
  Technical Report Stoves Research Center CPC-Bolivia CPC-IT-02/0911 

 

 

 

Statistical methodology for the comparison of improved stoves 
under Water Boiling Test protocol 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

September, 2011 
La Paz, Bolivia 

 

  



CPC 
Stoves Research Center © 
Street 26, Campus of Cota Cota 
Mayor de San Andrés University, UMSA 
La Paz, Bolivia 
 
Author (s): 
Marcelo Gorritty P., CPC/IIDEPROQ 
mgorritty@gmail.com 
____________________________________________________________________________ 
 
IIDEPROQ 
Chemical Process Research and Development Institute  
Engineering Faculty, UMSA 
Obelisco Square 1157 
Phone. 591-2-2205000 Ext. 1106 
 
GIZ Endev-Bolivia 
Street 12, Calacoto 7978 
Phone. 591-2-2115256 
 
The methodologies and results described in this document are for reference. In case of using the information provided, 
cite the specific source CPC-Bolivia. 
 

  



1. METHODOLOGY 

Statistical procedure is described in order to compare results of the improved stoves of firewood 
according to the t-Student’s test. This procedure allows determining the significance of 
improvements in design or operation of the stoves regarding the reference models.  

Be  any parameter (of design or operation) that has been modified with respect to a reference 
stove. The effect of this modification in the stove performance is verified through the Water 
Boiling Test. It is desired to know how significant are the difference in values between testing 
stoves trials and whether this difference can be attributed to the change in the parameter Δθ. 

1.1 Null hypothesis 

The null hypothesis consists to state that after the change of the parameter θ, the average value 
of π in the testing is the same in both cases. If corresponds to the initial value in the Stove 1 and 

 the modified value in the Stove 2, the null hypothesis is, ∶  

If the null hypothesis is verified, then there is no statistically significant difference between the 
means of testing parameter  so that no difference can be attributed to the change of  to ∆  
with a significance level  . On the contrary, if the null hypothesis is rejected, the difference of 
means is statistically significant and the change observed in , it is possible to be attributed to the ∆  change with a significance level . 

1.2 Level of significance and Statistic contrast 

In order to verify the null hypothesis, the level of significance is defined as 0.05 and the p-
value associated with the statistic contrast (in the SPSS software defined by "Sig =") must be 
smaller than  in order to accept the null hypothesis. Otherwise, the null hypothesis is rejected 
and the difference between means is significant. 

1.3 Case of exemplified study 

The following conditions of study are: 

Table1 - Conditions of case study 

ID  
Stove 

Description Modified parameters 

1 Standard Malena, IDTR dimensions None

2 Modified Malena 
Height of combustion chamber and 
thickness of wall between pots. 

 

The results obtained from three tests of WBT for each stove in cold start are the following, 



Table2 - Average results for three WBT tests with each stove  

 

The question is: Is it possible to attribute the differences found in stoves  to the changes made?. In 
order to answer this, we must select the appropriate statistical test and define a significance level 
that represents the highest probability of making the mistake of rejecting the null 
hypothesis being this real. 

For the present study, the suitable statistical test for comparison between averages is the T-
Student test. As mentioned above, we use a significance level 0.05. In this case, as we have 
two different stoves tested under the same conditions, the T-Student will be used for 
two independent samples. In order to solve the problem for other similar cases in an automatic 
way, we use the SPSS software. 

The result of introducing the average data of Table 2 under the T-Student test with the fuel 
consumption parameter is shown in Table3. 

Due method requirements for independent samples, firstly the test of equality of variances is 
realized (Levene test) before defining the statistics contrast. In this case, the Levene test indicates 
that the p-value associated with the F statistic contrast ("Sig = 0.614") is greater than 0.05, 
then, at the level of significance of 0,05 the null hypothesis of equality of variances cannot be 
rejected. Then, the appropriate statistic contrast for the null hypothesis of equality of averages of 
fuel consumption is 1.410. Then the p-value associated with the statistic contrast t 
(“Sig.=0.231”) is greater than 0.05, with this, at the significance level of 0.05, the null hypothesis 
cannot be rejected.  

With the previous analysis we can conclude that, the difference of the averages of fuel 
consumption is not significant (with 95% certainty) so that this difference can be attributed to the 
change in dimensions made in Stove 2. In other words, the changes observed between the two 
stoves cannot be attributed exclusively to the dimensions change. 

Table3 - T-Student output in SPSS for the test data 

  Levene's for Test 

Equality of 

Variances for t-test Equality of Means 

Promedio SD CoV Promedio SD CoV
Consumo de combustible g 1177.3 102.4 9% 1333.3 162.0 12% 13%
Tiempo para hervir 5 L de agua min 24.3 1.5 6% 19.7 1.2 6% -19%
Eficiencia térmica - 0.2 0.0 5% 0.2 0.0 6% -5%
Tasa de consumo de combustible g/min 37.0 0.4 1% 51.4 6.0 12% 39%
Consumo específico de combustible g/L 104.2 4.6 4% 110.2 9.0 8% 6%
Potencia de fuego W 11458.9 72.0 1% 15891.2 1673.4 11% 39%
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2. RESULTS AND CONCLUSIONS 

Through this study case, the procedure is described in order to apply the T-Student test to all 
other means of the parameters compared between the two stoves. This is summarized in the 
following table. 

Table4 – Results of significant differences between stoves for WBT 

Cold Start  Unit 

Difference
it enters 

It cooks 2 
and It cooks 

1

p-value 
T - Student

< 0.05? 

Difference 
Significant 

to 95%?  

Fuel consumption g 13% 0.231 NO 
Time to boil 5 water Ls min -19% 0.013 IF 
Thermal efficiency - -5% 0.317 NO 
Rate of fuel consumption g/min 39% 0.053 NO 
Fuel specific consumption g/L 6% 0.362 NO 
Firepower W 39% 0.044 IF 

 

The results allow us to conclude several aspects: 

 

• Significant differences do not exist between fuel consumption, thermal efficiency, fuel 
consumption rate and specific fuel consumption associated with changes in dimensions. 

• There are significant differences between the time of boiling and firepower between the 
two stoves. 



• Depending the objectives looked for, when changing the dimensions we can 
conclude whether changes should be kept or otherwise reject. 

• In our case, if we increase, for example, the firepower, the difference of 39% 
between stoves is statistically significant at 95% and therefore the changes can be 
maintained. On the contrary, if we wished to increase the thermal efficiency, besides 
having a negative difference (- 5%) is not significant and the changes do not 
exhibit appreciable changes. 

• The procedure exemplified should be applied to all benchmark tests of stoves under 
the WBT to ensure the statistical validity of the results and conclusions. 
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