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Abstract
Cooking is one of the household activities with high energy requirements, especially for communities living off the
grid in sub-Saharan Africa. Traditionally, open stoves have been used for cooking and these are energy inefficient
and have potential to release harmful pollutants to the environment. The adoption of eco-friendly cook stoves is
therefore of importance in order to conserve energy and also improve energy efficiency. The consideration of design
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parameters such as heat transfer, combustion and thermal efficiency as well as the material of construction is
therefore of utmost importance.

Keywords: Cook stoves, energy conversation, energy efficiency, sustainable development
1. Introduction
In Africa, above two billion people use cow dung, firewood and charcoal as sources of cooking energy (Smith et al.,
2004; Sambandam et al., 2014). Most of this cooking is done in open fires resulting in low fuel efficiency and
release of emissions to the environment (Okpu, 2015). This has negative impacts such as human mortality,
morbidity, air pollution, deforestation and climate change (Smith et al., 2004; Sambandam et al., 2014). Utilization
of biomass as a source of fuel also results in various negative impacts especially on time, strain and risk to children
and women during harversting. Figure 1 shows an open traditional fire that is used as a source for cooking energy in
the Sub Sahara Africa.

Figure 1: Open fires used for cooking in most Sub Sahara Africa, examples of Uganda (left), Tanzania (right)
(Adkins et al., 2010)
There is therefore need to use eco- friendly biomass cook stoves that are cost effective and have low risks so as to
minimise the negative impacts on humans and the environment (Ruiz et al., 2011). Adoption of cooking stoves that
are environmentally friendly is needful for mitigation of negative impacts associated with cooking with open fires.
An example of good usage of eco- friendly scheme is the Biomass Energy Strategy (BEST) that was adopted in
Rwanda to promote the usage of charcoal and other related renewable energy fuels. With the BEST intervention, at
least 80% of efficient charcoal usage was targeted (Adkins et al., 2010). In addition to reducing deforestation, the
adoption of eco cook stoves promotes energy conservation and efficiency (Timko and Kozak, 2016). The investment
in eco cook stoves results in reduced indoor air pollution as well empowerment of women and children. In order to
well integrate the use of eco- friendly cook stoves, the value chain, activities and experiences of stakeholders
involved as well as policies and regulations governing the usage of cook stoves need to be well understood
(Blodgett, 2011).

2. Value chain for improved cook stoves
The value chain for improved cook stoves includes the designs, manufacturing, retail and distribution of cook
stoves (Adkins et al., 2010; Blodgett, 2011). The roles, activities and effectiveness gaps of the involved stakeholders
are detailed in Figure 2.
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Figure 2: Improved cook stoves value chain (Blodgett, 2011)
The various stages that are involved in the design, development and testing of eco cook stoves include: technology
development, laboratory emissions testing, testing in the rural energy lab as well as pilot testing in the village. The
schematic representation of these stages for eco cook stoves commercialization is given in Figure 3.

Figure 3: Stages for eco cook stoves commercialization (https://www.epa.gov/sites/production/files/201508/documents/baumgartner.pdf)
In this paper, attention is given to the value chain, particularly the stage of design. From the cook stoves observed in
sub Saharan Africa, it is apparent that pertinent design considerations have not been taken into account. These
design considerations are highlighted in a bid to improve future designs of cook stoves especially in sub Saharan
Africa.

3. Design considerations for cook stoves
The design considerations for eco cook stoves include but are not limited to: characteristics of the fuel, optimization
of the fuel type, heat and mass transfer, process control as well as materials of construction.

3.1 Combustion and Heat Transfer
The major processes that take place in eco cook stoves are combustion and heat transfer from the cooking stove.
Inefficient combustion of biomass results in the emission of harmful substances. Efficiencies of both the combustion
and heat transfer have an impact on fuel efficiencies and cooking times. Placing of the cooking vessel closer to the
fire enhances the transfer and can also result in quicker cooling of volatiles leaving the fuel bed. The combustion
© IEOM Society International
37

Proceedings of the International Conference on Industrial Engineering and Operations Management
Pilsen, Czech Republic, July 23-26, 2019
and heat transfer efficiency of cook stoves is affected by the formation of emissions, the combustion chamber
density, mixing, geometry as well as the air-to-fuel ratio (Jetter et al. 2012).

3.2 Performance parameters of eco cook stove
Performance parameters of efficient cook stoves are measured through various parameters including the modified
combustion efficiency, heat transfer efficiency, overall thermal efficiency, fuel burning rate as well as the water boil
test (Dhopte et al., 2015).
3.2.1 Modified combustion efficiency
Modified combustion efficiency (MCE) shows how well the fuel burns in terms of conversion to heat and radiant.
Incomplete combustion results in the production of dangerous pollutants as carbon monoxide, carbon dioxide and
methane.
3.2.2 Heat transfer efficiency
Heat transfer efficiency (THE) is an indication of the amount of energy delivered for cooking against the total heat
released from fuel combustion. Eco cook stoves are therefore designed to minimize the heat loss to the environment.
3.2.3 Overall thermal efficiency
The overall thermal efficiency (OTE) is a combination of both the heat transfer and fuel combustion efficiencies
(Dhopte et al., 2015). Equation 1 represents the thermal efficiency calculation.
𝑂𝑂𝑂𝑂𝑂𝑂 = 𝑀𝑀𝑀𝑀𝑀𝑀 𝑋𝑋 𝐻𝐻𝐻𝐻𝐻𝐻 … … … … … … … (1)

An eco cook stove that is properly designed has a balance of both the heat transfer efficiency and the modified
combustion efficiency (Jetter et al., 2012).
3.2.4 Process control devices
Process control devices such as sensors and fan drivers help in the optimal functioning of the eco cook stoves.
Process control helps in the reduction of emissions as well as improvement of the heat transfer efficiencies (Biomass
Program, 2011). These can be in their simplest forms in order to reduce cost and increase uptake of eco cook stove
to the poor of sub Saharan Africa.
3.2.5 Materials of construction
Various types of materials are required for the construction of eco cook stove’s combustion chamber, insulation as
well as heating probes. Materials must be able to withstand high temperatures, thermal gradients as well as physical
stress. The material chosen must be highly durable, cheap and readily available. Due to the factors listed above,
metals and ceramics are mostly used in the production of eco cook stoves.

4. Conclusion
Eco cook stoves need to be adopted for usage in the sub Sahara Africa as a means of improving energy efficiency.
Proper design considerations, process control and automation as well as usage of the right material of construction
need to be taken into account.

© IEOM Society International
38

Proceedings of the International Conference on Industrial Engineering and Operations Management
Pilsen, Czech Republic, July 23-26, 2019

References
Adkins, E., Tyler, E., Wangi, J., Siriri, D. and Modi, V. (2010) Field testing and survey evaluation of household
biomass cook stoves in rural sub-Saharan Africa. Energy for Sustainable Development 14 (2010) 172–185.
Biomass Program (2011) Biomass Cook stoves Technical Meeting: Summary Report. US Department of Energy.
Energy Efficiency and Renewable Energy.
Blodgett, C. (2011) Charcoal Value Chain and Improved Cook stove Sector Analyses. SNV Rwanda Positioning
Document. SNV Connecting People’s Capacities.
Dhopte, B., Mundhe, S. and Kokil., P. (2015) Biomass Stove: Effect of Air to Fuel Ratio on Thermal Efficiency.
International Journal of Engineering Research and Technology, 14 (6), 960-963.
Jetter J, Zhao Y, Smith K, Khan B, Yelverton T, DeCarlo P, and Hays M D. (2012) Pollutant Emissions and
Efficiency under Controlled Conditions for Household Biomass Cook stoves and Implications for Metric Useful in
Setting International Test Standard. Environmental Science and Technology. 2012, 46 10827-10834.
Okpu, R. (2015) A Survey on the Feasibility of Replacing the Traditional Tripod
Cook stoves with Eco cook stoves and Biomass Consumption Profile in Rural Areas of Delta State, Nigeria. Final
Report. Eco cook stoves Feasibility Study in Delta State, 1-73.
Ruiz-Mercado, I., Masera, O., Zamara, H. and Smith, K. R. (2011) Adoption and sustained use of improved cook
stoves. Energy Policy 39 (2011) 7557–7566.
Sambandam, S., Balakrishnan, K., Ghosh, S., Sadasivam, A., Madhav, S., Ramasamy, R., Samanta, M.,
Mukhopadhyay, K., Rehman, H. and Ramanathan, V. (2014) Can Currently Available Advanced Combustion
Biomass Cook-Stoves Provide Health Relevant Exposure Reductions? Results from Initial Assessment of Select
Commercial Models in India. Eco Health DOI: 10.1007/s10393-014-0976-1.
Smith, K.R., Metha, S., Maeusezahl-Feuz, M., 2004. Indoor smoke from household solid fuels. In: Ezzati, M.,
Rodgers, A.D., Lopez, A.D., Murray, C. J. L. (Eds.), Comparative Quantification of Health Risks: Global and
Regional Burden of Disease due to Selected Major Risk Factors, vol. 2. World Health Organization, Geneva, pp.
1435–1493.
Timko, J. A and Kozak, R. A. (2016) The influence of an improved fire cook stove, Chitetzo mbaula, on tree species
preference in Malawi. Energy for Sustainable Development, 33, p. 53-60.
https://www.epa.gov/sites/production/files/2015-08/documents/baumgartner.pdf

Biographies
Mercy Manyuchi is a Researcher at the University of Johannesburg in South Africa. She holds a Doctorate Degree
from Cape Peninsula University of South Africa, a Master of Science Degree from Stellenbosch University and a
Bachelor of Engineering Honors Degree from Zimbabwe. Her research interests are in waste to energy technology,
value addition of waste biomass and renewable energy technologies.
Charles Mbohwa is a Professor of Sustainable Engineering and Energy Systems at the University of Johannesburg.
Edison Muzenda is a Professor in Professor in Chemical and Petrochemical Engineering at the Botswana
University of Science and Technology. He is also a visiting professor at the University of Johannesburg.

© IEOM Society International
39

