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0. INTRODUCTION 

The work presented in this report is part of the work done in the 

framework of a collaboration established between the stove branch of 

the German-Voltaic forestry project (PN: 7420151), the "Institut 

Voltaique de l'Energie" (I.V.E.) in Upper Volta, the "Gesellschaft fur 

Technische Zusammenarbeit" (G.T.Z.) in Germany and the "Woodburning 

Stove Group" (W.S.G.) of the Eindhoven University of Technology in the 

Netherlands. From a research programme, done in January and February 

1983 at the Mission Forestiere Allemande (M.F.A.) and the IVE test 

centre in Ouagadougou, results are presented and discussed. At the 

M.F.A. a study was done on the economic aspects of two stove 

dissemination systems. A cost analysis was made for a mason-built, 

high-mass, multi pot-hole stove and a workshop-made portable metal 

stove respectively. As the mason built stove dissemination system has 

been in existence for several years, the data needed for costing the 

stoves could be obtained easily. The dissemination of stoves through 

the market system on the other hand has not been tried by the stove 

projects before. Therefore a small workshop was rented for a week to 

examine the production possibilities. At the I.V.E. centre a research 

programme was executed in order to get a be.tter understanding of the 

technical aspects of cooking devices. A selection of stoves being 

introduced by different stove projects in Upper Volta together with the 

traditional open fire have been subjected to water boiling tests to 

examine the possibilities for fuelwood savings. 

This report does not stand alone, but should be read together with the 

thesis of George Yameogo (1983), the IVE-report no. 1 (1983) and the 

M.F.A. report of April 1983. The existence of different reports, based 

on the same experimental data might create a problem. Amongst all it is 

tried in this report to combine the several interesting features of the 

reports mentioned. An attemps is made tried to sketch the framework in 
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which all the work took place. Economical and technical aspects of the 

introduction of fuel conserving cookstoves are combined. 

Chapter 1 gives the background against which the work has been done; 

the impasse stove projects are in imminent danger of falling into. 

In chapter 2 and 3 an alternative is presented for the high-mass multi 

pot-hole stoves presently being dissemninated. It is shown that this 

alternative (a portable metal stove) can be produced in much larger 

numbers against a much lower price. 

Chapter 4 is focussed on the technical aspects of stoves. A selection 

of high-mass stoves presently being introduced together with a metal 

and ceramic one pot-hole stove are compared with the open fire. The 

discussion in Yameogo's thesis on the results obtained from a series of 

water boiling tests is elaborated. The stove efficiency numbers will be 

discussed in a more detailed manner. 

Chapter 5 elaborates the discusion on the usefulness of laboratory 

boiling tests. Results are presented of a test programme, run in one of 

the residential areas of Ouagadougou. The aim of the programme there 

was not only to check if laboratory results can be related to what is 

happening in the people's kitchens but also to get insight into the 

performance of the traditional open fire at the family level. 

In chapter 6 a series of standard meal tests is discussed. The tests 

have been done because they give a realistic picture of the fuel-saving 

capabilities of stoves. The results of the standard meaL tests are 

surprising and can not be explained directly with the results presented 

in chapter 4. The water boiling tests need another interpretation to 

explain the results obtained. This new way of looking at the water 

boiling test results is presented. 

In chapter 7 the field of the domestic energy use is left behind. This 

chapter is focussed on big cookers used to prepare the local beer 

(dolo). 

The last chapter of this report is chapter 8 in which the most 

important conclusions are summarized. 
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1. THE PROBLEM 

Wood is the main energy source for both domestic and artisanal energy 

needs in Upper Volta. An examination of the wood consumption pattern of 

the Voltaic population showed that 80% of the fuelwood is used for 

cooking and heating while 20 % is used by small entrepreneurs for their 

commercial activities (table 1, FAO 1981). 

Region population woodconsumption/day/inhabitant (kg) 

* 1000.000 households artisans total charcoal 

included 

rural 5. 71 1.62 0.45 2.08 2.15 

semi-urban 0.20 1.41 0.41 1.82 1.87 

Ouaga 0.25 0.97 0.33 1.30 1.50 

Bobo 0.18 1.24 0.45 1. 70 1.85 

urban 0.60 1.09 0.37 1.44 1.65 

total 6.51 1.58 0.44 2.02 2.09 

Table 1. Wood consumption pattern of Upper Volta (FAO 1981) 

The total wood consumption in Upper Volta is much larger than the wood 

production. The country has a fire-wood deficit of about 1 million 

cubic meter per year representing an annual deforestated surface area 

of about 60 thousand hectares. For a country situated at the fringe of 

the Sahara desert this means that part of this surface is withdrawn 

irreversibly from a productive ecosystem. 

On the assumption that the presently used open fires for cooking are 

very inefficient, different organisations, for several years now, have 

worked on the dissemination of fire-wood saving stoves. The stove 

models chosen for the purpose can be classed in the catogary of the 

high-mass multi pot-hole stoves with a chimney. The results obtained up 
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to now are marginal due to low dissemination numbers (2000 per year for 

Ouagadougou), short life-times (2 years) and wood savings lower than 

expected. Moreover the dissemination could only be sustained by a high 

capital input from donor countries. 

So far the stove projects focussed their activities on the domestic 

energy use. Table 1 shows however that it is worthwile to investigate 

the possibilities to reduce the wood consumption for commercial 

activities too. Of these, the preparation of the local beer "dolo" is 

the most important. It is estimated that up to 15% of the total wood 

consumption of Ouagadougou occurs in these small breweries. Not only 

efficient cooking stoves but also efficient dolo cookers are therefore 

needed. 
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2. A ONE POT-HOLE METAL STOVE 

About 80% of the fuel wood in Upper Volta is used to cater for the 

domestic energy needs. That is why in first instance attention is 

focussed on stoves used for cooking purposes. Already 5 to 10 years 

now, stove projects try to disseminate mason-built, multi pot-hole 

stoves in large numbers. The results obtained are however marginal. The 

main obstacles encountered in disseminating the stoves mentioned are: 

a. a limited production output (2 masons build 2 stoves a day); 

b. high production costs; 

c. limited possibilities for quality control; 

d. technical constraints (i.e. small pot surface-area exposed to the 

fire, heat losses by absorption of thick stove-walls); 

e. high maintainance requirments; 

f. no selling facilities through local markets (stove is not 

portable). 

What is required is a low-cost, high-performance, portable stove which 

can be produced in large numbers. The construction of a light-weight 

ceramic, metal or concrete stove can satisfy these requirements. 

Preference has been given to a metal stove 

2.1. Stove specifications 

Laboratory tests in Eindhoven have already shown already the fire-wood 

saving qualities of a one pot-hole stove which shield the fire and 

direct the combustion gases towards the whole surface area of the 

cooking pan (Visser 1982). A simplified version of this stove has been 

used to analyse the stove production system. In the following the 

dimensions of a stove suitable for a traditional aluminium pot with a 

diameter of 28 em. (pot size 3) are given (see Fig. 1).' 

' Dimensions for other pot sizes have to be changed accordingly 
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90 

250 Number of pot holes : I 

Height 25 em. 

Diameter 29 em. 

Entrance 12 X 9 em. 

Primary air-holes (5): 2 X 4 em. 

Pan-fuelbed distance : 10 em. 

Crate yes 

Chimney no 

Fig. 1. Technical drawing of the metal stove 

The stove is made out of lmm. thick steel sheet. To avoid corrosion the 

stove is protected by heat resisting paint. To speed up and to 

standarize production a template was used (see Fig.2). 
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Fig. 2. Template of the metal stove; dimensions in mm. 
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To prepare a traditional meal (to beat the to) the pot is fixed to the 

stove with a winged bolt and the whole stove can be stabilized with 

sticks as traditionally used. 

2.2. Production system 

To come to a self-sustaining dissemination system for metal stoves the 

best possibili.ties are offered when the production is carried out by 

existing, private metal work-shops. This proposed production system has 

been examined. A local workshop was rented for one week. During this 

time it was tried to maximize the number of stoves built and to 

minimize the production costs (under the assumption that the stoves 

save more wood than the models presently being disseminated). The 

workshop is representative of a large number in Ouagadougou: a small 

hut is equipped with an electric welding set, shears,grinding machine 

and electric drill. Beside the chef 4 people are employed: a welder, an 

aide and two trainees (all teen~gers). 

Using a template a total production of 60 stoves a day could be 

achieved. This is 15-20 times the number of mason-built, high-mass 

stoves constructed by a production unit of comparable size! The 

production capacity was limited by the time needed for welding. 

The role of stove projects is in this way reduced to stove promotion 

and quality-control. 
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3. COSTING 

In the previous chapter the main reasons have been listed why the 

dissemination of high-mass stoves has not been a succes. The reasons 

are both technical as economical in nature. In this chapter the 

economical reasons are pursued. The costs involved in disseminating 

mason-built heavy stoves are compared with those of the portable metal 

stove. 

3.1. High-mass multi pot-hole stoves 

The costing of mason built heavy stoves has been done before by Zanga 

(1981) and Sepp (1983). Zanga estimated the costs per stove for three 

different stove types (table 2), the premises of the estimates were not 

pointed out. 

NOUNA 2 NOUNA3 KAYA2 

material costs (FCFA) 2960 3936 1700 

labour costs (FCFA) 1503 1503 2234 

running costs (FCFA) 2460 2460 1410 

TOTAL (FCFA) 6925 7900 5450 

Table 2. Costs for 3 different stove types (Zanga 1981). 

Sepp (1983) gives more details of the price build-up of two of the 

stoves mentioned in the table; the Nouna 2 and Nouna 3 respectively. 

Sepp estimated the costs when a private entrepreneur would construct 

Nouna stoves on a full-time base. The figures used come from the real 

money spend on the dissemination of stoves by the M.F.A. Sepp states 

that the labour and running costs naturally depend on the number of 

stoves bu~lt per month. That is why the costing has been done for 36 

and 88 stoves per month respectively. The numbers represent the 
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situation at the M.F.A. as it was in the beginning of '83 and as it is 

hoped to be in future (table 3, 4). The figures between brackets 

represent the costs presently being made but not taken into account in 

the costing of Sepp. One can argue that as a result the costing of Sepp 

is too optimistic. To be able to form an opinion in this matter it is 

needed to know some of the details of the every days work at the 

Mission Forestiere Allemande. These details will be given in the 

following part where table 3 and 4 are discussed. 

the material costs 

In the beginning of 1983 the amount of cement used was reduced with 

25%. A further reduction could be obtained by using ceramic or 

banco bricks instead of those made from cement. The latter changes 

were not carried through because it was feared that the stove would 

lose its strength. The tables show the material costs after the 25% 

cement reduction. 

the labour costs 

Here the first figures between brackets appear. The discussion is 

on the position of the animatrice and the chef. What is their role 

in the stove centre? To answer this more needs to be known about 

the labour involved in constructing a Nouna stove. The work scheme 

will be given now. Potential customers come to the centre where 

they have a look at the different stove models and where they can 

order a stove. The customers are attended by an animatrice (the 

masons are out building stoves). After a choice has been made the 

animatrice goes with the customer to his/her home to discuss where 

the stove has to be built. This somewhat roundabout way to find out 

where what must be built is due to the fact that there exist no 

adresses in Ouagadougou. The next day the animatrice will lead a 

mason team to the place were the stove has to be built. The mason 

and his apprantice are able to construct a stove in about two hours 

but together with loading, travelling and unloading they can only 

built two stoves a day. When the construction is finished the 

masons return to the stove centre. The stove however can not be 

used yet. The interior of the stove is filled with sand as long as 

the cement top plate is wet. If not the stove will collapse under 
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its own weight. After one week an animatrice removes the sand and 

makes a last quality check. She then also shows the proud owner how 

to use and how to clean the chimney. 

The question now is wether the animatrices can be spared. According 

to the author this is not likely. Of course it is possible to 

reduce the labour costs when only 36 stoves are built per month. 

But then not only the animatrices are superfluous, there is in fact 

no work for one whole mason team. When on the other hand the sytem 

really runs and both mason teams are building two stoves a day, 

then the animatrices are needed indeed. The same line of reasoning 

can be followed when discussing the position of the chef. His/her 

position can only be justified when there is enough organisational 

work to do i.e. when enough stoves are being built. 

One can argue that the responsibility and risks should be taken by 

the masons themselves. It is however believed that this does not 

lead to lower labour costs. In that case the masons probably want 

to earn more and in the tables their wages should be haugmented 

accordingly. 

the running costs 

The costing of Sepp was done for a system without animatrices. As 

explained before there are reasons to believe that the animatrices 

are really needed and therefore also their transport costs should 

be taken into account. 

The rent of the location should be taken into account too. For a 

rent of 20000 FCFA it is possible to get a small hut in 

Ouagadougou. 

the depreciation 

Sepp did not take into account the depreciation of the conveyances. 

The reasons why she did not do so are not known by the author. The 

author is convinced however that these·expenses should be added. 

The costing of Sepp has been explained and some adjustments have been 

made. Due to a lack of information it is not possible to discus the 

costing of Zanga in the same way. Zango does not even mention the 

number of stoves built per month for which costing was done. 
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a. 36 stoves built per month by two mason teams (Jan.-March 1983) 

Material costs FCFA 
6-8 bricks a 80 FCFA 
6 chimney bricks a 45 FCFA 
2 ceramic bricks a 45 FCFA 
0.5-0.75 sac of cement a 2300 FCFA 
1.5-2.5 barrows of sand 
chimney end part 

Labour costs FCFA 
2 masons a 32000 FCFA per month 
2 aid-masons a 18500 FCFA per month 
1 chauffeur a 32000 FCFA per month 

(2 animatrices a 25000 FCFA per month) 
(1 chef a 64000 FCFA per month ) 

Running costs FCFA 
transport pick-up: 
- 28 km/stove, 

NOUNA 2 

480 
270 

1150 
250 
135 

NOUNA 3 

640 
270 
90 

1725 
335 
135 

2285 1 3195 

1770 
1030 
1770 

1390) 
(1770) 

4570 (7730) 1 4570 (7730) 

150 1. petrol per month a 272 FCFA/1 1140 
- maintainance 40000 FCFA/month 1110 

(transport mobylettes (2): ) 
(- 84 km/stove, ) 
( 75 1. petrol per month a 272 FCFA/1) 
(- maintainance 10000 FCFA/month ) 
(rent of location 20000 FCFA/month ) 

Depreciation FCFA 
(pick-up 2400000 FCFA in 10 years ) 
(mobylettes (2) 240000 FCFA in 5 years) 

TOTAL COSTS PER STOVE 

(570) 
(140) 
(550) 

2250 (3510) 2250 (3510) 

(550) 
(110) 

---- (660) ---- (660) 

9100 (14200) 10000(15100) 

Table 3. Costing of two high-mass stoves by Sepp (1983); 36 stoves/month 
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b. 88 stoves built per month by two mason teams 

material costs FCFA 

labour costs FCFA 
2 masons 
2 aid-masons 
1 chauffeur 

(2 animatrices 
(1 chef 

Running costs FCFA 
transport pick-up: 
- petrol 
- maintainance 

(transport mobylettes (2): 
(- petrol 
(- maintainance 
(rent of location 

Depreciation FCFA 
(Pick-up 
(mobylettes 

TOTAL COSTS PER STOVE FCFA 

NOUNA 2 

725 
420 
365 

2285 

) (570) 
) (725) 

) 

1140 
450 

1510 (2800) 

) (570) 
) ( l15) 
) (225) 

1590 (2500) 

) (225) 
) ( 45) 

---- (270) 

5400 (7850) 

NOUNA 3 

3195 

1510 (2800) 

1590 (2500) 

---- (270) 

6310 (8760) 

Table 4. Costi~g of two high-mass stoves by Sepp (1983); 88 stoves/month 
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3.2. Portable one pot-hole metal stove 

The build-up of the price of the metal stove is shown in table 5. The 

calculation has been made on the basis of a production of 60 stoves per 

day and 22 working days a month by a production unit as described in 

the previous chapter. 

Material costs per stove: 
metal sheet 565 FCFA 
pot supports 60 FCFA 
welding electrodes 30 FCFA 
paint 45 FCFA 
pot stabilizers SO FCFA 
stove stabilizers 5 FCFA 

755 FCFA 
Labour costs per stove: 

chef 182 FCFA 
welder 16 FCFA 
aid 16 FCFA 
trainees (2) 24 FCFA 

238 FCFA 
Running costs per stove: 

rent of hut 12 FCFA 
electricity 10 FCFA 
transport 11 FCFA 

33 FCFA 
Depreciation: 

welding equipment 4 FCFA 
metal shear 4 FCFA 

8 FCFA 

TOTAL COSTS PER STOVE 1034 FCFA 

Table 5. Costing of the portable metal stove. 

The results of.the castings presented are summarized in table 6. A 

production unit of 2 mason teams building 88 Nouna stoves per month can 

be compared with a metal workshop which produces 1320 Metal 1 stoves 

per month. 
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NOUNA 2 NOUNA 3 !METAL 1 

Sepp Zan go Sepp Zan go 

material costs (FCFA) 2285 2285 2960 3195 3195 3936 755 

labour costs (FCFA) 2800 1510 1503 2800 1510 1503 238 

running costs (FCFA) 2500 1590 2460 2500 1590 2460 33 

depreciation (FCFA) 270 -- -- 270 -- -- 8 

TOTAL (FCFA) 7850 5400 6925 8760 6310 7900 1034 

Table 6. Comparison of costs of the Nouna 2, Nouna 3 and Metal 1 

Table 6 shows that the Nouna 2 and Nouna 3, presently being sold at a 

price of 4500 FCFA and 5SOO'FCFA respectively, are heavily subsidised. 

Even when it is assumed that: 

the demand is large enough and 88 stoves per month are built 

there are no animatrices employed 

there is no chef 

the rent of the location and the depreciation of conveyances can 

be neglected, 

even then it is not possible for a private entrepreneur to compete with 

the prices of the M.F.A. 

Zango concluded in 1981 that an investment of 5000 FCFA in a stove is 

too high for most of the people in Ouagadougou. This regardless the 

fuel savings one can obtain. Probably only the higher classes can 

afford such stoves. The Metal 1 stove, which costs only 1/5 of the 

Nouna stoves, offers an alternative. Due to the lower price, a larger 

part of the population can be reached and a self sustaining 

dissemination system seems to be one of the prospects more likely. 
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4. LABORATORY BOILING TESTS 

Not only economical but also technical obstacles are encountered in 

disseminating high-mass multi pot-hole stoves. In the previous chapter 

it was shown that a portable metal one pot-hole stove was an 

alternative to overcome the economical drawbacks. In this chapter it is 

shown that the one pot-hole stoves also offers better prospectives for 

fuel saving. Thus it is focussed now on the technical aspects of 

woodburning stoves. 

The collection of stoves tested in January and February at the IVE test 

centre, consisted of stoves which are presently being used or 

disseminated in Upper Volta. Successively they are: 

the traditional open fire 

three one pot-hole stoves 

Ceramic 1, a ceramic portable stove, without chimney, with 

grate. 

Metal 1, a portable metal stove, without chimney, with grate. 

Nouna 3-1, a heavy cement stove, without chimney, without 

grate. 

seven two pot-hole, heavy, cement/clay stoves. 

Banfora 2, stove without chimney and grate, the smoke escapes 

alongside the second pan. 

Nouna 2, stove with chimney but without grate. 

Nouna 3-2, stove with chimney but without grate. 

AIDR 2, stove with chimney but without grate. 

Kaya 2, stove with chimney but without grate. 

Titao 2, stove with chimney but without grate. 

CATRU 2, stove with chimney and grate, metal top-plate; special 

pans are needed 

two three pot-hole, heavy cement/clay stoves. 

AIDR 3, stove with chimney but without grate. 

Kaya 3, stove with chimney but without grate. 
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All these stoves were built by the stove builders of the projects which 

disseminate the stoves in question. In this way it was assured that the 

stoves were built as they are in practice. A detailed description is 

given in appendix 1. 

4.1. Test methodology 

The water boiling test can be a low cost and quick method to get a good 

impression of the fuel savings one can obtain with a particular stove. 

A necessary condition herewith is that the stoves are tested together 

with the open fire according to a fixed test scheme. Moreover it must 

be attempted to eliminate all those variables which are not directly 

connected with the construction of a stove but which affect the wood 

consumption substantially. In view of the foregoing it goes without 

saying that water is used to simulate and to replace food. 

All this has led to a controversy between people working in the field 

and those working in laboratories about the usefulness of the test. 

Field-workers often suggest that it is far better to monitor the actual 

wood consumption in families. Laboratory-workers in their turn reply 

that this monitoring so far only resulted in the production of 

questionable questionaires so worded as to give the desired answers, 

namely that the new stoves are superior and save SO% wood or more. The 

controversy blocked the necessary communication between the laboratory 

and the field for quite a while. 

From 1981 onwards attempts have been made to resolve this controversy, 

resulting in several different water boiling tests, standard meal tests 

and tests to gather field data. It has become increasingly clear that 

these three types of tests will form a unity in future. The outcome of 

the discussion between stove experts who met at VITA, Arlington, 

Virginia, December 1982, sets about the same way. A provisional 

standard in stove testing was proposed that aims at ensuring not only 

technical performance but also the socio-economic and commercial 

viability of stoves (VITA 1982). The outcome was not yet published at 
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the time of the preparations for the water boiling test series. That 

the Arlington meeting would propose a new water boiling test procedure 

was however quite certain. In this light it was realised that 

introducing an IVE test procedure would not make sense. That is why the 

methodology used generally followed the draft procedure developed by 

the '~orking group meeting on a woodstove field test standard, 

Marseille, 12-14 May 1982" with which already experience was gained 

(Yameogo et. al. 1982). 

The test procedure is as follows: 

The stove and the area around are swept clean of ashes and other 

debris. Stoves are felt to make sure they are cool. Because of 

their very high thermal mass, the stoves are tested only once a 

day. Cooling takes several hours. 

- Weather conditions, particularly wind, are noted. 

The place of the stoves in the test centre has been chosen in such 

a way that they are all subjected to the same weather conditions. 

- Wood is chopped into pieces of roughly 20*20*500 mm, along with a 

number of smaller pieces to start the fire. All wood, including 

kindling, is weighed. 

The wood species consumed was Eucalyptus camaldulensis, because 

this could be bought in large quantities. The wood had a measured 

moisture content of 6%. 

The pots to be used are weighed. Approximately 3 kg of water are 

added to the pots and the total weight of the pots plus water are 

recorded. 

Except on the Nouna 3-1, the CATRU 2 and the three pot-hole stoves 

only traditional round bottom aluminum pots of size 3 (maximum 

diameter 280 mm.) were used. The CATRU 2 can only be fired with 

special pans, which are lowered into the stove. On the Nouna 3-1 

and also on the third pan-hole of the three pot-hole stoves, a 

traditional pan of size 4 (maximum diameter 308 mm.) have been 

used. The choice of the pan sizes was made on the basis of current 

practice in Ouagadougou. 

The wood is then arranged in the stove, a small amount of kerosene 

is added to the wood and the wood is set on fire. While the fire 
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becomes established, the water temperature is taken. When the fire 

is burning well, the pots are placed on the stove and the 

experiment starts. 

The temperature of the water is recorded every 5 minutes until the 

water of the first pot starts boiling. The wood is pushed in or 

added in order to maintain a resonably steady but not excessively 

large fire. Different stove testers vary in their attitude as to 

what constitutes a reasonably steady and not excessively large fire 

(this variation was reduced by attempting to ensure that a tester 

tested each stove the same number of times.) Observations such as 

the color and extent of smoke, the effect of the wind on the stove 

or flames shooting out the door or stove top are recorded. 

As soon as the water starts boiling the flames are blown out; the 

wood left and the pots are weighed and recorded. The amount of 

charcoal left in the stove is neither weighed nor estimated. (It 

was found to be too disruptive to sweep up the charcoal in the 

stove and on the ground below, weigh it and put everything back 

together for the second phase of the test. The pots cooled 

exessively and the fire was more difficult to restart.) In those 

cases where the first pot refused to come to the boil, i.e., where 

it would stay at a temperature of 90 C for more than 15 minutes, 

the first part of the test would be ended as just described, and 

the second part started as though the first had been successfully 

completed.) 

No lids of any sort are used during any part of the test. The pots 

remain completely uncovered throughout. 

After all wood and pot weights are taken and recorded, a small 

amount of wood is again taken from the larger pile, weighed and 

added to the stove. The fire is relit, the water temperature 

recorded, the pots of water returned to the stove and timing begun 

again. 

Temperatures are again recorded every five minutes. The fire is 

maintained at a steady level, to keep the water temperature in the 

first pot above 90 C but below a vigorous boil. (In several cases 

the temperature dipped below 90 C; this was ignored in calculating 
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the stove efficiency or deciding whether or not to include the 

data.) Again lids were not used on the_pots. 

After 60 minutes the fire is again blown out, the weight of the 

remaining wood recorded, the pot weights recorded, and the weight 

of the charcoal remaining after the test recorded. 

The results obtained from the water boiling tests are expressed in: 

Efficiency numbers or PHU's (percetage of heat utilised), which are 

in fact the ratio between the heat absorbed by the pan and the heat 

released in the fire. 

Power outputs, which give the heat released in the fire per unit of 

time. The power output is fudamentally equal to the wood 

consumption per unit of time multiplied by its calorific value. It 

gives information about the fierceness of the fire. 

The importance of the efficiency and power output concept has been 

discussed extensively by Krishna Prasad (1981). The discussion can be 

summarized by stating that stoves should have high efficiency numbers, 

but that this alone is not enough. Stoves also should be able to supply 

power outputs which are in agreement with the heat really needed for 

cooking. In other words: it is the combination of efficiency and power 

output, which determines wether a stove saves fuel or not. 

For each experiment different efficiencies and power outputs can be 

defined. Firstly they can be split-up to characterize the different 

periods of the water boiling test. In the first part of the experiment 

the power output of the fire is kept as high as reasonably possible (no 

flames leaking out of the entrance hole, no thick smoke leaving the 

chimney). The second phase (after the water in the first pan' reached 

boiling point) the power of the fire is reduced to a level at which 

water in the first pan only just simmers. In this way efficiency 

numbers at a maximum and minimum power level are determined. The first 

one represents the efficiency of the stove when food is brought to 

boiling point, milk or water is heated, tea is made etc •• The second 

one gives the efficiency when food in the first pot is cooked, when 

meat is stewed or a sauce simmers. 
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Another way of looking at the boiling tests is to distinguish pan 

related efficiency numbers. The total heat absorbed by all the pans on 

the stove is split-up in heat absorbed by each pan separately. These 

numbers give for example information about the possibilities to prepare 

a two dish meal using a two or three pot-hole stove. 

The efficiencies and power outputs mentioned sofar can be corrected for 

the amount of charcoal left over after the experiment. In this report 

that is not done, instead Yameogo's thesis is referred to. The 

different definitions in words and formula form are given in appendix 

2. 

The testing has been done by four to five people. Due to the test 

methodology used herewith a possible source of error is introduced. The 

performance of a stove is believed te be strongly dependent on the way 

the fire is tended. By having the stoves tested in rotation the 

influence of the individual operator is minimized. 

A second source of error is the dependence of the performance on the 

weather (wind) conditions. This diffic~lty cannot be overcome easily 

but by heaving the stoves tested in rotation it was ensured that every 

stove was subjected to the same overall weather conditions and that 

misrepresentations were anticipated. 

In total ten water boiling tests per stove were done. The results of 

the series were averaged per stove. The mean efficiency numbers 

obtained are reasonably accurate, the standard deviations do not exceed 

2% (Yameogo 1983). The deviations from the average power output of the 

fire are much larger. As expected, stove testers apear to have 

substantially different ideas of what the power output in the 

heating-up period should be. These differences are large, especially 

for the three pot-hole stoves. The data for the AIDR 3 presented in 

appendix 3, show a power variation in the heating-up period of a factor 

2. The influence of the power variation on the efficiency numbers is 

however small. This is in agreement with Bussmann et. al. (1983). 
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4.2. Total efficiency 

The total efficiency numbers for the heating-up and simmering period as 

a function of the power of the fire are shown in figure 3a and 3b. The 

results of all the tests are tabulated in appendix 3. 
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Fig. 3. Total efficiency as a function of the power output in the 

heating-up period (Fig. 3a) and the simmering period (Fig. 3b) 

In connection with these graphs two remarks have to be made. Firstly 

the figures reveal a much higher efficiency number for the traditional 

stove, the open fire, than was expected. It is often stated that the 

open fire's efficiency is rather poor (between 3% and 10%, table 7). 

The results of tests done at the IVE do not confirm this. Mean 

efficiencies for the heating-up and simmering period are found to be 

11% and 16% respectively. Herewith the IVE results are in better 

agreement with those obtained in other laboratories (table 8). 

The second point which has to be brought to the attention with 

reference to figure 3a and 3b is the exceptional results of the one 

pot-hole stoves (stove number 3 and 13). Their efficiencies are 

significantly higher than those of the multi pot-hole stoves. Herewith 

the figure clearly shows the incorrectness of the idea behind 



Cooking method 

open fire 
open fire 
open fire 
open fire 
open fire 
open fire plus 
a few rocks 

primitive stoves 
three stones 
stoves, fireplaces 
three stones 
three stone system 
open fire 
three stones 
two stones 
open fire 

three stone method 
open fire 
some stones 

trad. open fire 
pot with three legs 
open fire 
traditional 
some stones 

open fire 

trad. ways of 
burning wood 

open fire 

Author 

IAE '78 
Gamser '79 
Hammer '80 
Morgan, Moss '80 
Openshaw '77(?) 
VITA '80 

Desch '73 
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Ki-Zerbo,De Lepeleire'79 
Knowland, Ulinski '79 
Moss, Hall '80 
Club du Sahel '79 
Dunkerley '79 
Mnzava '80 
Weir, Richoldson '80 
Makhijani, Poole '75 

Morgan et.al. '79 
Goldemberg, Brown '79 
Arnold '79 

ROCAP '79 
Best '79 
Revelle '78 
Floor '78 
Floor '77 

Argal '78 

Spears '78 

Frida '80 

Quoted, 
measured 
efficiency % 

5 - 15 
10 
6 - 8 
5 - 10 
7.5 
very 
wastful 

10 
3 - 8 
2 - 10 
often 7 - 8 
3 - 8 
10 
10 - 12 
3,8 - 5,1 
5 

5 - 10 
5 - 10 
8 

2 10 
aver. 2,54 
10 
8 
8 

Source of 
efficiency 
data quoted 

no source given 
no source given 
no source given 
no source given 
no source given 
no source given 

no source given 
no source given 
no source given 
no source given 
no source given 
no source given 
no source given 
water simmering 
comparison energy 
use US-India 

Goldemberg, Brown 
Franklin et.al. 
.Makhijani, Brown 
.Floor 
no source given 
boiling tests 
Revelle '76 
Floo·r '77 
le Developpement 
Voltaique '76,40 

1/4 eff. no source given 
ker. stoves 

1/5 eff. no source given 
ker. stoves 

2,5 Ascough 

table 7: quoted or measured efficiency of the open fire in the field. 

Cooking method Author Quoted, Source of 
measured efficiency 
efficiency % data quoted 

three stones Joseph, Shanahan I 80 12 - 30 boiling tests 
three stones Brattle '79 12 - 25 boiling tests 
open fire Krishna Prasad et. al. '80 18 - 24. boiling tests 

table 8: quoted or measured efficiency of the open fire in laboratories 
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statements like: 

"With the traditional three stone fire two fires are needed for 

preparing a meal: one for the sauce and one for the pate. With the 

new stove however only one single fire is lit and the heat of that 

fire will heat two pans at the same time. In this way a meal can be 

prepared using less wood." (GRAAP 1982)' 

The efficiency is not determined by the number of pots that is exposed 

to the fire, more important is the size of the heat transferring area, 

the temperature and velocity of the gases at this area etc. There even 

is strong evidence to believe, that the one pot-hole stove offers 

better opportunities to optimize the quantities mentioned (and thus 

the efficiency) than the two or three pot-hole stoves. With a stove 

similar to the one pot-hole stoves tested at the IVE research centre, 

efficiencies of 50% already have been obtained (Visser 1982). 

4.3. Power output 

It is the combination of efficiency and power output which 

characterizes a stove. The total efficiency numbers have been 

discussed in the previous paragraph, now attention is focussed on the 

power output. The mean power outputs in the heating-up and simmering 

period are shown in table 9. They are called Pmax and Pmin 

respectively. 

'Chapitre 4: Les advantages du foyer ameliore. 

Un seul fue chauffe pour 2 marmites. 

"Avec le foyer traditionel a trois pierres il faut allumer 2 feux pour 

preparer le repas: un pour la sauce et un pour la pate. Tandis qu'avec 

le nouveau foyer j'allume un seul feu et le chaleur. de ce feu va 

chauffer pour 2 marmites en meme temps. De cette facon, je peux preparer 

le repas en utilisant moins de bois qu'avant." 
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Stove Pmax Pmin Pmax (tbl)meas (tbl)cal 
(kW) (kW) Pmin (min) (min) 

Open fire 9.8 6.2 1.6 30 + 13 25 -
Ceramic 1 6.4 4.0 1.6 17 + 4 18 

Metal 1 9.8 5.0 2.0 14 + 2 14 

Nouna 3-1 9.8 6.9 1.4 24 + 4 23 -
Banfora 2 9.4 7.1 1.3 26 + 4 25 -
Nouna 2 9.4 7.6 1.2 29 + 7 28 -
Nouna 3-2 10.5 9.2 1.1 25 + 7 23 

AIDR 2 10.2 8.1 1.3 25 + 4 26 -
Kaya 2 10.5 7.9 1.4 36 + 7 30 -
Titao 2 11.3 8.9 1.3 46 + 12 32 -
CATRU 2 8.9 8.1 1.1 25 + 4 25 

AIDR 3 13.9 10.0 1.4 23 + 5 22 -
Kaya 3 12.7 10.1 1.3 40 + 9 29 -

Table 9. Maximum power (Pmax), minimum power (Pmin), turn down ratio 

(Pmax/Pmin), measured boiling time of the first pan (tbl)meas. 

and calculated boiling time of the first pan (tbl)cal •• 

Once the maximum power (Pmax) and the efficiency of the stove based on 

the heat absorbed by the first pan in the heating-up period (n1', see 

appendix 2) are known, it is possible to calculate the time needed to 

bring an amount of water in the first pan to the boil by using the 

simple formula: 

mw1* Cp * ·(Tb - Ta) 1 
tbl = ·(min) 

n1' * Pmax 60 

where mwl: mass of water in the first pan 

Cp specific heat of water 

Ta ambient temperature 

Tb .boiling temperature 

The time needed to bring three litres of water in the first pan to the 

boil has been tabulated (tb1)cal and can be compared with the measured 
boiling times (tb1)meas. The differences are due to the fact that in 
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the heating-up period energy is carried away by evaporating water 

whereas this has not been taken into account in the formula for tbl. 

The longer the boiling time the more important this becomes. The 

measured and calculated boiling times approach each other however when 

a lid is used and thus evaporation is prevented. 

As stated before, stove testers appear to differ substantially in 

their appreciation of what the maximum power is. This results in a 

large variation in the measured average boiling time as shown in the 

table. The open fire has these variations in the extreme. 

The minimum power is defined much more unambiguously, resulting in 

smaller variations. The criterion used to determine Pmin is that 

during the simmering period the water in the first pan is just 

boiling. The heat losses in that case are only balanced, no extra heat 

is supplied because that would result in unnecessary extra 

evaporation. The heat loss from the pan is not only due to evaporation 

of water; convection and radiation from the pan wall are also of 

importance. The processes mentioned are determined by the surface area 

of the pan wall exposed to the cold environment, the pan wall 

temperature, the weather conditions and to the extent water is 

boiling, the rate of evaporation. Going through this list of 

parameters the following remarks can be made: 

the surface area exposed to the environment is largely dependent 

on the pan size and the position of the pan on the stove, i.e. how 

far the pan can be lowered into the stove-body. The size of the 

first pan have been the same for all the stoves except the CATRU 

2. Moreover the position of the first pan relative to the 

stove-body hardly changes for the different stove designs. Only 

the Ceramic 1, the Metal 1 and again the CATRU 2 form exceptions. 

The pan wall temperature during the simmering period is determined 

by the temperature of the boiling water, + 100 C. 

the weather conditions, especially the intluence·ofthe wind 

cooling down the pan wall is of the utmost importance It has 

however already been mentioned that special precautions have been 
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taken to reduce this influence on the results. 

the extent to which the water boils is determined by the test 

methodology and is again independent of the stove type. 

All the parameters mentioned appear to be independent of the stove 

type. As a result one may expect that the heat loss of the first pan 

during the simmering period is nearly the same for all the stoves. 

The fact that the heat loss must be balanced by the heat input finally 

leads to the formula: 

nl" * Pmin = c 

where nl" = the first pan efficiency during the simmering period. 

c = a constant which is independent of the stove type 

This train of thought is confirmed by measurements as shown in fig. 4. 

The graph is similar to the one shown in fig. 3b. Both graphs show 

efficiencies as a function of the power output in the simmering 

period. The difference is that in figure 4 the efficiency numbers are 

based on the quantity of heat absorbed by the first pan only (nl 11
). 
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Fig. 4. Efficiency, based on the heat absorbed by the first pan in the 

simmering period, as a function of the power of the fire. 
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The test results of the different stoves can be grouped around a 

parabola shaped curve for which : 

n1" * Pmin = 1.16 kW. 

Thus the heat loss from the simmering pan is equal to 1.16 kW which is 

independent of the burning characteristics of the stoves. It is 

important to realize that as a consequence the minimum power output is 

defined by the test methodology and that this Pmin is not necessarely 

the minimum power the stove can produce. Preliminary tests have shown 

that the heat loss can be reduced by a factor three when water is 

carefully kept simmering in a pan with a lid. De Lepeleire (1983) even 

found a factor 5. The question whether the stoves examined can be 

operated with a power output equal to only 33 % of Pmin cannot be 

answered yet, supplementary tests need to be done. 

The foregoing discussion also explains the low value of the ratios 

between Pmax and Pmin tabulated (table 9). It is believed that a good 

stove should have a turn down factor of 6 and not 1.5 as shown in the 

table. 
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5. BOILING TESTS IN THE FIELD 

The value of laboratory test results for daily cooking practice is 

often questioned. It is stated that the open fire only performs well 

under laboratory conditions, when the fire is completely protected 

against wind influences etc •• Although the IVE test centre provides 

some shelter to the open fire, it is believed that this is not better 

than one will find in most of the homes in Ouagadougou. To check this a 

test programme was carried out in the kitchens of 30 families in one of 

the residential areas of Ouagadougou. Simple water boiling tests were 

done to investigate the efficiency of the traditional open fire in 

reality. The tests were performed on the most frequently used 

fireplaces and with the most frequently used pans. Because of this the 

tests could only be done outside the hours the women normally cooked. 

Access to the families was obtained by the stove testers doing the 

actual work; they lived in the neighbourhood and knew most of the 

people. Nevertheless they had to do much talking to explain what was 

going on; without their positive attitude towards the work the test 

series never would have been carried to a succesful conclusion. The 

test methodology used was a simplified version of the one used at the 

IVE test centre. The simplifications were brought in because only one 

balance was available to measure the quantities of water and wood. The 

balance with a precision of 8 g. (Yameogo et. al 1982) was placed in 

the centre of the test area from where the stove testers visited the 

families. The average distance the stove testers had to walk was about 

SO m. This distance was the reason why it was decided not to split up 

the experiment in different periods. It would have taken too much time 

to measure the water and wood quantity after the heating-up period 

resulting in an unacceptable temperature drop of the fire place and of 

the water in the pan. To reduce the number of weighing actions further, 

the stove testers were suppl-ied -with wood bundl-e-s· of-!kg. which were 

made beforehand. The stove testers got the instruction to stop the 

experiment when a bundle was burnt completely. Doing so the recovery 
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and weighing of wood and charcoal left over after the experiment became 

redundant. By and large the recovery was felt to be too complicated. At 

the IVE centre it already appeared to be an arduous task, let alone 

when one had to walk a much larger distance to the weighing equipment 

and knowing that this equipment was less accurate. The only weighing 

left was that of the water before and after the experiment. A sample 

data tests sheet is shown in appendix 4. The results of the tests are 

summarized in table 10. 

run fire pan pan p n run fire pan pan p n 
no in size height no in size height 

open (em) (kW) (%) open (em) (kW) (%) 
air? air? 

1 y 2 10 5.8 17.0 16 y 4 15 7.7 12.7 
2 y 2 11 6,7 8.1 17 y 4 15 9.1 13.0 
3 y 2 12 7.3 9.6 18 y 4 18 10.0 10.4 
4 y 2 12 6.4 14.8 19 n 2 9 4.4 19.1 
5 y 3 10. 4.8 13.9 20 n 2 10 5.2 15.6 
6 y 3 11 8.1 11.9 21 n 3 12 5.5 16.3 
7 y 3 12 5.4 14.5 22 n 3 13 5.3 17.8 
8 y 3 12 7.5 11.2 23 n 3 14 5.0 14.5 
9 y 3 13 7.9 11.6 24 n 3 14 5.3 13.0 

10 y 3 14 6.7 8.2 25 n 3 .15 6.8 12.3 
11 y 3 14 8.6 15.0 26 n 3 16 6.7 13.4 
12 y 3 15 9.4 11.1 27 n 3 16 6.7 19.0 
13 y 3 16 6.7 14.6 28 n 3 16 7.5 16.7 
14 y 3 16 6.7 15.8 29 n 4 10 5.5 17.4 
15 y 4 14 10.0 9.5 30 n 4 14 8.6 15.0 

Table 10. Data from field experiments with open fires. 

The most important result which can be derived from the table is shown 

in figure 5. 
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thirty families. 
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Although the programme was executed during those days of January when a 

strong cold desert wind (Harmattan) was blowing, the efficiency numbers 

range from 8% to 20%! From these results it is clear; people know the 

amount of money they spend on buying wood. They will not allow the wind 

to play around with their expensive energy. Thus also at the family 

level the open fire normally is sheltered to some extent. That is why 

the IVE boiling test results are believed to reproduce faithfully what 

is happening in the people's kitchens. One can conclude that the open 

fire efficiency being that high shows that potential customers should 

be very wary of buying most of the new stoves presently being 

introduced. It may well be that the investment in such a stove is not a 

paying proposition. 

The average efficiency and power output of the family water boiling 

test appear to be 13.8 %and 6.9 kW respectively. These results are in 

strikingly good agreement with the water boiling tests done at the IVE 

test centre where an average efficiency of 13.8% and an average power 

output of 7.1 kW was found. This leads to the conclusion that reality 

is well simulated at the centre. 

The efficiency numbers as a function of the fuelbed-pan distance are 

shown in figure 6 while in table 11 they are given for different pan 

sizes. 

Laboratory tests done by the Woodburning Stove Group 

Eindhoven/Apeldoorn showed an increasing efficiency when the 

fuelbed-pan distance was decreased or the pan surface area exposed to 

the flames was increased. (Claus et.al.1983, Bussmann et.al. 1983). 

These dependencies do not show up in the efficiency numbers obtained. A 

possible explanation can be found in table 11. It is shown that the 

pan-fuelbed distance is dependent on the size of the pans used. The 

influence of these changes on the efficiency oppose each other and 

could disappear. 
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pan number T) pan 
size of height 

tests % em 

2 6 14 10.7 

3 18 14 13.8 

4 6 13 14.3 

Table 11. Relation between pot 

size,efficiency and 

fuelbed-pan distance 

From figure 6 it can be concluded that the effects mentioned sofar are 

probably overshadowed by the influence the wind has on the efficiency. 

In the figure the results of experiments done in the open air are given 

by solid dots while the test results from an open fire at a roofed-in 

kitchen area are represented by small circles. The latter are 

consistendly higher because of the better protection of the fire 

against wind. The average efficiencies of the open-air and roofed-in 

open fires are 12% and 16% respectively 

I 
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6. STANDARD MEAL TESTS 

If the objective of stove programmes is only to introduce fuel 

conserving stoves without regard to the numbers introduced, the selling 

costs per stove, the durability of the stove and the dissemination 

system, one might conclude from the previous chapters that most of the 

high-mass stoves tested are satisfactory. In this chapter it will be 

shown that this conclusion is far too optimistic. 

The series of experiments at the IVE research centre have been 

completed with so-called standard meal tests. The reasons for these 

tests are two-fold. Firstly they give stove buyers and designers a more 

realistic picture of the fuel-saving capabilities of stoves than 

standard water boiling tests do. Secondly they are of great help for 

stove designers how to interprete the water boiling test data. The 

standard meal tests offer however not only advantages; important 

drawbacks are the complexity of the test, the long time needed per 

experiment and the higher costs involved. These are the reasons why the 

test series could not be as extensive as the water boiling test series. 

Four different women carried out the work involved. In the first series 

one of them tested all the stoves while in the second the others did 

experiments on five selected stoves only. The selection was made on the 

basis of figure 3 as well as on an evaluation of the different stove 

types. The stoves selected are successively: 

the Banfora 2; a two pot-hole chimneyless heavy clay stove (highest 

efficiency of the whole class of multi pot-hole designs). 

the Nouna 2; a two pot-hole heavy clay stove with a chimney 

(highest efficiency of the two pot-hole designs with a chimney). 

the AIDR 3; a three pot-hole heavy clay stove with a chimney 

(highest efficiency of the three pot-hole designs). 

the open fire; traditional stove (reference stove with which all 

the other stoves are compared). 
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6.1. Test methodology 

A standard meal test implies the preparation of a typical dish of the 

area involved. The so-called "to with sauce", a millet meal porridge 

and a sauce consisting of meat, vegetables, spices, water and some oil, 

has been taken for the purpose. The kind of sauce varies with the 

vegetables and meat (when people can afford it) that is used. The 

amount of food processed, the quantity of wood used and the time needed 

to prepare the meal are the points of interest. 

In the series of experiments every time the same sauce was prepared. 

The quantities of the ingredients were held as constant as possible. 

They were determined after mutual agreement and had to be adjusted by 

the time the second round of experiments started and more people got 

involved. The final quantities used are given in table 12. The changes 

introduced are given in parethesis. 

Sauce 
-oil 
- meat 
- onions 
- fresh tomatoes 
- tomato puree 
- water 
- spices 
- gombo 

100 g 
450 g 

70 g 
300 g 

50 g 

To 
- water 
- millet meal 
- tamarind water 

2500 g (+500 g) 
50 g 

100 g 

Table 12. Ingredients of the standard meal: "To with sauce" 

4000 g 
1000 g 

500 g 

Gombo (Hibiscus esculantus) is used to thicken the sauce after the meat 

is done. Tamarind water gives the to its taste. It is water in which 

tamarind has been soaked for some days. Only the flavoured water is 

used. In the second series of to-tests an extra amount of 0.5 kg water 

was used to prepare the sauce. This leads to a relative change of 6% in 

the initial weight of the processed food in both series. Differences 

also showed up within the series itself but they were neglegibly small, 

they never exceeded 2%. 
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The only instruction the women got was to stick to the prescribed 

quantities of food. For the rest they were left completely free. It was 

expected that the differences arising from this would be very 

important. What should be answered in this respect are questions like: 

How do people judge whether the meal is ready, how do they cook in 

general, how often do they check the fire, how do they fire the stove 

etc.? It fell however beyond the scope of the present study to answer 

all those questions. In the next paragraph we return to this subject. 

6.2. The wood consumption 

In table 13 the data from all the experiments are given. 

Stove woman InitiaJ ;.~ei ht kg. Final weight kg. water time J wood use kg 
sauce to total sauce to total evap. • per 

kiZ min' stove 
open fire 1 3.12 5.56 8.68 2.17 4.97 7.14 1.54 100 2.02 2.1 

2 3.62 5.50 9.12 2.40 4.94 7.34 1. 79 84 2.29 
3 3.62 5.50 9.12 2.61 4.94 7.55 1.57 91 2.18 
4 3.62 5.50 9.12 2.55 5.05 7.60 1.52 123 1.96 

Ceramic 1 - - - - - - - - - - -
Metal 1 1 3.12 5.43 8.55 2.26 4.75 7.01 1.54 90 1.23 1.3 

2 3.62 5.45 9.07 2.42 4.96 7.38 1.69 81 1.37 
3 3.62 5.52 9.14 2.14 5.01 7.15 1.99 88 1.25 
4 3.62 5.50 9.12 2.67 4.88 7.55 1.57 95 1.15 

Nouna 3-1 - - - - - - - - - - -
Banfora 1 3.12 5.54 8.66 2.11 4.85 6.96 1. 70 74 1.92 1.9 

2 3.63 5.50 9.13 2.89 4.20 7.09 2.04 61 2.06 
3 3.62 5.50 9.12 2. 72 4.94 7.66 1.47 89 1.63 
4 3.62 5.50 9.12 2.57 4.93 7.50 1.62 93 1.90 

Nouna 2 1 3.12 5.47 8.59 2.46 4.76 7.22 1.37 55 1.90 2.0 
2 3.62 5.50 9.12 2.37 4.99 7.36 1. 76 78 1.92 
3 3.62 5.50 9.12 2.39 4.93 7.32 1.8o· 90 1.90 
4 3.62 5.50 9.12 2.48 4.89 7.37 1. 75 90 2.12 

Nouna 3-2 1 3.12 5.40 8.52 2.84 4.60 7.44 1.08 65 1.69 1.8 
AIDR 2 1 3.12 5.41 8.53 1.89 4.53 6.42 2.11 70 2.21 2.3 
Kaya 2 1 3.12 15.46 8.58 2.34 4.80 7.14 1.65 65 2.06 2.2 
Titao 2 1 3.12 ~.67 2.31 4. 71 7.02 1.65 84 3.06 3.2 
CATRU 2 1 3.12 15.41 .53 2.91 4.07 6.98 2.55 65 2.06 2.2 
AIDR 3 1 3.12 p.49 8.61 2.07 4.55 6. 72 1.99 80 2.22 2.3 

2 3.63 p.50 9.13 2.55 4.94 6.99 1.64 86 2.09 
3 3.60 ~.69 9.29 2.38 4.92 7.30 1.99 69 2.52 
4 3.62 5.50 9.12 2.31 4.75 7.06 2.06 67 2.39 

Kaya 3 1 3.07 p.41 8.48 2.13 4.28 6.41 2.07 80 3.50 3.7 

table 13: standard meal test data. 
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To compare the wood consumption of the first and second test series one 

must take into account the differences in weight of the food cooked. 

This is done by multiplying the measured amount of wood burnt in the 

first series with the ratio of the different food quantities. In 

formula form: 

Mf1 
Mw2 = * Mw1 = 1.058 * Mw1 

M£2 

where Mw wood consumption 

Mf initial food quantity 

subscripts 1 and 2 refer to the first and second series 

respectively 

The corrected figures are used to make up the final column of table 13. 

From table 14 one can conclude that the variation introduced by having 

four people doing the job is of the order of 10 % (100 g) which is 

surprisingly small. 

Stove Wood used (kg 
woman1 woman2 woman3 woman4 average 

Open fire 2.1 2.3 2.2 2.0 2.1 
Ceramic 1 -
Metal 1 1.3 1.4 1.3 1.3 1.3 
Nouna 3-1 -
Banfora 2 2.0 2.1 1.6 1.9 1.9 
Nouna 2 2.0 1.9 1.9 2.1 2.0 
Nouna 3-2 1.8 
AIDR 2 2.3 
Kaya 2 2.2 
Titao 2 3.2 
CATRU 2 2.5 
AIDR 3 2.3 2.1 2.5 2_.4 2.3 
Kaya 3 3.7 

Table 14. Wood consumption for preparing a standard meal 

Striking to see is that the shielded fire is the only stove which 

really saves wood; the open fire can compete with all the others! ! The 

results of the Kaya 3 and the Titao 2 really give one food for thought, 

they need much more wood than the open fire, 50 % and 75 % 

respectively!! What a situation, the very idea!!! 
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6.3. Switching pans and efficiency numbers 

To explain the wood consumption figures it is important to observe that 

during the to test the first and second pot are switched. To understand 

the importance of this observation one needs to know some details of to 

preparation. The cooking procedure is as follows: 

One starts with the preparation of the sauce in the first pot. Meat 

is fried in oil for about 5 minutes, whereafter vegetables, water 

and spices are added. This mixture is brought to the boil and is 

kept simmering until the meat is done ( ~ 50 minutes). The sauce is 

nearly ready, it needs only some thickening which takes place after 

the pans have been switched. The second pot is placed on the first 

pot-hole and the water in the pan, which has been heated to some 

extent during the sauce preparation, is further brought to the boil. 

Bit by bit millet meal is added and the water meal mixture (to) is 

kept boiling for ~· 10 minutes on a very low fire. During this time 

the to is stirred firmly to prevent it from burning and curdling. 

Once the to has the right thickness, it is ladled in bowls and the 

preparation is finished. The total cooking time is about 1.25 hours. 

It is stressed here that the pots are switched at the moment the sauce 

is nearly done. In other words, the preparation of the to and sauce 

takes place in sequence on the first pot-hole. The second pot-hole is 
11only11 used to preheat water for the to and to keep the sauce warm for 

a while. Thus, the two and three pot-hole stoves are used as if they 

had only one pot-hole. The effect of this is that one should not use 

the overall efficiency numbers to explain the to test results or to 

compare the different stoves; one should use the efficiency numbers of 

the first hole. Only the heat absorbed by the first pan is usefully 

used while the overall efficiency number (nt) also includes the heat 

absorbed by the second pan (n2), the third pan (n3) etc •• (nt = nl + n2 

+ n3 + •.•• ) 

The efficiency numbers based on the heat absorbed by the first pan (n1) 

a~ a function of the power of the fire have been plotted in a graph 

(figure 7). 
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Fig. 7. Efficiency, based on the heat absorbed by the first pan only, 

as a function of the power of the fire. 

The average efficiency number of the first pot over the whole standard 

water boiling test (heating-up and simmering period) was chosen for the 

purpose because the boiling test was believed to simulate the normal 

cooking procedure. 

The position of the open fire with respect to the multi pot-hole stoves 

improves considerably in comparison with the total efficiencies shown 

in figure 3a and 3b. More important however is that the wood 

consumption calculated on the basis of figure 7 agrees well with the 

meas~red quantities, while calculations based on the total efficiencies 

differ a lot. This conclusion can be drawn from table 15, where the 

measured quantities of wood used for the to test (Mw)meas can be 

compared with the calculated amounts based on the first pot efficiency 

(Mw)cal.1 and the total efficiency (Mw)cal.t. The numbers underlined in 

table 15 are of special interest because they belong to the stoves with 

which several to-tests have been done. 
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Stove wood consum tion to test (kg) 
measurement calculation 

(Mw)meas (Mw)cal.1 (Mw)cal.t 
Open fire 2.1 2.12 2.12 -- --Ceramic 1 -
Metal 1 1.3 1.14 1.14 -- -- --Nouna 3-1 -
Banfora 2 1.9 1.96 1.38 
Nouna 2 2.0 2.18 1.51 
Nouna 3-2 1.7 2.15 1.63 
AIDR 2 2.2 2.14 1.58 
Kaya 2 2.1 2.50 1. 76 
Titao 2 3.2 3.25 2.38 
CATRU 2 2.5 1.99 1.49 
AIDR 3 2.3 2.38 1.62 
Kaya 3 3.7 3.33 1. 73 

Table 15. Comparison of measured and calculated wood consumption for 
preparing a standard meal. 

The formula used in the calculations for table 15 are: 

(n)open fire 
(Mw)cal.1 = (Mw)open fire * and 

(n1 )stove 

(n)open fire 
(Mw)cal. t = (Mw)open fire * respectively. 

(n1+n2+n3+ )stove 

The wood consumption data of table 15 have been plotted in a graph 

(figure 8). The calculated wood consumptions are plotted as a function 

of the measured ones. The line drawn under an angle of 45° connects the 

points for which the measured and calculated wood consumption 

correspond. On the left hand side of this line the measured consumption 

is lower than calculated while on the right hand side it is higher. The 

solid dots give the points for which the calculations are based on the 

total stove efficiency while the small circles represent the 

calculations for which only the first pot efficiency is used. The 

circles and dots through which a cross has been drawn represent the 

average results of the stoves with which four cooking tests were done. 

The figure shows again that it only makes sense to compare thestoves 

examined on basis of the first pot efficiency. The circles are neatly 

concentrated around the drawn line. 
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Fig. 8. Measured and calculated wood consumption of a standard meal 

It has been concluded that the wood consumption does not change more 

than 10 % when a stove is tested by different people. The time required 

to do the cooking is however much more dependent on the person who does 

the job. A similar statement h~s been made in chapter 4 where the water 

boiling test results were examined: the time needed to bring three 

litres of water to the boil differs a lot because stove testers appear 

to differ substantially in their appreciation of what the power of the 

fire should be. As a result a deviation from the average cooking time 

of 20 % is found. Due to these big differences it is difficult to draw 

general conclusions. From table 13 one might conclude that the cooking 

is done more rapidly on the multi pot-hole stoves but this is really 

due to the fact that only o n e one pot-hole stove has been used. In 

practice two of them should be installed, like in using the open fire. 

6.4. Efficiency numbers and switching pans 

Safar no explanation has been given for the observed cooking behaviour 

during the to tests. It will be shown now that the water boiling tests 

provide the necessary data to get a better understanding. 

The conclusion of the previous paragraph has been that the multi 

pot-hole stove is used as if it were a one pot-hole stove together with 



-38-

a pan warming burner. People switch pans. The question that arises is 

why do they do so? The answer can be found ·by analysing the data 

obtained from the heating-up period of the water boiling test. The data 

show that the heat absorbed by the second pan is more than a factor 2 

smaller for the first pan. Having the same quantities of food cooked in 

both pans, it will result in a boiling time for the second pan which is 

more than twice the one for the first pan. The quantities are however 

usually not equal. The standard meal tests showed that the quantity of 

to prepared in the second pot is about 5 kg, while the sauce quantity 

in the first pot is 3 kg. This difference results in a further increase 

of the boiling time of the second pot. The time needed can be 

calculated in the same way as has been done in table 9 of paragraph 

4.3. The results are shown in table 16 the first two columns. 

Stove Boiling time (min) 
panl pan2 panl pan2 
3kg 5kg 5kg 3kg 

Open fire 29 104 48 62 
Ceramic 1 18 - 30 -
Metal 1 14 - 23 -
Nouna 3-1 23 - 38 -
Banfora 2 25 93 42 56 
Nouna 2 28 104 47 62 
Nouna 3-2 23 112 38 67 
AIDR 2 26 97 43 58 
Kaya 2 30 98 50 59 
Titao 2 32 132 53 79 
CATRU 2 25 168 42 100 
Kaya 3 29 104 47 62 
AIDR 3 22 105 37 63 

Table 16. Calculated boiling times 
case a: pan1 3 kg and pan2 5 kg 
case b: pan! 5 kg and pan2 3 kg 

To get 5 kg of food boiling in the second pan takes 93 to 168 minutes! 

This result is even more upsetting if one realizes that the calculated 

boiling times are based on the assumption that the heat absorbed by the 

pan is only used to heat-up the food. The heat losses from the pan wall 

to the surroundings and due to escaping steam, are assumed to be zero. 

In reality this assumption will never be fulfilled. It is only 

approximated when the pans are closed tightly with lids and the cooking 

is done in a wind free surroundings. 
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A possible solution to the problem described would be to prepare the 5 

kg of to in the first pot and the 3 kg of sauce in the second. As has 

been shown in column three and four of table 16 however, this does not 

lead to acceptable boiling times either. It would take an hour or more 

to get the sauce boiling whereafter at least another 30 minutes are 

needed to do the meat. Herewith it is explained why people have to 

switch pans. It is the only option left to heat-up food in b~th pots 

quickly. 

What has not been explained yet is the reason why switching does not 

take place immediately after the first pot starts boiling. Why do 

people wait until the sauce is nearly ready? In principle this observed 

cooking behaviour can be explained using the data of the water boiling 

tests again. The problem arises that, in contrast with the boiling 

tests, the standard meal tests have been done with lids on the pans. It 

is however believed that using a lid or not does not really change the 

cooking procedure; that in both cases the same line of reasoning can be 

used to explain it. 

It is assumed now that the first pot is placed on the second pan-hole 

after it starts boiling. The heat input into the pan will decrease 

because the pan is not exposed directly to the fire anymore. In a 

previous paragraph it has been shown that the heat losses from a 

simmering pan without a lid in the first pot-hole is 1.16 kW. Looking 

at the more pot-hole stove designs one arrives at the conclusion that 

this will be the heat loss of the same pan on the second pot-hole too. 

This because not only the surface area of the pan exposed to the 

surroundings remains the same, but also the pan wall temperature (100 

C) and the rate of evaporation (simmering conditions). Thus the heat 

input must balance the same heat loss. In formula form: 

n2' * Pmin = 1.16 kW 

The value of n2 is known from the boiling tests. Due to the fact that 

the heating-up period is pursued after the pans are switched, n2 
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is taken to be the efficiency of the second pot in the heating-up phase 

(high power output). Using the formula, the power of the fire needed 

can be calculated. The results are shown in figure 9. 
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3 metal I 
4 nouna 3-1 
5 banfora 
6 nouna 2 
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13 kaya 3 

30 ... 
Fig. 9. Power output of the fire needed to have water in the second pot 

simmering 

From the figure can be seen that really enormous fires are needed to 

keep the pan in the second pan-hole boiling. The calculated powers 

range fram 21 kW for the Banfora 2 to 38 kW for the Titao 2 and _the 

CATRU 2! None of the stoves can produce these big fires. 

As stated in before it is possible to reduce the heat loss from the 

simmering pan with a factor 3 when lids are used. A necessary condition 

herewith is that the cooking is done very carefully and that the lids 

are never taken off; which of course does not contribute to ease of 

operation. That is why a reduction factor of 2 seems more reasonable 

(this needs to be checked with water boiling tests). The power of the 

fire needed to have the food in the second pan boiling can then be 

reduced with a factor two too. The power however remains 

unrealistically high. It still ranges from 10 kW to 20 kW. Thus the 

c~oking takes place on the first pot-hole in sequence 

As has been shown earlier one of the most promising methods to overcome 

all the problems mentioned is the use of two separate one pot-hole 

stoves 
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7. THE DOLO INDUSTRY 

In chapter 1 it has been shown that 20% of the fuel wood of Upper Volta 

is used for commercial activities. The brewing of dolo is of these 

activities the most important one. Only little is known about the dolo 

business. In this chapter we have tried to discover some of the unknown 

aspects in order to be able to design, construct and disseminate 

improved dolo cookers in the near future. 

7.1. The process 

To produce dolo, sorgo grain is used. Like all other cereals sorgo 

consists mainly of starches which first need to be saccharified. The 

resulting sugars are subsequently transformed in alcohol by adding some 

yeast. Most of the work involved in the prepatation is in transforming 

the starch into sugar. The chemical reactions take place at elevated 

temperatures. That is why a mixture of water and sorgo (ratio 5:1) in 

earthenware, 85 litre pots is brought to the boil and kept boiling for 

some time. This procees is repeated after an intermission af about 12 

hours in which the temperature of the mixture and thus the 

saccharification rate gradually decreases. After the dolo has been 

heated the second time, it is cooled down completely. Thereupon it is 

filtered and finally the yeast is added to the clear liquid. The 

fermentation occurs very rapidly, within a few hours the alcohol· 

content increases from zero t9 a few percent. During this period the 

dolo is sold and drunk, later it becomes bitter and undrinkable. The 

whole process from the preparation of the water-sorgo mixture to the 

sale takes about three days. The time schedule af the process, as could 

be observed by visiting some breweries in Ouagadougou, is given in 

table 17. These breweries produced two batches of .dolo in close 

succession. 
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day 1 - 15.00 h. preparation of the sorgo-water mixture 

15 • .30 h. start of the heating-up of batch 1 

17.00 h. dolo boils 

18.00 h. end of the first boiling period of batch 1 

18.00 h. start of the heating-up of batch 211 

20.30 h. end of the first boiling period of batch 2 

day 2 - 06.00 h. start of the second heating-up of batch 1 

08.30 h. end of the second boiling period of batch 2 

08.30 h. start of the second heating-up of batch 2 

10.00 h. end of the firing; dolo cools down 

day 3- 07.00 h. dolo is filtered 

09.00 h. yeast is added and the sale starts 

12.00 h. all the dolo has been sold (hiccup!) 

table 17: time scheme for the preparation of dolo 

The amount of dolo prepared depends of course completely on the demand. 

The two breweries visited in Ouagadougou produced 660 litres and 1320 

litres per run respectively. 

7.2. Organisation of the dolo industry 

Because of the fact that dolo can not be preserved and also because the 

breweries are too small to produce dolo continuously, the daily demand 

is met by the breweries in rotation. Each residential area of 

Ouagadougou has its own cluster of them, each of which selling on a 

different day of the week. A rough estimate learns that there are 

probably about 300 dolo breweries in Ouagadougou. The estimate is based 

on the knowledge that there are 10 of then in the residential area 

"Dapoya" while there are about 30 of these areas. 

Brewing dolo is a women's job; it can be combined with running the 

household because it is a home industry. In the breweries visited two 

women found employment. Together with buying wood and sorgo and with 

selling the dolo, it took then 2.5 days labour a week per person to do 

the job. 
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7 • .3. Means of production 

As stated before, the dolo brewery is a home industry. Within the 

familie's compound space is reserved for a number of big jars and a 

dolo cooker. The jars are made of earthenware, are spherical in shape, 

have a diameter of 0,56 m. and a content of about 85 litres. They are 

sold on the market for 1250 FCFA each • New jars leak; before they can 

be used a thin layer of scale has to nullify their porosity. To achieve 

that, they are filled with water and left for some days. The life time 

of the jars is not very long. When they are used to heat the dolo they 

need replacement after five to six months. Due to thermal stresses and 

to the weight of the contents, the bottom cracks and finally falls out. 

Even at that stage the jars are not thrown away • The hole is covered 

with a basket of woven straw and the jar is then used to filter the 

dolo. 

The traditional dolo cooker is nothing more than a construction to hold 

several big jars in such a way that a fire can be lit under them. In 

Upper Volta two types of traditional cookers exist. The first one has 

several jars lined up against a wall such, that every jar can be fired 

seperately. The number of jars used depends of course on the size of 

the brewery. The one visited having this type of cooker produced 1320 

litres or 16 big jars of dolo in two batches of 660 litres. Two cookers 

were used: one held 5 jars and the other 3. A diagram of the five jar 

stove is given in figure 10. The jars are completely built in except 

for the front side where big, thick branches of .firewood are slowly 

pushed into the fire. 

The second type of dolo cooker has four jars grouped around a central 

fire place, as shown in figure 11. The jars are again completely built 

in except for' the front side. On the one hand it is not possible in 

this way to heat the jars independently but on the other hand the ratio 

between the heat absorbing area of the jars and the stove is larger. 

Consequently the efficiency is expected to be somewhat higher. 
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' front elevation/cross section 

figure 10: dolo cooker type 1. 

top view front elevation/cross section 

figure 11: dolo cooker type 2. 

Dolo cookers, like stoves, should have a high efficiency but this alone 

is not enough. They also should be able to supply the power output 

which is in agreement with the heat really needed (K. Krishna Prasad). 

The efficiency of the traditional types has not been measured but is 

estimated to be about 25%, which is 1.8 times as high as the efficiency 

of the open fire used for normal cooking puposes. On basis of this 

estimate the power of the cooker in the heating-up period can be 

calculated, using: 
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md * Cp * dT 
p = 

n * t 

where p the power of the fire 

md . the amount of dolo brought to the boil . 
Cp . the specific heat of dolo = 4.2 kJ/kg.C . 
dT temperature difference between cold and hot dolo 

n . the efficiency of the cooker = 0.3 . 
t . the time needed to reach boiling point = 5400 s. . 

Using the first stove type, the amount of dolo heated per fire place is 

equal to 82,5 litres. Thus the power in the heating-up period equals 20 

kW •• When the second type is used only one fire is lit to heat 330 

litres and then the power equals 80 kW •• 

The traditional dolo cookers are built from clay by the brewers 

themselves. Although they last for several years it does not mean that 

they stay in their original form. Every now and then jars are replaced 

and for that reason the cooker needs to be partly demolished and 

rebuilt. Due to the work involved and the price of the jars it is tried 

to increase the life time of the jars by supporting their bottom when 

the first little cracks become visible. 

The dolo cooker, the jars and some laddles to get the dolo from one jar 

into the other, form the whole equipment of the dolo brewery. 

7.4. Dolo costing 

Dolo is sold for 25 FCFA per litre. A first estimate of the costs 

involved in preparing dolo will be given now. The costing is done for a 

production unit of 1320 litres dolo (16 jars) and is based on the data 

given by the brewers. The labour costs are calculated by substracting 

all the other costs from the selling price. The resulting 1120 FCFA per 

working day can be compared with the normal wages in Ouagadougou. 
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per 16 jars per litre 

costs of ingredients 

sorgo: 75 FCFA/kg (lkg every 51. dolo) 20.000 FCFA 15,2 FCFA 

running costs 

wood: 6000 FCFA/chart load 6.000 FCFA 4,5 FCFA 

transport of wood and sorgo 1.000 FCFA 0,8 FCFA 

labour costs 

2 * 2,5 working day 5.600 FCFA 4,2 FCFA 

depreciation 

8 jars every 6 months: 1250 FCFA/jar 400 FCFA 0.3 FCFA 

TOTAL PRODUCTION COSTS 33.000 FCFA 25 FCFA 

table 18: dolo costing 

7.5. New dolo cookers 

Attempts have been made by stove projects to increse the efficiency of 

the dolo cooker. New cookers have been designed which resemble very 

much the cooking stoves presently being introduced. This also means 

that the same design errors have been made. To mention the most 

important one: the jars are standing on the stove, and as a consequence 

the heat absorbing area of the jar is much smaller than in the 

traditional stoves. Building the jars into the stove will increase the 

efficiency. That is as a matter of fact the way in which the 

traditional cookers are built! 

It would be premature to design a dolo cooker on the basis of the data 

presented in this report. For that more details need to be known, more 

breweries have to be visited and efficiency neasurements of traditional 

cookers must be done. It is however believed by the author that high 

efficient dolo cookers will resemble the traditional ones in their 

basic ideas-much more than the designs presently being introduced. 

The last question that needs to be answered is wether it is possible to 

use the hay-box idea. It is known that the energy requirements for 
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preparing certain meals can be reduced drastically in that way. At 

first sight the dolo preparation seems to be an outstanding example to 

apply the idea too. The saccharification rate is namely a function of 

temperature and it is perhaps possible to forego the second heating-up 

period when after the first heating up period the dolo is laddled into 

an insulated jar. In this way a fuel reduction of 50 % could be 

achieved without even changing the stove design and without an 

appreciable longer preparation time! 
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8. CONCLUSIONS AND DESIGN RECOMMENDATIONS 

The main obstacle encountered in disseminating the high-mass multi 

pot-hole stoves are: 

a. a limited production output (2 masons build 2 stoves a day); 

b. high production costs; 

c. limited possibilities for quality control; 

d. technical constraints (p.e. small pot surface-area exposed to the 

fire, heat losses by absorbtion of thick stove-walls); 

e. high maintainance requirements; 

f. no selling facilities through local markets (stove is not 

portable). 

What is required is a low-cost, high-performance, portable stove which 

can be produced in large numbers. The construction of a light-weight 

ceramic, metal or concrete stove can satisfy these requirements. 

Preference has been given to a metal stove. Using a template a 

production rate of 60 stoves a day could be achieved. This is 15-20 

times the number of mason-built, high-mass stoves by a production unit 

of comparable size! The production capacity was limited by the time 

needed for welding. 

The results of the castings presented are summarized in the table. A 

production unit of 2 mason teams building 88 Nouna stoves per month is 

compared with a production unit of comparable size (metal workshop) 

producing 1320 Metal 1 stoves per month. 

NOUNA 2 NOUNA 3 METAl 1 

material costs (FCFA) 2285 3195 755 

labour costs (FCFA) 2800 2800 238 

running costs (FCFA) 2500 2500 33 

depreciation (FCFA) 270 270 8 

:TOTAL (FCFA) 7850 8760 1034 
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The table shows that the Nouna stoves, presently being sold at a price 

of 4500 FCFA and 5500 FCFA respectively, are heavily subsidised. This 

statement is also true even when it is assumed that: 

neither a chef nor an animatrice is employed, 

rent of the location and depreciation of conveyances can be 

neglected 

Zango concluded in 1981 that an investment of 5000 FCFA in a stove is 

too high for most of the people in Ouagadougou, regardless of the fuel 

savings one can obtain. Probably only the higher classes can afford 

such stoves. The Metal 1 stove, which costs only about 1/5 of the Nouna 

stoves, offers an alternative. Due to the lower price, a larger part of 

the population can be reached and a self sustaining dissemination 

system seems more likely to be one of the prospects. 

Water boiling tests at the IVE laboratory showed that the open fire has 

an efficiency of 14% which is much higher than normally quoted. Similar 

tests done in the kitchens of 30 families in Ouagadougou have shown the 

same result. 

The stoves presently being introduced in Upper Volta can be classified 

in three groups: the heavy stoves with a chimney, with a total 

efficiency between 12% (Titao 2) and 20% (CATRU 2); The heavy stoves 

without a chimney or Banfora type stoves, with a total efficiency of 

21% and the single pan chimneyless portable stoves with a total 

efficiency between 25% (Metal 1) and 29% (Ceramic 1). 

The efficiency numbers do not give a complete picture of the fuel 

saving capabilities of stoves; the power output range of the fire is 

equally important. (High efficiency stoves for instance will cause 

burning of the processed food when the minimum power is too high.) The 

quantities of interest in this respect are the time needed to bring a 

fixed quantity of water to the boil and the turn down factor; the ratio 

between the maximum and minimum power of the stove. 
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Due to the test methodology used, different stove testers appear to 

differ substantially in their appreciation of what the maximum power of 

a stove is. The time required to bring three litres of water quickly to 

the boil using the same stove as a result often differs substantially. 

The influence of the power variations on the efficiency is however 

small. Distinguishing the same classes of stoves as before this leads 

to average boiling times between 46 minutes (Titao 2) and 23 minutes 

(AIDR 3) for the heavy stoves with a chimney; to about 26 minutes for 

the heavy chimneyless stoves and to a boiling time between 17 minutes 

(Metal 1) and 14 minutes (Ceramic 1) for the one pot-hole stoves 

without a chimney. In its turn the open fire showed an average boiling 

time of 30 minutes. 

The measured turn down factor varied between 1.1 and 2.0 which is much 

smaller than the factor of 6 which is demanded of the cooking devices 

in Europe. This.low value seems to be due however to the test 

methodology or more precisely to the definition of the minimum power. 

The measured minimum power would have been lower if lids had been used 

during the boiling tests. The heat losses from the pans due to 

evaporation are reduced in that way, as is the heat required to keep 

their contents boiling. This will automatically lead to higher turn 

down factors. Supplementary water boiling tests are therefore needed. 

The problem that arose at this point was: how can the measured 

efficiency numbers and power output ranges be related quantitatively to 

the fuel saving capabilities of stoves? For the open one pot-hole 

stoves a direct comparison with the single open fire is possible, but 

what to do with the multi pot-hole stoves? The answer is given by the 

standard meal tests. These tests showed that the multi pot-hole stoves 

are used as one pot-hole stoves when "to with sauce" is prepared. This 

observed cooking behaviour is due to the fact that the second pan 

receives too little heat to play an important role in the cooking 

process. As a result pans are switched at the moment the fo.od in the 

first pot is nearly done. Thus only the heat absorbed by the first pan 

is of importance when the multi pot-hole stoves are compared with the 
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open fire. Indeed it has been shown that the first pot efficiency 

explains the wood consumption for preparing "to with sauce" much better 

quantitatively than the overall efficiency numbers. 

Taking only the first pot efficiency into account, a comparison gives 

the following picture: 

the open fire has a 14% efficiency. 

the multi pot-hole heavy stoves with a chimney have an efficiency 

between 8% (Titao 2 and Kaya 3) and 15% (CATRU 2). 

the multi pot-hole stoves without a chimney have an efficiency of 

about 15% 

the single pot-hole stoves without a chimney have an efficiency 

between 25% and 29%. 

Within the experimental errors involved this is also the picture 

offered by the standard meal tests. Of the stoves tested only the 

single pot-hole designs really consumed less wood. Based on the picture 

sketched, the fuel savings can be estimated now: 

for the multi pot-hole stoves with a chimney savings between -70% 

(70% more wood used!!) and 10%. 

for the multi pot-hole chimneyless stove savings of about 10% 

for the single pot-hole stoves without chimney savings between 40% 

and SO%. 

According to the wood consumption studies (FAO 1981) for Ouagadougou 

0.97 kg. fire wood per person per day is used. Assuming that 8 persons 

use one fire place and a kilogram of wood costs 18 FCFA the 

ammortisation time can be calculated as follows shown in the table. The 

table does not need any explanation. The numbers speak for themselves. 

Regarding the lower initial expense, the short ammortisation time, and 

the fact that traditional metal one pot-hole stoves are already used, 

it is hoped that a large new target group can be reached. The 

production system is ready for it. 
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open fire mason-built metal 

heavy stove 

Efficiency 14% < 20% 25% 

Wood savings 0% < 10% 45% 

Wood costs I day 140 FCFA > 125 FCFA 80 FCFA 

Lifetime (estim.) -- 2 years 2 years 

Cost of the stove 

a. real price -- 8000 FCFA 2*1035 FCFA 

b. subsidised -- 5000 FCFA --
Amortisation time 

a. real price -- > 530 days 35 days 

b. subsidised >340 days 

It is realised that the smoke problem will not be solved when a 

chimneyless stove design is disseminated. As a logical consequence 

research should be directed towards the design of highly efficient, 

single pot hole designs with a chimney to overcome the discrepancy 

between fuel saving and comfort, health. In designing such stoves one 

can learn from the design errors of the multi pot-hole stoves. Firstly 

it has to be noted that the heat absorbing area of the pans on those 

stoves is small in comparison with the area of the stove body exposed 

to the hot gases. As a result the heat losses to the stove body are 

large. To improve this situation, the pans should be lowered into the 

stove and the stove body should be kept as small as possible. The first 

goal can be achieved easily when cylindrical pans are used, while the 

construction of a compact stove requires at least the introduction of a 

grate in the combustion chamber. A second remark that has to be made 

regarding the construction of stoves with a chimney is that a chimney 

is more than "only" a smoke remover. It should be realized that the 

main function of a chimney is to get the right amount of air drawn 
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through the stove. It means that the draft created by the column of hot 

gases in the chimney must be tuned to the flow resistances built in the 

stove (baffles etc.). If this is not done the stove will either not 

burn or a lot of heat is carried away by the flue gases. Changing the 

chimney height because of the height of te kitchen for instance, also 

means that baffle heights and other flow obstructions must changed 

accordingly. 
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Appendix 1. 

Technical drawings ot the stoves tested. 

(All dimensions in mm.) 



Materials used: 
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The stove is portable 
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shielded fire 1 

Materials used: 
- metal sheet lmm. thickness. 
- heat resistant paint t o protect the stove 

against rust. 
The stove is portable. 
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banfora 2 

Materials used: 
- banco bricks for the walls 
- sand and clay mixture for the top plate 

and the interior of the stove 
- cement to finish the stove and to make it 

resistant against rain 
Smoke escapes alongside the second pan hole 
through three small slots. 
The slit near the entrance hole prevents that 
the stove cracks. 
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nouna 2 and 3 

Materials used: 
- concrete bricks for the stove walls and 

chimney 
- concrete for the top plate 
- iron bars to reinforce the top plate 

Sometimes ceramic bricks are used to construct 
· the top plate. 
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AIDA 2 and 3 

Materials used: 
- banco bricks for the walls 
- concrete bricks for the chimney 
- concrete for the top plate 
- iron bars to reinforce the top plate and 

the entrance hole. 
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kaya 2 

Materials used: 
- banco bricks for the stove walls and the 

chimney. 
- sand and clay mixture for the top plate 
- banco for the interior of the stove 
- cement to finish the stove and to make it 

resistant against rain 
The slit near the entrance hole prevents that 
the stove cracks. 
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titao 2 

Materials used: 
- banco bricks for the walls and the chimney 

b a nco for the interior 
ceramic rings to form the pot holes 
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CATRU 2 

Materials used: 
concrete bricks fot the outer wall and the 
chirrmey. 
banco for the interior 

- cast aluminum top plate 
- iron strips for the entrance hole 
- iron sheet or bars for the grate 

The stove is semi-portable. The concrete stones, 
the top plate and the grate can be used again. 
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t<aya 3 

Materials used: 
- concrete bricks for the walls and the chimney 
- concrete for the top plate 
- banco for the interior 
- iron bars to reinforce the top plate. 

I 
0'\ 
V1 
I 



-66-

Appendix 2.. Efficiency and power output definitions. 

All the efficiencies have the form 

heat used to raise temperature of the water + heat used to 

evaporate water 

n = * 100 % 

heat released ~n the fire 

while the power outputs are of the form: 

heat released in the fire 

p = -------------------------
period of time 

In the heating up period this leads to: 

n. efficiency based on the heat absorbed by pan i in the 
~ 

'M. 
~ 

heating-up period 

mass of water ~n 

* 100 % where 

pan i at the beginning of the experiment (kg) 

mass of water evaporated from pan i in the heating-up perind (kg) 

T. 
.~ 

c 
p 

mass of fuel (wood) used ~n the heating-up period 

temperature of water in pan i at the end of the heating-up period 

temperature of water in pan i at the beginning of the experiment 

calorific value of water 4,185 
. 0 

(kJ/kg. C) 

evaporation heat of water 2,26 103 (kJ/kg) 

lower combustion value of wood (Eucalyptus camaldulensis 

with a moisture content of 6%) 18 103 (kJ/kg) 

(oC) 
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nt : total efficiency in the heating-up period 

n 
n = E n. = n + n2 +. • • • • • + < n n' 

t i=l,~ I 
where 

n: number of pans. 

' P : power output during the heating-up period 
I 

Mf Bf 
p =----- (kW) 

t 

In the simmering period we distinguish: 

II 

n. efficiency based on the heat absorbed by pan i in the 
~ 

It 

n. 
~ 

II 

M. 
~ 

II 

till. 
~ 

It 

Mf 
II 

T. 
~ 

II 

T. 
~ 

II 

nt 

II 

II 

p 

II 

p 

= 

sirmnering period 

II 

" e ") + till. L M. c (T. - T. ~ 
~ p ~ ~ 

* 100% where 
It 

Mf Bf 

water in pan i at the beginning of the simmering period (kg) 

water evaporated from pan i in the simmering period (kg) 

wood used in the simmering period (kg) 

temperature of water in pan i at the start of the simmering 

period (°C) 

temperature of water ~n pan ~ at the end of the simmering 

pe.riod (°C) 

total efficiency in the simmering period 

n " It II II 

= z:: n. = 
i=l ~ 

: power output of the stove -in the simmering period 
It 

MfBf 

= (kW) where 
II 

t 
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If t' 

t duration of the simmering period t = 3600 (s) 

Over the whole experiment we find: 

n. overall efficiency based on the heat absorbed by 
l. 

pan i in the whole experiment 

' (T.b ' " (T. e -M. c - T. )+M. c 
l. p l. 1 l. p 1 

n. = 
l. ' II 

(Mf + Mf) Bf 

nt total overall efficiency 

n 
nt = t n. = n1 + n.2 + ••••••• + nn 

i=l l. 

P overall power output 

p = (kW) 
It 

t + t 

" ' " T. )+(till. + till.) L 
1 1 1 

100% 
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Appendix 3. 

Water boiling test data 



_, -' - I -' -' -" - II 

Stoves. nl n2 n3 nt p nl n2 
% % % % kW % % 

Open fire II , 4 II ,4 9,8 15,5 

Ceramic I 23,6 23,6 6,4 32,1 

Metal I 20,8 20,8 9,8 27,7 
- I--

No una 3-1 12,6 12,6 9,8 15,9 

Banfora 2 12,0 ,5,4 17,4 9,4 16,5 6,8 

No una 2 10,7 4,8 15,6 9,4 15' 1 6,6 

No una 3-2 11 ,4 3,9 15,3 10,5 15,0 4,5 

AIDR 2 I 0, I 4,9 15,0 10,2 15,4 5,0 

Kaya 2 8,8 4,5 13,3 10,5 14,2 5,3 

Titao 2 7,7 3, I 10,8 11 '3 I I , ,7 

CATRU 2 12,5 3, I 15,6 8,9 15,8 5,6 

Kay a 3 7,5 3,5 3, I 14, I 12,7 9,9 5,6 

AIDR 3 9,2 3,2 1 '8 14,2 13,9 13,7 4,3 

- II -" -" - -
n3 nt p nl n2 
% % kW % % 

15,5 6,2 13,8 
··-· 

32, 1 4,0 28,9 

27,7 5,0 25,5 

15,9 6,9 14,8 
····~--~--· 

23,3 7, I 14,8 6,2 

21 ,8 7,6 13,4 5,9 

18,8 9,2 13,6 4,3 

20,5 8,1 13,5 5,0 

19,6 7,4 11 '1 4,9 

14,8 8,9 9,0 3,4 

21 '4 8' 1 14,7 4,9 

3,7 19' 1 10' 1 8,8 4,7 

2,3 20,0 10,0 12,3 3,9 

- -
n3 nt 
% % 

13,8 

28,9 

25,5 
--r-----

14 ,'8 

21 , I 

19,4 

17,4 

18,5 

16,6 

12,3 

19,6 

3,5 17,0 

2,2 18,0 

p 

kW 

7, I 

4,5 
····-

5,8 

7,6 

7,8 

8' 1 

8,6 
····-

8,6 
····:::--

8,5 

9,8 

8,3 

10,9 
····-

10,8 

I 
-...J 
0 
I 
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Open fire 

I n • I p • I n" I ptt I n I p 

I 12 I 7 1 16.7 1 5. 6 1 14.9 1 6.1 1 

1 11 • 6 1 8 ,1 1 14 1 7. 5 1 13. 1 1 7. 7 1 

1 
11,5 1 13,9 1 16.1 1 6,6 1 14,5 1 8 1 

I 9 I 15,3 1 22,1 1 4,1 1 15,3 1 6,5 1 

I 12,8 I 7,2 1 15,2 1 6,6 1 14,4 1 6,8 1 

i 9. 2 I 9. 8 1 11.2 1 6.1 1 10.1 1 7. ~ 1 

\ 9,4 I 8,1 I 11,9 1 7,5 1 10,1 1 7,s 1 

1 12,5 1 11,2 1 15,6 1 6,3 1 14,5 1 7,4 ! 

113,1 1 9,4 1 17 1 6 1 15,5 1 6,7 1 

I 13,4 1 8,6 1 15,6 1 5,7 1 14,9 1 6,4 1 

Ceramic 1 

i fl I I p• I n" I P" I n I p 

! 27,5 I 5,9 I 34,8 I 3,8 1 32,8 I 4,2 I 
: 25,2 1 7,7 1 33 I 3,4 1 30,6 I 
i 26,1 1 6,2 1 32,7 1 3,9 1 30,9 1 

1 19,1 1 7,5 1 35 · 

I 24,1 1 5,8 I 28,8 I 5,9 I 27,9 I 5,8 I 

1 24,5 1 
6 1 33,5 I 4 

1 31,5 1 4,4 I 

I 24,6 I 6 I 30 3,s 1 28,5 1 4,2 I 

1 22,6 1 6,: 1 29,4 1 4,2 1 21,1 1 4,6 1 

1 19,7 1 5,2 1 28 I 4,7 1 25,3 1 4,9 1 

I 22,7 I 7,4 1 36,2 1 3,2 1 31,5 I 4 I 

.. 
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me.tal 1 

[ n' I P' I n" I P" I n I P 

I 21,2 1 11,6 1 26 1 5,1 1 24,7 1 6,1 1 

1 21 1 8,3 1 25,2 1 5,7 1 24,2 1 6,2 1 

7,4 1 28,8 1 6,4 1 26,9 1 6,6 1 

6,3 1 4,9 1 25,5 1 5,1 1 

1 3,1 1 27,1 1 ~.a 1 

1 21 • 8 1 9. 2 1 26. 6 1 5. 2 1 25, 2 1 6 

1 19,8 1 10,9 1 29,6 1 4,5 1 26,2 I 5,5 1 

1 19. s 1 13.2 1 21. 1 1 5. 1 1 24.9 1 6. 3 1 

1 22 1 9,6 1 28,3 1 4,9 1 26,6 I 5,7 ! 

1 21 • 2 1 12.1 1 26.1 t 5. 1 1 24. 9 1 6. 2 1 

Nouna 3-1 

I n' I P' I n" ] pu I n I P 

1 11,2 1 9 1 11 1 6,2 1 11 1 6,9 1 

1 13 1 10,3 1 16,9 1 6,3 1 15,6 1 1,2 1 

I 12,5 I 8,4 l 14,5 I 5,5 I 14,1 I 6,4 I 

1 
12 1 1o,s 1 16,3 1 7,3 1 14,9 1 8,1 1 

1 11,8 1 11,1 1 15,9 1 6,2 1 14,5 1 7,4 1 . 

1 12,6 1 9,3 115,8 1 8,5 

1 11 1 13,4 1 14 

1 11,3 1 11,2 1 15,5 1 8,5 I 14,2 1 9,2 1 

1 13 1 1. 1 1 16 1 7,5 I 15 7,4 1 
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Banfora 2 

I n I 1 I n '2 I n It I P' I n ''1 I n "2 I n ''t I P" I n1 I n 2 I nt I P 

1 11,1 1 5,5 1 11,2 1 9,9 1 18,1 1 1 1 25,1 1 6 1 15,5 1 6,4 1 21,9 1 1,1 

1
13,8 I 4,8 118,6 1 8,8,16,8 1 6,21 23,o 1 6,8 115,91 5,9 1 21,81 7,3 1 

1 14 1 5,7 1 19,7 1 7,6 1 15 1 1 1 22 1 7,7 1 14,7 1 6,6 1 21,3 1 7,6 1 

i 11,2 1 4,3 1 15,5 1 8,8 1 16,6 1 5,5 1 22,1 1 6,9 1 14,7 1 5,1 1 19,8 1 7,5 1 

I 9,9 1 4,3 ! 14,2 1 11,2 1 18,4 1 6,6 1 25 1 6,7 1 15 5,8 1 20,8 I 8 I 

1
1o,5 1 6,3 116,8J1o,sl14,31 6,7 1 21 8,6 113,1 1 6,6119,71 9,2 1 

1 12,2 1 7,6 1 19,8 1 8 1 11,2 1 6,4 1 23,6 1 6,9 115,s 1 s,7 1 21,5 1 1,2 1 

1 13,3 1 5,8 ! 19,1 1 8,8 1 16,4 1 9,5 1 25,9 1 1,1 1 15,3 : 8,2 I 23,5 I 7,6 I 

! 12,1 I 4,6 I 16,7 I 11,8 I 16,3 I 7,3 I 23,6 ,. 7,4 I 15 6,5 1 21,5 1 8,3 1 

1 11,6 1 4,6 1 16,2 
1 

8,8 1 15,8 1 5,9 1 21,3 1 1,2 1 14 5,4 I 19,4 1 7,7 1 

Nouna 2 

J n'1 I n'2 I n't I P' I n"1 I n"2 I n"t I P" I nl I n2 I nt I P 

1
10,51 5 115,51 8,7112,81 6~,1 118,9 1 a,1112 1 5,7 117,71 8,7 1 

1 8,9 1 4,7 1 14,6 1 7,6 1 15 1 6,1 1 21,1 1 8,6 1 13,2 1 5,7 1 18,9 1 8,3 1 

111,81 6,2118 1 5,2115,5 1 9,41 24,9 1 7,3114,1 1 8,21 22,3 1 6,71 

1 11 • 4 1 4 • 1 1 16 • 1 ! 8. 6 1 14:1 1 1 • 2 1 21 • 3 1 8. 2 1 13 • 2 1 6 • 4 1 19 • 6 1 8 • 4 1 

1 u 1 4,8 115,8 1 10,1 Jl5,1 1 6,1 1 21,2 1 7,7 113,8 1 5,7 1 19,5 1 8,4 1 

1 7 • 8 1 3, 4 1 u • 2 1 12 • 5 1 18 1 7 • 4 1 2 s • 4 1 5 • 8 1 13 1 5 • 6 1 18 • 6 1 7 • 9 1 

110,1 1 4,2 114,3 110,8 115,5 1 5,3 1 20,8 1 7,4 1 13_·.~ 1 4,9118,41 s,4 1 

I 10,1 I 4,8 I 14,9 I 11,7 115 I 6,9 I 21,9 I 7,1 I 13,2 I 6,1 I 19,3 I S,2 I 
112,9 1 s,3 118,2 111 114,6 1 6,6 1 21,2 1 7,8\14 16,1 1 20,1 18,7 1 

112,31 4,9117,2 1 7,8,15,5 1 5,3 1 2o,s 1 1,1 114,3! 5,2119,51 7,3 1 
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Nciuna 3-2 

I n'1 I n'2 l 11 't I P' In'\ I n"2 I n"t I P" I n1 l 112 I nt 

112,9 1 3,7 1 16,6 1 1,2 1 12,1 1 4,2 1 16,9 1 8,7 112,8 1 4,1 I 16,9 I 

1 10,5 1 4,5 1 15 1 10,3 1 14,3 1 4,5 1 18,8 1 7,3 112,9 1 4,5 I 17,4 I 

1 12,6 1 3,3 115,9 1 7,3 116,6 1 2,1 1 18,7 1 7,6 11s,3 1 2,s I 17,8 I 

111,5 1 4,2115,7111·9115,3 1 4,7 1 20 1 1,2 114 1 4,5
1

18,5
1 

1 12,1 1 4,4 1 16,5 1 13,1 1 12,4 1 5 1 17,4 I 12,4 I 12,3 I 4,9 I 11,2 I 

1 8,4 1 4,1 1 12,5 117,4 116,1 1 s 1 21,1 I 16,6 I 12,9 I 4,6 I 17,5 I 

1 12,4 1 4,6 1 11 1 8,3 1 14,6 1 4,6 1 19,2 I 7,5 I 13,9 
1 

4,6 I 18,5 I 

1 10,3 1 4,2 1 14,5 1 10,1 1 16 1 4,9 1 20,9 1 1,1 1 13,4 I 4,6 I 18 I 

1 10,4 1 3,6 1 14 1 12,6 /16,9 1 5,6 1 22,5 1 6,3 1 14,3 I 4,8 I 19,1 I 

1 12,9 1 3 1 15,9 1 5,8 115,4 1 4,2 1 19,6 I 6,6 I 14,5 I 3,7 I 18,2 I 

AIDR 2 
-----------------------~---··----

I n'1 I 11 '2 I n't I P' I n"1 I n"2 I n''t I P" I n1 I n2 I nt I P 

I 12,3 1 4,3 I 16,6 1 8,4 1 15,4 1 5 1 20,5 1 7,9 1 14,5 1 4,8 1 19,3 1 8 

111,4 I 4 115,4 110,5 114,4 I 5,5,19,9 I 8,9 113,5 I 5,1 I 18,6 I 9,3 I 
I 10,5 I 4,6 1 15,1 1 9 1 16,3 1 4,7 1 21 1 6,9 1 13,4 1 4,7 1 18,1 1 7,6 1 

I 4,5 I 8.4
1

12,9 \10,3116,5 1 5,1 1 21,6 1 7,6112,21 6,2118,41 8,4 1 

I 10.8 3. 8 I 14.6- 1 7. 3 14.9 1 4. 3 1 19.2 1 7.1 1 13.5 1 4. 1 1 11.6 1 1. 5 1 

I 9 '8 I 5,1 I 14 '9 I 14 '2 I 15.7 I 4' 9 I 20' 6 I 8 I 13 I 7 I 5 I 18,7 I 9. 3 I 
1 

9,3 
1 

4,5 I 13,8 1 13,1 1 15,5 1 5,2 1 20,5 1 8,3 1 13,2 1 s 1 18,2 ! 9,5 1 

1 u • 8 l 4 • 8 1 16 • 6 1 9 ... 1 15 • 9 1 5 1 20 • 9 1 6 • 9 1 14 • 4 1 4 • 9 1 19 • 3 1 7 • 6 1 

1 8,7 I 3,9 1 12,6 1 1o,8 1 15,6 1 5,3 1 20,9 1 7,4 1 13 4,8 1 17,8 1 8,4 1 

I 12,3 I 5,6 I 17,9 I 9,8 I 14,1 I 5,3 \19,4 I 11 I 13,7 I 5,4 I 19,1 I 10,7 I 



-75-

Kaya 2 

n' I n' n" I n "2 I n" .... I P" n2 I nt . I p 
1 2 1 " 

I 9,4 1 3,9 ,2 I 4,2 1 20,4 1 12,8 I 4,1 I 6,6 1 

I I 16,7 1 

4,2 13,2 I 8 12,1 1 5,5 1 18,2 1 8,8 1 lll2 I 5 16,2 1 8,5 1 

9,2 1 13,9 1 4,5 1 18,4 1 1,2 1 11,4 1 4,4 1 15,8 1 8 I 1 

14,7 1 12,8 1 5,7 1 18,5 1 9,3 1 10,2 1 5,3 1 15,5 1 11,1 
I 

8,3 I 11,1 1 15,8 1 6,3 1 22,1 1 7,3 1 12,1 1 s,7 1 17,8 1 8,7 
I ! 

9,2 

Titao 2 
I 

n 2 P' n1 1 n 2 

10,5 1 8,8 1 3,5 

7,5 1 3,2 1 10,1 1 11,2 1,4 1 4,6 1 16 9,4 1 

3,5 1 11 9,8 1 3,6 1 13,4 

1 ,9 I 16,4 9,1 
I 

3,1 
I 

12,2 1 10 

I 6,7 ' 
3,5 1 1 ,1 I 11,5 1 4,6 1 16,1 11,5 1 9,1 

I 
4 I 13,1 1 11, 

I 
.... 1 12,1 1 7,3 1 8,3 1 2,8 1 11,1 

I 8,7 1 
8,6 

I 
3 I 11,6 I 8,2 1 

I I ' 1 10,4 1 9,4 1 9,5 1 3,5 l 13 1 10.1 1 8, 5 1 3,3 1 11,3 1 9_,_8 __ 1 

I 10,4 1 1,3 1 11,7 I 16 I 9,1 1 3,3 I 12,4 l 7,4 1 9,7 1 2,5 1 12,2 1 9,7 1 

I 6,7 1 3,3 1 11 I 9,7 1 10,3 1 3,7 I 14 8,2 1 8,4 1 3,4 1 11,8 1 8,9 I 

I 
7,1 I 2,9 l 10 In I 

11,4 3,8 
1 

15, 8,9 1 3,3 1 12, 2 1 
8,9 
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CATRU 2 

I 11 \ I n'2 I n't I P' I n"1 I 11"2 I 11 "t I P" [ 11 1 I 11 2 I 11 t I P 

1 13,5 1 3,2 1 16,71 7,9 1 16,6 1 7,4 1 24,0 1 8,9 1 15,8 1 6,3 1 22,1 1 8,6 1 

111,9 1 3,4115,3 111,5113,1 i 9,41 22,51 8,1 112,11 7,61 20,31 8,9 1 

I 11,1 1 3,3 1 15,o 1 10,1 113,6 1 3,1 1 16,7 1 9,9 1 13,1 1 3,2 1 16,3 1 10,1 1 

1 7. 5 1 3. 2 1 10.7 1 10.2 1 17. 5 1 5. o 1 22. s 1 7. 6 1 14.2 1 4. 4 1 18.6 1 8. 3 1 

I 13,9 I 2,8 I 16,7 6,7 ! 13,9 I 2,9 I 16,8 I 8,6 I 13,9 I 2,9 I 16,8 I 7,9 I 

u,31 2,1 113,4 1 8,4118,81 5,41 24,2 1 1,0116,21 4, 20,51 7,41 

16,8 1 8,9 1 

14,2 I 3,5 I 17,7 I 8,6!16,1 I 6,91 23,0 18,1 115.6 I s,8 1 21,4 1 8,2 1 

15,6 1 4,2 1 19,8 1 1,1 1 16,1 1 7,6 1 23,7 1 6,7 1 15,9 6 • 6 1 22 • 5 1 6 • 8 1 

13,2 i 3,6 1 16,8 1 9,2 1 17,5 1 4,9 1 22,4 1 7,o 1 16,1 4,4 I 20,5 1 7,6 1 

Kaya 3 

11 '1 I 11 '2l n'3 I 11 't I P' I 11'\ I n"2\ 11 "3 I 11 ''t I P" 111 I 11 2 I 11 3 1· 11t I P 

8,3 1 4,7 1 1,6 114,6 110,6 \13,2 1 4,4 1 2,2 119,8 1 8,8 111,5 1 4,5 1 2 117 1 9,4 1 

8,2 1 2,4 1 2,1 112,1 115,2 113,7 1 4,4 1 2,6 120,1 112,6 111,9 1 3,8 1 2,4 \18,1 113,3 1 

9 1 3,1 20,5 1 8,1 112,1 3,6 1 2,6 117,3 1 9,5 1 

10 1 3 1 2,1 115,1 113,2 113,5 4 2,1 119,6 1 9,8 112,5 1 3,7 1 2,1 18,3 11o,5 1 

9,7 1 2,8 1 1,7 \14,2 112,9 112 1 3,9 1 2,3 118,2 \11,9 111,4 3,6 2,1 111,1 112,2 1 

6,9 1 3,2 1 1,7 111,8 123,4 113 1 s,2 1 2,7 12o,9 111,9 111 1 4,5 1 2,4 117,9 114,3 1 

8,7 1 3,7 1 1,9 114,3 \18,9 \14,5 1 4,8 1 2,3 121,6 1 9,9 112,1 1 4,4 1 2,1 119,2 111,1 1 

10 1 3 1 1,9 114,9 110,6 113,6 1 3,9 · 2,3 \17,5 1 9,7 112,3 1 3,6 1 2,1 118 110 1 

10,1 1 3,3 2,1 :6,1 1 9,7 114,5 1 3,9 1 2,3 20,1 1 8,6 \13,1 1 3,7 1 2,2 119 1 9 1 

10,3 1 2,1 1 1,5 114,5 110,1 114,7 1 3,4 1 1,9 120 1 8,5 113,4 1 3,2 1 1,8 [18,4 1 8,9 1 
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n 'r I n ' 2 n ' 3 I n I t I P I I n "1 I n "2 I n "3 I n" I n 1 I n2 I n 3 I nt I P 

9,9 1 2,9 1 2,9 115,7 1 8,4 110,6 1 3,6 1 3,6 117,8 1 9,7 Jto,4 1 3,4 1 3,4 
1
11,2 1 9,2 1 

6,3 1 4,9 1 3,o Jl4,2 112,6 1 8,9 1 7,7 1 4,1 120,7 110,1 1 7,6 1 6,3 1 3,6 
1
17,5 

1
11,5 1 

7,214,1 1 3,2 114,5 112,9 1 9,6 1 5,7 i 3,7,19 1 9,9! 8,5 1 5 1 3,5 117 111 
8,7 I 1,2 I 3,1 113 113,5 110,5 I ~,8 I 3,5 116,8 I 9,9 I 9,9 I 2,4 I 3,4 115,7 111 

7,4 1 4,5 1 3.2 11s,1 112,1 1 7,3 1 5,8 1 4,4 17 2,9 1 7,4 5,2 1 3,9 116,5 112,s I 

5,514 14·5114 118,218·117,1 12·3117,5112,1 1 6,91 s,713·3115,9J14,31 

8,s 1 3,1 1 2,7 114,3 1 8,7 112,8 14,6 1 4,4 121,8 1 7,9 110,8 1 3,9 1 3,6 118,3 1 8,3 1 

8,9 1 3,7 1 2,5 115,1 1 7,8 1 9,8 1 5,7 1 3,1 118,6 1 9,5 1 9,5 1 4,9 1 2,9 117,3 1 8,7 1 

6,9 1 3,3 1 3 113,2 111,2 110,9 1 5,7 1 3,7 120,3 1 9,3 1 9,2 1 4,7 1 3,4 117,3 111,6 1 

5,8 1 3,5 1 2,8 112,1 115,7 110,1 1 7,1 1 4,2 9,2 1 8,1 1 5,5 1 3,5 111,1 111.3 1 
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Appendix 4. 

SAMPLE LABORATORY TEST DATA SHEET 

Test number 

Name of tester 

Pot used ...................... 
Stove 

START: 

weight of pot . . . . . . . . . . . . 
weight of pot 2 ............ 
weight of pot 3 . . . . . . . . . . . . 

Boiling test. 

Time elapsed water 

Date ..........•.•.••..• • ••••. 

Weather conditions 

Time 

weight of pot + water 

weight of pot 2 + water 

weight of pot 3 + water 

weight of wood ............ 

water 

time temperature temperature 

water 

temperature 

pot 3 pot pot 2 

0 ....... . .......... 
5 ........... . .......... 

10 . . . . . . . . . . . ........... 
15 ........... . .......... 
20 ........... . .......... 
25 ...... 
30 ....... . .......... 
35 ........... . .......... 
40 . . . . . . . . . ........... 
45 ........... . .......... 

weight of wood left ...... ·-·· 
weight of pot + water ........ 
weight· of pot 2 + water ........ 
weight of pot 3 + water ........ 

............ 
* * II e * e e e e II- * * 

............ 

remarks 



simmering test. 

Time elapsed water 

temperature 

pan.) 

time 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

weight of wood remaining 

weight of charcoal 

Remarks: 

weight of pot + water 

weight of pot 2 + water 

weight of pot 3 + water 

-}9-

water 

temperature 

pan 2 

water 

temperature 

pan 3 

remarks 

.................... -
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SAMPLE WATER BOILING FIELD TEST DATA SHEET 

Date Test number 

Name of tester ................. Weather conditions 

Pot used 

Traditional open fire 

distance pan fuelbed 

START 

Quantity of water used 

Quantity of wood used 

3 1. 

kg. 

Time 

em. 

Weight of pan + balance tray 

Weight of pan + balance tray 

water 

HEATING UP and SIMMERING TEST 

time elapsed water temperature remarks 

time 

0 

5 ................ ~ 
10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

weight of pan + balance tray + water kg. 

kg. 

kg. 
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SAMPLE STANDARD MEAL TEST DATA SHEET 

Sauce 

-oil 

- meat 

- onions 

- fresh tomatoes 

- tomato puree 

- water 

- spices 

- gombo 

START 

100 g 

450 g 

70 g 

300 g 

50 g 

2500 g 

50 g 

100 g 

t1.me •••••••••••••••••••• 

Sauce 

weight of the pan . . . . . . . . . . . . . . . . . 
weight of the plate . . . . . . . . . . . . . . . . . 
weight of the pan + oil ............. 
weight of the plate + meat .......... 
weight of the plate + onions ........ 
weight of the plate + 

fresh tomatoes ................. 
weight of the plate + 

tomato puree ................. 
weight of the water ................. 
weight of the plate + spices ........ 
weight of the plate + gombo ......... 

END 

time the to has been done •••••.••.•• 

time the sauce has been done ••.••..• 

weight of the pan + sauce ........... 
weight of the pan + to .............. 
weight of the wood left over ........ 
Remarks:--

To 

- water 

- millet meal 

- tamarind water 

4000 g 

1000 g 

500 g 

weight of the wood •••..•••••• 

To 

weight of the pan ......................... 
weight of the plate ...................... 
weight of the pan + water . ............... 
weight of the plate + meat . .............. 
weight of the tamarind water . ............ 
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