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Current Situation 
Malawi has a population of 17.5 million people (4 million households), of which 16% (638,682 

households) live in the main urban areas. Reliance on solid fuels to meet cooking energy needs has 

remained exceptionally high at 95%. However, there has been a concerning shift from wood to charcoal, 

with wood use falling to 77% and charcoal use increasing to 18% nationally. This has been even more 

stark in urban areas where firewood use has fallen from 41% to 12% and charcoal use has increased 

from 44% to 76%. Interestingly, due to persistent supply issues, electricity use for cooking has fallen 

from 14% to 10% in urban areas. This means that approximately 487,953 urban households are 

currently cooking with charcoal. In 2008 it was estimated that urban households consumed 218,620 

tonnes of charcoal a year, equating to 1.14 tonnes per household per year. Assuming that household 

consumption levels have stayed the same, it can now be estimated that 557,401 tonnes of charcoal are 

consumed each year in urban areas. At a retail value of $468 per tonne, this equates to $260 million 

annually spent on charcoal to meet household cooking needs. This number is only set to increase over 

the coming years with growing population (3%) and urbanization (3.7%) rates, coupled with a shift from 

wood to charcoal in urban areas (3.9% annually). In fact, it is predicted that demand for wood-fuels will 

outstrip supply before 2030, which will only serve to drive up prices of charcoal, making alternatives 

more competitive.  

The main two urban centres in Malawi are Lilongwe and Blantyre; Lilongwe is the political and 

administrative centre, while Blantyre is the commercial hub. In total there are 406,723 households in 

these two cities, which would form the key target populations for FireDragon fuel. As would be 

expected, these areas generally have high literacy rates (>87%) and high population densities (>2455 

capita/Km). A study by the USAID PERFORM project in Lilongwe into the cost and efficiency of cooking 

fuels, segmented households into Low ($150 / month), Middle ($475 / month) and High ($1500 / 

month) income groups. It found that Low-income groups spent $16 a month (14% of expenditure) on 

energy and 91% used charcoal as their main cooking fuel. Middle income households spent $30 a month 

on energy (12% of expenditure), with 60% cooking using electricity and 29% using charcoal. For high 

income households 75% used electricity and 10% used charcoal, spending on average $60 per month 

on energy (7% of total expenditure). It is anticipated that the target market for FireDragon would be 

low-to-middle income households, which are anticipated to also be the largest segments. 

These households are predominantly using illegally produced charcoal and cook using the locally 

produced, and widely available, Kenyan Ceramic Jiko (KCJ); both stove and fuel value chains are 

informal. Wood is harvested from areas surrounding the cities (i.e. Dzalanyama in Lilongwe) and 

converted into charcoal using inefficient earth kilns. It is then transported on bicycles and trucks to the 

city in large bags, before being broken down into smaller portions and sold by retailers. This is a highly 

unregulated market with no formal taxes and is the lowest cost option. 

Proposed Solution 
It has been long recognised that ethanol, which is produced from waste vegetation, is a clean, eco- 

friendly green, efficient and effective fuel. Until recently it has only been available in liquid or gel forms, 

which are dangerous to use, transport and store. Kenyan company KOKO have made strides to bring 

the fuel to market through an integrated stove and fuel dispensary system. However, for this to be safe 

and effective, the fuel needs to be paired with $40 stove, which is a significant barrier to adoption for 

most low-income households. In Malawi there is only one other company (BluStove) promoting ethanol 

cooking and it is at an exceedingly early stage in bringing it to the market. However, unlike BCB, BluStove 

focuses on the stove technology, rather than the fuel, as it uses liquid ethanol to cook. 



 

BCB, working with Cardiff University, has 

designed and developed a low-cost, effective 

way of solidifying ethanol and has perfected 

this method in large-scale production, 

without significant loss of heat output from 

the ethanol; the new fuel has been named 

FireDragon (FD). The primary market for the 

fuel has been the British Army, who have 

entered into a second 4-year contract with 

BCB. Subsequently, BCB have trialled the fuel 

in refugee camps and are in discussions with 

IRCR and WHO about further tests. BCBs 

objective is to identify a company that can 

produce the fuel under license within 

Malawi, paying a royalty to BCB, which will increase revenues. In turn, the Malawian manufacturer will 

be responsible for marketing and retailing to end users. 

United Purpose believes that existing, low-cost stove models, such as the Chitetezo Mbaula and the 

Kenyan Ceramic Jiko can be retrofitted with a simple and low-cost insert to effectively burn the 

FireDragon ethanol fuel. This would reduce the upfront cost barrier for many low- and middle-income 

households to switch to the new fuel. Furthermore, as the fuel can be purchased in small quantities, it 

replicates the existing practice of charcoal users, making it easier for them to access. 

Study Design 
Overall Objective: Assess the technical, social and economic viability of large-scale adoption of 

FireDragon ethanol briquettes by urban and peri-urban households in Malawi as an alternative to 

charcoal. 

Specific Objectives: 

1. Technical: Test the performance of the fuel with different stove models to determine if existing 

models can be used (with or without adaptations) and how this might compare to alternatives. 

If adaptations are required, estimate the cost of these to the end user. 

2. Social: Understand user perceptions / experience of the fuel to determine how it might fit into 

the cooking mix and the potential for uptake at scale 

3. Economic: Determine the cost of cooking with the fuel for a typical household and how this 

compares with existing alternatives such as charcoal, LPG and Electricity  

These objectives were addressed though a number of activities – stove insert design and modification, 

piloting the fuel in peri-urban households, controlled cooking tests and water boiling tests and charcoal 

market survey. These activities are summarised in the following sections. 

Stove Insert Design 

A central premise for introducing FireDragon to Malawi is that the solid ethanol fuel could be burned 

in existing low-cost stove modes, like the Kenyan Ceramic Jiko (KCJ) and the Chitetezo Mbaula (CM). 

For this to be possible a cheap insert needs to be designed and tested. Working with local tinsmiths, 

the United Purpose team designed and prototyped a number of iterations of the insert for both stove 

models (KCJ and CM), which were compared during the initial Water Boiling Tests (WBTs) to see which 



 

performed best. The most successful design was then produced for each stove type and provided to 

households participating in the study, along with the stove. 

Location and Participant Selection 

To understand the viability of firedragon as 

a household cooking fuel, the study 

recruited 53 households which were given 

1.7kgs of the fuel each week, for three 

weeks. The participants were in three peri-

urban areas of Lilongwe: Area 49 to the 

north, Area 44 to the east and Area 36 to 

the south (see map). 

These areas were chosen because they are 

nearby peri-urban areas with VSL groups 

under the COMSIP program, which 

provided entry points into the communities 

for a well-structured way of mobilising the 

household. Furthermore, these areas 

represent different groups of households 

that use a mix of charcoal and firewood as 

their main fuel for household cooking. 

Participants were recruited into the study on the basis of being members of COMSIP groups, and users 

of either charcoal or firewood as the mail fuel for cooking. They also had to show genuine interest to 

be part of the study and make themselves available throughout the study period. 

 

Location Number of HHs 

Area 36 9 

Area 44 15 

Area 49 29 

All areas 53 

 

Area 49 

Area 44 

Area 36 



 

The usage patterns and perceptions of the fuel were gathered throughout the period of the study via 

several data collection methods and supplemented by other activities to understand the cost and 

efficiency of firedragon. These methods are summarised in the following sub-sections: 

Household Surveys 

Electronically implemented1 household surveys were used to gather basic household information (size, 

demographics, income levels etc.) and cooking practises (expenditures, meals cooked, devices used 

etc.) before the distribution of the firedragon fuel and after the completion of the study. The surveys 

were based on a questionnaire previously used during a market mapping exercise by the Modern 

Energy Cooking Services (MECS) programme. The surveys were implemented by a team of trained 

enumerators after pre-testing and training and were completed by the “main household cook” (which 

were all female). The survey took 30-45 minutes to complete. 

Cooking Diaries 

Upon distribution of the firedragon fuel, participating households were trained in the completion of 

“cooking diaries”. This method of gathering data on cooking practises, developed by MECS, relies on 

households recording the cooking start and end times, dishes cooked and devices used for every meal 

on paper forms which are provided by the research team. An example of the cooking diary form for one 

dish is shown below (participants were asked to record up to four dishes for each meal). Cooking Diaries 

were conducted in the baseline and throughout the 3 weeks of the pilot study. 

 

Focus Group Discussions 

Focus group discussions at 

the middle and end of the 

study were conducted to 

collect information that 

would help to assess the 

views, or feelings and 

perceptions/observations of 

participants. In this regard, 

the discussions focused on the use of Ethanol briquettes (Firedragon) for domestic cooking as an 

alternative to existing fuels such as Charcoal, Firewood, Natural gas, Electricity, Biogas, LPG, and Solar.  

 
1 Using Kobocollect https://www.kobotoolbox.org/  

https://www.kobotoolbox.org/


 

The entire study sample was 53, comprising of women, based in Lilongwe (area 36,44 and 49), who are 

the main cooks at home; two focus groups were created . 

Controlled Cooking Test and Water Boiling Test 

A series of controlled cooking tests were conducted to determine the 

amount of fuel required to cook a set of meals on each of the three 

different stove-fuel combinations. Cooking was conducted by 9 randomly 

selected study participants in Area 49 at the end of the three-week pilot. 

For each meal (breakfast, lunch and dinner) three different options were 

prepared (e.g. Breakfast 1, Breakfast 2, Breakfast 3), containing a number 

of different dishes (e.g. Dish 1, Dish 2, Dish 3, Dish 4). Each meal was 

cooked for 6 people, while any remaining fuel was recorded at the end of 

cooking, as was the same for additional fuel added during cooking. 

Water Boiling Tests were conducted in a controlled environment at 

Chancellor College laboratory in Zomba to compare the performance of 

various cookstoves and fuels. Following a stove/fuel testing procedure by 

Bailis et al (2004) At the altitude of 888 meters above sea level, the water 

boiling point of 97.04 degrees Celsius was calculated using the equation 

in the appendix 1. The tests were done using a cold start only using distilled water weighing exactly 1 

litre poured in a pot. The pots with water were heated first when covered with a lid and secondly 

without a lid to see if there is a significant difference in the time taken to boil the water.  Instruments 

such as stoves, pots with covers, fuel (Firedragon and Charcoal), stop watch, measuring cylinders, digital 

thermocouple sensors and electronic weighing scale (Mettler PM 15) were used.  
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Breakfast 1 
Water for tea 
Flour Porridge  

1   4   7   

Breakfast 2 
Water for tea 
Rice Porridge  
Chikonda moyo 

 2   5   8  

Breakfast 3 
Water for tea 
Rice Porridge   
Boiled cassava  

  3   6   9 

Lunch/Dinner 1 
Nsima  
Relish/ vegetables  
Legumes/beans  

7   1   4   

Lunch/Dinner 2 

Nsima  
Relish/ vegetables   
Stew dried-fish  
Soya pieces 

 8   2   5  

Lunch/Dinner 3 
Nsima  
Relish/ vegetables  
Stew meat/ beef  

  9   3   6 



 

Charcoal Market Survey 

A charcoal market survey was conducted in the main markets of Area 49 – Mtandire market, Area 36 

(Wakawaka market) and area 44 (Chimutu Market). The markets were purposively selected, where a 

total of 15 charcoal vendors comprising of 3 large scale vendors from each main market and 2 small 

scale vendors from areas close were identified through the market chairpersons/leaders. The vendors 

were interviewed using a semi structured questionnaire and the charcoal bags were weighed using a 

scale to measure quantities of usable charcoal.  

Household Profile 
Using responses from the baseline survey, some contextualising information is provided to better 

understand the environment in which the firedragon fuel was piloted. 

Household Size 

The majority of households in the sample had between 4 and 8 members inclusive (79%) and overall, 

the households were made up of approximately half adults and half children (52% and 48% 

respectively). This was largely consistent across the three areas. 

Area Number of 
households 

Number of 
adults 

Number of 
children 

HH size 
(median) 

No. adults 
(avg) 

No. children 
(avg) 

Area 36 9 30 25 6 3 3 

Area 44 15 47 53 6 3 2 

Area 49 29 94 78 6.5 3 3 

All areas 53 171 156 6 3 3 

 

Household Incomes 

Participating households had a variety of different 

sources of income. When including both “primary” 

and “secondary” sources of income, almost half had 

a small business (again a variety including: selling 

clothes, shoes, groceries, charcoal and/or street 

snacks), over a third were engaged in unskilled 

labour/piece work (including: working in a bakery, 

house maid and/or other unspecified artisanal 

work), over a third were involved in farming or sold 

farm products and a fifth had formal employment 

(including: teacher, drivers, medical assistants and 

police officers). 

Participant households largely had income levels between 50,000 and 150,000MWK per month, and 

per capita incomes of between 7,000 and 24,000MWK. This income was received with various 

frequencies, with around a third of households receiving daily incomes, and the remainder spread 

between these.  



 

 

Cooking Devices and Kitchens 
All but one household owned a charcoal 

stove, while three-quarters owned a 

firewood stove (58% 3-stone fire, 9% 

Chitetezo Mbaula, 6% fixed stove). When 

asked to identify which stove they used most 

often, most respondents selected their 

charcoal stove (87%), while a small number 

selected their firewood stove (13%). 

Respondents were asked to indicate their 

views regarding the stove they use most 

often (using a 5-point Likert scale) on six 

topics: cleanliness, speed of cooking, cost, 

ease of cooking, versatility and safety. 

 

While approximately half of households reported having a kitchen, the graph above indicates that more 

than 80% still cook outdoors. This could be related to the reports below from households related to 

cleanliness of their existing cooking device and fuel. 

Fuel and Device Preference 

The charts below, based on the baseline survey, show that overall charcoal and firewood are 

undesirable fuels, with the only largely positive feedback being for the speed and cost of cooking on 
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firewood and the versatility of cooking on either firewood or on charcoal. More specifically for charcoal 

users, 80% were generally unhappy with the current situation, 80% consider charcoal to be dirty and 

90% consider it to be slow, and the same proportion expensive. Data from those who cook with 

firewood most often was from only a small number of respondents (7/53) so should be viewed with 

caution.  

 

 

 

 

During Focus Group Discussions participants also detailed challenges they faced when using 

charcoal/firewood. The key challenges are summarised below and grouped by fuel: 

Charcoal 

• Charcoal takes more time to be ignited more especially depending on the type of trees/wood used. 

Moreover, when there is inadequate air circulation, the fuel takes longer to completely catch fire. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Favour
charcoal

Favour
firewood

Overall satisfaction

Very unhappy Quite unhappy Neutral Quite happy Very happy Don't know

0% 20% 40% 60% 80% 100%

Favour
charcoal

Favour
firewood

Cleanliness

Very dirty Dirty Neither Clean Very clean

0% 20% 40% 60% 80% 100%

Favour
charcoal

Favour
firewood

Speed

Very slow Slow Neither Fast Very fast

0% 20% 40% 60% 80% 100%

Favour
charcoal

Favour
firewood

Cost

Very expensive Expensive Neither Cheap Very cheap
0% 20% 40% 60% 80% 100%

Favour
charcoal

Favour
firewood

Ease of cooking

Very difficult Difficult Neither Easy Very easy

0% 20% 40% 60% 80% 100%

Favour
charcoal

Favour
firewood

Versatility

Very few Few Some Most All
0% 20% 40% 60% 80% 100%

Favour
charcoal

Favour
firewood

Safety

Very unsafe Unsafe Neither Safe Very safe



 

• Charcoal becomes more expensive to buy especially during the rainy season ending up not fulfilling 

what was intended to be cooked by those who cannot afford to buy a sack bag. 

• The cooking process takes longer to be completed with only a few dishes cooked especially when 

poor quality charcoal has been used. 

• Plastic papers that are used to ignite charcoal are sometimes difficult to find and this delays the 

process of cooking. 

 

Firewood 

• Wet firewood is difficult to use for cooking as it does not catch fire easily instead the fuel produces 

a lot of smoke. 

• Firewood produces a lot of smoke that is toxic and may irritate the eyes and cause respiratory 

problems to the cook. 

• The smoke produced when using firewood makes utensils dirtier as compared to charcoal  

 

Other 

• Cooking utensils (pots, pans etc.) deteriorate faster and can melt when used frequently on a stove 

using gaga briquettes due to intense heat from the fuel. 

• Persistent electricity blackouts interrupt the cooking process. Also, participants think that the price 

of electricity is high and excessive to be used for daily cooking. 

Fuel Expenditures 

Fuel spends differed significantly for households which used firewood most often (spending between 

3,000 and 7,000MWK per month) and those which used charcoal most often (spending between 10,000 

and 16,000MWK per month). However, this appears to be, to some extent, due to those households 

which cook with firewood most often, having much lower household incomes. It therefore appears that 

households cook with firewood out of necessity (as they have less income) rather than due to 

preference for the fuel.  

 

Generally, households with lower incomes spend a larger percentage of their income on cooking fuels 

than those with higher incomes. For charcoal users, most households spend between 8% and 26% on 

cooking fuels, while firewood users (with significantly lower HH incomes) spend between 8% and 16% 

on cooking fuels. 



 

 

With regards to the frequency of fuel purchases, nearly 50% of charcoal users purchase on a daily basis, 

followed by 20% that purchase on a monthly basis. This closely mirrors the pattern of household 

incomes, where the majority of respondents received daily, followed by monthly, incomes. 

Willingness to Switch 

Before the study, participants were also asked how they felt about switching to a more modern cooking 

fuel, to which responses were mixed. Over half of respondents said that they considered modern 

alternatives to be too expensive, half said that they did not have access to modern fuels and a third said 

they did not know enough about modern cooking fuels. This aligns well with the three ‘As’ of 

Affordability, Accessibility and Awareness which are key to the adoption of any new technology. 

 

Many of the study participants took part in an initial Controlled Cooking Test (CCT) activity with 

firedragon which took place just before the baseline survey was implemented and provided some initial 

feedback on firedragon. Over two thirds were impressed with its speed of cooking and half with its 

cleanliness, while other responses included ease of use, it being environmentally friendly, and allowing 

cooking indoors. A small number (15%) were concerned with its safety, with these comments often 

including concerns about children being around the stove when unattended. 
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Household Assets 

Surveyed households owned a number of assets, with over 80% of people owning a phone, bed and 

table, while more than 50% owned a radio, TV, iron or torch. Ownership of items such as fridge, bicycle, 

stereo and fixed lighting was lower at around 20-30%. 

 

Electricity Access 

Approximately 60% of households are not connected to the national grid and around 20% of 

households don’t have any other source of electricity. Amongst alternative electricity sources 

disposable batteries were the most common, followed by solar home systems, pico solar lights and 

rechargeable batteries. 

 

Section Summary: A typical household 

A typical household in our study area has 6 people (3 adults and 3 children) and is likely to own a small 

business (50%), with an average monthly income of MWK 90,000; they are probably paid daily (35%) or 

monthly (30%). They practice fuel and stove stacking, owning both a Kenyan Ceramic Jiko and a 3-stone 

fire, but prefer to use the Kenyan Ceramic Jiko with charcoal. While its possible they own a kitchen, 

they are highly likely to be cooking outdoors. Overall, they are not satisfied with the KCJ and charcoal, 

considering it to be dirty, slow and expensive, but it is versatile and cooks virtually all their meals. 

Typically, they would spend around MWK 12,000 per month on charcoal, which represents 17% of their 
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income. Generally, they are interested, but undecided, about switching to a more modern alternative, 

with the major barriers being cost, accessibility and awareness about options. They think FireDragon is 

fast and clean, based on initial interaction with the fuel. They are unlikely to be connected to the 

national grid, but its probable that they use either dry cell batteries, solar home systems, or pico solar 

for their lighting needs. Our typical household owns a mobile phone and is highly likely to own a bed 

and table; it’s probable that they own a torch and radio as well. 

Social Acceptability 
 

Meals and Dishes Cooked 

Before the study (from baseline survey data) most households (given space to provide one hot drink 

and four cooked dishes for each meal) said that they cooked three dishes at breakfast (plus a hot drink) 

and cooked four dishes at lunch and dinner (plus sometimes a hot drink). One additional hot snack and 

hot drink was almost always taken at some point during the day. This was largely consistent between 

weekdays and weekend days. 

 

The baseline household surveys also asked participants to indicate which meals they usually cook. As 

expected, most breakfasts are tea with porridge, and or boiled starchy vegetables (cassava or potatoes) 

and lunch/dinners (grouped as cooking habits were very similar) were usually nsima and/or rice with 

relish and a stew of pulses, meat or fish.  

Breakfast 
Dishes 

% 
Meals 

 Lunch and dinner 
Dishes 

% 
Meals 

 Snack 
Dishes 

% 
Meals 

Tea 98%  Nsima 88%  Tea 43% 

Porridge - rice 58%  Relish 58%  Doughnuts 18% 

Porridge - flour 40%  Beans/pulses 37%  Porridge - flour 14% 

Boiled cassava 37%  Rice 35%  Cake - baked 6% 

Boiled sweet potato 36%  Stewed meat 23%  Fritters 5% 

Cake - baked 26%  Stewed dry fish 21%  Boiled potato 3% 

Water heating 25%  Tea 20%  Pumpkin 3% 

Doughnuts 20%  Soya pieces 20%  Porridge - rice 3% 

Rice 14%  Fried eggs 13%  Fried potato  2% 

Boiled potato 14%  Stewed chicken 12%  Boiled sweet potato 2% 

Fried potato  11%  Boiled eggs 8%  Rice 1% 

Pumpkin 10%  Fried fresh fish 7%  Boiled cassava 1% 

Thobwa 8%  Stewed fresh fish 7%  Popcorn 1% 
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Using the Cooking Diaries, data was gathered on the dishes cooked during the FireDragon trial period 

(21 days). In total, 22 different types of dishes were prepared and a total of 5566 dishes were prepared 

across the three-week trial period. The top three dishes (nsima, fried eggs and relish/vegetables) 

accounted for 34% of all ‘cooking activity’, the top five dishes (nsima, fried eggs, relish/vegetables, 

boiled eggs and rice porridge) accounted for 51% of all ‘cooking activity’ and the top 10 most common 

dishes accounted for 79% of all ‘cooking activity’. It should be noted that the pilot took place over the 

Christmas festive period, which may have impacted the type and frequency of dishes cooked. 

 

Devices Used 

Prior to the FireDragon distribution and use by households, the vast majority (90%) of meals were said 

to have been cooked using charcoal (mirroring the device selected as being used most often) and this 

was consistent across all meals and whether at weekends or on weekdays. 

 

Broadly speaking, in the baseline, the proportion of dishes cooked on the different devices was similar 

to the proportion of households which said they used each device most often (87% charcoal, 13% 

firewood). Taking this into account, it appeared that there was a particular preference to cook certain 

dishes with firewood (boiling potato/sweet potato/pumpkin, heating water and frying eggs) while there 
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appeared to be a particular preference for using charcoal for other dishes (rice, pulses, boiled cassava, 

meat stew, baked cake and fried potatoes). 

Foods Dishes % Charcoal % Firewood % Electricity % Kinda 

Tea 194 86% 11% 4% 0% 

Nsima 187 85% 13% 1% 1% 

Relish 122 84% 15% 1% 1% 

Rice 90 93% 6% 1% 0% 

Beans/pulses 79 90% 9% 1% 0% 

Porridge - rice 68 88% 12% 0% 0% 

Porridge - flour 57 89% 11% 0% 0% 

Stewed meat 49 92% 8% 0% 0% 

Stewed dry fish 44 86% 11% 0% 2% 

Soya pieces 43 84% 16% 0% 0% 

Boiled cassava 42 93% 7% 0% 0% 

Boiled sweet potato 42 81% 19% 0% 0% 

Cake - mandasi 42 83% 14% 2% 0% 

Cake - baked 41 95% 5% 0% 0% 

Water heating 38 71% 29% 0% 0% 

Fried eggs 27 71% 29% 0% 0% 

Stewed chicken 25 88% 12% 0% 0% 

Boiled potato 24 83% 17% 0% 0% 

Fried potato  21 95% 5% 0% 0% 

Pumpkin 21 76% 24% 0% 0% 

Boiled eggs 18 94% 6% 0% 0% 

Fried fresh fish 15 87% 13% 0% 0% 

Stewed fresh fish 14 86% 7% 7% 0% 

Thobwa 13 23% 77% 0% 0% 

 

Data collected through the cooking diaries during the pilot found that three of the recorded dishes 

(cake, stewed plantains and mandasis) weren’t cooked at all with FireDragon. However, five of the 

dishes (chips, boiled eggs, soya, spaghetti and fried eggs) were cooked more than half the time with 

FireDragon. While a further six dishes (boiled sweet potato, boiled casava, relish/vegetables, rice 

porridge, rice and meat stew) were cooked more than 42% of the time using FireDragon. 42% use of 

FireDragon was taken to be a relevant level, as this is the total amount of cooking done on FireDragon 

across the whole trial. Typically, the dishes that take longer to cook, and therefore require larger 

amounts of fuel, were still cooked with charcoal and wood (beans, nsima and water for bathing). 

The Cooking Diary data was compared between the two FireDragon interventions (Chitetezo Mbaula 

and Kenyan Ceramic Jiko) to see if households displayed a preference for using the fuel on one stove 

over the other. Overall, the total number of dishes cooked on each stove type was virtually the same 

with 1,147 on the Chitetezo Mbaula and 1,172 on the Kenyan Ceramic Jiko. However, there were some 

minor differences when specific dishes were compared. The Chitetezo Mbaula was used more often 

when cooking chicken stew, beans and fried fish. While the Kenyan Ceramic Jiko was used more often 

for boiled cassava and flour porridge. 

Finally, the top ten dishes cooked, accounting for 79% of cooking activity, were compared. Out of these, 

FireDragon was the fuel of choice for four dishes (chips, boiled eggs, relish and fried eggs). All of these 

are relatively quick foods to cook, with correspondingly lower fuel consumption. In general, it was found 

that the more common a dish is, the greater proportion of the cooking that was conducted using 

FireDragon. However, the notable exception being the most popular dish (nsima) where only 32% of 

cooking was done with FireDragon. 
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Cooking Frequency Patterns 

The study found that the overall fuel use frequency of firedragon (41.59%), charcoal (48.35%), firewood 

(9.61%) electricity (0.71%) and other specified fuels (0.49%). These results show that charcoal was used 

slightly more often than firedragon and other alternatives. However, from the daily household fuel use 

patterns in figure 1, it shows that the choice of using firedragon was high, though the frequency fell 

over the course of the first four days, but slightly increased on day six and finally decreased on day 

seven. It is assumed that this pattern is somewhat related to the amount of fuel provided, with high 

use soon after fuel was provided, which then fell with consumption over the week. It is interesting to 

observe that use of FireDragon directly displaced charcoal use. 

 

During the household surveys, users were asked why there was continued use of charcoal during the 

study, with 75% reporting that they were trying to be conservative with FireDragon use. Following on 

from this, households were asked why they were saving fuel for later in the week, rather than using it 

all straight away, with 47% of respondents saying that FireDragon is best for cooking quickly, indicating 
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that it was being saved for certain meals/dishes, or when they had less time to cook. A common 

scenario was during the weekends when people were preparing to go to church. 

User Perceptions 

Participants were of the view that firedragon fuel would be 100% liquid form and the cookstoves would 

be new prototypes, not Chitetezo Mbaula or Jiko. Before use, participants assumed that firedragon fuel 

/stove combination would not perform well on parameters such as time taken to cook food and the 

taste of food would not be significantly different from charcoal/firewood.  

The Focus Group Discussions found that users liked and preferred to use firedragon fuel/stoves because 

of both non-dirtiness and toxicity, and its user-friendly attribute when cooking or handling the fuel.  

Igniting the fuel was very easy and caught light quickly. However, the duration for a cube of firedragon 

fuel to finish burning depends on the size. The larger the size of the briquette the longer it took to burn 

and vice versa. Firedragon fuel/stove usability in all weather conditions and heat output satisfied the 

cooking needs of most participants. It was reported that smaller quantities of firedragon had higher 

heat output compared to charcoal. 

 

Participants observed that all the stoves using firedragon are easy to use and they are safe for cooking. 

Due to the cleanness of the cooking fuel/devices, there was no illness such as headaches, eye irritations, 

and skin burns when handling the fuel. Participants view firedragon fuel as a modern, efficient and 

sustainable invention for household cooking. They were quick to mention that the fuel/stove 

combinations are their desirable option for cooking and it should be prioritized among clean cooking 

energy sources. 

The findings from the FGDs were supported by user responses from the household survey where 100% 

thought FireDragon was clean or very clean, as well as fast or very fast. 98% of users thought it was 

easy to use and cooked most of their dishes. 85% of respondents thought FireDragon was safe to use. 

Finally 87% were very happy with the fuel, while the remaining 13% reported being “quite happy” using 

FireDragon. 
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However, some challenges were experienced. Participants found it difficult to learn how to refill the 

fuel briquettes in the insert, increasing the time taken to cook a dish. However, it was easy to ignite the 

fuel and slice the fuel briquette into cubes of comparable sizes. Cooking with firedragon required the 

cook to do frequent fuel checks and refilling, hence it was difficult to learn to cook while doing other 

household chores simultaneously. Smoke emissions were also caused by remains of gel soot in the 

inserts which resulted in problems for some. An increase in temperature and poor storage conditions 

of firedragon fuel led to briquettes melting. Moreover, shrinkage was observed when the fuel was left 

uncovered for a few minutes due to evaporation. During this trial period, study participants also 

observed that the size of cookstoves and the inserts in both Chitetezo Mbaula and Kenya Ceramic Jiko 

suited smaller pots. The cookstoves design did not match or support the use of big size pots or utensils. 

The stove and kitchenware incompatibilities led to problems when cooking large quantities of food.  

Ability and Willingness to Pay 

At the end of the study, households were asked how long 1.7Kg of FireDragon would last if they cooked 

exclusively with it. Responses ranged between three and five days, indicating that in some cases they 

may require as much as 3.4Kgs per week to meet all of their cooking and heating needs. Households 

were also asked how much they would be willing to pay for 1.7Kgs of FireDragon, with the median 

response being MWK 1500, equating to MWK 705 / litre. However, 32% of households indicated that 

they would be prepared to pay more than MWK 1500 for 1.7Kgs 

 

How long would 1.7Kg of FireDragon last? 

Days # % 

3 days 13 25% 

4 days 16 30% 

5 days 14 26% 

6 days 3 6% 

7 days 7 13% 
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The Focus Group Discussions revealed that most of the participants would not use firedragon for 

cooking if a 5-litre bucket of fuel weighing (4.02 Kgs) costs them MK5,000. However, pricing a bucket 

of fuel equal to or less than MK 3,500 (MWK 700/litre) would make a large number of users willing to 

pay. Study participants recommended that Firedragon should be packed in different weight categories 

with a range of prices so that people should have a wider preference. 

 

Finally, households were asked how much they would use FireDragon if it was the same price as 

charcoal. 53% indicated that they would exclusively use FireDragon, while 45% indicated that they 

would use mostly FireDragon, alongside some charcoal and firewood. Based on other findings it is 

assumed that come level of continued charcoal/firewood use is likely to be related to specific meals or 

tasks that are not well suited to FireDragon. 

 

Section Summary: Cooking Behaviours and Preferences 

The majority of households cook three meals a day, plus a snack, which is consistent across weekdays 

and weekends. The most common breakfast dishes were tea, porridge (rice/flour) and boiled 

cassava/sweet potatoes. For lunch and dinner the most popular dishes were nsima, relish, beans, rice 

and stewed meat/fish. While those that had a snack generally had tea, mandazi and porridge (flour). 

Cooking was almost exclusively conducted on the KCJ with charcoal in the baseline, but during the 

study period 41% of cooking was done with FireDragon and 48% with charcoal. FireDragon use was 

higher in the first half of the week and declined towards the end of the week. This suggests that the 

1.7Kg provided each week was not sufficient for all their cooking requirements. Four of the top 10 

most common dishes were predominantly cooked with FireDragon fuel during the trial and the share 

of FireDragon usage increased as the popularity of the dishes increased, suggesting that the fuel can 

meet household cooking needs. Only minor differences were observed between the FireDragon-

Chitetezo Mbaula pairing and FireDragon-Kenyan Ceramic Jiko pairing when cooking specific dishes, 

suggesting that households did not significantly adapt their cooking behaviour based on the 

performance of the fuel with different stove technologies. 

Overall participants liked that FireDragon is non-toxic/dirty, that it is user friendly, quick, versatile in 

different weather conditions and provided good heat output. However, they did experience some 

challenges, such as refilling the fuel during cooking and not performing as well with big pots. They also 

noted issues with storage of the fuel, like melting in the heat and shrinkage if left open. In terms of 

ability and willingness to pay, the FDGs found that households would be prepared to purchase a 5 litre 

bucket if it cost MWK3500. 



 

Technical Performance 
 

Insert Design and Performance 

Several tests have been done using the Chitetezo Mbaula and Kenyan Ceramic Jiko stoves with different 

container designs to be used as inserts for burning the fuel. Several modifications have been made to 

containers in course of testing, based on observations made.  
 

Chitetezo 
Mbaula 
container 
without holes 

Chitetezo 
container with 
holes 

KCJ 
Small container 
+ holes  

KCJ 
Large 
container with 
holes  

KCJ Medium 
container with 
holes 

Container (D)  11.5 cm  11.7 cm  8 cm  11.5 cm  10.5 cm 

Container (H)  4 cm  8 cm  4.2 cm  5 cm  5.5 cm 

Stand Height  10 cm  7.5 cm       

Qty. of Water  1.5 litres 1.5 litres  1.5 litres 1.5 litres 1.5 litres 

Briquettes  2 3 2  2  2 

Start Time  7:17  6:17  6:41  6:59  10:35 

Boil Time  7:26  6:29  6:53  7:10  10:50 

Finishing Time  7:26  6:34  6:53  7:12  10:58 

Time to Boil  9 mins  12 mins  12 mins  11 mins  15 mins 

General 
Observation 

The flames 
started dying 
out when the 
water had 
started 
bubbling on 
top. 

3rd briquette 
was added at 
10 minutes 

Fuel spilled 
through the 
bottom holes. 
Fire started to 
die when 
bubbles 
appeared. 
Combustion 
chamber 
seemed too 
small 

Container 
covered all 
stove air 
vents. It 
cannot burn 
properly if 
bigger pot is 
used since it 
blocks the air 
coming from 
top part. 

Had relatively 
enough air 
coming from 
bottom and top 
of stove. 

 

 

 
 

 

 

 

 

All available stove options need a container to hold the briquettes. The holes on the container need to 

be placed from about halfway up the container to ensure fuel does not spill out during burning. The 

production cost for containers ranges from MK500 – MK1000 (USD 0.7 - USD 1.3). In addition, the 

charcoal stoves do not currently have enough air vents to allow enough air into the combustion 



 

container. Hence, it could be advisable, in the future, to slightly modify the KCJ stove designs to include 

additional air vents. 

For the Chitetezo Mbaula, the container needed to be raised to the level of the top part of the door in 

order for the flame to reach the base of the pot. Therefore, stands were attached to the container. The 

container itself also needed to be a bit longer than those used in the charcoal stove to further direct 

the flame to the pot. 

In all tests, water started to boil in 9 – 15 minutes and all tests except one used 2 briquettes (60g). 

Based on the tests so far, specifically considering the start time of boiling and length of time the flame 

was sustained, it would be recommended to test further the designs in tests 2 and 5 since they have 

given the best results. In general, the Chitetezo Mbaula boiled water quicker (10.5 mins), but used 

slightly more fuel (2.5 blocks) than the Kenyan Ceramic Jiko (12.6 mins and 2 blocks). 

Fuel Calorific Value 

Energy determination tests were conducted at the University of Malawi Chemistry laboratories using 

Parr 6200 oxygen bomb calorimeter. The results presented in the Table 1, show that the mean calorific 

value of firedragon is higher than than charcoal. The findings indicate that firedragon has high efficiency 

as it releases a significant amount of heat, as compared to charcoal, which has low efficiency due to 

lower heat output. In this the study, the calorific value of firedragon is higher than the results of BCB 

who recorded 27892400 joules per kilogram. This variation might be caused by different quantities fuel 

and oxygen used during bomb calorimeter test, type/quality of charcoal, ash and moisture content 

among others.  

 Energy determination - Calorific Value (J/kg) 

Fuel Test 1 Test 2 n Mean (±SD) 

Firedragon  37443473.86 37443479.90 2 37443476.88 ± 3.02 

Charcoal 23793657.36 23803668.40 2 23798662.88 ± 5005.52 

 

Time to Boil 

Using the standard Water Boiling Test in laboratory conditions we determined the length of time to 

reach boiling point of 1 litre of water with FireDragon (CM and KCJ), as well as the KCJ with charcoal 

fuel. 

Measure Fuel  Stove/Treatment Test  Average time to reach boiling point (97.04oC)   

Time to boil (seconds) 

Firedragon 

Kenya Ceramic Jiko  
Pot without lid  
Pot with lid 

WBT 
 

940 
704 

Chitetezo Mbaula  
Pot without lid  
Pot with lid 

 
WBT 
 

565 

410 

 
Charcoal 

Kenya Portable stove 
Pot without lid  
Pot with lid 

WBT 
1947 
1610 

As can be seen from the graph and table below, the KCJ paired with charcoal took the longest time to 

reach boiling point (1947 seconds without lid), while the FireDragon was quicker on both the CM and 

the KCJ. However, the FireDragon performed best when paired with the Chitetezo Mbaula (410 seconds 

to reach boiling point, with lid). 



 

 

Fuel Consumption 

The laboratory-based assessments of fuel consumption for Firedragon paired with the Kenya Ceramic 

Jiko returned the lowest overall value of 0.041kg (with lid). Despite conducting the test under similar 

settings, Chitetezo Mbaula was found to consume more firedragon fuel (0.071Kg, with lid), whereas the 

Kenya Ceramic Jiko used higher quantities of charcoal. Some of the reasons contributing to such 

variances include stove design, and type of cooking fuel. 

  

Measure  Fuel Stove/Treatment  Test Mean (±SD)  n 

 
 
 
Fuel consumption 
(Kg) 

 
 
Firedragon  

Kenya Ceramic Jiko  
Pot without lid  
Pot with lid 

WBT  
0.042 ± 
0.041 ± 

 
3 
3 

Chitetezo Mbaula  
Pot without lid  
Pot with lid 

WBT  
0.089 ± 
0.071 ± 

 
3 
3 

Charcoal Kenya Portable stove 
Pot without lid  
Pot with lid 

WBT   
0.500 ± 
0.500 ± 

 
3 
3 

 

Firepower 

As part of the Water Boiling Test protocol, the firepower of each stove-fuel combination was also 

assessed. The Kenyan Ceramic Jiko paired with charcoal out- performed (2958 W) both FireDragon 

tests. However, it was determined that FireDragon paired with the Chitetezo Mbaula (828 W) generated 

greater firepower than when paired with the Kenyan Ceramic Jiko (390 W). 

Measure  Fuel Stove/Treatment  Test Consumption (kg)  Firepower (W) 

Firepower  
  

Firedragon  
Kenya Ceramic Jiko  
Pot without lid  
Pot with lid 

WBT 
0.042  
0.041  

390.9670 
381.6583 
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Chitetezo Mbaula  
Pot without lid  
Pot with lid 

WBT 
0.089 ± 
0.071 ± 

828.4778 
660.9205 

Charcoal 
Kenya Portable stove 
Pot without lid  
Pot with lid 

WBT  
0.500 ± 
0.500 ± 

2958.2665 
2958.2665 

 

User Recommendations 

During the Focus Group Discussions users provided a range of feedback on the technical performance 

and potential modifications that could be made. They reported that Firedragon fuel performed well but 

differently on both cookstoves used in the study. On the Kenya Ceramic Jiko stove, fire blazed directly 

on the mid point of the pot, whereas with the Chitetezo Mbaula, the flame was evenly distributed on 

the pot surface. All the study participants further noted that firedragon fuel consumption was high at 

all times on Chitetezo Mbaula cookstove when cooking all dishes as compared to Kenya Ceramic Jiko 

which consume less fuel. However, cooking using Chitetezo Mbaula was faster than Kenya ceramic Jiko.  

Major improvements that were suggested centred on modification of cookstoves design. Participants 

proposed that the modified prototypes of Kenya Ceramic Jiko should provide even distribution of fire 

to the pot, while Chitetezo Mbaula should be redesigned to prevent smoke, by facilitating complete 

combustion and reducing flame overflow round pot exteriors, and minimize spaces to control air 

circulation. The design of stove inserts should be restructured by reducing the pore spaces so that 

spillage of the fuel when cooking is completely avoided. Again, the stoves should have a slot to be used 

for refilling a cube of firedragon that could be placed and pushed inside the insert. Also, a request was 

made to find alternative ways of increasing the burning rate of the fuel so that frequency of refilling is 

minimized.  

Section Summary: Performance Trade-Offs  

It has been determined that existing low-cost stove models (CM and KCJ) can be retrofitted with an 

insert to burn FireDragon fuel. In the Chitetezo Mbaula the insert needs to be raised on legs and the 

insert needs to be longer to direct the flame to the bottom of the pot. For the Kenyan Ceramic Jiko the 

main consideration is that the insert needs to be wide enough to give the fuel space to burn, but not 

so wide that it blocks the air vents in the bottom of the stove. In both cases the inserts need to have 

holes in them, starting halfway up to allow ventilation, without fuel spilling out as it melts. 

Overall, the calorific value of FireDragon exceeds that of charcoal, which was to be expected. In both 

cases (CM and KCJ) the time to boil with FireDragon was substantially quicker than on charcoal. 

However, the Chitetezo with FireDragon was quicker than Kenyan Ceramic Jiko with FireDragon. Gram-

for-gram, the tests using charcoal consumed the most fuel, while the KCJ FireDragon pairing consumed 

less fuel than FireDragon with Chitetezo Mbaula. Finally, charcoal significantly outperformed 

FireDragon when it came to stove firepower. But between the two FireDragon tests, the pairing with 

the Chitetezo Mbaula provided greater firepower than when paired with the KCJ. 

Based on these findings it suggests that the best stove to use with FireDragon is the Chitetezo Mbaula, 

even though it would consume more fuel than the pairing with the Kenyan Ceramic Jiko. However, the 

low firepower exhibited with both FireDragon tests suggests that the fuel might not be appropriate for 

all cooking tasks. 

 



 

Cooking Economics 
 

Fuel Required 

A number of Controlled Cooking Tests (CCTs) were conducted on some of the most popular dishes to 

determine how much fuel is required to complete the cooking task, as well as the time taken to cook. 

The tables below indicates the meals, amount of fuel used and time to cook each meal for each of the 

three stove-fuel pairings. The subsequent table also sets out the cooking times for each. 

Meal Dish 
Specific Fuel Consumption 

Charcoal KCJ Firedragon CM FireDragon 

    Kgs Litres Litres 

Breakfast 1 Tea 0.30 0.08 0.10 

Breakfast 1 Flour Porridge  0.50 0.23 0.30 

Breakfast 1 Boiled Cassava 0.60 0.19 0.21 

          

Breakfast 2 Tea 0.30 0.09 0.06 

Breakfast 2 Rice Porridge  0.40 0.15 0.17 

Breakfast 2 Boiled Cassava 0.60 0.19 0.23 

          

Breakfast 3 Tea 0.30 0.09 0.10 

Breakfast 3 Rice Porridge  0.40 0.15 0.18 

Breakfast 3 Boiled Cassava 0.60 0.18 0.22 

          

Lunch/Dinner 1 Beans  1.39 0.97 1.60 

Lunch/Dinner 1 Nsima 0.50 0.35 0.38 

Lunch/Dinner 1 Vegetables  0.24 0.08 0.10 

          

Lunch/Dinner 2 Nsima  0.50 0.35 0.39 

Lunch/Dinner 2 Vegetables  0.50 0.08 0.10 

Lunch/Dinner2 Soya Pieces 0.40 0.10 0.10 

          

Lunch/Dinner 3 Nsima  0.50 0.36 0.39 

Lunch/Dinner 3 Vegetables  0.30 0.08 0.10 

Lunch/Dinner 3 Stew meat  0.78 0.63 0.68 

          

 

Meal Dish 
Total cooking time (min) 

Charcoal KCJ Firedragon CM FireDragon 

          

Breakfast 1 Tea 21 13 10 

Breakfast 1 Flour Porridge  34 23 21 

Breakfast 1 Boiled Cassava 56 48 47 

          

Breakfast 2 Tea 20 11 11 

Breakfast 2 Rice Porridge  46 33 31 

Breakfast 2 Boiled Cassava 59 46 40 

          

Breakfast 3 Tea 21 13 11 

Breakfast 3 Rice Porridge  44 32 31 

Breakfast 3 Boiled Cassava 62 46 44 



 

          

Lunch/Dinner 1 Beans  210 185 165 

Lunch/Dinner 1 Nsima 42 28 26 

Lunch/Dinner 1 Vegetables  16 12 10 

          

Lunch/Dinner 2 Nsima  39 30 27 

Lunch/Dinner 2 Vegetables  17 12 9 

Lunch/Dinner2 Soya Pieces 18 13 12 

          

Lunch/Dinner 3 Nsima  42 28 27 

Lunch/Dinner 3 Vegetables  15 12 9 

Lunch/Dinner 3 Stew meat  198 170 147 

          

 

In all of the tests the KCJ with charcoal was the slowest to cook the meal, while the Chitetezo Mbaula 

with FireDragon was quickest to cook all the meals. In terms of fuel consumption, the KCJ with charcoal 

also consumed the most fuel, but in this instance the KCJ with FireDragon consumed the least amount 

of fuel and outperformed the Chitetezo Mbaula with FireDragon combination. 

Cost of Cooking 

The table below indicates different cost scenarios for FireDragon and charcoal based on High, Medium 

and Low prices. For FireDragon, an additional option (“suggested cost”) is provided, which is the 

amount suggested by households during the focus group discussions (MWK 3500 for 5 litres). This 

suggested amount is what they would be happy to pay for 5 litres of fuel, which would last them about 

two weeks if they continued to use the fuel as they did during the pilot. 

 Cost Scenario FireDragon (1L) Charcoal (1 Kg) 

High Cost MWK 912 MWK 603 

Medium Cost MWK 760 MWK 351 

Low Cost MWK 608 MWK 166 

Suggested Cost MWK 700 - 

 

Ethanol prices were taken from a report commissioned by the Modern Cooking for Healthy Forests 

project. As a starting point, the report references ethanol prices in Nairobi and Dar es Salaam ($0.7 – 

0.73/litre), then a margin was added to arrive at an estimated price in Malawi of $1/litre (excl, VAT). 

Finally, +/- 20% was factored in to arrive at the low and high cost scenarios. Interestingly, the high cost 

scenario is close to the price that FireDragon retails at in the UK from BCB. While the Medium cost 

scenario is very close to the “suggested Cost” from the Focus Group Discussions. 

Charcoal prices were arrived at from a survey undertaken as part of this research in local markets 

around Areas 49, 36, and 44. A total of 15 charcoal vendors were visited, with 3 large and 2 small in 

each area. Different sizes of bags were weighed, and a price negotiated for each, which included wet 

and dry season values. For this analysis we have used the lowest value for each bag size to be 

conservative. Then the smallest, average and highest prices were taken for the Low, Medium and High-

cost scenarios. 



 

 

An interesting observation has been made based on the charcoal market data that needs more 

exploration. It appears that the price per Kg of charcoal increases with increasing bag sizes. This is 

counter intuitive, as it would be expected that purchasing larger volumes would provide a price 

discount. Therefore, these figures need to be treated with caution, until more investigation can be 

done. However, they do align with an informal finding from the MCHF project which found that a 50Kg 

bag of charcoal only contained 12.8Kg of useful charcoal. At a price of MWK 10,000 this resulted in a 

per kg price of MWK 781. This is above, but close to, our maximum price of MWK 603 per Kg. Both of 

which are significantly higher than many small bag prices at the market. A similar observation was made 

from data in the ethanol scoping study commissioned by Modern Cooking for Healthy Forests which 

found a per Kg price of MWK 186 for small “daily use” bags and MWK 200 / Kg for 45Kg bags. 

Using the data from the Controlled Cooking Tests and the fuel cost scenarios detailed above, a daily 

cost of cooking was calculated for each stove fuel pairing and each cost scenario. The daily cost of 

cooking was based on the average cost for the breakfasts, lunches and dinners. A detailed breakdown 

of the individual meal costs is provided in the annexes. 

Average Daily Cost of Cooking (MWK) - Breakfast, Lunch and Dinner 

  Low Suggested Medium High 

Charcoal and KCJ 787 0 1,662 2,857 

FireDragon and KCJ 1,492 1,717 1,865 2,238 

FireDragon and CM 1,868 2,150 2,335 2,801 

 

For the low and medium cost scenarios the charcoal-KCJ pairing was cheapest, followed by the 

FireDragon-KCJ pairing and the FireDragon-CM pairing. This was to be expected, as charcoal is the least 

cost option for urban cooking in Malawi. It also suggests that using FireDragon with the Chitetezo 

Mbaula would be cost prohibitive for most households.  

Under the low-cost scenario, the FireDragon-KCJ pairing was twice as expensive as the charcoal option 

(MWK 797 vs MWK 1,492). Under the medium cost scenario, the costs of charcoal-KCJ (MWK 1,662) 

and FireDragon-KCJ (MWK 1,717) were very similar, while the pricing for FireDragon matches the 

willingness to pay figure (MWK 700/l) reported by households under the Focus Group Discussions. This 

suggests that as charcoal costs continue to rise, FireDragon will become more competitive with 

charcoal.  
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However, at this point, the most useful comparison is between the low-cost scenario for charcoal-KCJ 

(MWK 787) and the medium cost for FireDragon-KCJ (MWK 1,717). Based on this, the daily cooking cost 

on FireDragon is slightly more than twice the cost of cooking on charcoal. 

 

Section Summary: Speed vs Cost 

The results from the economic assessment of cooking indicate that charcoal is the slowest option in 

terms of time taken to cook a meal. With regards to fuel consumption, the FireDragon-KCJ pairing used 

less fuel per meal than the FireDragon-CM pairing. In converting fuel consumption to cooking cost, the 

study collected data on charcoal prices for different bag sizes. These findings proved to be counter 

intuitive, as the price per Kg of charcoal increases with larger volumes. However, this aligns with findings 

from other reports, and is an area that needs more attention when trying to understand the charcoal 

market and how alternatives can compete. 

Overall, charcoal is a cheaper fuel to cook with than FireDragon, which is to be expected, as it is widely 

recognised to be the least cost option. Generally, between the two FireDragon options, the pairing with 

the Kenyan Ceramic Jiko was cheaper than the pairing with the Chitetezo Mbaula. Under the low cost 

scenario, FireDragon is twice as expensive as charcoal. Under the medium cost scenario, cooking costs 

with charcoal and Firedragon (on the KCJ) are very similar (MWK 1,662 vs MWK 1,865 per day). This 

suggests that as charcoal prices continue to rise, to a level of about MWK 351 per Kg, FireDragon will 

become considerably more competitive. However, at this stage, the most useful comparison is between 

the low cost charcoal scenario (MWK 787 per day) and the medium cost FireDragon with KCJ scenario 

(MWK 1,865 per day). Based on this, using FireDragon is slightly more than twice as expensive as 

charcoal. This indicates that not all cooking could be done on FireDragon and households would have 

to practice fuel stacking based on which fuel is most appropriate for a particular meal. 

Conclusions 
This household pilot set out to assess the technical, social and economic viability of large-scale adoption 

of FireDragon ethanol briquettes by urban and peri-urban households in Malawi as an alternative to 

charcoal. As such, the three broad questions were developed and data collected through a range of 

methods to arrive at a conclusion. 

Social 

Understand user perceptions / experience of the fuel to determine how it might fit into the cooking mix 

and the potential for uptake at scale. 

The majority of households cook using charcoal on the Kenyan Ceramic Jiko, spending on average 17% 

of their income on cooking fuel. They are generally unhappy with their current option, believing it to be 

dirty, slow and expensive. Consequently, they are interested, yet undecided, on switching to a more 

modern alternative, with affordability, accessibility and awareness being the major barriers.  
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Overall, the participants cooked 3 meals per day and often a snack as well. During the study period, 

41% of cooking was done with FireDragon and it directly displaced charcoal consumption, as the overall 

meals cooked per day remained constant. However, use of FireDragon was higher at the start of the 

week, reducing over the course of the week, until the next batch of fuel was provided. This suggests 

that the amount provided (1.7Kgs/week) was not enough to meet their needs.  

Four of the top 10 most common dishes were predominantly cooked with FireDragon fuel during the 

trial and the share of FireDragon usage increased as the popularity of the dishes increased, suggesting 

that the fuel can meet household cooking needs. 

The users liked that FireDragon was “user friendly”, quick, versatile and not dirty. However, they 

experienced challenges with refilling the fuel during cooking, using larger pots and storing the fuel. In 

terms of storing the fuel, households reported melting in high ambient temperatures, as well as 

evaporation if left uncovered.  

Technical 

Test the performance of the fuel with different stove models to determine if existing models can be used 

(with or without adaptations) and how this might compare to alternatives. If adaptations are required, 

estimate the cost of these to the end user. 

The study has determined that existing low-cost stove models (Kenyan Ceramic Jiko and Chitetezo 

Mbaula) can be retrofitted with a cheap insert to burn FireDragon ethanol fuel, but each of them 

performs differently. The Chitetezo Mbaula is faster, has more firepower, but has higher fuel 

consumption. While the Kenyan Ceramic Jiko is slower, has less firepower and lower fuel consumption. 

However, only minor differences were observed between the FireDragon-Chitetezo Mbaula pairing and 

FireDragon-Kenyan Ceramic Jiko pairing when cooking specific dishes, suggesting that households did 

not adapt their cooking behaviour based on the performance of the fuel with different stove 

technologies The cost of an insert is approximately MK500 – MK1000 (USD 0.7 - USD 1.3). 

Economic 

Determine the cost of cooking with the fuel for a typical household and how this compares with existing 

alternatives such as charcoal, LPG and Electricity. 

In terms of cooking costs, charcoal is the least cost option, which was to be expected. But greater clarity 

is needed on charcoal prices to arrive at more accurate estimates. Between the two FireDragon options 

the pairing with the Kenyan Ceramic Jiko is the cheapest, while the cost of using FireDragon on the 

Chitetezo Mbaula is probably prohibitive for most low-middle income households.  

When comparing the low-cost scenario for Charcoal-KCJ and the medium cost scenario for FireDragon-

KCJ we found that cooking with FireDragon was slightly more than twice as expensive. However, when 

the medium cost scenarios were compared between charcoal-KCJ and FireDragon-KCJ the cost of 

cooking was almost the same. Therefore, as charcoal prices increase, and reach the level of MWK 351 

/ Kg, FireDragon would become significantly more competitive. Interestingly, the medium cost scenario 

for FireDragon is nearly the same as the willingness to pay amount reported by households during the 

focus group discussions.  

Given that the Kenyan Ceramic Jiko is the most commonly found stove in charcoal using households, 

and that it has the lowest cooking cost with FireDragon, it appears to be the most suitable option to 

take forward. For FireDragon to be competitive it needs to be retailed in Malawi at MWK 760 per litre, 

or MWK3800 per 5 litre bucket, which would be close to the willingness to pay figures reported (MWK 

3500 per bucket). But until charcoal prices increase to around MWK 350 / Kg, only a portion of cooking 



 

will be carried out using FireDragon and it will therefore not initially displace all charcoal consumption. 

Until the charcoal price increases, it is likely that households would use FireDragon for meals that are 

quicker to cook and less dense, requiring less fuel. Therefore, FireDragon would form part of the existing 

stove and fuel stack at the household level. 

Recommendations and Next Steps 
Based on this initial pilot, it is recommended that FireDragon could feasibly form part of the cooking 

mix for low to middle income households in urban areas. However, due to the price, it is unlikely to fully 

displace charcoal use in the medium term, until charcoal scarcity drives the price up to a level of 

approximately MWK 350 / Kg.  

But even when FireDragon becomes cost competitive, it is unlikely that it would be used for all cooking, 

due to the technical performance of the fuel and stove combinations; the major barrier being lower 

firepower than charcoal. So, even in the long term, another fuel will probably be required to cook 

certain meals, such as beans and nsima; it is likely this fuel would be charcoal, but could also be LPG or 

electricity. Overall, households are interested in switching to a cleaner fuel, but affordability, availability 

and awareness are key barriers. As such, recommendations have been grouped according to these 

parameters. 

Affordability Recommendations 

1) Pricing of FireDragon is possibly the most critical consideration and, based on user feedback, it 

should be priced at around MWK 760 per litre, which would be close to the indicative willingness 

to pay level of MWK 700 per litre. 

2) However, the willingness to pay level needs to be tested further before attempting large scale 

introduction of FireDragon to the market. This could be done through a larger sales pilot in the 

same areas as this study, where some households have already interfaced with the fuel. 

3) One major advantage of FireDragon is the ability to retrofit existing stove models, however, this 

requires an insert estimated at MK500 – MK1000 (USD 0.7 - USD 1.3). As households are very price 

sensitive, the cost of inserts should be kept as low as possible. 

4) In the UK, FireDragon retails at £5 for 5 litres, but the addition of shipping to Malawi will make the 

fuel unaffordable. Therefore, the cost of local manufacture needs to be explored to better 

understand the possible price points it could realistically be retailed at. 

5) Pricing of the fuel will, in part, be determined by sales volumes, with larger volumes allowing for 

economies of scale to be reached. Therefore, further research needs to be undertaken to 

understand the size of the market and how this might change over time in relation to dynamics 

such as the price of charcoal. 

6) The current low cost of charcoal means that FireDragon cannot replace all charcoal-based cooking, 

so additional research needs to be conducted into how charcoal prices have historically increased 

over time and how much longer it would take to reach MWK 350 / Kg. 

7) The cost of cooking with FireDragon is in part determined by the technology it is used with (CM or 

KCJ). Therefore, additional research and design needs to be conducted on stove inserts to provide 

the best balance between speed, firepower and fuel consumption. 

8) In the short term, FireDragon costs could be defrayed through grant funding for manufacturing 

equipment, as well as through carbon finance to subsidise on-going fuel costs. Therefore, the retail 

price of FireDragon needs to be calculated for Malawi, and compared against the willingness to pay 

of customers, to determine the level of subsidy that might be required and how this could be 

achieved. 



 

Availability Recommendations 

1) At $0.22/Kg, not only is charcoal the least cost option, but it is also widely available throughout 

Malawi. So, to be competitive, FireDragon needs to mirror this as closely as possible. 

2) 35% of households receive their income daily and nearly 50% of households purchase charcoal 

daily. Therefore, selling in a variety of volumes, particularly smaller quantities, would make the fuel 

much more accessible by replicating existing charcoal fuel behaviour of small, but frequent, 

purchases. 

3) The Kenyan Ceramic Jiko is the most widely available ‘improved’ cookstove in Malawi, and 

therefore, presents the primary opportunity to integrate with FireDragon. Therefore, all messaging 

and technical research and design should prioritise integrating FireDragon with the KCJ. 

4) The need for an insert into existing stove models requires the development of two value chains, so 

that households can access both the fuel and insert. Existing KCJ producers should be engaged to 

make the inserts, as an additional income generating activity. 

5) One potential response to price could be to launch FireDragon in the rainy season when charcoal 

prices increase. At this time of year cooking also becomes more challenging due to wet fuel and 

inability to cook outdoors, perfect conditions for FireDragon. 

Awareness Recommendations 

1) Households have expressed an interest to switch fuels, but are unsure about the potential options, 

and are concerned about cost. Therefore, significant work needs to be done to create awareness 

and change behaviours through marketing activities. 

2) Charcoal users are not satisfied with the KCJ and charcoal, considering it to be dirty, slow and 

expensive, but it is versatile and cooks virtually all their meals. Therefore, any messaging around 

FireDragon needs to respond to these (noting the challenge with price) by conveying that it is easy, 

clean, and fast. 

3) Regardless of season, most people currently cook outdoors, so FireDragon messaging could focus 

on ability to cook cleanly indoors at any time of the year. 

4) All households in the study owned a mobile phone, presenting an opportunity for mass marketing. 

However, it should be noted that seeing and using a cookstove or fuel is the best way to increase 

understanding and drive demand. 

5) Messaging should convey that FireDragon can cook ‘most’ of their favourite dishes, especially those 

that are quick. 

6) Messaging should focus on the ability to buy FireDragon in small quantities, just like charcoal. 

Next Steps 

Based on the conclusions and recommendations above, the following next steps have been proposed, 

in sequential order, to further advance the case for introducing FireDragon into Malawi: 

1) Conduct additional research and design on the stove insert, to determine the most appropriate 

balance between speed, firepower and fuel consumption. 

2) Map the Market System, including the value chain, inputs/service/finance, and enabling 

environment to determine the barriers to introducing FireDragon to Malawi. These could 

include issues in the policy and regulatory environment such as VAT and Duty; the availability 

of key inputs such as liquid ethanol, or manufacturing equipment; and the barriers associated 

with developing competitive distribution channels. A generic market map is presented below. 



 

 

3) Conduct an in-depth Consumer Market Assessment to better understand the size of the 

potential market, identify consumer segments and their preferences, as well as how they can 

be reached through a marketing and communications strategy. 

4) Develop a financial model for producing FireDragon in Malawi, looking in detail at the capital 

investment required to begin production, the ongoing operations costs, likely volumes 

produced and therefore the realistic retail price and profits. This would include determining 

levels of subsidy required and how this might achieved (grant, carbon, impact funding). 

5) Test consumer willingness to pay through a large-scale sales pilot in Lilongwe based on the 

realistic retail price determined through financial modelling. 

 

 

 

 

 

 

 

 

 

 

 

 

 

“I got used to it and when it was 

finished, I found it so hard to switch 

back to charcoal. I hope it will not 

stop here but we will continue using 

it. Just make it available in our local 

market.” 
 



 

Annexes 

More photos of tests 
 
5th test 

 
 

 
 
2nd test 

 

Meal Dish 
Charcoal and KCJ 

Low Cost Suggested Cost Medium Cost High Cost 

            

Breakfast 1 Tea 50   105 181 

Breakfast 1 Flour Porridge  83   175 301 

Breakfast 1 Boiled Cassava 100   210 362 

    233 0 491 844 

Breakfast 2 Tea 50   105 181 

Breakfast 2 Rice Porridge  66   140 241 

Breakfast 2 Boiled Cassava 100   210 362 

    216 0 456 784 

Breakfast 3 Tea 50   105 181 

Breakfast 3 Rice Porridge  66   140 241 

Breakfast 3 Boiled Cassava 100   210 362 

    216 0 456 784 

   Ave. Breakfast 221 0 468 804 

Lunch/Dinner 1 Beans  231   487 837 

Lunch/Dinner 1 Nsima 83   175 301 

Lunch/Dinner 1 Vegetables  40   84 145 

    354 0 747 1,284 

Lunch/Dinner 2 Nsima  83   175 301 

Lunch/Dinner 2 Vegetables  83   175 301 

Lunch/Dinner2 Soya Pieces 66   140 241 

    233 0 491 844 

Lunch/Dinner 3 Nsima  83   175 301 

Lunch/Dinner 3 Vegetables  50   105 181 

Lunch/Dinner 3 Stew meat  130   273 470 

    262 0 554 953 

   Ave. Lunch/Dinner 283 0 597 1,027 

 



 

Meal Dish 
FireDragon and KCJ 

Low Cost Suggested Cost Medium Cost High Cost 

            

Breakfast 1 Tea 51 59 64 77 

Breakfast 1 Flour Porridge  138 158 172 206 

Breakfast 1 Boiled Cassava 113 131 142 170 

    302 348 378 454 

Breakfast 2 Tea 53 61 66 79 

Breakfast 2 Rice Porridge  92 105 114 137 

Breakfast 2 Boiled Cassava 115 132 144 172 

    259 299 324 389 

Breakfast 3 Tea 57 65 71 85 

Breakfast 3 Rice Porridge  91 104 113 136 

Breakfast 3 Boiled Cassava 109 125 136 163 

    256 295 320 385 

   Ave. Breakfast 273 314 341 409 

Lunch/Dinner 1 Beans  592 682 740 888 

Lunch/Dinner 1 Nsima 214 246 268 321 

Lunch/Dinner 1 Vegetables  49 57 61 74 

    855 985 1,069 1,283 

Lunch/Dinner 2 Nsima  215 247 268 322 

Lunch/Dinner 2 Vegetables  51 59 64 77 

Lunch/Dinner2 Soya Pieces 59 68 74 88 

    325 374 406 488 

Lunch/Dinner 3 Nsima  219 252 273 328 

Lunch/Dinner 3 Vegetables  48 56 60 73 

Lunch/Dinner 3 Stew meat  381 439 476 572 

    648 746 810 972 

   Ave. Lunch/Dinner 610 702 762 914 

 

Meal Dish 
FireDragon and CM 

Low Cost Suggested Cost Medium Cost High Cost 

            

Breakfast 1 Tea 62 71 78 93 

Breakfast 1 Flour Porridge  181 209 227 272 

Breakfast 1 Boiled Cassava 128 147 160 192 

    371 427 464 557 

Breakfast 2 Tea 34 39 43 51 

Breakfast 2 Rice Porridge  104 120 130 157 

Breakfast 2 Boiled Cassava 140 161 175 210 

    278 320 348 417 

Breakfast 3 Tea 60 70 76 91 

Breakfast 3 Rice Porridge  108 125 135 162 

Breakfast 3 Boiled Cassava 132 152 165 199 

    301 347 376 451 

   Ave. Breakfast 317 365 396 475 

Lunch/Dinner 1 Beans  970 1,117 1,213 1,455 

Lunch/Dinner 1 Nsima 228 263 285 343 

Lunch/Dinner 1 Vegetables  61 71 77 92 

    1,260 1,450 1,575 1,890 

Lunch/Dinner 2 Nsima  234 270 293 352 



 

Lunch/Dinner 2 Vegetables  60 70 76 91 

Lunch/Dinner2 Soya Pieces 62 71 78 93 

    357 411 446 535 

Lunch/Dinner 3 Nsima  235 271 294 353 

Lunch/Dinner 3 Vegetables  60 69 75 90 

Lunch/Dinner 3 Stew meat  414 477 518 622 

    709 817 887 1,064 

   Ave. Lunch/Dinner 775 893 969 1,163 

 

 


