
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/282607398

A comparison of emissions and thermal efficiency of three improved liquid

fuel stoves

Conference Paper · April 2015

DOI: 10.1109/DUE.2015.7102965,

CITATIONS

3
READS

250

1 author:

Some of the authors of this publication are also working on these related projects:

Tracking Manganese exposure by using low cost sensors nad Geographic Information Systems for community living near ferroalloy plant View project

Smoke Emissions From Fixed-Bed Domestic Coal Combustion View project

Daniel Masekameni

University of the Witwatersrand

24 PUBLICATIONS   105 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Daniel Masekameni on 06 October 2015.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/282607398_A_comparison_of_emissions_and_thermal_efficiency_of_three_improved_liquid_fuel_stoves?enrichId=rgreq-a1a069e12e97c337942b41111adf6bc7-XXX&enrichSource=Y292ZXJQYWdlOzI4MjYwNzM5ODtBUzoyODE1MjkyODk4NTQ5NzdAMTQ0NDEzMzIyMjE3NQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/282607398_A_comparison_of_emissions_and_thermal_efficiency_of_three_improved_liquid_fuel_stoves?enrichId=rgreq-a1a069e12e97c337942b41111adf6bc7-XXX&enrichSource=Y292ZXJQYWdlOzI4MjYwNzM5ODtBUzoyODE1MjkyODk4NTQ5NzdAMTQ0NDEzMzIyMjE3NQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Tracking-Manganese-exposure-by-using-low-cost-sensors-nad-Geographic-Information-Systems-for-community-living-near-ferroalloy-plant?enrichId=rgreq-a1a069e12e97c337942b41111adf6bc7-XXX&enrichSource=Y292ZXJQYWdlOzI4MjYwNzM5ODtBUzoyODE1MjkyODk4NTQ5NzdAMTQ0NDEzMzIyMjE3NQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Smoke-Emissions-From-Fixed-Bed-Domestic-Coal-Combustion?enrichId=rgreq-a1a069e12e97c337942b41111adf6bc7-XXX&enrichSource=Y292ZXJQYWdlOzI4MjYwNzM5ODtBUzoyODE1MjkyODk4NTQ5NzdAMTQ0NDEzMzIyMjE3NQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-a1a069e12e97c337942b41111adf6bc7-XXX&enrichSource=Y292ZXJQYWdlOzI4MjYwNzM5ODtBUzoyODE1MjkyODk4NTQ5NzdAMTQ0NDEzMzIyMjE3NQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Daniel_Masekameni?enrichId=rgreq-a1a069e12e97c337942b41111adf6bc7-XXX&enrichSource=Y292ZXJQYWdlOzI4MjYwNzM5ODtBUzoyODE1MjkyODk4NTQ5NzdAMTQ0NDEzMzIyMjE3NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Daniel_Masekameni?enrichId=rgreq-a1a069e12e97c337942b41111adf6bc7-XXX&enrichSource=Y292ZXJQYWdlOzI4MjYwNzM5ODtBUzoyODE1MjkyODk4NTQ5NzdAMTQ0NDEzMzIyMjE3NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_the_Witwatersrand?enrichId=rgreq-a1a069e12e97c337942b41111adf6bc7-XXX&enrichSource=Y292ZXJQYWdlOzI4MjYwNzM5ODtBUzoyODE1MjkyODk4NTQ5NzdAMTQ0NDEzMzIyMjE3NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Daniel_Masekameni?enrichId=rgreq-a1a069e12e97c337942b41111adf6bc7-XXX&enrichSource=Y292ZXJQYWdlOzI4MjYwNzM5ODtBUzoyODE1MjkyODk4NTQ5NzdAMTQ0NDEzMzIyMjE3NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Daniel_Masekameni?enrichId=rgreq-a1a069e12e97c337942b41111adf6bc7-XXX&enrichSource=Y292ZXJQYWdlOzI4MjYwNzM5ODtBUzoyODE1MjkyODk4NTQ5NzdAMTQ0NDEzMzIyMjE3NQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


 
Abstract— Research has shown that there is a clear link between 

emissions from inefficient domestic cooking appliances and the 

prevalence of respiratory infections and cardiovascular diseases. 

This has prompted the need for the development and dissemination 

of efficient clean cookstoves for cooking and heating purposes. 

Although liquid fuels are rated cleaner than traditional solid fuels, 

their combustion in basic and poorly designed stoves leads to 

problems of household air pollution and fire hazards. Information on 

the combustion, pollutant emissions and thermal performance of 

liquid fuel stoves is still scarce and there is a need to address this 

gap. This study characterises emissions and thermal performance of 

three liquid fuel stoves – kerosene stove, an ethanol gel stove and a 

prototype methanol stove. Kerosene/paraffin stoves are widely used 

in the low-income settlements in South Africa, while the ethanol gel 

and methanol stoves are new entrants in the market place. The 

‘hood’ method was employed to collect the flue gases and 

particulate emissions, and to measure emission factors for the 

devices. The SeTAR Centre heterogeneous stove testing protocols 

(HTP) was employed to determine the average CO and PM2.5 

emissions, as well as the CO/CO2 ratio and thermal efficiency of 

each device. The methanol prototype stove reported better 

combustion efficiency compared to the ethanol gel and the kerosene 

stoves. Although the methanol stove has improved combustion 

efficiency compared to the other stoves, the fire-power is below the 

recommended standard and user expectations. 

Index Terms— Kerosene stove, ethanol gel stove, methanol 

stove, liquid fuel stoves, heterogeneous testing protocol, 

paraffin, IWA tiers 

1 INTRODUCTION 

More than half of South Africa’s poor who depend on 

wood and other traditional fuels are deepened in a crisis of 

energy scarcity as local fuelwood resources are depleted. 

Continued use of these resources in poorly fabricated stoves 

is linked with high levels of respiratory illnesses [1]. For 

example, studies have reported high association between 

household air pollution and acute respiratory with woman and 

children carrying most of the burden since they spend a 

greater proportion of their time indoors or next to fires [2]. 

Recent data indicates that on a global scale, more than 4.3 

million premature deaths are due to indoor air pollution and 

ambient air pollution caused a further 3.7 million deaths [3-

6]. These deaths are further aggravated by outdoor air 

pollution, which includes industrial emissions. 

The majority of poor South Africans rely on multiple 

energy sources to meet their daily household energy needs – 

such fuels include kerosene, ethanol gel, LPG gas, wood, coal 

and methanol [7-8]. In many South African townships, where 
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electricity or coal is either not available or unaffordable, 

illuminating kerosene is highly sourced and used in 

inefficient stoves (kerosene wick type or pressurised stoves) 

for cooking and lighting in confined indoor environments [9]. 

[10] Reported that 40-50% of the poor continued to rely on 

kerosene for cooking and lighting despite having access to 

electricity. A study conducted by [11] reported a high 

dependence on the old model kerosene stove (declared illegal 

in terms of a South African kerosene stove safety standard 

[10] in many informal settlements, although the device is 

linked to poor combustion, explosion and shack fires. This 

leads to high emissions of carbon monoxide and particulate 

matter. 

Apart from exposure to emissions, kerosene stoves are a 

single major source of shack fire in informal settlements, 

while child poisoning from kerosene ingestion is 

distressingly common [11]. Several African countries 

advocate for the use of liquid or gaseous fuels, such as liquid 

petroleum gas (LPG) and ethanol gel instead of kerosene. 

However, such initiative seems fails to attract majority of the 

urban poor [12]. Kerosene is still widely believed to offer the 

optimum economic solutions for day to day illumination and 

cooking [13]. There is, therefore, a greater need to address the 

above concerns by introducing cleaner and more efficient 

domestic cooking technologies. The introduction of new fuels 

in a settlement alone will not solve all energy related crises. 

The integration of cleaner stove/fuel combinations will bring 

improvements in households and further promote the quality 

of life [1]. 

In this paper, three improved cookstoves using kerosene, 

methanol and ethanol gel fuels are tested for emissions and 

thermal efficiency under laboratory conditions. The aim is to 

evaluate the potential of cleaner combustion technologies for 

adoption in low-income settlements, based on the emission 

and thermal performance rating of these devices. 

2 METHODOLOGY 

Three stove technologies are considered in this paper: one 

stove model (new safety certified design kerosene wick 

stove–Panda™) was purchased from a commercial outlet, 

while two prototypes stoves (methanol and ethanol gel) were 

provided by the designers. Tests were conducted under 

laboratory conditions, using the Heterogeneous Testing 

Protocol [14]. The choice of the fuel and filling load was 

informed by the designer or manufacturer instructions, while 
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the test cycle of stove power levels and duration were 

informed by local community cooking practices. 

2.1 Stove characteristics  

2.1.1 New kerosene wick stove 

The kerosene wick stove (Fig. 1) is of barrel-shaped steel 

construction with a series of vertical slots on its sides. It has 

a set of two wide crescent-shaped height-adjustable textile 

wicks, which allow for power adjustments during operation. 

The stove has a powder-coated surface and is available in two 

colours (maroon and blue). This stove has a potholder with 

three pot stand-offs mounted on top [14]. There are safety 

features installed such that the wick will automatically retract 

and extinguish if the stove is tilted off its base or knocked off; 

the retract mechanism also work when attempts are made to 

access the fuel refill cap during normal operation. The stove 

have a power control knob, which can be turned clockwise 

and anticlockwise to increase and reduce power respectively. 

The knob adjust upward and downwards movement of the 

wick. 

 

Fig. 1.  New kerosene wick stove, with safety shutoff lever 

covering the fuel cap and tilt activation lever in the 

foreground 

2.1.2 Ethanol gel stove  

The ethanol gel stove uses a renewable energy fuel 

derived from sugar cane processing. The stove is made of 

polished stainless steel plate, is squat cylindrical in shape, and 

has a pot-support on top (Fig. 2). In the middle is a cylindrical 

fuel holder with air supply holes around it. The bottom of the 

stove comprises a black plastic plate with three feet to support 

the stove. As a safety feature, the stove can only be refuelled 

through the combustion port, so refuelling during operation is 

not possible. The squat profile implies a low centre of gravity 

and hence safety against tipping. The stove come with a lever 

to regulate the intake of primary air aiding in controlling the 

power level. 

 

Fig. 2.  Ethanol gel stove  

2.1.3 Methanol stove 

The methanol stove operates on an alcohol-free fuel, 

which is odour free. The stove has three inter-joined phases, 

the bottom being the fuel tank, the middle assembly being the 

combustion chamber, while the top is the pot support or 

cooking zone (Fig.). The stove have a power control lever 

regulating primary air intake. The combustion chamber is 

fitted with a removable lid for extinguishing the flame after 

service. As this stove can only be fuelled from above through 

the cooking combustion port, refuelling during combustion is 

not feasible. Again, the squat profile of this stove increases 

stability against accidental tipping. The design of the pot 

support, with a raised lip, prevents the pot from sliding off the 

cooking surface. Because of the toxic properties of methanol, 

the fuel is retailed in customised tamper-proof containers. 

 

Fig. 3.  Methanol stove 

2.2 Sampling and analysis 

The pots used in this study are Hart™ aluminium 6 L 

capacity pots, commercially available and widely used for 

cooking in South Africa townships. A standard amount of 

water (5 L) was heated from ambient temperature to 70ºC 

(rather than boiling point) to minimise evaporative losses. 

The tests were run for all stoves at a high power setting for a 

period of one hour. The fuel burn rate was noted based on 

each individual burn cycle. Other collected data include water 

temperature and mass of fuel burned. These are necessary to 

determine combustion parameters such as burn rate and 

thermal efficiency of each fuel/stove combination. 

The sampling configuration for trace gases included, from 

up-stream to down-stream, a stainless steel probe, a filter 

holder, and a flue gas analyser (Testo® 350XL/454). The 

stoves were placed under a collection hood and the probe 

placed inside a hood exhaust duct (Makonese, 2011). The 



Testo® flue gas analyser was connected to a computer for 

data logging, while particulate emissions were sampled using 

a DustTrak® 8530 aerosol monitor. Data points were 

recorded at 10 s intervals. 

At the end of a complete burn cycle, the data were coded 

onto an Excel® file for processing and the SeTAR centre 

analysis tool (an Excel® spreadsheet equipped with analysis 

formulas for various parameters under investigation) was 

used to process the data and to obtain results. The reported 

metrics for each stove are the average emission factors of 

gases: carbon monoxide (COEF) [g/MJ] and particulate matter 

(PM2.5) [mg/MJ], fire-power [kW], combustion and thermal 

efficiency [%] over the one-hour burn cycle.  

2.3 Emission factor 

Emission factor (EF) is the term given to a gas 

concentration that has been normalised for dilution by excess 

air, to some reference value of residual oxygen (Makonese, 

2011) [14]. The emission factors are reported on a fuel mass 

basis normalised to zero excess oxygen. Means and standard 

deviation values were derived from three successful 

experiments for each of the fuel/stove combinations. Time 

plots where used in identifying combustion conditions and 

characteristics. Examination of the time sequence during the 

burn assists in evaluating the stove/fuel technology 

combination, and identifies periods of normal or abnormal 

emissions, such as during the start-up period. 

2.4 Combustion efficiency 

The CO/CO2 ratio in the emissions is a measure of the 

combustion efficiency of a combustion technology: the lower 

the ratio the more efficient the stove is, while higher ratios 

represent bad combustion conditions. The CO/CO2 ratio is 

used, because with most fuels, the majority of the energy 

comes from burning carbon. 

2.5 Thermal efficiency 

Thermal efficiency is determined by the amount of heat a 

stove generates and transfers to the intended media during the 

combustion process expressed in g/MJ. During fuel, burning 

some of the heat is transferred to the pot while some to the 

room and when water is used during testing the water, which 

evaporates also form part of thermal process 

2.6 Statistical analysis 

A two-tailed student T-test at the 95% confidence level 

(p<0.05) is used for a statistical evaluation of differences 

between the three stoves in terms of the emissions and 

thermal performance. 

3 QUALITY CONTROL  

In ensuring that all reported data can be replicated and 

reproduced, a precise set of standard operating procedures 

were followed before, during and after each test. A series of 

trial run test were carried out to familiarize the testing team 

with stove operational procedures followed by a minimum of 

three definitive tests for each experimental stove [15], 2011). 

The entire sampling dilution system was cleaned, assembled 

and tested to identify any leaks. 

4 RESULTS  

Selected tests results for the baseline kerosene 

unpressurized wick stove (new Panda™) and two prototype 

stoves (ethanol-gel and methanol) are reported in this section 

for gaseous and particulate emissions, timeline plots, thermal 

efficiency and pairwise statistical comparison. 

4.1 Emissions and combustion efficiency  

Table 1 shows emission factors (COEF and PM2.5 EF) in 

units [g/MJ] and [mg/MJ] respectively, and the combustion 

efficiency (CO/CO2 ratio) expressed in (%), for the three 

fuel/stove combinations tested. The emission factors are 

reported on a fuel mass basis, normalised to 0% excess 

oxygen, over a full 60 minute combustion cycle. Of the three 

devices/fuels tested, only the methanol stove reports a 

combustion efficiency below the SABS reference value – the 

SABS 1906 [15](2009) code for liquid fuelled stoves 

specifies that the CO/CO2 ratio should be below 2%. Despite 

the particular make and model of the kerosene stove being 

certified to comply with the SABS 1906, the combustion 

efficiency of the tested model was 2.3 times higher than the 

limit. 

Table 1:  Emission factors (0% excess oxygen) for the three tested 

stove/fuel combinations  

Fuel COEF (g/MJ) CO/CO2 (%) 
PM2.5 

(mg/MJ) 

Ethanol gel 2.2 ± 0.2 3.0 ± 0.2 0.13 ± 0.05 

Methanol 1.1 ± 0.2 1.7 ± 0.3 0.30 ± 0.01 

Paraffin 2.4 ± 0.3 4.7 ± 0.4 5.10 ± 0.04 

 

4.2 Comparison of CO emission factors 

Pairwise comparison of CO emission factors between the 

three stoves (Table 2) shows that the methanol stove has 

~50% reduction in COEF compared to the kerosene and 

ethanol stove. However, there is no statistically significant 

difference in COEF between the ethanol gel and kerosene 

stove. 

Table 2: Pairwise comparison on the CO emission factors (g/MJ) for 

ethanol gel, methanol and kerosene wick-stove  

Fuel 
COEF  

(g/MJ) 

Statistical analysis 

T-test 
P 

value 
Sig.@ 95% % diff. 

Methanol vs 

Kerosene 

1.1 ± 0.2 
0.65 0.01 Yes -54% 

2.4 ± 0.3 

Ethanol gel 

vs Kerosene 

2.2 ± 0.2 
0.62 0.59 No -8% 

2.4 ± 0.3 

Methanol vs 

Ethanol gel 

1.1 ± 0.2  
0.96 0.01 Yes -50% 

2.2 ± 02 

 

Error! Reference source not found. shows CO 

emissions over a full burn cycle. During the ignition phase 

(first five minutes of combustion) the CO concentration peaks 

to about 18 000 ppm for kerosene, 6 000 ppm for methanol 

and 4 000 ppm for the ethanol gel. After the first five minutes, 

methanol shows a constant low CO emission, while ethanol 



gel and kerosene present higher and intermittently unstable 

emission profiles. The ethanol gel stove profile shows a sharp 

rise at the 60 minutes mark – at that stage, all fuel was burned 

out and only a thick, sticky residue remained as the fire died 

off. 

 

Fig. 4.  CO concentration time plots for the three stoves over a full 

burn cycle 

4.3 Comparison of PM2.5 emissions 

Pairwise comparisons of particulate emissions for the 

stoves are presented in Table 3. All three liquid fuel stoves 

reported very low particulate emissions compared to wood 

and coal solid fuel stoves. The statistical analysis indicates 

significant differences between each pair of stoves. The 

methanol stove reduces particulate emissions by 94% 

compared to reference kerosene stove. However, the ethanol 

gel is even 56% lower than the methanol. The ethanol gel 

emissions give a 98% reduction compared to the reference 

kerosene stove. 

Table 3: Pairwise comparison on PM2.5 (mg/MJ) for tested stoves 

over a 60 min burn cycle 

Fuel 
PM2.5 EF 

(mg/MJ) 

Statistical analysis 

T-test P value Sig.@ 95% % diff. 

Methanol 

vs 

Kerosene 

0.30 ± 0.11 

0.02 0.0001 Yes -94% 
5.21 ± 0.50 

Ethanol 

gel vs 

Kerosene 

0.13 ± 0.12 

0.02 0.0001 Yes -98% 
5.21 ± 0.50 

Ethanol 

gel vs 

Methanol 

0.13 ± 0.12 

0.94 0.013 Yes -56% 
0.30 ± 0.11 

 

Error! Reference source not found. shows time series 

plots of PM2.5 (mg/m3) over a burn cycle. The kerosene stove 

produced the highest PM2.5 emissions compared to both gel 

and methanol stoves. After an initial burst of PM2.5 

emissions in the first minutes after ignition, both methanol 

and gel produce very low smoke emissions throughout the 

burn cycle. Methanol and ethanol gel produce almost all 

particulate emission in the first five minutes. In contrast, the 

kerosene wick flame continues to produce smoke throughout 

the cycle, resulting in the well-known phenomenon of 

blackening the outside of pots and soiling of interior 

furnishings.  

 

 
Fig. 5.  PM2.5 concentration time plots for the three stoves over a 

full burn cycle  

4.4 Comparison of combustion efficiencies (CO/CO2) 

Table 4 presents the pairwise comparison of combustion 

efficiencies. There are statistically significant differences in 

the combustion efficiencies between the ethanol gel and the 

methanol, methanol and kerosene, ethanol gel and kerosene 

stoves. The kerosene stove reports poor combustion 

efficiency compared to the other two liquid fuel stoves. 

Methanol reported the best ratio, followed by ethanol gel. and 

kerosene producing poor combustion efficiency profile. 

Table 4: Pairwise comparison of CO/CO2 ratio for the three stoves 

over a 60 min burn cycle 

Fuel 
CO/CO2 

(%) 

Statistical analysis 

T-test P value Sig.@ 95% % diff. 

Methanol vs 

Kerosene 

1.7 ± 0.1  
0.19 

0.000
2 

Yes -63% 
4.7 ± 0.3 

Ethanol gel 

vs Kerosene 

3.0 ± 0.1 
0.04 0.002 Yes -36% 

4.7 ± 0.3 

Methanol vs 

Ethanol gel 

1.7 ± 0.1  
0.31 

0.000
1 

Yes -43% 
3.0 ± 0.1 

4.5 Comparison of thermal efficiencies 

Table 5 shows the pairwise comparison of thermal 

efficiencies for the three liquid stoves. Results show that there 

is no statistical significant difference between the kerosene 

and ethanol gel stoves, while both are significantly 8% more 

efficient than the methanol stove. Nevertheless, all three 

stove may be considered to have a good thermal efficiency, 

in which more than ~70% of the fuel energy is delivered to 

the pot, in comparison to typical wood and coal brazier stoves 

which have thermal efficiencies of ~20%. 

Table 5: Pairwise comparison of thermal efficiency over a 60 min 

burn cycle 

Fuel 
Thermal 
eff. (%) 

Statistical analysis 

T-test P value Sig.@ 95% % diff. 

Methanol vs 

Kerosene 

67 ± 1.2 
0.54 0.04 Yes -8% 

73 ± 2.1 

Ethanol gel 

vs Kerosene 

73 ± 0.8 
0.26 0.79 No 0% 

73 ± 2.1 

Methanol vs 

Ethanol gel 

67 ± 1.2 
0.57 0.01 Yes -8% 

73 ± 0.8 
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4.6 Comparison of fire-power of stoves 

Table 6 shows the fire-power of the stoves and presents a 

pairwise comparison. Kerosene and ethanol gel stoves 

comply with the kW standards for cookstoves. According to 

the SANS 1906 [16], cookstoves must generate a minimum 

of 1 kW at high power. The prototype methanol stove failed 

to comply with this code. Should the stove be intended for 

commercial distribution, then the power rating needs to be 

increased from the current 0.76 kW to greater than 1 kW. The 

methanol stove performed significantly worse than the 

kerosene and ethanol gel stoves, which were statistically 

similar in power output. 

Table 6: Pairwise comparison of power (kW) over a 60 min burn 

cycle 

Fuel 
Fire-power 

 (kW) 

Statistical analysis 

T-test P value Sig.@ 95% % diff. 

Methanol 

vs 

Kerosen

e 

0.76 ± 
0.04 

0.41 0.0002 Yes -35% 
1.17 ± 
0.02 

Kerosen

e vs 

Ethanol 

gel 

1.17 ± 
0.02 

0.62 0.59 No -3% 
1.20 ± 
0.09 

Methanol 

vs 

Ethanol 

gel 

0.76 ± 
0.04  

0.34 0.004 Yes -37% 
1.20 ± 
0.09 

 

4.7 Ranking of stoves 

The International Standards Organisation, working on 

collaboration with the Global Alliance for Clean Cook 

Stoves, has proposed an interim four-tier framework for 

categorising stove performance in terms of emissions and 

thermal performance. The ISO/IWA assessment criteria are 

presented in Table 7 (Reference). The emissions and fire-

power are assessed for the device working at high power. Tier 

0 implies that the stove does not qualify to claim an ISO/IWA 

rating. 

Table 7: Tiers for selection and ranking of stoves (adapted from 

ISO/IWA) 

Tier 
Thermal 

efficiency 
(%] 

CO emission 
factor  
(g/MJ) 

PM2.5  

emission factor  
(mg/MJ) 

Fire-power 
(W) 

Tier 0 < 15 > 16 > 979 < 500 

Tier 1 ≥ 15 ≤ 16 ≤ 979 ≥ 500 

Tier 2 ≥ 25 ≤ 11 ≤ 386 ≥ 750 

Tier 3 ≥ 35 ≤ 9 ≤ 168 ≥ 1 000 

Tier 4 ≥ 45 ≤ 8 ≤ 41 ≥ 1 500 

 

The three stoves evaluated in this paper have been ranked 

according to these ISO/IWA criteria – the rankings are 

presented in Table 8. All three stoves are rated as Tier 4, the 

best possible rating, in terms of thermal efficiency, COEF and 

PM2.5EF (Table 8). On these criteria, these stoves would be 

ranked as clean burning stove/fuel technologies. 

In terms of fire-power, a measure of stove performance as 

perceived by the user, the ethanol gel and kerosene stoves 

rank as Tier 3, still an adequate performance. The methanol 

stove is ranked on Tier 2, indicating that the stove is 

underpowered and users would experience a long time lapse 

for a pot of water to reach boiling point. 

Table 8: Tier rating for the three liquid fuelled stoves 

Tier 
Thermal 

efficiency 
CO emission 

factor 
PM2.5 emission 

factor 
Fire-power 

Tier 2    Methanol 

Tier 3    
Ethanol gel, 
Kerosene 

Tier 4 
Ethanol gel, 
Kerosene, 
Methanol 

Methanol, 
Kerosene, 
Ethanol gel 

Methanol, 
Kerosene, 
Ethanol gel 

 

 

Based on the rankings for the metrics in the ISO/IWA 

framework, the ethanol gel stove provides a suitable 

alternative to kerosene stoves. The methanol stove could also 

be a great contender (with high combustion efficiency, low 

particulate matter and CO emissions, and high thermal 

efficiency) if the designers could improve its fire-power to at 

least 1 kW. The designer has been working on improving the 

fire-power in the latest prototype, which has been brought to 

the SeTAR laboratory for further iterative tests. 

Results show that all three stoves qualify for the highest 

ISO/IWA Tier 4 performance ranking in terms of the 

pollutant emission factors. However, the ISO/IWA rankings 

do not include criteria for the metric Combustion Efficiency, 

calculated as the ratio of CO to CO2. Within the South African 

Bureau of Standards safety specification for non-pressurised 

kerosene stoves (SANS 1906, 2009), there is a specification 

that the CO/CO2 ratio should be below 2%, to prevent 

hazardous accumulation of carbon monoxide through use of 

unvented kerosene appliance in indoor spaces. On this 

criterion, only the methanol stove qualifies – the implication 

of this is that the SANS 1906 criteria are more stringent than 

the ISO/IWA tiers in terms of an important health and safety 

metric. In terms of further development of the clean stoves 

standards development, perhaps consideration should be 

given to adding this combustion efficiency metric to any 

stove ranking system. 

5 CONCLUSIONS 

In this study, a comparison of emissions and thermal 

efficiency of three improved liquid fuel stoves was carried out 

and the results presented. The three stoves evaluated in this 

paper were ranked according to the ISO/IWA criteria Results 

show that the three liquid stoves reported Tier 4 ranking of 

performance in terms of pollutant emissions and thermal 

efficiency and based on these criteria can be regarded as clean 

burning fuel/stove technologies. In terms of fire-power, the 

ethanol gel and kerosene stoves rank as Tier 3, still an 

adequate performance, while the methanol stove is ranked on 

Tier 2, indicating that the stove is underpowered With regards 

to the combustion efficiency, only the methanol stove 

complied with the SANS 1906 (2009) with a CO/CO2 ratio 

less than 2%. Inasmuch as these stoves are ranked cleaner, 

there is a need for further design configurations of the devices 

to improve combustion efficiency (for kerosene and ethanol 

gel), and to increase the fire-power (for methanol), to meet 

the basic SANS 1906 (2009) minimum requirements. 



Consideration should be given to including a combustion 

efficiency metric to any revision of the ISO clean stove 

standards. 
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