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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background
Emerging  from a  discussion  early  this  year  say,  March  2014,  of  the  need  to  introduce  the
Institutional  Cookstoves  (IC) in  Senior  Secondary  Schools  (SSS),  Ghana Alliance  for  Clean
Cookstoves and Fuels GHaCCoF, provided an amount of Ghc3,000.00 as for the construction of
IC at the Kumasi Secondary Technical School (KSTS). This amount was part of the cost sharing
concept  where  KSTS also  provided  money  for  the  construction  of  the  IC  while  GHaCCoF
bought the stainless cooking pan for the school.  Technology Consultancy Centre of the Kwame
Nkrumah  University  of  Science  and  Technology  (KNUST)  under  College  of  Engineering
provided the drawings, technically supported as well as supervised the project. The project was
to construct an IC and train the cooks in the management of the stove. The idea came from
Nederland  Development  Agency  (SNV)  who  first  support  the  first  IC  and  its  adaption  to
traditional  aluminum  pot.  Based  the  results  of  the  preliminary  research  at  the  Technology
Consultancy  Centre’s  Industrial  Ceramic-Rural  Energy  and  Enterprise  Development  (AIC-
REED) Unit’s Laboratory, GhaCCoF philosophically deemed it fit to pragmatically support the
transfer  of  the  technology  to  KSTS.  This  is  to  showcase  practically  and  physically  the
importance of such product in the solution to our health, environment, and sustainability to create
wealth. The project therefore started on the 20th of March 2014 on the reception of the Ghc
3000.00. 

1.2 Project overview
The Technology Consultancy Center (TCC) under the College of Engineering CoE of Kwame
Nkrumah University of Science and Technology KNUST in collaboration with the Netherlands
Development  Organization  (SNV)  initiated  a  research  into  the  potential  of  Institutional
Cookstoves (IC) in Ghana at the Applied Industrial Ceramic and Rural Energy and Enterprise
Development  unit  (AIC &REED) of  TCC. This  IC uses  the theory  of  temperature  and heat
transfer as the principles for construction materials and design of the stove. This technology will
serve  as  a  platform  for  the  potential  technological  improvement  and  development  of  the
technologies associated with biomass stoves.

 To  serve  as  a  platform  to  launch  into  other  biomass  stoves  projects,  (Institutional
Cookstoves(IC), Ghana Alliance for Clean Cookstoves and Fuels (GHaCCOF) with Ghc3000.00
financial  support  in  a  cost sharing agreement  with Kumasi  Secondary Technical  School  and
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technical  support  from TCC,  KNUST, constructed  an  improved  version  of  the  IC in  KSTS
kitchen.  This  initiative  is  to  promote  the  importance  of  clean  cooking to  other  schools  and
institutions through practical educative exhibition. It is also to allow students  to research into the
commercialization of the project and study the economics that will help improve, maintain  and
sustain this technology.

 Though improved and advance biomass cookstove is new in the Ghanaian market, the potential
in Ghana can be trusted through conduction of  a transfer of this technology through organisation
like GHaCCOF, Government Ministries policy makers, Higher institution etc.  This project is
partly funded by GhaCCOF, whilst the cost of construction of the IC, facilities and housing were
provided by KSTS.

1.3 Objectives 
The primary objectives of the project are

 Transfer the IC technology to KSTS as case and to reproduce the technology in future in

all the schools in Ghana and Africa.
 To  equip  participants  (cooks,  patrons  etc.)  with  the  capacity  and  the  capability  to

management it,
 and masons, students, technical teachers to design, construct, operate and evaluate the

performance of the IC through training and “hands – on experience” during construction,
operation and maintenance activities that will go on at the AIC & REED laboratory at
TCC.

 To research and develop a follow up design to improve upon the IC technology.

1.4 Literature 

The  Global  Alliance,  initiative  launched  in  2010  by former  U.S.  Secretary  of  State  Hillary
Rodham Clinton,  seeks  to  foster  the  adoption  of  clean  cookstoves  and fuels  in  100 million
households globally by 2020.

Clean cookstoves represent an ideal alternative to open fire stoves which cause household air
pollution (HAP) that claims the lives of 2 million people annually, and leaves millions more
suffering from cancer, pneumonia, heart and lung disease. In addition to these illnesses resulting
from HAP, rudimentary cookstoves  contribute to deforestation and diminish local air  quality
through  toxic  smoke emissions.  “Cooking  shouldn't  kill,  and  the  Global  Alliance  for  Clean
Cookstoves is working to ensure that it doesn't in part by building bridges between the public
and private sectors to make the basic but essential act of cooking safe and healthy worldwide,”
said Radha Muthiah, executive director of Global Alliance.
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Indoor air pollution causes significant health problems for the 2 billion people worldwide that
rely on traditional biomass fuels for their cooking and heating needs. Over the last 30 years,
awareness  of  the  environmental  and  social  costs  of  using  traditional  fuels  and  stoves  and
knowledge about how to reduce emissions from these stoves has grown. Yet the improved stoves
currently available to poorer customers do not always represent best practice or an understanding
of design based on modern engineering and some scientific theories. The knowledge required to
design cleaner burning stoves exists in centers of excellence in several locations like Applied
Industrial  ceramic-Rural  Energy  &  Enterprise  development  (AIC-REED)  around  the  world.
Providing this information to those involved in promoting improved stoves is a necessary first
step to reducing indoor air pollution exposure for stove users.
(AIC-REED) is a centre for research, experimentation, expertise development and education on
alternative technologies that are ecologically sustainable and culturally responsive to endanger
creative economic growth. The Advanced Studies in Appropriate Technology at KNUST works
to develop energy efficient, nonpolluting, renewable technologies that reflect current research but
which are designed to be made in any country.

IC has gone through a rigour research over the years and the product is based on rocket stove
science that utilizes heat transfer and temperature as to achieve various desired product. At the
turn of the century, an  improve and advanced cookstoves research program were initiated with
the  objective  of  developing  a  low  cost,  effective  and  efficient  but  health  improvement,
environmentally sustainable stove that is clean with less fuel usage that can be manufactured and
applied in developing countries. This research resulted in the development of a clean IC with
insulating bricks to prevent heat loss but enhanced maximum heat transfer to the cooking pan. A
chimney  was  introduced  for  the  removal  of  harmful  gasses  from  the  kitchen  and  good
management of the fire fuel resulted in clean energy. The IC can reduce firewood up to 85% and
has improved the clean fuel up to 95%. A standardized drawing was introduced and TCC built
one with support financial  from SNV to investigate  toward adaption and adaptation into the
Ghanaian system if not West Africa. 

Fig.1.  Completed  Institutional  Cookstoves  (Stainless  steel  Cylinder  &  Round  Bottom
Aluminum Pot)
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By employing an integrated design method based on the feedback from users technology in
combination with social and cultural lessons or inputs, it is possible to achieve new, cooking pot,
energy efficiency and effective IC configurations that can be fabricated using local craft skills,
simple hand tools and readily available materials.

IC technology consists of a ceramic bricks on the outside and insulating bricks on the insides
including the fire magazine. The cooking pan sits in the grove completely allowing no smoke or
heat to escape excerpt the chimney. A mortar comprised of a mixture of clay, calcined,  kaolin
and and atimes fine screened sand and cement mixed with water. 

Fig. 2. Showing the smoke filled Kitchen in which women cook for the students
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Fig. 3a. showing the wasteful use of fuelwood for cooking

1.4.0 Design features
The IC design is  a temperature/heat transfer system through complete  combustion to reduce
smoke and enhance efficiency and effectiveness of cooking. With the adopted design the fire
magazine is shifted off the centre to the side of the stove to enhance even distribution of heat
around the pan. For the even distribution of heat to happen, the chimney is placed at the opposite
side of the firewood magazine. Wood ash and sand are used as insulating powder to fill the gaps
in between bricks. There six 2cm diameter hole on each side of the fire magazine. These will aid
combustion of the volatile gases. The firewood chamber is tilted 30° to aid movement of the
firewood into the fire magazine by gravitation force, resulting in constant temperature rise.  The
air inlet is doubled to double air intake. This plays a role in complete combustion and higher
temperature. 
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Figure 1. Pictorial view of the IC

Figure 1a. A Cross sectional area of the new design as in Fig.1
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Fig. 1b The original Design from GIZ

1.4.1 Experience to Date
Institutional cookstove was designed and subjected to long-term (25years) research and testing at
Aprovecho  Research  Centre.   The  results  revealed  that  it  is  possible  to  reduce  quantity  of
firewood by 75% and smoke by 90%.  

The performance of the IC was monitored over 25 years and 0ne year at the Applied Industrial
Ceramic-Rural  Energy  & Enterprise  Development  at  KNUST under  the  auspices  SNV and
punctuated input from  Aprovecho. The results indicated that the performances are consistent
with the data previously reported.   However the new design and changes fit  into the clients
request of food being ready in an hour as against two hours of the original design. This means
that (i) the technology is reliable and works well with firewood producing a clean gas, and (ii)
given  the  low  fabrication  costs,  which  were  also  verified,  provide  a  favorable  economic
advantage for the technology. 

Table 1: Typical performance data of a Biomass Stove 

unity amount 
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fuel input: Firewood

higher heating value kJ/kg 19800 

fuel consumption for starting period kg 8 

specific fuel consumption under load kg/kWh 0.97 

Gas components: n/a

CO % vol 25.3 

CO2 % vol n/a 

H2 % vol n/a 

Nitrogen

Sulphur

Input power Nm³/h 60 

Output power kJ/Nm³ 3924 

Heat Utility  

Efficiency

1.4.2 Technology Transfer 
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1.4.2.0 From Aprovecho through German International Corporation to Uganda, through
SNV to Ghana

The  potential  market  for  biomass  stoves  in  the  world  in  general  and  developing  world  in
particular has carefully been evaluated by Aprovecho, Germany, Uganda and now Ghana. The
results indicated that with the IC up to 75% fuel wood is saved.

1.4.2.1 Technology transfer to Ghana in 2013

This involves three principles, namely  reinvention of creativity, appropriate technology and
appropriate materials.  In 2013, SNV-Ghana initiated ideas to introduce Institutional cookstove
technology to Ghana for research, adaption adoption as well as other applications. After some
literature research,  financial  viability, user feedback, a modified version in terms of material
substitution, design was developed and transfer to KSTS. The cost was reduced by half. 

1.5 Project Management

1.5.1 Organization and Manpower
The technical assistance needed for the realization of the project was made available through
TCC.  These  members  were  involved  in  the  day  to  day  execution  of  the  project  with  the
documentation of the whole process both visual ( image) and reports. The technology transfer
process was spearheaded by GhaCCoF with an expert Technology Consultancy Centre Michael
Commeh.

The managing of the day to day activity was directed by Michael Kweku Commeh, a research
fellow and head of unit, AIC & REED, TCC.

The whole IC process was executed by two personnel, of which one staff came from KSTS

Since the IC was constructed in an academic environment and for that matter a Technical bias
school, there were a number of people around; students, teachers and of course kitchen staffs

1.5.2 Materials Acquisition and Propaedeutic Activities.

Most of  the materials  needed to execute the project  were available  not  as prescribed in the
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original document but other substitute materials were available which was suitable to do the
work and achieve exactly the same results. Most of them were purchased on the local market and
some of them too were available a Suame magazine, an informal technical site in Kumasi. The
term  “approtech  and  appromat”  which  means  appropriate  technology  and  appropriate
materials  respectively were mostly used during the process  because quite  a  number of tools
which were perfect for the task had to be made at the workshop and sometimes effortlessly.

Major Components purchased 

14cm diameter Galvanize 1.5mm thick Chimney pipe
131cm3 volume (271ltr) Stainless Steel pan with lid
Mild steel firewood magazine 
21cm2 

 metal grate
Insulating brick
Burnt clay bricks
Cement
Sand
0.5cm Granite gravels
Mild Steel Metals 85cm diameter disc
Water
Refractory mortar
Iron rods
Consumables

1.6 Training
The technical expert from  TCC, KNUST  took the cooks in the kitchen how to use the IC in
terms of firewood mangement for maximum output in relation to temperature,  less smoke and
how to cook various meals with the  IC. This took over two weeks.

CHAPTER TWO

2.0 CONSTRUCTION AND INSTALLATION OF IC
The activities involved in constructing a IC are mostly manual therefore a high level of precision
may not  be  achieved.  The IC constructed  was done to  an  appreciable  degree  according the
manual that was made available though some modifications and improvisations were made along
the line during the construction process. This was done to suit the conditions  to the real situation
of the cooks with respect to the design, materials accessible in the at the time of constructing the
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IC. 

The whole construction and testing process was slated to take place within two weeks.  The
project began on 23rd March 2014; the next day after the funds was received.  This involves
constructing the IC, acquire the stainless pan with lid, and test/run to cook food before the arrival
of the delegate from Global Alliance.

2.1 The IC Construction Description
Considering the IC as a system, it has six different components.  all made of local materials with
each component  performing a specific function. All the cylinders are connected in a modular
order with pipes also made form ferrocement and enclosed in an outer cylinder

Function of cylinders

Component 1: Air inlet duct; This allows air to flow into fire magazine

Component 2: metal grate; This allows the firewood rest on it but allowing air aid combustion..

Component 3: firewood magazine: this is where the firewood is stoked in from. It slants at 60°
to allow gravitational stoking providing constant heat temperature. It’s made from mild steel
metal.

Component 4: fire magazine;  this is made of insulating ceramic material to prevent heat and
aid heat concentration

Component 5: cooking pan; this is a 128.5cm2 stainless steel pan capable of carrying 250 litres
of water, sitting on a N shaped angle iron and the flange resting on 3 millimeter metal disc. It is
84cm diameter and 44cm high.

Component 6: Metal disc; this is a 3mm circular flat disc hooked into a concrete to allow the
pan flange to rest perfectly on, to prevent heat and smoke escape. 

Component 7: Galvanized metal Chimney; this is to allow the smoke and hot air to escape. It
also create draft air inlet to for combustion to take flow up to heat the pan.

The heat energy produced (producer gas) serves as the fuel to cook the food. The temperature
achieve here is 1,100°C cooking the desired time frame of one hour.

2.2 Design Modifications
Compared  to  the  original  IC  design,  some  design  modifications  were  applied  to  meet  the
feedback of the users. These included:

 The construction of the firewood magazine at an angle of 60° diagonally instead of the

original horizontal at the  base of the stove on top the air inlet.
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 the fire magazine was moved from the centre to the side to enhance even distribution of

heat around the cooking pan.

 The IC was constructed in a circular form as against the square like cubic form.

 Woodash and sand were used to fill gaps as insulating material.

 The IC was sunk 60cm into the ground to make cooking easier  for  the users as  the

original design was high.

 the air inlet was doubled in dimension whilst the firewood magazine was increased in

volume by 1.5

2.3 Description of individual components

2.4 Construction
Constructing the IC starts with having the plan on ground or floor with bricks laying the air inlet
and firewood magazine positions, which serve as a framework for the foundation.  The next
activity  is  laying the  bricks  with  cement  mortar. Seven to  eight  layers  of  bricks  at  a  time.
Refractory cement is used or the high temperature areas like fire magazine and the cooking pan.
Insulating bricks are found where refractory cement is found.

2.4.1 Metal Grate
A  metal grate  made from 6 mm or quarter inch iron rods was placed at the end of  the air inlet.
It is on the grate that firewood sits and under it that the ash collects as well air flow through the
firewood. 

There are four u shape angle iron on which the stainless steel pan sits giving a gap of 2cm from
the floor and the insulating wall. The gap between the  out wall and insulating bricks circular
wall is filled with sand and wood ash powder to insulated farther insulating brick. 

2.4.2 Chimney
The diameter of the metal chimney is 14cm and 2m high. The metal chimney is embedded in the
concrete  cement.  It  is  placed right  opposite  the firewood place or fire  magazine.  It  helps in
pulling or creating air draft for combustion and smoke exit. 

2.4.3 Finishing
Here a concrete slope is done in such way to allow liquids to flow off the side easily. After 
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plastering screeding is done to provide a slippery surface. 

Fig.4. A completed Institutional Cookstove
in use. Source: Michael Commeh

Fig.5.  the IC being used the first time at
5.30am.  Observe  the  smokeless
environment  and  little  firewood  used.
Source: Michael Commeh
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 2.4.6 Fuel and Management

2.4.6.0 Source and properties
The fuel which was used to test/run the IC was not very well identified since it was purchased
from the common market. This firewood is made from dry dead trees of unknown sizes. They
don’t have any predominant shape but came in sizes of small to large pieces. A truck full which
weighed 502kg cost GH¢55 with one sample having a moisture content of 20% -25% which was
no good enough   

2.4.6.1 Firewood Size and Quality
To ensure satisfactory performance during the operation of the IC, firewood with a minimum
particle size of between 15cm and 20cm and 5cm-6cm diameter. Firewood which did not fall
within this will give smoke and reduce temperature of the fire.  The bigger ones were further
broken down into smaller sizes. 

CHAPTER THREE

3.0 OPERATION
Operating an IC system can be a bit tricky as changing old habit to a new one is challenging for
the cooks, therefore necessary training should be given to the operator to be able to cope with the
day to day challenges associated with running such a system

3.1 lighting up

3.1.0 Preparing the system
Before running such a system, palm chaff is place in fire magazine area on the grate and smaller
firewood placed on it. The bigger firewood is placed on the lit smaller firewood and it ready to



roll.

3.1.2 First test
The purpose of the first test was to cooks Tom brown porridge. With this in mind, the stainless
steel pan in the IC was filled with 180litres water and boiled within 45 minutes after which the
Tom brown ingredients were poured into the boiling water stirred for 20 minutes. Was observed
that the burning firewood must be removed before anything that is poured into the boiling water
otherwise the food will burn. 

3.1.3 Second test
During the second test, the rationale was to run the IC upon the success of the first test. The
cooks did without the technical personnel and landed into trouble. First based on the success of
the earlier test the cooks came to work a bit late thinking they could cooks before breakfast. The
cooks tried manage the fire  the old habit  way where a  lot  of  firewood  is  stocked into the
firewood place choking free air flow therefore incomplete combustion and low temperature. 

3.1.4 Third test
This test was done on Kenkey for 600 student and it was successfully done. The Kenkey was
ready within an hour at Ghc. Grass tread was used to avoid charring of those Kenkey at the
bottom of the cooking pan. The last test will be on rice and the project is completed. 

3.1.5 Fourth test

This was done on rice for 600 students and it was ready within a an hour, using 7kg of firewood
at Ghc 1.30 i.e. USD$ 0.50

3.4 Emissions and Residues
The  solid  wastes  tested  from the  IC were  fine  firewood ash  which  came out  from burning
firewood, settling under the cooking pan and chimney. Smoke went out of the kitchen through
the chimney. Soot was present in the chimney and outside of the cooking pan. However smoke
was not found in the kitchen and no smoke through the chimney after initial lihting.

 

3.5 Monitoring
The only monitoring that could be done by observation at moment. In the near future financial
viability and gas analysis would be done. Real time efficient test would be done too. 

3.6 Operational Hazards
No carbon monoxide poisoning and other gases occurred during the test of the project. Cooks
could lean on the stove and cook without the slightest discomfort from heat. However goggles
should be worn when stoking the firewood in the firewood chamber.



3.6.0 Safety Operation Points
However goggles should be worn when stoking the firewood in the firewood chamber.

CHAPTER FOUR

4.0 RESULTS, CONCLUSION AND RECOMMENDATION

4.1 Results 

The new IC can cook within and hour with 8kg-10Kg firewood as against 30-40kg of the old
taditional stoves. The financial viability calculation of the new stove shows that one can save up
to Ghc 5450.00- Ghc 7500.00 per year on fuel ($1.oo=Ghc2.8). 

A full cooking pan of 131cm3 and containing 260 litres of liquid of cooked rice or porridge will
feed 600 students. 



Fig.5. A complete IC sunk 30cm into the ground. Source:©  Michael Commeh

4.3  Observation
Large orders can make the cost of IC reduce drastically by half

One fourth of the cost was borned by KSTS helped in getting the project through.

The product can be built in Three days and be used on the fifth day.

4.4 Recommendations and Feedbacks
Clients should order the product in pairs rather than in singles. This will reduce the cost by 40%
to 50%.

Please make sure Fire management  and how to cook on the new product is  part  of the full
transfer of technology.

Air blower (manual or mechanical) for extra air reduces the firewood by 85%.

Feedback One: “I love leaning on the stove to cook”

Feedback two: “We come to work at 5:30am instead of 3:30am and close Between 3:30pm and
4:30pm”



Feedback three: “It is amazing the little amount of firewood needed to cook within an hour with
no or little smoke”

Following the installation of an institutional biomass cookstove in early 2010, the school realized
a significant range of benefits which include:

•  Reduction in  fuelwood consumption  and expenditure.  Annual  savings  is  about  Ghs 5,600-
Ghc8,000.oo  (USD$3,000).  With  the  installation  of  the  stove,  the  fuelwood
consumption/expenditure  has  been  reduced  to  almost  a  third  of  the  previous  amounts
($USD1=Ghc2.80).

• Less heat and smoke in the kitchen

• Better kitchen conditions for cooks as there is less heat and smoke in the kitchen.

• Minimized risk of accidents e.g. students or cooks getting burnt.

• Eased the time and work burden of cooking which has, in turn, boosted the morale of the cooks

•  Increased  interest  of  school  community  in  biomass  improved  stoves.  Some  teachers  got
convinced enough to buy the efficient household charcoal stove for their homes.

Increase in the length of time food is kept warm for consumption later and reducing the number
of cooking sessions for certain meals (food prepared for lunch sufficient for later meals)

Based  on  the  experience  of  the  aforementioned  school,  the  only  drawback  identified  is  the
difficulty  in  lighting  the  institutional  stove  during  wet  days.  To address  this  challenge,  the
fuelwood has to be split into small pieces in order to dry properly - a demanding and costly task
which has compelled the school to employ someone for this purpose

4.5 Financial Viability of wood-stoves

The cost of one truck of firewood is Ghc 450.

An institution such as a senior high school with boarding facilities uses a maximum of four(4)

trucks per term, that is, when they use the locally manufactured (commonly used) wood stove.

This arrives at a total amount of Ghc 5400 for an academic year.

On the other hand, using the rocket cook stove means consuming one truck of firewood per term,

hence a total of Ghc 1350 is used in an academic year. This can however be improved to Ghc

800-Ghc 950 per academic year when turbo cooking pans are you used ($1.oo=Ghc2.8o).



4.5 Conclusion
The institutional cookstove technology transfer was successful done within two weeks before
testing.

List of Materials Used for the Construction of Institutional Cookstove and their cost

Qty Unit Price Ghc Amount Ghc    

1 14cm diameter Chimney pipe 1 300 300

2 131cm3 volume Stainless Steel pan with lid 1 2950 2950

3 Mild steel firewood magazine 1 80 80

4 21cm2 
 metal grate 1 45 45

5 Insulating brick 150 3 450

6* Burnt clay bricks 500 0.6 300

7* Cement 5 27 135

8* Sand 1 15 15

9* 0.5cm Granite gravels 1 15 15

10 Mild Steel Metals 85cm diameter disc 1 350 350

11* Water 1 5 5

12 Refractory mortar 5 250 250

13 Iron rods 1 20 20

14 Consumables 100 100

15 Workmanship 500 500

16 21cm2 
 metal grate 1 45 45

Total 5,560.00



 The numbers with asterisk show that cost was borne by KSTS

Fig.6. The foundation for the IC stove. Source: Michael Commeh



Fig.6b. The base plan for the IC stove. Source: Michael Commeh

Fig. 7 Fire and firewood magazine base of the IC being constructed

 Source: Michael Commeh

Fig.8. the firewood magazine air secondary air duct fitted. 

Source: Michael Commeh



Fig. 9.Testing the stove before the next step in construction continues. 

Source: Michael Commeh

Fig. 10. The condition of service. Source: Michael Commeh



Fig.11 shows the uncomfortable way of stoking the firewood in the magazine.  The new
improved design avoids  this.  One can stand or slightly  bend to stoke.  Source:  Michael
Commeh
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