Calculation form are somewhat more straightforward 

than the calculations for the WBT. They are explained in Appendix 5.  

1 Appendix 5 

Analysis of the CCT 

Variables 
As in the WBT, there are a number of variables that are directly measured. These include 

environmental variables and physical test parameters. The environmental variables may vary 

slightly from one test to another, but should be nearly constant. The physical test parameters 

should be constant for all tests.  

Environmental variables: 
Wind conditions  

Air temperature 

Physical test parameters: 

Variable Label 

Avg dimensions of wood (centimeters) -- 

Wood moisture content (% - wet basis)  m 

Empty weight of Pot # 1 (grams)  P1 

Empty weight of Pot # 2 (grams) P2 

Empty weight of Pot # 3 (grams) P3 

Empty weight of Pot # 4 (grams) P4 

Weight of container for char (grams) k 

Local boiling point of water (°C) Tb 
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Measurements and Calculations 
Upon finishing the test, a number of measurements are taken. These include:  

Initial weight of fuelwood (wet basis) (grams) fi  

Final weight of fuelwood (wet basis) (grams) ff 

Weight of charcoal with container (grams) cc 

The weight of each pot with cooked food (grams) Pjf (j is an index for the cooking pot ranging from 1–4 

depending on the number of pots used for cooking) 

Start and finish times of cooking (minutes) ti and tf 

  

These measurements are then used to calculate the following indicators of stove performance:  

Total weight of food cooked (Wf) – this is the final weight of all food cooked; it is simply 

calculated by subtracting the weight of the empty pots from the pots and food after the cooking 

task is complete:  

( )∑
=

−=
4

1j

ff PjPjW  where j is an index for each pot (up to four). 

Weight of char remaining (∆∆∆∆cc) – the mass of charcoal from within the stove, including the 

char removed from the ends of the unburned fuel that is extinguished just at the end of the 

cooking task. This is found by simple subtraction:  

∆cc = cc – k 

 

Equivalent dry wood consumed (fd) – This is defined as for the WBT, adjusting for the amount 

of wood that was burned in order to account for two factors: (1) the wood that must be burned in 

order to vaporize moisture in the wood and (2) the amount of char remaining unburned after the 

cooking task is complete. The calculation is done in the following way:  
( ) ( )( ) cifd ∆c1.5m1.121fff ∗−∗−∗−=  

Specific fuel consumption (SC) – This is the principal indicator of stove performance for the 

CCT. It tells the tester the quantity of fuel required to cook a given amount of food for the 

“standard cooking task”. It is calculated as a simple ratio of fuel to food: 

1000∗=
f

d

W

f
SC  

Notice this is reported in grams of fuel per kilogram food cooked, whereas Wf is reported in 

grams. Thus a factor of 1000 is included in the calculation.  

Total cooking time (∆∆∆∆t) – This is also an important indicator of stove performance in the CCT. 

Depending on local conditions and individual preferences, stove users may value this indicator 

more or less than the fuel consumption indicator. This is calculated as a simple clock difference:  

∆t = tf - ti 
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7.4 Standard meal details 

 
The CCTs were conducted using a standardized meal of rice and vegetables, which the Somali 

participants identified as representative of their cooking practices.  The ingredients, quantities, 

and the cooking method are shown in Table A1.  

 

Table A1. CCT ingredients and cooking method 

Ingredient 

 

Initial 

Mass 

Cooking Method 

Rice 1434 g 1. Fry the onion in the oil until soft and browned 

Water 4158 g 2. Add fresh chopped tomatoes, bullion, spices, and 

salt 

Tomatoes  330 g 3. Cook until fully blended 

Tomato paste 65 g 4. Add tomato paste and a little water 

Onion 66 g 5. Add remaining water 

Oil 184 g 6. Bring to a boil 

Jumbo (seasoning bullion) 41 g 7. Add washed rice 

Garlic 37 g 8. Simmer until done 

Spice 29 g  

Salt 3 g  

 

 

 



Evaluation of Manufactured Wood Stoves in Dadaab Refugee Camps, Kenya  

Prepared by Berkeley Air Monitoring Group   Page 68 of 82 

February 2010 

 

7.5 Fuel type, preparation, and size 
 

The wood fuel was procured from local wood merchants.  On the first day of the study in each of 

the settlements a donkey cart full of wood was delivered to the testing site.  Acacia reficiens 

wood was used in Dagahaley and Ifo, and Terminalia spp was used in Hagadera.  

 

 

 
Local wood merchant delivering wood to project site 

 

Upon delivery, the wood was cut up into pieces according to the stoves’ requirements by women 

hired from the camp for this purpose.  The wood was first cut to a cross-sectional dimension of 

approximately 2 x 2 cm.  These pieces were then cut into differing lengths as appropriate for 

each stove: 

 

Table A2. Wood sizing for each stove 

Stove  

 

Envirofit & StoveTec Vesto Philips & Save80 

Wood size  

 

~2 x 2 x 40 cm ~2 x 2 x 20 cm ~2 x 2 x 15 cm 

Photograph 

of wood 

sizing 
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7.6 Instruments & data management 
 

My Weigh digital scales (model 7001DX; 7 kg max and ±1 gram accuracy) were used in this 

study.  A multipoint calibration was performed on the scales in Berkeley, CA with the following 

certified weights just prior to the study: 200g, 1000 g, 1200g, 3000 g, 4000 g, 5000 g, 6000 g, 

and 6200 g.  Table 3 below lists all instruments used in the study.   

 

Table A3. Instrument list 

Name Description 

 

My Weigh digital scales  

 

Used to weight materials for tests 

Delmorst Instrument Co. wood 

moisture meter 

Used to measure wood moisture 

levels 

Omega Engineering Inc. thermometer 

and probe (# HH11B) 

Used to measure ambient air, 

food, and water temperature 

 
For QA/QC purposes, the team conducted four practice CCTs, including quantitative 

measurements, structured observations, and user questionnaires, in Nairobi, Kenya, prior to 

departing for the Dadaab camp.  This allowed them to check that all instruments were 

performing correctly and that all data collection tools were comprehensive and free of errors.  

The data from these tests was entered into the study database and used to check its readiness for 

the field.  All data was entered by one member of the field team.  All of the entered data was 

then checked by the other two field team members, where one read the entered information aloud 

and the other checked the accuracy of the information against the corresponding field data sheet.  
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7.7 Controlled cooking test plan 

 
Table A4. Summary of stove tests completed by each cook 

 Number of Tests per Cook per Stove: 

 

 Open 

fire 

Envirofit StoveTec Philips Vesto Save80 

 

Dagahaley: 
 

Cook 1 3 2 2 3 1 0 

Cook 2 3 3 2 2 1 0 

Cook 3 3 1 3 2 1 1 

Cook 4 3 2 3 3 1 0 

Cook 5 3 3 2 2 1 0 

Cook 6 3 2 2 2 1 1 

Cook 19 0 1 0 0 0 0 
 

Ifo: 
 

Cook 7 3 3 1 2 1 1 

Cook 8 3 2 3 3 1 1 

Cook 9 3 2 2 2 1 2 

Cook 10 3 2 2 2 1 2 

Cook 11 3 3 2 3 1 1 

Cook 12 3 2 3 2 1 1 
 

Hagadera: 
 

Cook 13 3 2 1 2 2 2 

Cook 14 3 2 1 2 2 2 

Cook 15 3 2 2 1 2 2 

Cook 16 3 1 2 2 2 2 

Cook 17 3 2 2 1 2 2 

Cook 18 3 1 2 2 2 2 

Cook 20 0 0 1 0 0 0 

 

TOTAL 

 

54 

 

38 

 

38 

 

38 

 

24 

 

22 
Note: Cooks 19 and 20 were substitute cooks who only performed one stove each.    
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7.8 Structured observation tool     
 

Structured Observation Data Sheet 

 
This is designed to be completed ‘real time’ – i.e. during the observation, as the CCT progresses. Extra columns and rows are left blank in the 

tables to insert further issues which may arise during a particular observation.  

A. Basic data 

A.1 Date: A.2 Time: A.3 Location: 

A.4 Stove name: A.5 CCT number: (1, 2 or 3): 

A.6 Cook ID: A.7 Fieldworker name: 

B. Events logging 

1. Fuel use 

Observables 

B1.1 Refuelling B1.2 Near extinguishing B1.3 Relighting with match B1.4 Excessive blowing 

required to maintain fire 

Events Log (tally/count 

incidents e.g. III) 

 

    

Comments 

(e.g. typical causes of 

incidents observed) 

 

 

    

 

2. Stability 

Observables 

B2.1 Pot slipped - 

clearly unstable 

without being held 

B2.2 Stove unstable and 

required adjustment 

B2.3 Skirt slipped? B2.4 Other 

Events Log (tally) 

 

 

    

Comments 
(typical causes) 

 

 

 

 

 

    

 

3. Smoke Output B3.1 Particularly 

smoky period (e.g. at 

lighting) 

B3.2 Particularly clean 

burning period 

  

Events Log (tally) 

 

 

    

Comments 
(typical causes) 
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C. Impressions 
1. Level of confidence and ease using the stove 

This reflects the observers' impression of how confident and comfortable the cook feels using the stove. ONE letter 

and ONE number should be noted, to describe both the apparent nature and the physical wellbeing of the cook. 
 

Coding System 

 

Data Collection Table 

 

 

D. Comments 

 

1. Record any comments the cook makes during the test here: 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 In Control Tentative Confused Physically 

Relaxed 

Physically 

Awkward 

Physically 

Straining 

CODE: A B C 1 2 3 

 Rank 

(ONE letter and ONE 

number) 

Comment 

(any supporting information/justification) 

C1.1 

During lighting 

  

C1.2  

During cooking (related to 

cooking process & utensils) 

  

C1.3 

Tending the fire during 

cooking (related to the fire 

alone) 

  

C1.4 

Adjusting heat 

  

C1.5 
Take pot off and putting 

out fire 

  

C1.6 
Other:  

_______________ 
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7.9 User survey  

User Questionnaire 
* Note that this questionnaire can be directly completed by the cook or administered as an 

interview by a field worker.  This questionnaire is designed to be completed by each cook for 

each stove tested.   

 

Date: Time: Location: 

Stove name: CCT number: (1, 2, or 3): 

Cook ID: Fieldworker name: 

 

1. Overall, do you think this stove is better, worse or the same as the stove you use everyday? 

�  [1 - better; 2 – the same; 3 – worse] 

 
2. What are the best two aspects of the stove? 

� �  [1 – fast cooking; 2 – convenience; 3 – appearance; 4 – less fuel used; 5 – 

less smoke; 6 - other]  

 
2.1 If other, please describe: 

________________________________________________________________ 

 

3. What are the worst two aspects of the stove? 

� �        [1 – slow cooking; 2 – difficult to cook on; 3 – difficult to keep 

alight; 4 – difficult to refuel; 5 – appearance; 6 – too much 

fuel used; 7 – too much smoke; 8 - other] 

 
3.1 If other, please describe: 

________________________________________________________________ 

 

4. After training, how easy was it for you to use the stove? 

� [1 – Very easy; 2 - fairly easy; 3 - fairly difficult; 4 - very difficult]  

  4.1 If 1 or 2: How could training be improved? 

__________________________________________________ 

 

5. Did you have to change the way you usually cooked food to use the stove? 
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� [1 – yes; 2 – no] 

 5.1 If yes, how? 

___________________________________________________________________________ 

  

6. Did you have to change the way you usually used fuel to use the stove? 

� [1 – yes; 2 – no] 

6.1 If yes, how? 

___________________________________________________________________________ 

  

7. Does the food you have cooked with this stove taste any different? 

� [1 – yes; 2 – no] 

  7.1 If yes, how? 

___________________________________________________________________________ 

 

 
8. Do you think the stove is particularly unsuitable for cooking any particular food? 

 � [1 – yes; 2 – no] 

8.1 If yes, which? 

__________________________________________________________________________ 

 

9. Is the stove the right size for cooking meals?  � [1 – yes; 2 – no] 

9.1 If no: is it too large or too small?      

  �  [1 - too large; 2 – too small] 

9.2 Please describe why you think this: Give details: 

_______________________________________________ 

 
10. Assuming you could afford it, would you buy this stove from the market?  

�   [1 – yes; 2 – no] 

10.1 If yes, why? 

___________________________________________________________________________ 
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10.2 If no, why not? 

_________________________________________________________________________ 

11. Do you feel the stove is safe for you and your children?   �  [1 – yes; 2 – no] 

11.1 If no, why not?       �  [1 – stove is unstable; 2 - risk of burn from the 

metal exterior; 3 - pot is loose so may spill; 4 – 

other] 

11.2 If Other, describe: 

______________________________________________________________________ 

 

12. Would you like to mention anything else like problems, concerns, benefits, difficulties 

etc to do with this stove? 

Give Details: 

______________________________________________________________________________ 

 

13. Any other issues which the fieldworker considers require further examination not 

mentioned by the cook spontaneously (e.g. ‘I noticed that the fire kept going out. Could 

you say why you think this happened?’)    

Fieldworkers to use neutral language so as to minimise risk of loading questions.  

 

13.1.1 Question: 

_____________________________________________________________________

___ 

13.1.2 Response: 

_______________________________________________________________________ 

 

13.2.1 Question: 

_____________________________________________________________________

___ 

13.2.2 Response: __
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7.10 Focus group discussion template 

 

Focus Group Discussions 

At the end of the tests in each camp one focus group discussion will be held.  The purpose of 

these discussions will be to invite the women to reflect on their experiences during the week and 

to draw some conclusions about which stoves they feel fit their needs best and least, and -- most 

importantly -- why.   

Key roles 

Participants 
Six is a minimum, but acceptable, number for an effective focus group discussion. Fieldworkers 

could consider including translators and others on a case by case basis if it was felt they would 

contribute to discussions (including being able to compare the range of stoves) without impeding 

the testers’ willingness and ability to share their thoughts.  

 

Facilitator 
The focus group should be facilitated by an individual -- most probably a woman -- who speaks 

the local language and English, and has an easy relationship with the women. Ideally she should 

have previous experience of conducting such group discussions, and an understanding of their 

principles (i.e. open-ended but focused) and her role (i.e. facilitatory, not advisory). Most 

importantly, she should be skilled at listening, and watching the group for their reactions to 

various comments.   

 

Fieldworkers will identify the facilitator for the focus group discussion during the week spent in 

each camp. Often someone from outside the community works best, so that any prevailing 

hierarchies or relationships would not impinge on the participants' freedom to speak and be 

honest.  

 

If no such individual can be identified, the fieldworker will facilitate the discussion through the 

translator. According to prevailing cultural sensitivities, a female facilitator may be preferable. 

 

Translator 
If necessary, the facilitator will be accompanied by a translator with a good command of the 

local language in which the discussions taking place, as well as English.  The translator should 

also have a clear understanding of his/her role. Participants may be more comfortable with a 

female translator. 

 

Fieldworker 
The fieldworker present may also interject with questions, clarifications or thought-provoking 

questions, best addressed through the facilitator.  
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The fieldworker will be responsible for note taking during the focus group discussion. It is 

suggested that he/she take some time with the translator and/or facilitator at the end of the 

discussion, if possible, to ensure that all key points have been captured. 

 

Again, to reduce the burden of note taking during discussions, the discussions could be recorded.  

Permission to record the conversations should be given beforehand by participants and  

facilitator, with a clear explanation of why recording is being requested.  

Practicalities 

Explanation and introduction 
Explain the purpose of the discussion, the roles individuals and facilitators have, and underline 

that there are no right or wrong answers. Put a time limit on discussions: one hour is probably 

reasonable.   

 

Stoves 
One of each of the stoves tested during the week should be available during the discussion, to 

refresh users' memories, and to enable confirmation that users are referring to the correct stove, 

particularly in view of their diverse and unfamiliar names. In addition, it may be useful to have 

photos/diagrams of the stoves which could aid discussion. 

 

Location 
As always with a focus group, choose somewhere where discussions will remain undisturbed for 

the duration. 

Discussion topics and activities 

General discussions 
Discussions should be focused around a series of simple questions, including, for example: 

• Overall, what features of the new stoves did you particularly value?  

o Why?  (E.g. if time-saving was particularly valued, why is this important?) 

• Overall, which features of the new stoves did you dislike? 

o Why? 

•  What differences if any did you experience whilst cooking on the new stoves in comparison 

to your traditional stove?  What similarities are there, if any? 

• If you could use one of these stoves in your home, would you want to? If yes, which stove and 

why?  If yes, how would the way you prepare and cook food change?  How would the way you 

obtain and prepare fuel change? 

Seasonality 
The focus group discussion could also be a useful opportunity to discuss whether and how their 

cooking habits, location, fuels and diets vary during the year according to availability of foods 
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and fuel, changes in the weather, and so on.  In line with the overall objective of the study, it is 

important to keep discussions as focused as possible on if/ how these issues may affect their 

stove preferences. 

• What has been your experience of using different stoves during this week? 

• Does your cooking or wood use change over the course of the year?   

o If yes to either: 

� How? 

� Why?   

• How do the seasons affect cooking? 

o specific questions on how for aspects affected 

o possibly prompt for other impacts (e.g. if they just say it affects food, ask if it also 

affects fuel and cooking location if you think this is likely to be relevant). 

[Fieldworker note: During the course of the week, it is likely that other prevailing issues will 

emerge which could also be introduced to this discussion.] 

Activity 1: ranking the stoves 
Using stoves themselves, or pictures of the stoves, invite participants to rank the stoves 

according to a number of criteria, including for example: 

• overall performance 

• most desired  

• most convenient 

• most fuel efficient 

This can be done by giving each participant labels with the numbers 1 to 6 (1 for each stove, 

including traditional), and inviting them to place the 1 at the ‘most’ or ‘best’ (e.g. performance, 

desired, convenient etc.), down to 5 for the least. Stoves could be arranged in a line and 

participants be asked to stand in front of their top ranked stove according to various criteria.  

 

The above variations will give a mix of resolutions of data (i.e. most favoured only, or ranked 1 

to 5), but will also lend themselves either to enabling participants to give their individual 

opinions versus the group’s opinion. Both have value.  

Going deeper: Once the stoves are ranked, the facilitator can then question participants about 

choices, for example ‘Why is this one better than this, why is this one worst of all, what makes 

this one particularly convenient/inconvenient, why do you rate that stove better overall than this 

despite worse efficiency?’, and so on. 

 

Activity 2: ranking stove attributes 
Using a set of clearly drawn/labelled cards (appropriate for literacy level of participants) 

participants will be requested to rank the following stove attributes according to their priorities: 

• Uses less wood 

• appearance 
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• speed of cooking 

• ease of cooking 

• safety 

• less smoke  

• - others added during the week if appropriate 

Participants will be invited to discuss their choices and decisions, and particular note should be 

made of any pertinent disagreements between participants. 

 

Activity 3: Stove awards 
Participants are invited to vote for the best stove with three labels/ribbons: 

• Overall winner (e.g. gold label) 

• * Silver 

• * Bronze 

* The second and third awards will be decided after completing the previous activity, inviting 

participants to award stoves according to the top two ranked attributes.  

Note, this will be an opportunity for women to express personal preferences, rather than reaching 

consensus. 



 

7.11 Fuel efficiency results by cook and stove for each camp 
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Figure A1. Average specific consumption (g/kg) for each stove type for each of the cooks.  

 

 



Evaluation of Manufactured Wood Stoves in Dadaab Refugee Camps, Kenya  

Prepared by Berkeley Air Monitoring Group   Page 81 of 82 

February 2010 

0
2

0
4
0

6
0

8
0

0
2

0
4
0

6
0

8
0

0
2

0
4

0
6
0

8
0

0
2

0
4

0
6
0

8
0

OF EF ST PH VE S80 OF EF ST PH VE S80 OF EF ST PH VE S80 OF EF ST PH VE S80 OF EF ST PH VE S80

OF EF ST PH VE S80 OF EF ST PH VE S80 OF EF ST PH VE S80 OF EF ST PH VE S80 OF EF ST PH VE S80

OF EF ST PH VE S80 OF EF ST PH VE S80 OF EF ST PH VE S80 OF EF ST PH VE S80 OF EF ST PH VE S80

OF EF ST PH VE S80 OF EF ST PH VE S80 OF EF ST PH VE S80 OF EF ST PH VE S80 OF EF ST PH VE S80

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15

16 17 18 19 20

C
o

o
k
in

g
 T

im
e
 (

m
in

)

Graphs by cook

 
Figure A2. Average cooking time (minutes) for each stove type for each of the cooks.  
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Figure A3. Average burning rate (g wood used per minute) for each stove type for each of the 

cooks.  

 

 

 


