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Abstract— With respect to global issues of sustainable 

energy and reduction in greenhouse gases biomass energy is 

one of the key sources of renewable energy as a potential 

source of energy in the future. Improved cooing stove can 

bring significant benefits to rural publics due to reduced fuel 

consumption and improved air quality. This work has been 

carried out to develop, design and manufacture an applicable 

type biomass stove by using locally available biomass fuels 

like bamboo and neem wood. Biomass cook stove can be 

used in applications like cooking and space heating problem. 

This paper summarizes the research literature referred 

relative to the Biomass cook stove. 
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I. INTRODUCTION 

A. Combustion: 

As pyrolysis gases are emitted they will diffuse and mix 

with the surrounding air. If proper mixing with O2 occurs 

before leaving the reaction zone, and sufficient energy is 

available then the pyrolysis gases will combust. 

B. Biomass cook stove: 

Biomass cook stove is basically a combustion device which 

burns biomass fuel more efficiently with reduced amount of 

emission and offers cleaner cooking energy solutions. 

Converting the fuel’s chemical energy into thermal 

energy is done by combustion, thermal energy produced is 

transferred to the cooking vessel by cook stove. 

1) Types of Biomass Cook Stove; 

The various types of Biomass cook stove are: 

 According to combustion type 

 Direct Type 

 Gasifier Type 

 According to draft type 

 Natural draft 

 Forced draft 

 According to construction Type 

 Metallic 

 Ceramic 

 Hybrid 

C. Biomass Cook Stove: 

The system comprises of a cylindrical reactor core of mild 

steel with an external insulating cladding and a tapered 

combustion chamber with air holes for secondary air supply 

to be mixed with the product gas before combustion. 

In such a stove a packed bed of dry biomass (solid 

fuel) is burnt at the top and controlled quantity of air is 

supplied in the upward direction that causes partial 

combustion of the biomass. 

 
Fig. 1: Biomass cook stove principle 

The rise in temperature devolatizes the biomass to 

give off pyrolytic gases and a flame front is established in 

the bed which propagates towards the grate leaving behind a 

hot char zone at the top. A complex thermo-chemical 

reaction takes place to produce a combustible gas.  

The gas so produced passes through the hot char 

zone allowing the tar (heavy hydrocarbon) to be cracked to 

give a relatively clean fuel gas. The product gases passing 

through the hot char zone react with the hot chars giving off 

relatively a clean energy rich gas.  

These gases coming out of the bed typically 

contains 16% CO, 12% H2, 3% CH4, 12% H2O (as gas), 

some higher hydrocarbons (5-6%) and remaining being N2. 

The gases when allowed to mix with the secondary air 

supplied directly to the combustion chamber burns with a 

brilliant flame if the air fuel mixture is proper. 

1) Natural draft- The easiest approach to obtain air into the 

combustion chambers is through naturally inducing air 

in which ambient air is introduced in as the hot air rises 

(Since cold air is heavier than the hot air). 

2) Forced draft- In this case the air is forced by using a 

fan. Ac supply is used to supply such a fans. 

3) Direct combustion- The majority of the stoves is a 

direct combustion type of stoves where solid-fuel burns 

directly. The famous amongst direct combustion stove 

is design of Larry Winiarski the popular Rocket stove. 

4) Gasifier Type- In the gasifier stove combustion takes 

place in two different parts. In the first part the fuel get 

burns and release gases while in the second stage at the 

upper side of the stove air mixes and burns these gases. 

Gasifier stoves generally are quick-heated, energy and 

emissions efficient, lightweight, portable, and produce 

bio char.  

II. LITERATURE REVIEW 

This section summarizes the research literature referred 

relative to the biomass cook stove. 

A. Jessica Tryner, Bryan Wilson, Anthony Marchese    [1]: 

Five different configurations cookstoves were tested by 

using two different fuels to determine how changes in stove 

design, fuel type, and operating procedure affected 
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performance in terms of efficiency, carbon monoxide (CO) 

emissions, and particulate matter (PM) emissions.  

 
Fig. 2: Five cook stove Tested 

1) Stove 1:  

Large and equipped with a chimney.  

64 cm in height, weighed 37 kg. 

Constructed primarily from steel sheet metal.  

A refractory material lined the inside of the 

combustion chamber and the area under the pot.  

2) Stove 2:  

Modified version of Stove 1 in which a cylindrical sheet 

metal duct was added above the secondary combustion zone 

to direct the flow of hot gases closer to the bottom of the 

pot. 

3) Stove 3:  

Pot skirt was added. 

Chimney inlet was moved from the area under the 

pot to the side of the pot skirt to force the hot gases to flow 

around the sides of the pot. 

4) Stove 4:  

It is 30 cm in height and was constructed of various steel 

alloys.                                                                        

5) Stove 5: 

The Peko Pe stove was also a small stove without a 

chimney.  

It is 25 cm in height and weighed 2.7 kg and was 

constructed using 23 gauge stainless steel sheet metal. 

Emissions of particulate matter with diameter of 

less than 10 μm were measured gravimetrically. CO 

emissions were measured at 1 Hz with Testo 335 and Testo 

350 flue gas analyzers.  

6) General Conclusion  

1) The measured emissions were lower when wood 

pellets were used as fuel instead of corn cobs.  

2) Stoves 1, 2, and 3 generally produced much higher 

emissions than both Stoves 4 and 5.  

3) Stove 5 exhibited the lowest emissions overall. 

Unlike emissions thermal efficiency was not 

affected by fuel type. 

4) The thermal efficiency of a given design is 

expected to depend primarily upon stove geometry. 

B. T. B. Reed and Ronal Larson [2]: 

The cookstove working according to downdraft gasifier 

principle was developed and evaluated.  

Parameters measured- 

 Density is about 0.045 g/cm
3
.  

 It has moisture content about 19.3% on dry basis 

and 16.4% on wet basis. 

 The fuel consumption rate is 1.89 kg/h and it has a 

thermal efficiency of about 10.6%. 

C. Murari Mohan Roy and Kenny W. Corscadden [3] 

This study presents combustion and emission results 

obtained using an Environmental Protection Agency (EPA) 

wood stove for 15 biomass briquettes produced from a range 

of feedstock including hay and switch grass. 

 
Fig. 3: Emission measurement equipment’s 

Non-waxed woody heating value of 17.91 MJ/kg. 

Grassy briquettes have an average heating value of 17.04 

MJ/kg. Waxed briquettes have an average heating value of 

28.89 MJ/kg. Overall combustion efficiency of grassy 

briquettes (74.64%) is very similar to that of woody 

briquettes (74.21%). 

1) Emission Test 

CO emission has a strong relation with excess air factor the 

higher the excess air factor the lower the CO emissions. 

Grassy briquettes showed less average CO emissions (1718 

mg/N m3) than that of woody briquettes (1890 mg/Nm3). 

Grassy briquettes showed higher NOx emissions 

than woody briquettes, but SO2 emissions are very similar 

for both briquettes. 

D. Nordica MacCarty, Dean Still, Damon Ogle [4]: 

Performance of 50 different stove designs was investigated 

by Water Boiling Test (WBT) Version 3.0 to compare the 

fuel use, carbon monoxide (CO) and particulate matter (PM) 

emissions.  

Stoves tested fell under 6 main categories:  

1. Simple stoves without combustion chambers. 

2. Stoves with rocket-type combustion chambers  

3. Gasifier stoves 

4. Fan-assisted stoves 

5. Charcoal-burning stoves 

6. Wood burning stoves with chimneys. 
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Fig. 4: various cook stove used 

Aprovecho developed the Portable Emissions 

Monitoring System (PEMS), which performs as well as the 

laboratory system, but is less expensive and less 

complicated. The PEMS consists of: 

 Collapsible suitcase-sized emissions collection 

structure and exhaust system. 

 Flow grid, temperature sensor, and pressure drop 

for exhaust flow measurement. 

 City Electrochemical CO sensor. 

 Telaire NDIR CO2 sensor. 

 Specially-designed laser PM sensor for light-

scattering measurement of particulate matter. 

1) General Conclusion Made: 

Stoves without well-designed combustion chambers may 

reduce fuel use in comparison to the three-stone fire but do 

not necessarily decrease an emissions of CO and PM. 

By using a pot skirt we can reduce fuel use and 

emissions by 25–30%. 

With well operation gasifier stoves can reduce 

particulate matter substantially, averaging 90% 

improvement over the three-stone fire. 

Forced air stoves reduced fuel use by an average of 

40% and emissions by 90% over the three-stone fire. 

E. N .L .Panwar and N. S. Rathore [5]: 

This paper addresses about the studies of wood gas stove in 

meeting cooing energy requirement. 

 
Fig. 5: Model of cook stove 

1) Specification of stove and measurement- 

 The stove works on natural draft mode.  

 The thermal efficiency of the stove was recorded at 

about 26.5% and it can be started, operated and 

stopped with very low emissions. 

 It can use a wide variety of biomass fuels.  

 The produced wood gas burns with a blue flame 

like liquid petroleum gas with a flame temperature 

of 736°C.  

 During the testing the temperature of the outer 

surface of stove was recorded as about 105°C, 

which indicates that there is still a chance to 

minimize conduction and radiation heat losses from 

the outside skirt of cookstoves.  

 The flame temperature was recorded by a K-type 

thermocouple and it was about 736°C during the 

peak hour of combustion.  

 However, with increase in the efficiency of stove, 

the amount of CO2 and CO emission inside the 

kitchen has been reduced, which was measured 

with the help of gas analyzers. It was found in the 

range of 18–20 and 1–3ppm respectively and 

within safe limits as recommended by the WHO. 

F. Victor M. Berrueta, Rufus Edwards, Omar Masera [6]: 

This paper presents an energy evaluation of the Patsari 

cookstove an efficient wood-burning cookstove developed 

in Mexico. The evaluation uses three standard protocols:  

 WBT which quantifies thermal efficiency and 

firepower. 

 The controlled cooking test which measures 

specific energy consumption associated with local 

cooking tasks  

 Kitchen performance test which evaluates the 

behavior of the stoves in-field conditions and 

estimates fuel savings. 

Result showed that 

 The efficiency measured by stove was 30%. 

 The power of the devices varied between 6.4 kW to 

9kW.  
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 The fuel savings achieved by the Patsari were 55% 

to 65% in comparison with the traditional one.  

 With sound technical design, critical input from 

local users and proper dissemination strategies 

improved stoves can significantly contribute to 

improvements in the quality of life of rural people 

with potential benefits to the surrounding 

environment. 

G. Ranjit Powar, Paris Yadav, Manish Chavan [7] 

Highlighted the performance evaluation of forced draft cook 

stove.  

 The thermal efficiency measurement- 

For pellet 40.33 per cent, Neem 36.47 per cent and 

Tur 33.43 per cent respectively.  

 Specific fuel measurement- 

Specific fuel consumption of a stoves were 1, 1.2, 

1.44 kg/h for pellet, Neem, and Tur respectively. 

 Power output measurement- 

The power output of the cook stove for pellet, 

Neem and Tur were found to be   3, 2 and 1.8 kW 

respectively. 

 
Fig. 6: Comparison of cold and hot eater boiling test 

It was observed that pellet shown excellent results 

in terms of thermal efficiency and power output rating as 

compared with conventional fuel i.e. Tur and Neem. Pellet 

was also found convenient to handling. 

H. H.  S. Varunkumar, N.K.S Rajan, H.S. Mukunda [8]: 

The work reported here is concerned with a detailed 

thermochemical evaluation of the flaming mode behavior of 

a stove. 

Reactive flow computational studies using the 

measured gas composition over the fuel bed are used to 

simulate the thermochemical flow field and heat transfer to 

the vessel. 

The overall flaming mode thermal efficiency of the 

stove is 50–54% and the convective and radiative 

components of heat transfer are found to be 45–47 and 5–

7% respectively. The efficiency estimates from reacting 

computational fluid dynamics (RCFD) compare well with 

experiments. The results shows that: 

 The calculated data compare well with the 

experimental data.  

 The heat transfer is a strong function of the vessel 

size such that efficiency increasing with increasing 

the diameter of the vessel. 

 
Fig. 7: Mass loss versus time for wood 

The radiation from the char bed to the vessel is 

shown to contribute about 6 ± 1% to the efficiency. 

I. Marian Bojko, Michal Branc[9] : 

It deals with the numerical model of combustion process of 

wood. Cross section through stove was created for 

evaluation of numerical simulation. The temperature contour 

are shown in figure below: 

 
Fig. 8: Simplified model geometry of stove

 
Fig. 9: Temperature contour results  

J. J. Shankar kauley, Aniruddha Pandit [10]: 

This work presents a detailed theoretical study of solid fuel 

combustion in a domestic stove. In this work different 

steady state as well as unsteady state combustion models 

have been formulated, which include the description of all 

the chemical and physical processes taking place during the 

solid fuel combustion inside the stove. Steady state models 

involve the calculation of effective maximum flame 

temperature, suction of combustion air created by hot flue 

gases inside the stove and the propagation of ignition front 
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inside the stove. Unsteady state mathematical model 

involves all the processes occurring simultaneously or 

sequentially during the solid fuel combustion such as 

moisture evaporation, devolatilization, pyrolysis and 

homogeneous and heterogeneous combustion reactions.  

 
Fig. 10: Effect of bed height and flame temperature on 

suction created by flue gases. 

 
Fig. 11: Validation of Temperature results 

This unsteady state model gives the temperature 

profiles at different locations inside the stove and fuel mass 

loss (combustion) rate, which can be further used to 

calculate the power delivery by the stove during 

combustion. The model shows good agreement with the 

experimental results. These models can be used to find the 

effect of stove geometry and fuel properties on the stove 

performance parameters such as effective maximum flame 

temperature, suction created inside the stove, propagation of 

ignition front inside the stove, and fuel burn rate, which play 

an important role in the design of such stoves for maximum 

thermal efficiencies.                     

III. CONCLUSION 

High power hot start give better results than the cold power 

since it minimizes the initial thermal losses of the system 

which occurs during cold start phase. 

Thermal efficiency can be increased by using fan 

since it provide better mixing of air with fuel and makes the 

combustion proper.  

Designed forced draft cook stove has efficiency 

near about 40% and natural draft cook stove has efficiency 

about 25%. 

Increased air flow from the top that is secondary air 

caused enhanced recirculation around the fuel bed brings in 

more oxygen that reacts closer to the surface and transfers 

additional heat enhancing the combustion in the fuel bed. 

The heat release rate of the improved cookstove 

(metal stove with insulation) is 82% higher than the 

traditional cookstove. Hence, the efficiency of the improved 

cookstove was 1.8 times higher than the traditional 

cookstove.  

A clay stove can hold 3.6 times of heat energy as 

compared to metal cookstove made of stainless steel. 
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