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EXECUTIVE SU,1AARY
 

The Sudan Renewable Energy Project (SREP), an activity
 

of the Energy Research Council, began work on improved metal 

charcoal stoves in early 1983. The stove project sought to 

commercially develop and disseminate a basic stove design 

developed by the University of KharouIM and Afhad College 

for Won-en. 

Laboratory and field lests showed -the stove to be 39% more 

efficient 1han Ithe traditional metal stove, and acceptable Ii 

normal cocking pracIces. The new design was easy -to use, 

reduced charcoal consumption, and decreased cooking time. It1ost 

inporta nt , i -tL i I i zed sfna I I cha rcoaI p i eces t h-I %.,re norma Ily 

thrown away. Fami I ies usi j the new stoves saved an average of 

24 plaslers per day on charcoal costs. At !his rate, a stlove 

sold at LS 15 wouId pay back its inil ial cost in j ist over 

two months.
 

Encouraged by lhe test results, SR[P held a stove wanufac

turing contest In Khe rtoun to interest artisans and other 

metalworking enterprises in the new stove. Two production 

versions of the stove emerged, an open-draft model close to the 

original dusIgn, and a new, control led-draf-t model. The contest 

also promoled publ ic interest in -he new sI-oves. 

After the contest, SEP initiated a stove dissemination 

program -that Included i llustrated brochures for stove users, 

local mar;.et demonstrations, Media presentations, and recently, 

a training wcrkshop for stove producers. During this pelod 

the now stoves came to be known as canun el dmiga, because of 

their use of duga, or smal I charcoal pieces. 

At present, canun el duga are manufactured and distributed 

commercial ly without any market intervention by SREP staff at a 

rate of over 500 per month. Product ion and sales figures are 

Increasing steadily.
 

The project's success is due to its emphasis on using existing 

metalworking artibans and stove sales channels. The necessary 

innovative and warkeling ski Is were found in the craftsmen and 

rerai lers already working with charcoal stoves. Working with 

this. established capability, SREP was spared -the need -to speild 

considerable time and funds on infrastlructura I develonnm 

moved directly to sales Dromotion. 



1. INTRODUCTION
 

1.1 Project Objectives:
 

The charcoal 
s-ove project was designed to meet the
 
following objectives:
 

-
Continue development of design Improvements
 

for the charcoal stove.
 
- Conduct laboratory and 
field tests for several
 
models of the charcoal stove.
 

- Locate, train and oiherwlse encourage at 
least two siove manufacturers In 1he production 

of the improved designs. 

- Develop a campaign for widespread dissemination
 

of the improved designs.
 

1.2 Project History:
 

The improved charcoal 
stove project history goes back
 
to the year 1979. This 
is when a joint effort between Dr.
 
Yahia Hassan Hamid of 
the Faculty of Engineering, Khartoum
 
University, and students at Afhad University College for 
Women (AUCW) participated in the introduction of a stove 
capable of reducing charcoal consumption.
 

The first initiative was 
in the form of a research
 
programme by AUCW students on 
"Traditiona! Energy Uf I ization"
 
conducted in 1979-80. 
 During this phase, experiments were
 
conducted on three traditional cooking devices which 
are
 
commonly used 
in the Sudan. 
 These include:
 



- traditional charcoal stove
 

- mud stove
 

- ladya (three-stone open fIre)
 

These experiments con f I rmed the trad it iona I stove as 

the most popular cooking technology. The research also 

showed the need for improvemen-ts and ,xud if ;,.: -ions designed 

to Increase efficiency and reduce waste. 

On the basis of these prel iminary findings a second 

phase of the project was developed for- the period 1980-82. 

Financial support for -this effort was secured from ltho, World 

Health Organizatlion. The emphasis at this stage w,,s on the 

investigation of domestic energy use and the possibi Iity of 

introducing an improved stove in rural areas. Designs of 

improved stoves wero consiructed 6nd t-ested under both 

laboratory and field conditions. All the tests Performed 

gave higher efficiencies for the new designs when compared 

with the traditional stove.
 

Field tests were first performed on a very limited 

scale and involved only a few families in orthern Omdurman 

and Algezira Slang. Later (1981-82), field tests were ex

panded to cover fifty families in El Fitihab and Althawra. 

In addition 1o demonstraling the high efficiency of 

the new design, the field tests clearly indicated the recep

tiveness of the housewives to the new stove. Housewives 

expressed their willingness to change to the new s-ove once 

it became available al the market. 

The third phase started with the adoption of the zrove 

project by the Sudan Renewable Energy Project (SRFP) under
 



the umbrella of the Energy Research Council (ERC) in May of 

1983. The main objective of SREP is to popularize the 

improved charcoal stove on a nal-ional scale. To real ize 

this objecl ive, the stoves V1re- subjectld to furlher lab 

and field tests before an accepPall- des in was chosen to 

be used for a national contPest for arti sans and manufacturers. 

On the basis of the test findings and contest rcsul s, a 

disseminat-ion strategy was developed and implementad. A 

brief description of these activilics is presenied below, 

following a general description of the de.aign chliaraclerisics 

of the improved stove. 

1.3 Design CharacteristIcs of 1he Improved Charcoal Slove 

The improved design is characterized by four basic 

features:
 

- charcoal consumption is decreased
 

- cooking time is reduced
 

- ease of use
 

- use of small pieces of charcoal
 

Two versions of the improved stove were developed. One 

version employs an open draft and consists of a portable 

fire-grate made of two compartments (see figure). The 

inner compartment is for larger-sized charcoal pieces, while 

the outer compartment is for smal ler pieces which are normal ly 

discarded as unusable. The oDuter compartment acts as a 

shield to minimize heat losses. The smal ler pieces themselves 

form a very effective Insulation layer. The fire-gra-e is 

made of mesh wire. Primary and secondary air supply is 

maintained by Including two openings In this design. The 

Inner cylinder at the bottom is where paper is burned to 

Ignite the fire. 
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The second version, a control led-draft stove, generally
resembles the open-draft design described above with two
differences. 
First, the fire-grate is male of perforatedsteel 
sheet metal 
instead of 
 he fragile mesh-wire used
in the open-draft design. Many manufacturers lave optedfor the durabil ity of the perforated shecl for the fire-grate,even for- the open-draft design. Additionally, Ibis stovewas designed with a door to act as a conlrolling mechanismfor air entering Ihe stove. This is reflected in slightlyhigher efficiencies and more burning time, but also causes 
slower fire starting.
 



2. LABORATORY TESTING
 

Lab testing Involved both versions of the improved
 

stove as wel I as the traditional stove. Water-bo IIng 

tests were conducted and average ef f ic Ionc i es were cal cu

lated for the different sloves. The resuls of these lests, 

conducted in 198N, are shown in l-he tahle below. 

Table 1. Average Laboratory Efficiency of Stoves 

Stove Average Efficiency (%)
 

Traditional Stove 17.8 

Open-Draft Improved Stove 24.5 

Control led-Draft Improved Stove 25.2 

As can be seen, the two improved versions of the charcoal 

stove are almost equivalent in terms of efficiency. When 

compared with the traditional stove, the improved stoves are 

approximately 39% more efficient. 

In al I the tests performed, typical Sudanese kitchen 

conditions were simulated as much as possible and the same 

pot was used. Efficiency figures were calculated by measuring 

the water evaporation and charcoal consumption. 

These encouraging results suggested further field tests 

of the stove under real household conditions. 



3. FIELD TESTING
 

Field testing offers 
an effective mechanism for con

firming laboratory results under real-I ife conditions. In 
genera I, the following advant-ages are associated with f ield 

test ing:
 

- Confirmation of the lab results by actual 

results obtained -hrough using stoves at home. 
- Popu lari zation of 1 he improved stove amongc 

the test users. 
- Early detection of any defects or other problems 

gleaned from corivients voiced by the users. 

Field tests of the improved stove designs started in 
1983 and covered six areas within Khartoum Province: 

Ili I lat Hamed 

Shambat
 

AIlthawra 

Alabassia
 

Nassir Extension
 

Khartoum Third Class Extension 

Field test families were selected 
from a survey which 

covered 300 households. The families chosen were those who 
depend heavily on charcoal for cooking. The nui,,ber of families 

In the sample totalled 96. 

The improved stoves needed for the field tests were 
purchased on conslgiment from the following public institutions: 

- Military ,Workshop 

- Piaster Institute of Omdurman 
- University of Khartoum Mechanical Workshop 



Families were first suppl ied with traditional stoves 

and asked to record thei r (Jai ly charcoal consumption on 

recording sheets prepared for lhat purpose. These recording 

sheets were cc) ected a f tar a three-month period. 

The next step in the f ie d test proces., involved the 

provision of new recording sheets and a new improved charcoal 

stove of the open-draft design. Again, families were asked 

to record charcoal consumption on a dai ly basis. The 

record i ng sheot-s were co I I ectad a f tar a pur led of one- to 

iwo-months . Resu I -s of these tests are comp i led in Tab Ie 2. 

The results of the field test confirmed lhe laboratory 

findings of lower charcoal consumption. At an average
 

savings per day of 24 piasters, the pay-back for -the market 

cost of the improved stove (about LS. 15) requires 63 days 

or about two nonths. A shorter pay-back period is calcu

lated when only the difference in cost be-tween -the improvec 

stove and -the traditional one (aboLrt LS. 12) is considered. 

In this case, the pay-back is achieved in only 46 days (1f 

months). 

The savings are attributable not only to the thermody

namic efficiency of the new design, but also -to -the fact 

that it uses "duga," the small charcoal pieces which are 

unusable In the traditional stove. This has an important 

impl ication, particularly for slack users, since every sack 

contains 20% to 30% duga which is normal ly discarded. 

Important observations made by housewives about -the new 

stove are:
 

- It allows reduced cooking time when compared -to
 



Table 2. 

(Number 

Charcoal and Monetary Savings of Improved Stoves 

Charcoal Consumption (kq/day) 
Tradit ional IHproved 

of Families) Stove Stcve 

Sa\, i nos 
kg Charcoal/Day Pis-fers/Day 

Sack Users (36) 3.08 2.37 0.71 17 

MalIwa Users (5) 3.10 2.08 1.02 41 

Sack and 1alIwa Users (31) 2.81 1.99 0.62 28 

Average for All Users 2.97 2.19 0.78 24 



the traditional stove. 

- It is Vl I-suIted -o the Sudanese way of cooking. 

There is a strong starting of the fire and it slows 

down at the end of ihe cooking process ([he simmering 

phase). 

- It is attractive in shape. 

- The new stove has too much welding which may not 

withstand the fire. Rivetting was suggested as an 

alternative. 

On the manufacturing side, the three chosen producers were 

rather slow in meeting the field test requirements for stoves, 

and so were judged incapable of meeting the mass production 

needs for a national dissemination programme. It is wiPhin 

this context that the natlional stove contest was first con

ceived as a method for utilizing artisan expertise from the 

private sector-. 



4. THE STOVE CONTEST
 

The stove contest, as an activi-ly, is related 1o
production developmennt. The 
 contest was init'lated late In 
1983 to serve the following pcrposas: 

- To idenlify producers and assess thair capa
bilitics to manufacture the ne sto-ve, 

- To identify training needs among potential 

producers.
 

To estimate produclion costs in a real-life 

situation.
 

- To promote public awareness of charcoal 
con
servation and of entrepreneurial opportunities
 
available toward that end.
 

All stove manufacturers, through newspaper advertisements
and field visits, were invited to submit stove prototypes to 
the SREP project. 
The following contest rules applied: 

1. All contestants would produce one or more new stoves
 
based on the expei-imental design.
 

2. Contestants were free to use whatever materials and
 
manufacturing 
 loots and processes they deemed appropriate. 

3. Each contestant had to submilt wi-th his stove a pro forma 
invoice for the purchase of 
500 sloves. 

4. The stoves were to be Judged by 
three criteria: product

quality, tested energy efficiency, and cost as 
shown on
 
the pro forma invoice. 
 The winners would be determined
 
by overall performance 
in all -three categories.
 

5. The three winners would each 
receive a small 
monetary prize.
 
and a Durchase nuaran.+Pp frr f- g1r 4. --.
 



them to start up stove production at minimized financial
 

r:sk. Al I entries would receive a cash consolation prize
 

equivalent to the 
cost of the stove submi-tted as an entry,
 

The stove contest advertisemenl-as coupled wi-th the
 

avail abi I ity of a tcchnical assistance prograr-rne for stove 
artisans. This technical assistance look 
He form of informal
 

instruction provided by a Renewbla Ener]y Research In;i itute
 
product ion engineer and Max'eI Ki nyanjt , a consul ti in 

stove design and dissemina-lion 
from the IKeny- Reneawn!i, Energy
 
Project. More than fifty producers wore visited and shown 
 how
 

to fabricate the improved 
stove. All were encouraged to enter
 

he contest.
 

initially, all contestant-s 'ere asked to 
fabrica te the same 
stove model according to the same specifications. Later, with 
the aid of Kinyanjui, the control led-draft version of the im

proved stove was introduced as a suitable candidale for entries. 

The response of the manufacturers was rather slow at
 

first, but towards the closing date (tMarch I, 1984) many
 

entries were received for a totl of 28.
 

Once received, thes- entries 
wera subject to laboratory 

tests conducted by Insfitule and University staff. Water-boiling 

tests were carried out under laboratory condit ions withl s ight 
modification designed to simulate Sudanese cooking practices.
 

With the 
a <ciplion of eight- poorly constructed units, all 
stoves 

showed statistical l insignif icant di f fcranccs in heal transfer 
of-ficiencies. Product quality varied widely and so did the prices
 

quoted. 
Three winners were selected: one reprosenting the formal
 

sector (factories and large workshops), one the semi-formal sector
 
(small workshops in and around markets), 
and another the informal
 

sector artisans who currently produce the traditional stove 



(craftmen without shops who work under trees 
or in and

around scrap metal 
supplies). 
 The winners were:
 

1st prize: Jamal Sharbaak 
(semi-formal sector) 

2nd prize: 
 Darfur Company
 
(formal sector)
 

3rd prize: Ibrahim Obeng
 
(informal sector)
 

The success of the contest and the anticipated start-up
production process 
set the scene 
for active dissemination
 

activities.
 



5. DISSEMINATION
 

The dissemination of 
the new stoves was the first major
task for the newly formed Technology Development and Disseminaiion
Unit of the Renewable Energy Research Instilute. Activities 
focused on four primary areas: 
- Development of a brochure illustrating proper use theof 

new stoves to be used as a marketing tool and as an information 
resource for stove users.
 

- Marketplace 
demonstrations of the new stoves which also

afforded 
an opportunity for producers to sell directly to 
the public.
 

- Implementation of a media campaign to acquaint the public with 
the availability and proper use of the new stoves.
 

- Sponsorship of a -training workshop 
for- mow and existing stove

producers designed to improve quality control and production 
methods.
 

A two-color brochure (measuring 8" by 4"-. with four folds)
was designed and 1,000 copies were printed 
in -the first press 
run.
The brochure highlights the major features of the stove, and
through photographs and accompanying 
text, illustrates proper use
of both the open-draft and control led-draft versions in 
a stepby-step fashion. 
A name for 
the stoves was 
needed to aid in
 
consumer product identification, and the Dissemination Unit staff

chose canun el duga, or "stove for small charcoal pieces."
The brochures were distributed to retailers carrying the new
 
stoves and -to stove users directly.
 

Over a period of 
several months, six demonstrations 
were
held, principally in local 
markets. 
 At the demonstrations, 
a

Dissemination Unit staff member would explain the features and
 
proper use of the new stoves to the assembled crowd. 
 The
 
stove would be filled with charcoal, lit. and then a pot
 



quickly it could be brought to a boil. Producers were
 

invited to bring stoves for sale.
 

At these deronstraiions, interest was keen and sales 

were brisk. It was common for be-ween fifty and eighty 

stoves to be sold in a iwo-hour period. All purchasers 

were provided with a copy of the brochure. The demonstra

tions served to fami Iiarize a necessarily I imited segment 

of the population with lhe availability and proper use of 

the new stove as wel I as to provide a marketing opportunity 

for the stove producers. In addition, nearby retailers 

who witnessed the demonstrat ions had an opportunit to make 

contact with the stove producers. 

The media campaign involved radio, television, and print.
 

Anrouncements of -the introduction of the new stoves to ihe 

marketplace and their principal characteristics were presented on 

radio and television as wel I as in the local newspapers. Hews 

stories about the stoves also appeared in newspapers and journals. 

In addition, Dissemination Unit staff provided in'erviews for 

the electronic media which focused on the history of the stove
 

design and the various activities undertaken to pronote it. 

These interviews were integrated into regular programming. 

Since demand for the new stoves exceeded supply and stove 

quality was not as cons.istent as was desi red, a workshop was 

planned for producers. In November, 1984, a total of 24 artisans 

received five days of hands-on training in stove production methods. 

fools, tunplates, and materials were provided to the trainees, who 

included existing and potential producers of the improved stoves 

from the Khartoum, Khartoum North, and Omdurman areas. A trainer's 

manual was developed which stressed qual ity control and optimal 

production methods. Also published were two trainee manuals (one for 



each version of the stove) which illustrated Ihe tools
 

required, the dimensions of each piece, and the step-by

step assembly procedures. Jamal Sharbaak, first prize
 

winner in the stove contest, served as the principal 

tra i nor. le was 'ass i sted by I nst i lute s-aff. The training 

itself was held near where the metalworkers are located 

in order -to garner attention from potential producers 

located nearby. 

At the closing ceremony, to which local retailers 

were invited, participants were awarded a Certificate of 

Achievement and prizes were awarded for -the lhreot best stoves 

produced during -the solo production phase of the training. 

An additional prize was awarded for an innovative design 

contribution. Members of the media were invited to report 

on the event to their respective audiences. 

Future activities in -this area will center around 

the fo lowing: 

- Additional work with the media. 

- Additional demonstrations. 

- Production of a videotape highl ighting 

proper use of lools and effective production
 

methods.
 

- Replication of the workshop and demonstrations
 

in other locations.
 

This last activity will be facilitated by the use of
 

the Renewable Energy Development Grants which are available
 

through SREP. Activities of this sort are already underway
 

in El Obeid (in conjunction with CARE) and Kassala (in
 

conjunction with -the Eastern Region Forest Department).
 

n+bnr anencips will be contacted and encouraned to submit
 



a proposal to cover expenses associated with sponsorship
 

of the workshop and subsequent demonstrations. Templates
 

and manuals developed for the initial presentation will
 

be available for dupl ication and further assistance will 

be provided in the form of technical assistance from SREP 

and Institute staf f in lhe planni ng and implem;icnlalion 

phases. Through this mechanism, the gungraphic urea in 

which the improved stoves are available and in use will 

be enlarged. 

In addition, efforts continue to elicit suggestions
 

for improvements to the designs from both producers and 

users. A new design, modelled after the ceramic jiko 

developed in Kenya and characterized by a ceramic lining, 

will be introduced as part of the 1984-85 Annual Work Plan. 



6. CONCLUSION 

As part of the workshop planning and follow.--up 

activities, several quest ionna ir s .,'er-e dev oped to 
obtair baseline and ,ol rlionwr-y slal-isAics on stove 

production and sales ficgure s. The so q(ju slionnaires w.,ere
admi n i slore:d 1rg oc face-t-hfr ews (in or 

to gain commueni , suMgeslos, and su ffici en - backg round 

information) .,ib s-love producers, slove r a ( rs , and 

workshop trainees. This infor-malion, c(ls od with )ro 

vio sly obhtIinod data on produt -ion and disriributlion, 

strongly suggesls that--lho projects success is ill large 
part attr i bt-ab Ia to 1he fact hat-ef forl-s were di r-oed 

towards Iraditional stove producer-s f rom 11h in formal sector 

and e;xisting distribtllIon channels. 

Other stove projects have rarely u tilized lb is 
existing resource. As a result of relying on the existing 

infraslructure, 1his project nol only has dovelopod a 
successful design, but aIlso a ka andsuccessful leling 

distribution nelwork. This is evidenced by the fact that 
producer-s now sel dir-octly to 1ho retailIr-s witlIon P any 

intervent ion by Instil u te and projectl slaff. Current 

production/sales rates are more than 500 stoves per monlh, 
and these figur-s are increasing steadily. Excepr i ng 

those purchased for use in he, ,'orkshop, ti s p rojec1 has 

never purchased mter a Is or- too Is, nor lais i 1 been 

necessary 1o esto I ish a stove product ion foci I i ty or 
to hi rr-metl Iworkeors to stIf f i t. And except i ng the stoves 

purchased in conjunction wiith the stove contest, i 1 has 

not been necessary to buy stoves in order- to encourage 

production. 
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