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Clean and efficient cook-stoves and fuels are essential to address energy demand and ensure safe cooking for
billions of people across the globe. Currently, nearly 2651 million people in developing countries (Africa—910
million, Asia—1674 million, Central and South America—57 million, and Middle East—210 million) are without clean

cooking facilities.

liquid and gaseous fuels clean cooking stoves emerging cooking technology

| 1. Introduction

In the previous decades, there was not much difference in the cooking technologies and the fuels used between
the rural and urban households. However, due to improved living standards, sophisticated lifestyles, access to
technology, and the availability of more resources to the urban people, a greater change in cooking technologies
and availability of fuels has taken place between the urban and rural communities. For instance, while urban
households started using cooking fuels such as natural gas, Liquefied Petroleum Gas (LPG), kerosene, biogas,
and electricity, the people living in rural areas are still using traditional cooking fuels such as firewood, dried cow-
dung cakes, dried leaves, and plant residues. Significant variations in access to clean cooking between urban and
rural areas has led to disparities in infrastructure and the availability of clean fuels and technologies [l There is an
increasing trend of the adoption of gaseous (LPG, natural gas, and biogas) and liquid fuels (kerosene, methanol,
ethanol, etc.) in low and middle-income countries . This is growing rapidly due to the global initiatives to promote
clean energy cooking fuels BB Though electric stoves are pollution free at a household level, they may not be
feasible for the developing nations such as India to adopt for cooking applications in the next few decades due to
the rapid increase in electrical demand for the industrial and agricultural sectors. Further, some parts of the rural
population in India still lack a consistent power supply, and a few villages even lack access to electricity. Major
parts of the electricity generated in India is through coal, and the country is still on its way to shift towards
renewable sources for electricity production. There is also a lack of an adequate supply of coal, which makes the
generation of electricity inconsistent. Thus, shifting from gas stoves to electric stoves would only add a burden to

the government.

Almost four million deaths per year have been reported due to pollutants released from the burning of kerosene,
charcoal, wood, etc., for cooking . Exposure to pollutants from cooking with such fuels can lead to chronic
obstructive pulmonary disorder, heart disease, childhood pneumonia, lung cancer, etc. [Z. Among the 17

Sustainable Development Goals (SDG) of the United Nations (UN), providing access to clean cooking solutions
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has been given top priority in SDG 7 L. Electricity from renewable energy sources with electrical cooktops can be
conceptualized as a possible solution; however, recent multi-model analyses [EISIIOLLIZM3] jn various countries
have shown the complexity of cooking fuel transition and questioned its feasibility in the diverse populations of
developing countries. The potential economic and human health benefits of the transition to cleaner cooking
technologies and fuels have motivated many researchers to focus on improved cook-stoves 4. Previously, people
used to construct chimneys to vent out the emissions from the kitchen. However, since the emissions were directly
released into the atmosphere, this practice created outdoor pollution, and hence they have slowly moved towards

the usage of clean cooking fuels (12!,

| 2. Operating Principles of Gaseous Fuel-Based Cook-Stoves

Based on the stage of fuel and air mixing, burners of gaseous fuel cook-stoves are mainly classified as aerated
and non-aerated; the fuel and air will be premixed in the former, while they interact only at the reaction zone in the
latter. In most aerated burners used in domestic cook-stoves, additional air is supplied to ensure cleaner
combustion. These burners have been developed to overcome the shortcomings of non-aerated burners, such as
unstable combustion and high manufacturing costs [28l. The cook-stove burners can also be classified according to
the mode of air supply as forced-draft (air is supplied externally) and natural draft or self-aspirated (air is induced

naturally). The phenomenon of the natural induction of air in a typical self-aspirated burner is shown in Figure 1.

Knob - | Burner head |
l Injector Burner N
Throat port
=
Fuel Wl
supply 7
Primary air Mixing tube

Figure 1. Phenomenon of the natural induction of air in a typical self-aspirated burner.

The fuel is supplied through an orifice and is ejected at a high velocity. The surrounding air is entrained due to the
pressure difference created by the high velocity of the jet. The entrained air and fuel then form a mixture and are
passed through the mixing tube. The mixture is ignited downstream. Mainly two types of combustion methods have

been reported in the literature: the bunsen burner principle and the heat recirculation principle.

2.1. Cook-Stoves with Bunsen Burner Principle

In Bunsen burner-based cook-stoves, the fuel-air mixture is delivered through radial ports on the burner head.
They operate on the mechanism of Free Flame Combustion (FFC), in which the occurrence of combustion of fuel—-
air mixture is above the top surface of the burner head, and the burnt products depart through the downstream

section of the flame (Figure 2).
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Figure 2. Schematic representation of combustion process in FFC-based cook-stove.

The location of flame is controlled by restricting the reaction zone within a desirable limit by controlling the flame
speed. The flame speed is in turn affected by several factors such as the composition, amount, and speed of the
fuel—air mixture. The energy transfer is by direct impingement of the turbulent jets, i.e., the flame on pan surface.
During combustion, some part of the total energy content of the fuel is lost by incomplete combustion, and the rest
is released as heat energy in the product gas. This heat energy is transported to the cooking load mainly by
convection; however, a considerable quantity of heat energy is lost to the surroundings by radiation and
convection. As the FFC-based burners are characterized by the release of combustion products with low emissivity
and thermal conductivity, the contributions of radiation and conduction from combustion products to the load are
negligible (L7, Consequently, the FFC-based burners (including the commercial cook-stoves) are less fuel-efficient,
and also possess unenviable characteristics such as inferior stable flammability limits, a high emission of toxic

pollutants, and low power density 28I,

2.2. Cook-Stoves with Heat Recirculation Principle

As discussed above, only a part of the heat energy from the hot gas is transported to the load in FFC-based cook-
stoves. This can be solved only by the efficient combustion of fuel-air mixture and an enhanced transfer of heat
energy to the load, which could be effectively accomplished by providing means to recirculate the heat energy from
the hot combustion products to the incoming fuel-air mixture without their direct mixing. The process of transferring
enthalpy from the combustion products to the incoming fuel-air mixture is often termed ‘excess enthalpy burning’.
Furthermore, the combustion process in burners operating on the heat recirculation principle can sustain in much

leaner conditions than the flame in conventional burners.

https://encyclopedia.pub/entry/40789 3/17



Gaseous and Liquid Fuel Cook-Stove | Encyclopedia.pub

Higher burning velocities and flame temperatures are the characteristics of such flames, hence the name
‘superadiabatic’ combustion. Many researchers reviewed the heat-recirculation principle based burners and
described their operation 222921221 Cook-stoves with the heat recirculation principle can be classified into two
groups: external heat recirculating burners and internal heat recirculating burners. The example of external heat
recirculating burners is the Swiss roll burner 23, where the heat is transferred from hot product to cold reactant in a
double spiral heat exchanger. Another example is the one which was developed by Jugjai and Sanitjai 24, where a
Porous Medium (PM) was used to convert the enthalpy of the exhaust gases to thermal radiation which is then fed
back to the burner inlet. On the other hand, internal heat recuperation is realized by facilitating the combustion in a
PM. In the presence of a PM, the heat energy is transferred from the combustion zone (CZ) to the fresh reactants
predominantly by conduction and radiation, leading to excess enthalpy or superadiabatic combustion [23],
Therefore, Porous Radiant Burners (PRBs) offer wider power modulation and flame stability range, lower
emissions, and higher thermal efficiency than their FFC-based counterparts (28, Figure 3 shows the heat transfer
mechanism occurring in a double-layered PRB. The incoming fuel-air mixture is pre-heated by the heat
recirculated from the CZ. The preheated mixture then undergoes combustion in the CZ. The preheating zone (PZ2)
with lower porosity also serves as a flame-arrestor 24, The PM is also subjected to heat loss via radiation,

convection, and conduction.

Exhaust gases

radiation

Heat transfer to the surrounding
by conduction convection and

Incoming Air Fuel mixture

Figure 3. Heat transfer mechanism in a double layer PM.

Based on the flame location, PRBs can be further classified as submerged-flame type or surface-flame type; in the

former, the flame is located fully inside the PM, while the flame is stabilized at the PM surface in the latter. The
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performance of PRBs could be improved by the careful selection of the material and dimensions of the PM.

| 3. Liquid Fuel-Based Cook-Stoves Operating Principles

In liquid fuel burners, the fuel is converted into droplets either by vaporization or atomization before being injected
into a combustion device. Based on the mechanism of fuel vaporization and mixing with air/oxidizer, liquid fuel-
based cook-stoves are classified as wick type, and pre-vaporizing and vaporizing type. The working of a wick type
cook-stove is the same as that of a candle (Figure 4). In a wick type cook-stove, a thin film of fuel is formed on the
surface of the wick that is soaked with the fuel and is heated by the flame initiated at the surface of the wick. As the
fuel film evaporates, a diffusion flame sustains at the surface of the wick. Liquid fuel flows up from the tank to the
flame portion through the wick by capillary action. Kerosene, plant oils, and alcohol are the most commonly used

liquid fuels in wick type cook-stoves.

< Flame
.

'
i« Perforated
tube

I

< [« Wick guide

(a) (b)

Figure 4. Schematic of wick type (a) burner and (b) cook-stove.

In the case of a pre-vaporizing type cook-stove, fuel is pre-vaporized in a separate chamber or pipeline (tube or
coil) before combustion (Figure 5). The vaporizer vaporizes the liquid fuel at a steady rate by providing the
required heat energy for vaporization. Pre-vaporizing burners are generally employed in pressurized liquid fuel
cook-stoves. This type of cook-stove is also available with porous burners as illustrated in Figure 6. In the case of
vaporizing type cook-stoves, liquid fuel directly enters the combustion chamber, where it gets vaporized and
combusted instantly. Alcohols are the standard fuel used in these types of cook-stoves. In these cook-stoves, the
liquid fuel vaporizes on the top of the hot surface. This type of burner is used in canister-based cook-stoves as

depicted in Figure 7.
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Figure 5. Schematic of pre-vaporizing type (a) burner and (b) cook-stove.
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Figure 7. Schematic of vaporizing type (a) burner and (b) cook-stove.

| 4. Cook-Stove Designs
4.1. Gaseous Fuel Cook-Stove Designs

4.1.1. Liquefied Petroleum Gas (LPG)
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The traditional LPG cook-stoves are designed based on partially-aerated type burner design, as described by Berry
et al. [23. The traditional free-flame cook-stoves are generally based on the Bunsen burner design. In these
designs, there are several holes located on the burner head where the flame jets are anchored. Most of the burner
heads are made of metals such as cast iron or brass. The details of the various improved cook-stove designs
(Figure 8). A venture center in Pune, India, developed a swirl flow-based LPG cook-stove for commercial cooking
(391 Zhen et al. B redesigned the traditional domestic cook-stove by modifying the burner cap to induce swirl flows
(Figure 8b). The first design, Swirl Burner 1 consisted of 10 guided vanes that produced a continuous swirl. The
radius and the inclination angles of the curvy channels were 3 mm and 10°, respectively. The second design, Swirl
Burner 2 included both inward and swirling motion. The concave surfaces had an inclination angle of 30° towards
the horizontal plane while the slots were at 10° off the normal direction of the surface. With the insertion of an
annular metal insert and an extended spill-tray, Das et al. 22 improved the performance of traditional domestic
cook-stoves. These improvements increased the heat transfer to the load by guiding the combustion products and

air more towards the load.

As already mentioned, utilization of PM for improving the performance of traditional cook-stoves was demonstrated
by Jugjai and Sanitjai 22 in their Porous Radiant Recirculated Burner (PRRB). PRRB is different from PRB, as it
has an FF, and PM only promotes heat recirculation by recirculating the exhaust gas within the PM. Further, Jugjai
and Rungsimuntuchart 23 developed a PRRB, i.e., PRRB (CB), using a ring burner. However, the swirling central
flame ring burner (SB) and the PRRB were combined, i.e., the PRRB (SB), to further increase the burner’s thermal
efficiency. Compared with their previous design 23, they scaled up the capacity of the burner from 5 kW to 30 kW.
Mujeebu et al. B4 added another feather in the field of PRB cook-stoves by exploring the operation of double-
layered PRBs on the surface and submerged combustion modes. These modes of PMC operation at the same
power input were obtained by using different PMs. For a power input of 0.62 kW, a PRB with PZ and CZ of Alumina
foams of different porosities was used to obtain surface stabilized flame, while PRBs formed by porcelain foam and
alumina spheres were used to obtain a matrix stabilized flame. Another improved domestic PRB cook-stove based
on the flat-flame operation was reported by Wu et al. 33, The PRB was of diameter 50.8 mm and thickness 3 mm,
and the PM was formed with bronze pellets of diameter 0.5 mm with a porosity of 0.237. Mishra 28 presented an
improved cook-stove with a double-layer PRB for commercial cooking (5—-10 kW). The PRB was of 120 mm
diameter, and SiC and Alumina formed the CZ and PZ of PRB, respectively. Similarly, for domestic applications,
Herrera et al. 87 developed 160 mm diameter PRB, where the preheater material was uniquely chosen from
Alumina grinding wastes and the CZ comprised of SiSiC ceramic foam. Another milestone of PRB for domestic
cooking was achieved by Mishra and Muthukumar, who developed a self-aspirated double layered PRB cook-stove
operating at a power input range of 1-3 kW, marking the first of its kind 28], The CZ and the PZ comprised of SiC
reticulated foam and Alumina filter. These were enclosed in a housing made of refractory cement casing. This

design was based on submerged PMC.
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Figure 8. Improved LPG cook-stoves. (a) Improved cook-stove developed by Venture centre B9: (b) Swirl burners
developed by Zhen et al. Bl (c) Porous metal burner developed by Wu et al. B2 (d) Medium-scale PRB
developed Mishra [28: (e) Porous Radiant Burner developed by Herrera et al. BZ: (f) Domestic Porous Radiant

Burner developed by Mishra and Muthukumar 28],

4.1.2. Biogas

Biogas-based cook-stove technology has been widely implemented in several countries such as India B2, China
(49 Bangladesh 2, and Pakistan 42 with the subsidization of biogas plants. These cook-stoves are similar to the
traditional LPG-based cook-stoves working on FFC 43l or PMC 4. A biogas cook-stove usually has a single or
double burner with different biogas consumption rates (Domestic burners: 1.2 to 5.5 kW; Commercial burners: 5.5
to 17 kW) 23], The burner itself has several parts viz., Jet (Injector orifice), air intake holes, mixing tube (diffuser),

flame port, baffle, burner manifold, frame, and the brackets welded on the top of it. There are two types of FFC-
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based biogas cook-stove designs: one is a modified design of the existing LPG cook-stoves and the other is the
original design based on the properties of biogas 48, In the early 1990s, Chandra et al. 47 presented analytical
expressions for designing a burner in a biogas cook-stove. With the help of these expressions, for a given biogas
pressure and pressure drop across the orifice, the design parameters of a biogas burner such as the orifice exit
diameter, the spacing between the mixing tube and the orifice, the area of the burner head, and the number of
burner port could easily be selected. In 1996, Fulford 42 presented a detailed design equation for a biogas cook-
stove consistent with the scientific and technical criteria for low-pressure burners. They also presented a typical
design calculation for a DCS cook-stove to supply about 1.5 kW for cooking. Using similar design principles,
Kurchania et al. 4849 developed a biogas cook-stove for cooking and baking corresponding to biogas
consumption of 1 m3/h and 0.375 m3h, respectively. Analogous designs of domestic cook-stoves can be found in
the literature [431BABLBABSIBAGS Recently, by using PMC, Kaushik et al. 44 developed a domestic double layer

PRB cook-stove for biogas following the design of Mishra et al. [28 meant for LPG. The various biogas cook-stove

Burner cap , Support frame

designs are illustrated in Figure 9.
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Figure 9. Biogas cook-stoves. (a) Biogas stove-KVIC model BY; (b) DCS burner used in Nepal 42 (c) Biogas
stove designed by Itodo et al. B: (d) Biogas stove for baking developed by Kurchania et al. #&l: (e) Domestic
biogas stove developed by Kurchania et al. #2: (f) Biogas Injera baking burner B3l: (g) Biogas burner (Stove)
developed by Awulu et al. B3; (h) Biogas burner developed by Petro et al. 43 (i) Biogas operated porous radiant

burner developed by Kaushik et al. 24!,

4.2. Liquid Fuel Cook-Stove Designs

Liquid fuels used for cooking applications can be categorized based on their sources as fossil fuels (e.g.,
kerosene), alcohols (e.g., ethanol, methanol), and plant oil (Figure 10). Liquid fuels can be easily stored, and most
of them, being derived from plant-based sources, are renewable. Similar to gaseous fuel cook-stoves, the design
features of liquid fuel cook-stoves are influenced by the burner parts that enable the smooth flow and combustion
of the fuel. The most important design improvements involve the selection of the wick materials in the case of wick

type cook-stoves and the design of the vaporizer in the case of pressurized cook-stoves.
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Figure 10. (a) Different designs of kerosene wick stoves—(i) kerosene wick (woven fiberglass) stove B8l (ji)
kerosene wick (10 no. of wick) stove B4 and (iii) kerosene wick (8 no. of wick) stove 28l (b) Different types of
kerosene pressurized stove—(i) kerosene pressure stove (Roarer type burner) B8 and (ii) kerosene pressure
stove [28: and (c) Kerosene pressure cook-stove burners [28—(i) Venus burner, (ii) Silencer type burner and (iii)
Roarer type burner.

4.2.1. Kerosene

There are currently two kinds of kerosene-fueled cook-stoves: wick stove B8 which relies on the capillary action
for the transfer of fuel, and a pressure cook-stove B85 with the vapor-jet arrangement, which aerosolizes the fuel
using manual pumping. Different designs of both types of cook-stoves and the burner head assembly of pressure

cook-stoves are shown in Figure 11. In terms of safety, the pressure stove is ranked higher than the wick stove.
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Figure 11. Alcohol cook-stoves. (a) NARI ethanol stove €9 (b) Ethanol gel stove 2 (¢) Methanol stove B4,

4.2.2. Alcohol

The production of alcohol shows an increasing trend around the world, and attempts have been made from the
mid-2000s to commercialize alcohol-based cook-stoves (Figure 11). The use of ethanol and methanol as cooking
fuels was first seen in Ethiopia through the ‘Project Gaia’ initiative [62](63] The cook-stove under this project was a
canister-based methanol-/ethanol-operated Origo stove [641(65] manufactured by a Swedish company. These stoves
carry a 1.2 L canister and weigh around 1.8 kg. One fill of the canister in this cook-stove can operate for about 6—8
h. In another study, Nimbkar Agricultural Research Institute (NARI) developed an ethanol-pressurized cook-stove
working on a 50% ethanol-water mixture 69 The stove produces outputs comparable to that of the traditional LPG
and kerosene stoves and provides for simple flame regulation. Another ethanol stove operating without a pressure
system is the “VOAHAJA” stove. The burner is designed to convert the water in the ethanol into steam, and the
resulting flame is blue and odorless 68 |n a different study, two prototype stoves operating on methanol and

ethanol gel were reported by Masekameni et al. 81 put their details are not available.
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