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 This paper is based on primary data collected from 400 households of biogas 
consumers. A detailed structured questionnaire was developed and pretested. 
Here response to each question was given as a multiple choice option 
resulting in more than 450 categorical data. These variables studied various 
aspects of households using biogas. The results focused on women of these 
households. Interrelationships between several other variables including the 
role of a woman in various decisions related to the plant were analyzed. 
Logistic regression of decision making of woman on several variables 
including asset index of the family was done. This asset index was calculated 
from the principle component analysis of socio-economic variables. The 
family dynamics in the choice of biogas as renewable energy source was 
quantified using odds ratio and regression coefficients. The interdependence 
between variables was tested using Chi square test of Independence of 
Attributes. A novel data based approach of generation and analysis of 
categorical data is demonstrated here. The suitability of generation of 
categorical data in the absence of accurate measurement instruments is 
highlighted. This method is also suitable for countries without a strong 
backbone of good quality official records, and provides a good backup data 
for official statistics. 
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1. INTRODUCTION  

Energy and women are very closely linked to one another. Finding fuel or energy for cooking is a 
woman’s responsibility. Among economically weaker sections of countries like Nepal, energy is like water as 
it plays a key role in cooking. Here, women are supposed to find fuel on daily basis. As firewood is primarily 
used for cooking in rural areas of Nepal, a lot of time and energy is spent in the collection of firewood. 

Agriculture based economy calls for labor intensive work. Women's contribution as a labor force is 
mainly focused on farm and domestic activities. Subsistence agriculture based Nepalese economy has an 
involvement of about 50% females, 44% males and 6% children between 10 - 14 years [1]. In all areas of 
Nepal the work burden for women is higher than for men with the highest work burden found amongst 
women in the mountains. A significant proportion of time of women here is spent in collecting firewood and 
fodder, indicating the depleted resource base in the mountain areas. According to census 2011, 19.72% of 
household reported the ownership of land or house or both in the name of female family members [2]. In 
urban areas, 26.77% of households show female ownership of fixed assets while the percentage stands at 
18.02 in rural areas. 
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According to 2011 Census, female literacy rate in the five years and above age group was reported 
to be 53.0% in rural area and 75.3 % in urban area [2]. The literacy rate in Nepal is 75.2% for males and 
57.4% for females. Further the number of women with SLC (school leaving certificate) and above constitutes 
only 18% of the total female population of six years of age and above. The comparable figure for man in the 
same age group was 22%. In urban areas 40% percent of the men and 35% of the women had this  
level of education. 

Biogas plant, a sustainable energy system has great potential in Nepal. Total production potential 
from this source in the year 2008/09 is about 43 million GJ which is about 11% of the total energy demand of 
the same year. Potential of biogas availability in the country is about 81% of the total biogas production. The 
availability factor of the biogas production in the Terai, Hills and Mountain region is 100%, 75% and 50% 
respectively. The country still has potential for 2.9 million biogas plant. This estimate is based on cow dung 
feed. If other sources are also incorporated this estimate will increase [3]. According to World Bank the per 
capita energy consumption of Nepal in 2009 was 88kWh. Power outages of up to 12 hours per day from the 
national grid reflect the sorry state of energy sector. The gross domestic product (GDP) of Nepal in 2009 was 
12.85 billion US dollars [3].  

Energy plays a key role in the economy. Women are major workforce of rural agrarian economies. 
Hence the cause and effect of biogas on women needs to be quantified. There are intangible effects of 
renewable energy use and these effects have to be studied in evidence based manner. Statistical methods have 
a potential of being used in diverse fields. For example, Logistic regression, discriminant analysis and neural 
networks were used in predicting the presence of a species of Himalayan bird by Manel et al. [4]. Logistic 
regression analysis of two retrospective series of out-of-hospital cardiac arrests was performed by Valenzuela 
et al. [5]. Hebert et al. [6] applied principal components analysis (PCA) to reduce the number of predictor 
variables with minimal loss of information. A survey using a structured questionnaire to collect data on 
socio-economic characteristics and malaria beliefs and practices among more than 400 net-owning and non-
net-owning households was conducted by Howard et al.[7]. 

They were divided into socio-economic quartiles. Vyas et al. [8] have applied PCA to Brazil and 
Ethiopia demographic health survey data and also reviewed various issues related to choice of variables and 
data preparation. Filmer et al. [9] studied wealth by constructing a linear index from asset ownership 
indicators, using principal components analysis to derive weights. Different methods to be adopted to 
improve the running of PCA on discrete data were suggested by Kolenikov et al. [10]. Polonsky et al. [11] 
elaborated on household wealth scores based on ownership of assets generated using principal components 
analysis. Logistic and poisson regression analyses were performed to identify the determinants of health 
facility utilization and equity of access across socio-economic strata. Mwageni et al. [12] used asset-based 
wealth index based on PCA to determine the relationship between household socio-economic characteristics 
and inequalities of access to health interventions, and to health outcomes in rural Tanzania. Devkota and 
Singh modeled the mortality and fertility data of developing countries especially from Nepal by using 
deterministic and mixed effect models [13, 14]. Like many counties in South Asia and Africa, Nepal suffers 
from limited and scarce official records. Devkota discussed several problems associated with the continual 
collection of vital statistics especially in countries with limited and scarce data [15]. Devkota explains the 
importance of minimum error data and its digitization by giving examples from Biogas Consumer  
Profile database [16]. 

The undefinable but very important effect of renewable energy on improving lives of women is 
analysed here with the help of several statistical methods. Very crucial effects that cannot be measured in 
quantities are analysed. This approach is in contrast to use of evidence based methods in economic and other 
exact sciences. For example Court V. discussed that mainstream economics still does not recognize the 
crucial role that energy plays in the economic process [17]. He reiterated the importance of reformulation of a 
clear and in-depth state of knowledge provided by a thermo-evolutionary perspective of the economic 
system. King C. stated important implications for economic modeling [18]. He stated that firstly fundamental 
shifts in resources costs relate to economic structure and economic growth. Secondly that the number of 
sectors used to represent economic transactions influences the systemic metrics themselves. Parkinson et al. 
developed a multi-criteria analysis approach enabling the specification of diverse decision-making 
preferences [19]. This approach was illustrated with a case study of the water-stressed nation of Saudi 
Arabia. Here using this approach, preferences combining aspiration and reservation levels in terms of cost, 
water sustainability and electricity sector CO2emissions were modeled. In energy research and in other 
interdisciplinary fields statistical methods can be applied. Logan L. et al. [20], created an adaptable, novel 
methodology that utilizes plume mixing and probability distribution to analyze temperature and flow data for 
both a power plant’s discharge and the adjoining river. To assess risk, a probability risk space that quantifies 
the probability of exceeding a given temperature was also developed [20]. Adio et al. [21] studied the effect 
of magnetic activated carbon on on absorption of chromium and thalium using statistics [21]. 



      ISSN: 2252-8814 

Int. J. of Adv. in Appl. Sci. Vol. 8, No. 1, March 2019: 34 – 43 

36

The remainder of this paper is arranged in following manner. Section 2 is called Research Methods. 
Here the significance of Principal Components Analysis and Logistic regression are explained. Theoretical 
background to these techniques is provided. This is followed by Result and Analysis Section 3. This s ection 
discusses about the data, where dataset that motivates this study is described. Here, steps followed during the 
design as well as implementation of the survey are elaborated. The design and construction of Biogas 
consumers profile database is explained. It is followed by Section 4 called conclusion. 

 
 

2. RESEARCH METHOD 
Multivariate analysis is one of the techniques that analyses the interdependence between multiple 

variables governing a phenomenon. As mentioned by Hair et al. [22], multivariate analysis methods are not 
only related to analytic aspect of research but also to the design and approach to data collection for decision 
making and problem solving. In the case of multivariate data where several variables might be interrelated 
and the true information of the data might be disturbed due to this multi-collinearity. 

 
2.1.  Principal component analysis 

It is one of the methods of Multivariate Analysis. Principal components analysis retains the 
variability of the original data by transforming the correlated variables into fewer orthogonal variables. In 
this statistical approach, the interrelationship among a large number of variables can be analyzed. The 
techniques focuses on condensing information contained in a large number of original variables into a 
smaller set of variables (factors) with minimum loss of information. This data summarization helps identify 
the underlying dimension or factor, estimates of factors and contribution of each variable to the factors 
(termed loadings). Un rotated factor matrix comprising of factor loadings is used when the main objective of 
research is in best linear combination of variables where the a particular combination of original variables 
account for more of variance in the data as a whole than any other linear combination. The theoretical 
background of Principal Components Analysis is the following. 

Suppose we have a set of N variables, a1j
* to aNj

*, representing the ownership of N assets by each 
household j. Further, let us standardize each variable by its mean and standard deviation; for example,  

𝑎௜௝ =
௔భೕ

∗ ି௔భ
∗

௦భ
∗ , where 𝑎ଵ

∗  is the mean of 𝑎ଵ௝
∗  across households and 𝑠ଵ

∗ is its standard deviation. These 

selected variables are expressed as linear combination of a set of underlying components for each  
household j: 

 
 𝑎ଵ௝

∗ = 𝑣ଵଵ ∗ 𝐴ଵ௝+𝑣ଵଶ ∗ 𝐴ଶ௝ + ⋯ +𝑣ଵே ∗ 𝐴ே௝ 
 
𝑎ே௝

∗ = 𝑣ேଵ ∗ 𝐴ଵ௝+𝑣ேଶ ∗ 𝐴ଶ௝ + ⋯ +𝑣ேே ∗ 𝐴ே௝ (1) 

 
Where, 𝑗 = 1, … . 𝐽  

A’s are the components and v’s are the coefficient on each component for each variable. The "scoring 
factors" from the model are recovered by inverting the system implied (1), and yield a set of estimates for 
each of the N principal components: 

 
𝐴ଵ௝ = 𝑓ଵଵ ∗ 𝑎ଵ௝ + 𝑓ଵଶ ∗ 𝑎ଶ௝ + ⋯ + 𝑓ଵே ∗ 𝑎ே௝. 
 
𝐴ே௝ = 𝑓ேଵ ∗ 𝑎ଵ௝ + 𝑓ேଶ ∗ 𝑎ଶ௝ + ⋯ + 𝑓ேே ∗ 𝑎ே௝ (2) 
 
j = 1...J. The first principal component, expressed in terms of the original (un normalized) variables, 

is therefore an index for each household based on the expression 
 

𝐴ଵ௝ = 𝑓ଵଵ(
௔భೕ

∗ ି௔భ
∗

௦భ
∗ )+... +𝑓ଵே(

௔ೀ
∗ ି௔ಿ

∗

௦ಿ
∗ ) (3) 

 
With respect to this study there are 47 asset variables and 400 households. So N = 47 and J = 400 
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2.2.  Multinomial logistic regression  
Similarly logistic regression helps predict the probability of occurrence of a non metric dependent 

variable where the independent variables may be metric, non metric or both. It is another method  
used in multivariate analysis. It is used to predict categorical placement in or the probability of category 
membership on a dependent variable based on multiple independent variables. It has multiple categories’ of 
independent and multiple categories of dependent variables. Binary logistic regression is a special case of 
multinomial logistic regression. It allows for only two categories of the dependent or outcome variable but 
multiple categories of independent variables. Multinomial logistic regression uses maximum likelihood 
estimation to evaluate the probability of categorical membership. 

Let J denote the number of categories of Y. Here Y is a multinomial response variable.  
Let {π1, π2, πj} denote the response probabilities, satisfying the condition that their sum is equal to 1. Logit 
models for multinomial response pair each category with a baseline category [23]. When the last category (J) 
is the baseline, the baseline-category logits are log (πi/πj), j = 1J-1  

The main difference between Binary Logistic Regression and Multinomial Logistic Regression is 
that for Binary logistic regression the dependent variable takes two values so, i = 1, 2 . But for Multinomial 
Logistic Regression i = 1, 2, I 
Given that the response falls in the category j or J, this is the log odds that the response is j. 
The baseline category logit model with predictor x is log (πj/πj) = αj + βjx, j = 1, J-1 

The model has J-1 equations with separate parameters for each. The effects vary according to the 
category paired with the baseline. When J = 2, this model simplifies to single linear equation for log (π1/π2) = 
logit(π1), resulting in ordinary logistic regression for binary responses. There is an odds ratio associated with 
each predictor. It is denoted by Exp(B). It is more than 1 in cases where predictors increase the logit, Exp(B) 
is equal to 1 in cases where predictor don’t have any influence on the logit and Exp(B) is less than 1 in cases 
where predictors decrease the logit. 

 
 

3. RESULTS AND ANALYSIS  
3.1.  Data 

A detailed survey of 400 households of biogas consumers was conducted. The questionnaire 
comprised of 59 questions with response provided as a multiple choice option. This resulted in a categorical 
data that could be analyzed on an ordinal scale. Due to large sample size of 400 households these ordinal data 
can be treated as continuous. This is by the application of Central Limit Theorem. There were 467 variables 
related to the response to these 59 questions. The information was stored in a consumer profile data base of 
biogas users [16]. There were 2272 individuals living in these 400 households. Information was collected and 
stored on age distribution, land holdings, livestock, and fuel wood expenses before and after the plants, their 
assets and decision making power. So with before and after structure of the questions, information could be 
obtained about the households that haven’t installed biogas. 

 
3.2.  Results 

Woman’s role in decision making is closely related to the socioeconomic status of the household. So 
the questions assessing socioeconomic status held special importance here. But questions related to 
socioeconomic status are of sensitive nature. If such questions are asked directly, the chances of getting 
correct answer are very low. Thus questions indirectly assessing the income group and related to material 
holdings were asked. These are called proxy asset indicator and the response of the interviewee can verified 
by observation. The variables related to the ownership of assets like land holding, private ownership of water 
sources for drinking, bathing, irrigating, possession of cars, tractor, bicycle, radio, location of toilet, amount 
of loan incurred are considered as proxy indicators of the economic prosperity. Further, biogas consumers in 
Nepal and also in this study are primarily farmers located in rural settings of Nepal. In such settings most of 
the economic transactions are carried out outside the market. Thus, direct questions on income earned fails to 
reflect the socio-economic scenario of the respondents. Structured questions on proxy asset indicators were 
designed in the following manner. The four groups of the questions comprised namely of the first group with 
8 questions relating to asset ownership which comprised of land, house, electronic equipments such as 
computer, television, radio, mobiles, telephones and refrigerator, means of transportation. There were 10 
indicator variables in this category. Characteristics of house dwellings and toilet were the second group and 
comprised of 6 questions and 10 indicator variables. Here questions on materials used in the construction of 
house were asked. Open latrine, latrine far away from the house or close to the house etc were queries related 
to the type of latrine. Water source and needs was the third group with 6 questions and 20 indicator variables. 
Detailed question on the use of water such as for bathing or cooking etc were asked. Different sources of 
water such as private well, open well, community water supply etc were asked. Fourth and the last group was 
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the amount of land owned and comprised of 5 indicator variables. Then the descriptive statistics of the 
variables including mean, standard deviation and correlation were calculated. This gave an idea on the 
average value of the variable per household and its spread across the household. Since most of the asset 
variables data are 0 or 1 as they were in response to yes/no questions. Here absence was labeled as 0 and 
presence was labeled as 1. Thus the binary data can be labeled ordinal scale. Here the mean of most common 
asset variable is close to 1 and the standard deviation is very low for example in response to the yes/no 
question of Do you have a latrine?, the mean is 0.97 and the standard deviation is 0.17. Whereas in response 
to the yes/no question Do you have a well built latrine?, the mean is 0.93 and standard deviation is 0.26. This 
suggests that although latrine is almost universal among the consumers well built latrine is somewhat less and 
not so common. The data were mainly ordinal and ratio in nature. The large sample size of 400 households 
supports the assumption of normality by the application of Central Limit Theorem. 

The decision making power of a woman in the household is dependent on its socioeconomic 
standards which is quantified using principle components analysis [22]. The interdependence of decision 
making of woman on the socio economic background, educational qualification, involvement of work of 
other family members is predicted using logistic regression. Here the results of principle components analysis 
calculated in terms of asset index are incorporated as independent variable. Out of 467 variables, 47 variables 
were identified as proxy asset indicators. These variables are classified under different headings mainly 
classified in six categories namely ownership of fixed assets, type of house, type of toilet, source of water, 
ownership of land, loan. Principle components analysis of these 47 asset variables extracted 10 components. 
They explained 60% of the total variance [22]. Using linear combination of three main principal components 
the 400 households are divided into three groups. This is on the basis of asset index. This is a linear 
combination of factor loadings and normalized asset ownership variables. Here rich comprised of top 20% of 
society, middle income group of middle 40% and the lowest 40% are economically most deprived. The 
robustness of this classification is tested by the data on those assets which are conventionally owned by 
people who are more economically well off. Thus the dimensionality of the data comprising of 47 
interrelated asset variables is reduced to 10 orthogonal variables. It is also seen that ownership of own water 
source is the main factor differentiating economically well off households with poor households. The 
overview of various statistical methodologies used here is explained in Figure 1. 

 
 

 
 

Figure 1. Flow chart explaining the research methodology of this paper 
 
 

In this figure the various steps summarized above are explained with the help of flow diagram. The 
involvement of women not only in decision making but also in the work associated with the plant is 
illustrated from Figure 2 – Figure 6. Initiation of plant construction in more than 50% of households (227) 
was done by husband also portrayed by Figure 2. In 87 households which is 21.8% of the total, initiation of 
plant construction was done by wife. This is two times more that of wife. It was followed by initiation by son 
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in 20, daughter in 5, and other male members in 19, other female members in 11 and by collective decisions 
in 31 households. This shows the crucial role of male members in the initiation of plant construction. As 
shown in Figure 3 that about 81.8% of female were actively involved in the construction and operation of the 
biogas plant. 

As reflected in Figure 4, payment for the biogas was made by the husband in 341 households that is 
85.3% followed by other male members 41(10.3%). The number of households with wives making payment 
was found to be only in 16 household that is 4%. It showed, generally male members are the ones making 
financial decisions on a source of renewable energy. The involvement of the women was found to be less 
than male by almost 21%. Most of the households had their biogas plants registered under husband's name, 
which had the frequency of 254 household (63.5%), as reflected in Figure 5. This was three times more than 
that of the number household that has it registered in wives names(22.8%) followed by other male members 
43 (10.8%). In more than 50% of household, biogas was registered under the name of the husband. Plants 
registered under male members exceed that of female by more than two times. Equal participation by both 
genders in the decision making is shown in Figure 6.  

The gender differential with respect to age and level of education among 400 households of biogas 
consumers are shown in Table 1. The difference in the educational background between male and female is 
dependent on the socio-economic status. It can be seen that male members are more actively involved in 
education. This is in comparison to their female counterparts. The socio-economic standard of biogas 
consumers with respect to ownership of material assets in comparison to the census 2011 data of rural 
households is shown in Table 2. A comparison between the material assets owned by 400 households of 
biogas consumers is compared in results obtained from census 2011. The ownership of refrigerator is only 
3.3% of the households in rural Nepal [1], whereas it is 4% of households among biogas consumers. 
Televisions are owned by 81.25% of the households of biogas consumers inhabiting in rural areas which is 
much higher than 30.7% of household inhabiting in rural Nepal. The data of asset ownership of biogas 
consumers is based on the survey of biogas consumers done as part of this research. The biogas consumers 
are economically well off in comparison to the households inhabiting in rural Nepal.  

Gender wise comparison of among the members of 400 households with respect to education is 
given in Table 3. As seen from Table 3, the gender wise difference for example in the age group 6 – 16 in the 
level of education is not significant. The proportion of male members in these 400 households going to 
school is 0.8034. The proportion of female members in 400 households is 0.8239. It is seen from Table 3 that 
at younger ages the difference with respect to education is not significant. But at older ages this difference is 
significant. For example, the gender wise differentials among students passing class 10 board examinations in 
age group 26-50 years and 50-75 years are highly significant.  

The dependence between socio-economic status and role of wife in a family in deciding for a biogas 
plant is given in Table 4. It is seen that in 358 households, husband or wife played a key role deciding for a 
biogas plant. As seen from Table 5; 55, 81 and 38 wives in poor, middle and rich income groups played a key 
role in deciding about the plant. The dependence between socio-economic status and role of wife in keeping 
profits gained by using biogas plant is given in Table 5. It is seen that in 340 households, husband or wife 
played a key role deciding for a biogas plant. As seen from Table 5; 21, 36 and 7 wives in poor, middle and 
rich income groups play a key role in keeping profits from the plant. Similarly, Table 4 and Table 5 are 
related to woman empowerment. The role of woman in that particular consumer household in deciding for 
the construction of plant and her involvement in the decision making and other activities of the household, is 
tested using data given in Table 4 and Table 5. The dependence of decision making power of a woman in 
household on the socio-economic classification is then tested with the help of chi-square test of independence 
of attributes. There is dependence between the income groups and decision for the construction of biogas 
plant by wife with p = 0.02. There is dependence between the income groups and profit made from the 
construction of biogas plant kept by wife with p value = 0.02.  

The decision making power of a woman regarding a source of renewable energy is mathematically 
quantified. Logistic regression is used in this assessment and quantification of dynamics of change is done by 
odds ratio and regression coefficients. Answers to several questions were given as independent variables. 
They were namely who initiated the construction of the plant, who was involved in construction of plant, 
who made payment for the construction, under whose name is it registered, and who decided for the plant. 
Options such as husband, wife, son, daughter, other male member, other female member were provided. This 
classification of income group denoted by pcases is output of principle components analysis [4]. It is used as 
independent variable is used in this logistic regression. The results of this binary logistic regression are 
provided in Table 6. The probability of a wife deciding in favor of biogas is predicted on the basis of income 
group. Decision making power of husband or wife is regressed on economic status using logistic regression. 
So the economic status is an ordinal, multinomial independent variable. Decision of husband or wife is a 
yes/no binary dependent variable. Probability of a wife deciding for a plant was regressed on all the 
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variables. Backward elimination of the independent variables was done. Here income classification 
represented by pcases is an ordinal data with 3, 2 and 1 representing the rich, middle income and poor 
respectively. A variable named total animal generates ratio data. Distance of more than 500m covered is 
denoted by the variable name mnore500. It is for the collection of firewood after the construction of plant. 
Redfuelm1 is a binary yes/no data for reduced fuel expenses by male members. Similarly redfuelf1 is 
response by female members. Redfuelmf1 is a binary yes/no data for male and female. District is the nominal 
data for the districts where 3 stands for Bhaktapur district, 2 stands for Simara and 1 stands for Sarlahi. All 
these variables represent post plant construction phase. As seen from Table 6 the odds of wife deciding for 
the construction of biogas plant decreases by half from rich income group to poor income group (p value = 
0.014) whereas the odds of wife deciding for the construction of biogas is same for the middle income group. 
Here the last category is the reference category. The decision for a plant by a wife or a husband is dependent 
on the socio-economic status with p value = 0.005. This implies that middle income group and high income 
group women are equally likely to decide for the construction of biogas plant in comparison to low income 
group. In lower income group the chances that a woman decides for a plant decreased by 50%. Here among 
358 selected households 139 belong to low income group, 147 to middle income group and 72 to rich income 
group. Similarly for those households which still cover more than 500m the odd in favour of a wife deciding 
for a plant is 2.7 times more than that of the husband with p value 0.001. The chances of husband deciding 
for a plant are higher when the total number of cattle (total animals) increases (p value 0.007). Thus 
households with cattle have higher probability of husband having a greater say in the decision making 
process.Similarly the odds of a wife deciding for a plant are six times and three times in Simara and Sarlahi 
respectively in comparison to Bhaktapur. If a male responds in affirmative to reduced expenses the odds of a 
wife deciding for the plant increases by 2.6 times. The accuracy of the model is 63.1%. 

 
 

  
  

Figure 2. Initiation for biogas plant construction 
 

Figure 3. Female involvement in biogas  
plant construction 

  
  

  
  

Figure 4. Female involvement in payment for biogas 
plant construction 

Figure 5. Female involvement in registration biogas 
plant construction 
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Figure 6. Female involvement in decision making biogas plant construction 
 
 

Table 1. Gender wise comparison of education in 400 households of biogas consumers 
 Education 
Age Neither read nor write School Going Passed Class 10 Board Exams Above Class 10 
 Male Female Male Female Male Female Male Female 
0-5 49 30 27 21 - - - - 
6-16 8 10 204 191 35 18 24 17 
17-25 6 10 34 45 92 62 128 92 
26-50 83 174 92 93 100 58 81 37 
50-75 164 178 32 8 8 2 6 0 
75+ 10 19 3 0 0 0 0 0 

Source: Sample survey 400 households 
 
 

Table 2. Material assets owned by biogas consumers with reference to data of 2011 census 
Material Assets Motorcycle Cell Phone Radio Refrigerator Cycle Television Computer 
Rural Households-Census 2011 
(in percentage) 

6.28 60 50 3.3 33 30.7 3.4 

Biogas consumers  
(in percentage) 

13.5 87 83 4.0 85 81.25 3.5 

Source: Census data2011 and Sample survey 400 households 
 
 

Table 3. Gender wise comparison with respect to level of education among  
biogas consumers at 5% level of significance 

Education Proportion 
Male 

Proportion 
Female 

Z test for 
proportions 

Conclusion 

School going 6-16years 0.8034 0.8239 -0.4788 Difference not significant 
Class 10 board exams passed 6-16 years 0.156 0.1006 1.5018181 Difference not significant 
Above class 10, 6-16 years 0.104 0.904 0.3042 Difference not significant 
School going 17-25years 0.151 0.21 -1.3803 Difference not significant 
Class 10 board exams passed 17-25 years 0.413 0.33 1.5506 Difference not significant 
Above class 10, 17-25 years 0.576 0.481 1.7217 Difference not significant 
School going 26-50 years 0.298 0.263 0.9516 Difference not significant 
Class 10 board exams passed 26-50 years 0.312 0.167 4.1664 Difference is significant 
Above class 10, 26-50 years 0.214 0.093 4.127 Difference is significant 
School going 50-75 years 0.159 0.086 2.1872 Difference is significant 
Class 10 board exams passed 50-75 years 0.04 0.011 1.84 Difference not significant 
Above class 10, 50-75 years 0.03 0 2.486 Difference is significant 
Illiterate 17-25 years 0.035 0.064 -0.6082 Difference not significant 
Illiterate 26-50 years 0.271 0.529 -5.265 Difference is significant 
Illiterate 50-75 years 0.777 0.92 -3.9015 Difference is significant 
Illiterate 75+ years 0.714 1 -2.427 Difference is significant 

Source: Sample survey 400 households 
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Table 4. Socio-economic status versus decision 
making of biogas plant 

Table 5. Socio-economic status versus profit made 
biogas plant 

 Decision Making  
Income Group Husband Wife Total 

Poor 84 55 139 
Middle Income 66 81 147 

Rich 34 38 72 
Total 184 174 358 

Source: Sample survey 400 households 

 Decision Making  
Income Group Husband Wife Total 

Poor 114 21 135 
Middle Income 105 36 141 

Rich 57 7 64 
Total 184 174 340 

Source: Sample survey 400 households 

 
 

Table 6. Results of fitting logistic regression 
       95% Confidence Interval for B 
Independent Variables B SE WALD df Sig Exp(B) Lower Upper 
pcases1   10.635 20 0.005    
pcases1(1) -0.902 0.366 6.075 1 0.014 0.406 0.198 0.831 
pcases(2) -0.105 0.342 0.095 1 0.758 0.900 0.460 1.760 
Total Animals -0.161 0.059 7.335 1 0.007 0.851 0.758 0.957 
Amore500 0.978 0.291 11.277 1 0.001 2.66 1.503 4.708 
District   9.964 2 0.007    
District (1) 1.295 0.664 3.802 1 0.051 3.651 0.993 13.417 
District (2) 1.814 0.611 8.805 1 0.003 6.137 1.851 20.344 
redfuem1 0.972 0.360 7.305 1 0.007 2.644 1.306 5.351 
redfuef1 1.000 0.555 3.254 1 0.071 2.719 0.917 8.065 
redfuef 0.719 0.403 3.182 1 0.074 2.053 0.931 4.524 
Constant -1.378 0.761 3.28 1 0.07 0.252   
 
 
4. CONCLUSION  

This paper studies the cause and effect of renewable energy in general and biogas in particular in 
uplifting the status of women. The intangible effect of use of energy in uplifting the lives of women in rural 
agrarian economy is measured with the help of several statistical methods. The entire work done can be 
summarized in the following manner. First survey of 400 households of biogas consumers was conducted; it 
was followed by database construction. Then the trends and patterns in this multivariate data were explored 
and analyzed by exploratory data analysis. This was followed by principal components analysis of 47 assets 
variables. Then in this paper, this result of asset variables were used in quantifying the decision making 
power of women through logistic regression. The interrelationship between socio-economic status and the 
empowerment of a woman in terms of decision making and profit keeping is measured. First the dependence 
between these attributes is explored with the help of chi-square test of independence of attributes. Then 
probability of a wife deciding for a plant is regressed on several variables including socio-economic status 
measured by asset index, number of animal. The impact is quantified with odds ratio.  

The use of biogas saves the time of women by mean value of 65 minutes daily. The modal value is 
1-3 hours per day. This time was spent on collection of firewood and in the kitchen. This time saved is used 
by the women in teaching children at home and in other income generating activities. Firewood based kitchen 
have adverse impact on health. A switch over to smoke free kitchen by using biogas is good for the health of 
women. The women reaped financial benefits by engaging in income generating activities like livestock 
rearing and working in the farm. There were fewer cases of diseases related to respiratory tract due to the use 
of smoke free kitchen. The use of biogas uplifts the status of women by giving them time for  
income generation. 
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