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Abstract

:

Traditional fuels have both environmental and health impacts. The transition from traditional to clean cooking fuel requires significant public policy actions. The Pradhan Mantri Ujjwala Yojana (PMUY) is one of the primary policies launched in India to eradicate energy poverty among households. Past studies have focused on the drivers that motivate rural households to adopt clean energy and identified the bottlenecks for adoption of clean energy in developing countries. PMUY’s success in terms of scale and pace is critical in the national drive to provide access to clean energy fuel to each citizen. The present study focuses on two objectives. First, we investigate the intensity of adoption and refill of LPG under the PMUY scheme. Second, we use household and other demographic characteristics to examine the factors that influence households’ decision on using LPG as a cooking fuel. Empirical results show that rapid growth has been witnessed in the provision of subsidized LPG connections. However, the annual average refill status stands at two LPG cylinders per beneficiary household indicating that the majority of the beneficiaries have failed to refill their LPG cylinders. This imbalance between rapid enrollment of LPG and limited refill among beneficiary households indicate the continued usage of traditional sources of energy for cooking. From the primary survey conducted in the rural tribal communities of Odisha, we observe that household income and education played a significant role in adoption of LPG and continued usage of LPG gas. Additionally, the logit and ordered probit models identify that membership in self-help groups, accessibility and awareness of LPG are the major adoption drivers. In conclusion, policy makers need to address the challenge of refill status among PMUY consumers. Further, educating households on health benefits through SHG and creating accessibility at village level can actively increase the usage of LPG.
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1. Introduction


The energy source used for cooking by households is a key indicator of the overall socio-economic development of a region. Lack of access to clean energy for cooking indicates energy poverty for a household. The emphasis on the United Nations’ sustainable development goals (SDGs) and international financial support to developing countries for affordable and clean energy has accelerated the shift from traditional energy use to clean energy use. Despite the progress in affordable and clean energy, developing countries in sub-Saharan Africa and South Asia have a large deficit, with their continued reliance on traditional sources of energy for cooking. India, despite being one of the fastest growing economies in the world, faces significant challenges in achieving energy access. An estimate shows that 239 million people do not have access to electricity and 830 million people lack access to clean cooking energy [1]. The usage of traditional solid fuels for cooking causes both environmental and health effects. The dynamics of energy use are strongly associated with the income level of households [2,3]. Apart from household income, education level induces households to adopt affordable and clean energy [4,5,6]. In fact, small and marginal farmer households incur higher monthly expenditures compared with their monthly income [7]. This constraint of lack of financial capital has created a large deficit in adopting modern fuel as an energy source. Developing countries have strived to a great extent to focus on making clean energy affordable and accessible. The usage of LPG as a cooking source has been scaled up around the globe [8]. The external shocks that affect income generation in rural areas is a significant challenge in continued usage of clean energy. The probability of households falling back to the usage of dirty fuel due to income shocks is high. Several policies to govern the existing gap in the adoption of clean energy and continued usage of clean energy are being addressed among the developing countries [9]. A policy evaluation focused on clean energy would help in the better implementation of the program among similar economies. The constraints in the existing policies could be addressed with the mid-course policy revision to make it more effective.



In the past, India has provided a price subsidy for the refill of domestic LPG cylinders. However, with limited disposable income, the adoption of LPG gas was limited among households. The LPG subsidy was mainly availed by the high expenditure households and a larger stake of these subsidies was consumed in the urban region [10]. Moreover, the subsidy was given on the cylinder, which excluded a large number of low-income households from the LPG market due to the requirement of initial capital investment. To overcome this capital constraint, the Pradhan Mantri Ujjwala Yojana (PMUY) scheme was launched in 2016 to provide a capital subsidy to adopt LPG as a cooking source for households below the poverty line. Since its inception, the policy has achieved remarkable penetration, as nearly 70% of the target was achieved in just two-thirds of the intended timeline [11]. However, full transition to LPG among rural households in India has still not been achieved [12]. The monetary cost involved in switching to clean energy creates a barrier as most of the biofuels incur near zero monetary costs [13]. Although enrolment in the LPG scheme is quite high, the consumption frequency of LPG as a means of cooking among these enrolled households raises a question about the actual penetration and usage of cleaner energy [14]. A significant proportion of households that enrolled in the PMUY have reported having used LPG only intermittently.



Various studies have investigated the factors influencing households’ decision to adopt cleaner cooking fuels [4,5,6]. Income and education are the key determinants of solar energy adoption among Kenyan households [6]. Similar results have also been found in other African countries such as Ethiopia, Tanzania, and Malawi in the adoption of clean and renewable energy for lightning [4]. In addition, female household heads were more likely to adopt the clean energy when compared with their male counterparts. With growing literature on the adoption of clean cooking fuel, a few studies have aimed at evaluating the policies focusing on the adoption of cleaner fuel [14,15]. Capital subsidy schemes such as PMUY have triggered the adoption of LPG in India. However, to increase the share of LPG as a main source of cooking fuel, doorstep delivery of LPG cylinders is required [13]. A site-level policy evaluation of PMUY in rural Karnataka showed that the number of refills among beneficiaries is half of that with comparison to rural general consumers [12]. The household response to the adoption of PMUY indicates that greater availability of kerosene limits the adoption of LPG. Creating awareness of the health benefits of clean cooking fuel and enhancing its delivery mechanism led to a higher adoption of LPG in rural India [15].



There is a need to evaluate whether the PMUY scheme has significantly performed a complete transition from solid fuel to clean fuel among the beneficiaries or not. To bridge this gap, the present study dwells on understanding the gap between the adoption and the refill of LPG by PMUY beneficiaries among different states in India. The aggregated dataset, including total PMUY beneficiaries and their refill pattern, was employed for the analysis. Furthermore, analyzing the factors that influence the decisions of households in energy poverty regions to adopt LPG (especially under PMUY) will contribute to a better understanding of the program’s effectiveness and help in its fine tuning. Therefore, the study predicts the determining factors that influence the adoption of LPG in rural Odisha, which is a highly energy poor states of India. Additionally, we focus on understanding the relative importance of household characteristics. Moreover, the study employs a wide range of household characteristics—economic, social and demographic—to identify the factors that influence a household’s choice of fuels for cooking.



The paper is organized as follows: Section 2 presents a brief literature review and outlines the conceptual framework; Section 3 describes the study area, data collection and methodology; Section 4 enumerates the empirical results followed by discussions while Section 5 concludes with policy recommendations.




2. Theoretical Background


Microeconomic theory postulates a range of factors that affect the quantity of a given commodity that would be demanded at a given price: average levels of income; the size of the population; prices and availability of substitutes (in this case, traditional and modern energy sources); individual and social tastes; special influences [3]. Researchers have attempted to understand the factors that determine households’ adoption of clean and affordable energy. The energy ladder hypothesis model, which has been extensively adopted, helps to understand the dynamics of household decisions to substitute and/or shift to alternate fuels [13]. For example, in India, one can classify the energy ladder hypothesis for cooking as solid fuels (wood and cow dung) at a lower scale on the energy ladder and with an increase in socioeconomic status, a move towards kerosene to LPG and finally to electricity. The affordability and awareness of LPG has created a pathway for households to adopt the former as the source of energy for cooking. Alternatively, providing access to cleaner energy is an important prerequisite to improve the socio-economic status of the region [16,17]. Income plays a significant role in the quality of life of a household. The higher the income, the better and the more sophisticated and convenient the energy sources and vice versa. The effects of income on fuel usage and adoption have been extensively studied [17,18]. Apart from income, other major variables employed are the characteristics of the household head [2,3]. The age of the household head is a widely used variable, where mixed results have been found [19,20]. Studies indicate both positive and negative relationships between the age of the household head and the use of fuel. Education is a well-proven indicator that has a positive influence on households to switch from the traditional choice of fuel to modern fuel [17,21]. The evidence of household size on the choice of fuel is ambiguous. Studies indicate different results in terms of preference of fuel by larger households, few studies show preference to dirty fuels over clean fuels [22,23], and the opposite trend [2]. Gender is another debated factor that is employed to identify the choice of fuel. A few studies have observed that female-headed households are more likely to adopt cleaner fuels such as LPG [19], and contrastingly, results also indicate that a higher proportion of female members use firewood as fuel for cooking [24]. These mixed results indicate the necessity for further work, focusing on the gender differences in adopting LPG, as women are responsible for household cooking and are directly exposed to pollution caused by the use of traditional fuels.



Though income represents the economic status of a household, it does not capture the wealth of individuals, especially their living status, savings and consumption patterns. Increased savings and change in consumption patterns also influence households’ choice to adopt modern fuel for cooking purposes. Studies have revealed limited evidence identifying the effect of wealth status on the adoption of modern fuel for cooking purposes. Accessibility plays an important role in preference of choice; in this case, fuel accessibility indicates the adoption mechanism among rural households. Empirical research thus far has primarily focused on the household characteristics as determinants of fuel use that are unlikely to capture the role played by factors such as awareness about the health impacts of conventional cooking fuel and government interventions in adopting modern fuel. Accessibility and awareness are the major factors that influence consumer behavior. Therefore, studies employing these factors will provide more insights into the adoption of modern fuel.




3. Materials and Methods


A multi-stage sampling approach was used to conduct the household survey. The first stage involved the purposive selection of three districts out of the 30 districts in Odisha. The districts were selected based on their poverty dynamics and household vulnerability to poverty status [25]. The districts chosen were Koraput, Nabarangpur and Kandhamal. These districts are among the poorest districts in the state, with the exception of Nabarangpur district. It has been observed that Kandhamal district was ranked highest in poverty dynamics and vulnerability to poverty estimation. Koraput district was among the highly vulnerable districts. The second stage was the convenience selection of the block/taluk/mandal in the districts from each selected district. The final stage was the random selection of 479 households from these three districts.



To make the sample representative, the number of households to be interviewed from each village was determined using a proportional factor based on the village population. From the total 479 sampled responses, 201 from Koraput, 103 from Kandhamal and 175 from Nabarangpur district were collected (Table 1). The data were collected in two phases. The first survey was conducted in July–August 2018 while the second survey was conducted during December–January 2019, using a comprehensive questionnaire. The authors have themselves canvassed the questionnaires in the field. Questionnaire pre-testing, involving 20 rural households and group discussions with the village ward members and village elders, was also undertaken to note and remedy the ambiguities present in the questionnaire. All households in the selected villages had an equal chance of being sampled. A household was defined as a unit where the members have stayed together and shared food and other essentials for survival in the last six months. Mostly, the household head (male or female) was interviewed. In the rare case where the household head was absent, any adult person who was knowledgeable in answering questions about the household, was interviewed.



To understand the factors determining LPG usage among households, the study employs various household, economic and demographic characteristics. The variables were carefully selected based on literature and survey instruments. A detailed discussion on the variables is presented below.



The relationship between income and choice of energy, though well established, is uncertain in Indian conditions. Studies have found that increase in per capita expenditure has a positive effect on energy consumption [26]. Contrastingly, the results from other studies indicate that energy-poor households are not income poor [27]. The present study employs the logarithm of household income, which is the monthly income earned by the household converted into its logarithmic form. Household head characteristics are well connected to energy choice as they are decision-makers among rural households. To represent the education level of the household head, we use years of schooling, assuming that an increase in the number of years of schooling will lead to attainment of a better education level. Similarly, we assess the relationship between household head age and choice of energy. The role of gender is important in the choice of energy use for cooking as, in practice, women are responsible for cooking in rural society. However, we do not directly include gender role in the study; rather, we use the education level (spouse’s schooling) of women similar to household head’s education level. Education and age are the continuous variables and represent the highest level of education achieved and the age of the individual, respectively.



To understand the wealth status of a household, we use an indicator, namely the type of house (TOH) in which the household resides. Empirically, one can identify the living conditions of a household from the housing infrastructure. It is hypothesized that better living conditions will influence a household to adopt a modern cooking fuel. To test the above hypothesis, we investigate whether the house has a separate room for cooking (SRF). This would potentially provide more information on the status of rural household characteristics and their fuel choice. A house with tiled flooring was given the highest value of 3, a kutcha house with 2, followed by the hut and semi-pucca house with 1. Similarly, for a separate room for cooking, a dichotomous variable was constructed. The variable takes the value 1 for the household with a separate room for the kitchen and 0 otherwise. The relationship between employment status and choice of energy is not fully accounted for in the empirical framework. Further, farmers, who form an integral part of the rural economy, have been given limited focus. The employment choice among rural households plays a significant role in the choice of fuel. Salaried or business individuals would forego collecting fuelwood and choose modern fuel to save time and earn income from employment. Therefore, the present study uses a dichotomous variable to measure the employment status with special reference to farmers. The variable takes the value 1 for the farmers and 0 otherwise (salaried and business).



Traditional fuels in the rural region face imperfect markets as most of the fuels (animal dung and crop residues) are available at zero monetary cost. Farmers who are exposed to these fuel choices tend to adopt them as their primary energy source for cooking. Therefore, we identify the probability of farmers’ adopting a cleaner fuel by foregoing the traditional fuel choice which is available with zero monetary cost. Farm size owned indicates a household’s exposure to traditional fuels, and the dependency on cultivation. Hence, we use the farmland owned, which is a continuous variable measuring the total land owned by households in acres. The evidence on awareness and role of government interventions on household decision making on choice of cooking energy is limited in the existing studies. To explore this relationship, this study identifies the involvement of household members in self-help groups (SHGs). Self-help groups promote awareness about social well-being and also create awareness about government policies in rural regions. The inclusion of a household member in an SHG and their choice of fuel can be interconnected and may decide the efficacy of policy interventions. To investigate the role of awareness, we employ a dichotomous variable indicating 1 for the member of the household being enrolled in SHGs and 0 otherwise. Accessibility and availability play a major role in the adoption of modern fuels. To better understand the accessibility of modern fuel (LPG), we employ the distance between the homestead and the nearest primary health care center. Hospitals are important available facilities and also indicate the region’s minimum basic amenities. The distance to hospital from the homestead, measured in kilometers, is a continuous variable and resembles a proxy for accessibility and availability of primary services.



The study follows a two-pronged analysis. In the first step, to understand the transition behavior of households to using clean fuel for cooking, a comparison of data on LPG connections installed and refills are analyzed. The real usage of LPG for cooking will be known from the refill intensity. Firstly, the year-wise (2017–2020) and state-wise total connections of LPG acquired under the PMUY scheme were tabulated (Table 1). A cumulative value of the first installation of LPG was calculated to analyze the overall growth in LPG connections. The adoption of an LPG connection alone does not fully represent the transition from traditional fuel, but the sustained use of cleaner fuel does indicate that. To understand the continued usage of LPG, we use the total refill purchase by PMUY beneficiaries (Table 2). The study evaluates the average annual refill purchase by PMUY beneficiaries by estimating the year-wise total refill to the year-wise total cumulative LPG connections. The data on total connections and refill purchases has been collected from the Open Government Data (OGD) Platform at www.data.gov.in (accessed on 10 August 2021).



As a second step, the study uses primary survey data to estimate the factors that influence the household adoption decision of the LPG connection under the PMUY scheme. The study uses descriptive statistics to explore household characteristics. Based on the outcome of household characteristics, we employ a binomial probit model. The dependent variable takes a binary form in which households with LPG gas consumption are labelled as 1 and those with non-usage of LPG gas as 0. The study uses an ordered probit model, where the dependent variable is ordered in three levels: 1 for no transition to LPG; 2 with a partial transition to LPG; and 3 with full transition to LPG. Probit models are well suited for assessing the determinants of household decisions [13,28]. These models estimate the change in the probability of adopting cleaner energy sources for cooking, conditional on certain factors.




4. Results and Discussion


4.1. Analyzing the Shortfall between LPG Cylinder Connections and Refills under the PMUY across the States of India


Table 1 presents the year-wise LPG connections and cumulative year-wise increase in LPG connections under the PMUY for major states in India. About 80 million new LPG connections were distributed to households below the poverty line between 2017 and 2020. Significant growth in the LPG connections can be viewed in all the states, especially in Uttar Pradesh, West Bengal and Bihar, the states that lead the list of adopters. At an aggregate level, the top six states in Table 1 that accounted for more than 90% of households having energy poverty in 2015 were found to be the largest adopters of LPG under the PMUY [29]. Over the four years of PMUY scheme implementation (2016–2020), significant growth in these states has been witnessed in the adoption of new LPG connections, which appears to be a sign of successful implementation. However, the assessment of LPG use beyond adoption is critical to strengthen the transition from solid fuels such as firewood and cow dung. The successful implementation of the scheme should follow a continued use of LPG and a foregoing of the use of traditional fuels. As per the PMUY policy, the subsidies are provided to cover the cost of initial installation of the LPG connection. There are, however, no subsidies for the refill cylinders. While the average family requires nearly 10 to 12 LPG cylinders in a year for cooking, the refill status of 24% of PMUY beneficiaries was zero since the adoption of LPG under PMUY (up to November 2018) [12]. To understand the gap between consumption (refill) and adoption of LPG, the present study analyses the state-wise consumption of LPG by average annual refill of cylinders per PMUY beneficiary.



Table 2 presents the year-wise LPG refill and average annual refill under PMUY for major states in India. The data on refill status indicates that rural households are reluctant to shift completely to LPG as a cooking source. The lowest average annual refill was 1.06 cylinders per household in Chhattisgarh state in 2019–2020, which indicates that a large number of households still prefer solid fuels for cooking. The trend for the average annual refill consumption varies over the years 2017 to 2020 across the states. During the initial period (2017–2018), the average annual refill among the states tends to be higher compared with the later years (2019–2020) for which refill data is available. These are largely the early adopters of LPG; despite the rapid increase in the adoption of LPG in the next two consecutive years, the refill rate slipped drastically. The annual refill in Uttar Pradesh dropped from 3.29 in 2017–2018 to 1.45 in 2018–2019 and finally 1.75 in 2019–2020. A similar pattern can be viewed in other states, which indicates low consumption of LPG by PMUY beneficiaries. From the trend, it can be noted that early adopters (2016–2018) used more LPG when compared with later beneficiaries. Though a long-term trend would be suitable to measure the full transition towards modern fuels, the analysis in our study shows a usage of 1 to 3 cylinders per year per household for the period used in the study. The major barrier to LPG usage is the recurring cost involved in each refill, which discourages poor households from buying a refill. The full transition to modern energy requires adoption as well as continuous usage of LPG over a longer time horizon. Suitable policy intervention is necessary to improve the consumption of LPG to fully replace traditional fuels. Further, for an in-depth analysis of the barriers to LPG usage and the adoption of LPG among households, the study explores the factors that determine the household’s decision to adopt a clean cooking fuel. The external shock (climate change; market imperfections) that affect income plays a significant role in the refill of the LPG cylinders. Similar results have been reported in an investigation on the low re-fill status among PMUY beneficiaries at micro level in Karnataka state [12]. LPG cylinder refills have been highly price sensitive and demand tends to decrease drastically during the summer season due to households having less disposable income [30].




4.2. The Adoption Intensity of Clean Cooking Fuel in the Selected Districts


The districts are chosen for the study—namely, Koraput, Nabarangpur and Kandhamal of Odisha—are characterized by a high score in energy poverty [29], indicating lesser access to clean energy. Figure 1 presents the source of energy used for cooking among the sample households. The household data from the present study shows that nearly 57% of the respondents use traditional energy sources for cooking while the remaining 43% have adopted LPG. Out of the 43% of respondents who have adopted LPG, 17% use it as a secondary source and the other 26% use it as the primary source for cooking. Figure 2 presents the district-wise energy used for cooking as a percentage of different sources of energy among the sampled households. There is heterogeneity among the districts in LPG adoption. Nearly 65% of the households in the Koraput district use traditional sources of energy, 24% use LPG as the primary source of energy for cooking and 11% use it as the secondary source. Higher rates of LPG adoption are observed in the other two districts.



Figure 3 presents the income distribution of the sampled households. The average monthly income is found to be Rs. 3866 (about $55, using an exchange rate of $1 = Rs 70). Although the income distribution is right-skewed, the majority of the households have a low monthly income. Figure 4 presents the two-way relationship between the percentage of households that adopted LPG and the literacy status of the household heads in the three districts. There is a positive relationship between the literacy level of the household heads and the adoption status. In all three districts, the adoption rate is higher for the literate household heads, whereas illiterate household heads are more likely to use traditional fuels. Figure 5 presents the percentage of households in the three districts, by their occupation, using LPG as cooking fuel. The households are divided into the binary categories of farmers and non-farmers, depending on their primary occupation status. In all the districts, households that have agriculture as their main occupation are more likely to use traditional fuels such as cow dung and paddy residues, while non-farming households are more likely to adopt LPG for cooking.



In the present study, the wealth status of households is captured by the type of house flooring they have. Three types of flooring have been observed—the wealthiest households have tiled flooring followed by semi-pucca (cemented) and kutcha (mud) floorings. Figure 6 presents the households’ choice of LPG for cooking by their wealth status, as revealed by their house flooring. Households with kutcha and semi-pucca flooring tend to use traditional fuels, while the households equipped with better infrastructure (tiled flooring) adopted LPG as the energy source for cooking. Though the self-help groups (SHGs) are well established in the rural areas in India, only 40% of the households in our study area were members of such groups. Figure 7 presents the households’ choice of LPG by their membership status in SHGs. Results show that a higher proportion of households that are not part of the SHGs continued to use traditional fuels. This may be due to the role of social capital that helps disseminate information and creates a peer effect. Members are more likely to be influenced by other members and thus adopt cleaner fuel as compared with non-members.



Table 3 shows that the average monthly income of the households is Rs. 3866, with a minimum income of Rs. 300 and a maximum of Rs. 21,834. The average landholding of the respondents is 2.47 acres, meaning predominantly the small-scale and marginal farmers. The accessibility proxy variable, distance to the nearest hospital, shows significant heterogeneity among the households, with an average distance being 9 km from homestead to the hospital, the minimum distance being less than 1 km, and the maximum being 34 km.




4.3. Determinants of LPG Adoption under PMUY


Table 4 presents the binomial probit regression results of the adoption decision model. The results corroborate the hypotheses laid out in the theoretical framework. An increase in income positively affects an average household’s decision to adopt LPG as an energy source for cooking. Although some of the past studies show a negative relation between household head’s age and the decision to use modern fuel [19,20], our findings observe the opposite effect. The negative relation between household head’s age and adoption of clean energy is observed in the African countries [20]. The age of the household head positively influences the decision to adopt LPG as a source of cooking fuel. The education variable has a statistically significant and positive coefficient, meaning that it has a positive influence on the adoption decision. The household heads with lower education levels preferred to use traditional fuel. The household size is found to have a positive sign as expected from the theoretical framework but is not statistically significant.



The present study uses the spouse’s education level as an additional indicator to test the adoption of LPG fuel, since in developing countries, it is the women who are predominantly engaged in cooking. Though the variable has a positive sign, it is not statistically significant. Household wealth status is a key determinant in the choice of cooking fuel. Existing studies have used proxy variables such as type of toilets, ownership of four-wheeled vehicles, or cattle to represent the wealth status of a household [4,17]. In India, since toilet facility construction is subsidized by the government, it does not fully represent the wealth status of a household. Hence, the present study uses alternative proxy variables such as the type of flooring and availability of a separate room for cooking to measure the wealth status. The results indicate that households with a better-equipped house have a higher probability of shifting to modern fuels. Similarly, we found that households that have a separate room for cooking have a higher probability of moving away from traditional fuels. Conversely, impoverished houses with no separate room for cooking are less likely to adopt modern fuels for cooking.



Employment plays a significant role in the adoption of modern fuels. Daily wage laborers tend to use fuelwood as their energy choice for cooking, whereas households involved in non-farm activities tend to adopt LPG as their cooking source [17]. Access to traditional types of fuel does not involve monetary costs. The crop residue or cow dung or firewood are freely accessible to rural households, which reduces their incentive to switch to a modern fuel. In this regard, we employ variables such as household occupation and farmland owned by a household to understand the probability of farmers’ switching strategy to modern fuel. The coefficient of a household employed in farm activities is negative but statistically insignificant. However, findings from the farmland owned by households support the previous propositions. Farmers have less tendency to shift to modern fuel sources as the traditional fuel sources are easily available, with a negligible monetary cost. Awareness on the merits of employing modern fuel and knowledge about government interventions plays a significant role in the adoption of modern technology within rural society [31].



Self-help groups have played a vital role in promoting socio-economic welfare among rural households. The results in Table 4 indicate that if any individual in a household is a member of an SHG, then it increases that household’s probability of adopting LPG as a source of fuel for cooking. The role of SHGs can be pivotal in improving the reach of government schemes in rural households. Accessibility to cooking fuel is a major constraint in the switch towards modern fuels, as traditional fuels (firewood) are abundantly available in rural society. To identify the access to modern sources of energy, we use a proxy variable, namely distance to the nearest hospital from the homestead. The distance to the nearest hospital appears with a negative sign, indicating that a long distance to the hospital reduces the probability of adopting LPG.



The energy ladder hypothesis that explains the dynamics of the shift from fuelwood to electricity is well accounted for in literature [2,3]. The present study focuses on an alternative specification for the energy ladder hypothesis to understand the success of the central government scheme ‘Pradhan Mantri Ujjwala Yojana’ (PMUY) in India and explores the determinants that lead to adoption of the PMUY scheme. As discussed earlier, the PMUY scheme has made a significant effort in modernizing the rural kitchen by providing subsidies to purchase an LPG connection. However, the success of the scheme needs to be evaluated beyond the acquisition of the LPG connection. As we show in Table 1 and Table 2, a rapid growth of LPG adoption has been witnessed in rural societies, while the post-sales or refills remain stagnant. This may act as a challenge for policy intervention in the future as the usage of LPG is limited among the households. In this regard, we use an ordered probit model, where the dependent variable is ordered on three levels: 1 with no LPG connection and employing traditional fuel (no transition to LPG); 2 for the households which employ LPG as a secondary source of fuel for cooking (partial transition to LPG); and 3 for households which employ LPG as the primary fuel source for cooking (full transition to LPG).



Table 5 presents the ordered probit model results. Though the results are similar to the binomial probit model, the marginal effects presented in Table 6 explain the impact of the independent variables effectively. Results from the marginal effects explain the difference in the effect of the independent variables for each of the ordered dependent variables. An increase in household income will lead to higher adoption of LPG and reduce the use of traditional fuel for cooking purposes. The present study supports the proposition that older households are more likely to adopt modern fuel and forego the use of traditional fuel for cooking [17]. The likelihood of adopting LPG increases with the increase in the level of education.



Higher household size increases the probability of adopting LPG and reduces the dependency on traditional fuel usage. Similar results are found when spouse’s schooling is used to represent the education level of females in the household. The marginal effects of household wealth status, which was measured using the type of house and availability of a separate room for the kitchen, indicate a positive influence on LPG consumption and a negative one on traditional fuel. Interestingly, individual households involved in farming and owning a higher amount of farmland display a negative sentiment on adopting LPG fuel. The possible reason could be that farming produces crop residue and alternative produce such as dung cake, and these act as the main fuel for cooking. However, knowledge on air pollutants and possible environmental health risks in developing countries is limited among farmers [32,33]. The demographic feasibility of accessing modern fuel differentiates the role of a households’ choice of energy use. Households closer to the hospital have higher chances of using LPG fuel while the farther the distance to a hospital, the more there is a likelihood of using traditional fuel. The likelihood of households adopting modern fuel increases if they are enrolled in SHGs and decreases otherwise. The binomial probit models are robust as the re-estimated ordered probit model and their marginal coefficients are consistently significant.



Overall, the study has identified several determinants which play a prominent role in improving the effective adoption and continued usage of LPG as a cooking source. Income and education levels have been the key drivers behind the adoption decision of modern fuel for cooking. Promoting education and enhancing the income level would induce rural households to shift completely from traditional fuel usage. Further, although the role of gender has been investigated in the past, a thorough investigation of the education level of female household members needs to be considered for better policy interventions. The major limitation for farmers to shift from the traditional sources of cooking is that they are habituated to the firewood cooking method, irrespective of their income. Additionally, easy accessibility to crop residue and dung cake with zero monetary cost induces households to continue to follow the traditional cooking style. To improve the policy effectiveness, awareness has to be created by SHGs, which have the potential to conduct activities that create greater awareness among households and significantly promote the transition towards clean cooking fuel. The accessibility and availability of modern fuel is an important dimension for the adoption and prolonged usage of LPG [34]. The government should focus on the availability of LPG cylinders to the last mile and frame targets among the distributors to push the LPG cylinders. However, the recent COVID 19 pandemic outbreak is certain to cause additional stress to the existing crisis in the rural economy. This crisis will further impede the adoption of clean energy in the rural economy and hinder the LPG refill rate among PMUY users.





5. Conclusions


‘Pradhan Mantri Ujjwala Yojana’ (PMUY), the flagship program of the Government of India under the Ministry of Petroleum and Natural Gas, launched in 2016, aims to provide subsidized LPG connection to households below the poverty line. The present study analyzed the adoption rates and patterns of refill status under the PMUY scheme in various states of India. The findings show that the adoption of LPG gas under the PMUY has encouraged rural households to shift to cleaner energy. The states that have higher rates of LPG connections under the scheme are the ones that have a higher level of energy poverty as well. Though the rate of adoption is high, the frequency of consumption/refill is low. The annual average refill purchase per beneficiary household is between one and two cylinders at the national level. The gap between the adoption and refill indicates continued usage of solid fuels. For effective interventions to ensure the success of the scheme, the program should focus on a full transition from polluting fuels. We suggest that policy makers should frame suitable measures to increase the consumption of clean energy among rural households. The common challenges faced by the rural households include lack of knowledge on the documentation requirements and inadequate information on the capital subsidy as part of the intervention program. A full transition towards LPG use requires awareness campaigns through SHGs to disseminate information on the benefits of clean energy and an enhanced subsidy program, possibly through cash transfer to beneficiaries that are conditional upon LPG refill, for a longer period. The future scope of the study can focus refill patterns at local to regional scale among PMUY beneficiaries with inclusion of socio-demographical characteristics. Further, this study can be expanded to other energy poverty regions to understand the mechanism of clean energy adoption.
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Figure 1. Percentage of source-wise fuel used for cooking among sample households. 
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Figure 2. Percentage of district-wise and source-wise energy used for cooking among sample households. 
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Figure 3. Monthly income of the sampled households. 
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Figure 4. Percentage of households’ choice of LPG by education status of household head in the three districts. 
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Figure 5. Percentage of household’s choice of LPG by occupation in the three districts. 
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Figure 6. Percentage of households’ choice of LPG by type of flooring in the three districts. 
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Figure 7. Percentage of households’ choice of LPG by membership in SHGs in the three districts. 
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Table 1. The year-wise LPG connection and cumulative year-wise increase in LPG connection under the PMUY for major states in India (in Millions).
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No. of LPG Connections under PMUY

	
Year-Wise Increase in Connections under PMUY




	
State/UT

	
2016–2017

	
2017–2018

	
2018–2019

	
2019–2020

	
2017–2018

	
2018–2019

	
2019–2020






	
Uttar Pradesh

	
5.531

	
0.955

	
6.477

	
1.817

	
6.486

	
1.2963

	
14.78




	
West Bengal

	
2.52

	
2.536

	
3.006

	
0.811

	
5.057

	
8.062

	
8.874




	
Bihar

	
2.477

	
2.436

	
2.982

	
0.672

	
4.913

	
7.895

	
8.567




	
Madhya Pradesh

	
2.24

	
1.075

	
3.131

	
0.733

	
3.315

	
6.446

	
7.179




	
Rajasthan

	
1.723

	
0.903

	
3.07

	
0.696

	
2.626

	
5.696

	
6.392




	
Odisha

	
1.012

	
1.288

	
1.926

	
0.523

	
2.3

	
4.226

	
4.749




	
Maharashtra

	
0.859

	
1.019

	
2.186

	
0.373

	
1.877

	
4.064

	
4.436




	
Jharkhand

	
0.537

	
0.667

	
1.701

	
0.385

	
1.204

	
2.905

	
3.29




	
Tamil Nadu

	
0.273

	
0.745

	
2.124

	
0.101

	
1.018

	
3.142

	
3.243




	
Karnataka

	
0.016

	
0.893

	
1.914

	
0.326

	
0.909

	
2.823

	
3.149




	
Chhattisgarh

	
1.105

	
0.847

	
0.741

	
0.306

	
1.952

	
2.693

	
2.998




	
Gujarat

	
0.752

	
0.517

	
1.252

	
0.387

	
1.269

	
2.521

	
2.908




	
Jammu and Kashmir

	
0.266

	
0.107

	
0.68

	
0.177

	
0.373

	
1.053

	
1.23




	
Punjab

	
0.245

	
0.137

	
0.827

	
0.016

	
0.382

	
1.209

	
1.225




	
Telangana

	
NA

	
NA

	
0.924

	
0.151

	
NA

	
NA

	
1.075




	
Haryana

	
0.279

	
0.078

	
0.323

	
0.051

	
0.357

	
0.68

	
0.731




	
Uttarakhand

	
0.114

	
0.024

	
0.215

	
0.052

	
0.137

	
0.353

	
0.405




	
Andhra Pradesh

	
0.063

	
0.017

	
0.263

	
0.048

	
0.08

	
0.343

	
0.391




	
Kerala

	
0.011

	
0.027

	
0.172

	
0.046

	
0.038

	
0.21

	
0.256




	
Himachal Pradesh

	
0.002

	
0.028

	
0.083

	
0.023

	
0.03

	
0.113

	
0.136








Note: Authors’ calculation based on data available at www.data.gov.in (accessed on 10 August 2021).













[image: Table] 





Table 2. The year-wise LPG refill (in millions) and average annual refill per household under the PMUY for major states in India.
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Total No. of Refill Consumption of PMUY Beneficiaries (in Millions)

	
Average Annual Refill Consumption per PMUY Beneficiary




	
State/UT

	
2017–2018

	
2018–2019

	
2019–2020

	
2017–2018

	
2018–2019

	
2019–2020






	
Andhra Pradesh

	
0.248

	
0.330

	
0.733

	
3.10

	
0.96

	
1.88




	
Bihar

	
14.593

	
12.601

	
14.439

	
2.97

	
1.60

	
1.69




	
Chhattisgarh

	
2.572

	
2.126

	
3.171

	
1.32

	
0.79

	
1.06




	
Gujarat

	
4.340

	
3.993

	
4.432

	
3.42

	
1.58

	
1.52




	
Haryana

	
1.788

	
1.699

	
1.490

	
5.01

	
2.50

	
2.04




	
Himachal Pradesh

	
0.075

	
0.190

	
0.286

	
2.52

	
1.69

	
2.10




	
Jammu and Kashmir

	
0.955

	
1.145

	
1.837

	
2.56

	
1.09

	
1.49




	
Jharkhand

	
2.363

	
3.040

	
4.716

	
1.96

	
1.05

	
1.43




	
Karnataka

	
1.995

	
3.284

	
5.448

	
2.19

	
1.16

	
1.73




	
Kerala

	
0.093

	
0.284

	
0.478

	
2.42

	
1.35

	
1.87




	
Madhya Pradesh

	
6.534

	
6.742

	
9.808

	
1.97

	
1.05

	
1.37




	
Maharashtra

	
4.688

	
5.596

	
7.325

	
2.50

	
1.38

	
1.65




	
Odisha

	
5.229

	
4.895

	
7.726

	
2.27

	
1.16

	
1.63




	
Punjab

	
1.420

	
2.345

	
2.434

	
3.71

	
1.94

	
1.99




	
Rajasthan

	
7.540

	
7.480

	
10.163

	
2.87

	
1.31

	
1.59




	
Tamil Nadu

	
2.390

	
4.905

	
5.829

	
2.35

	
1.56

	
1.80




	
Telangana

	
0.00

	
0.758

	
1.765

	
NA

	
NA

	
1.64




	
Uttar Pradesh

	
21.312

	
19.024

	
25.812

	
3.29

	
1.47

	
1.75




	
Uttarakhand

	
0.596

	
0.644

	
0.730

	
4.34

	
1.83

	
1.80




	
West Bengal

	
13.351

	
10.997

	
16.522

	
2.64

	
1.36

	
1.86








Note: Authors’ calculation based on data available at www.data.gov.in (accessed on 10 August 2021).
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Table 3. Summary statistics of key variables.
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	Variable
	Mean
	Std. Dev.
	Min
	Max





	Household size in numbers
	4.87
	2.00
	1
	12



	HH head’s age in numbers
	43.46
	14.49
	18
	90



	HH head’s schooling in Years
	3.32
	3.87
	0
	15



	Distance to hospital in kilometers
	9.26
	8.92
	0.1
	35



	Spouse’s schooling in years
	1.91
	3.46
	0
	12



	Income in Rupees
	3866.02
	2512.77
	300
	21,834



	Land in acres
	2.47
	4.84
	0
	35







Source: Authors’ computation.
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Table 4. Results of binomial probit model.
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	Explanatory Variables
	Coef.
	Z-Stat
	p-Value





	Intercept
	−3.487 ***
	−3.18
	0.001



	Log monthly income
	0.259 *
	1.8
	0.072



	Age of household
	0.009 *
	1.9
	0.058



	Education of household head (Years)
	0.059 ***
	2.88
	0.004



	HH size
	0.040
	1.14
	0.255



	Spouse’s education (Years)
	0.017
	0.78
	0.435



	Type of house
	0.252 ***
	2.56
	0.01



	Separate room for cooking
	0.299 *
	1.82
	0.069



	Occupation
	−0.115
	−0.86
	0.388



	Land size
	−0.034 **
	−2.22
	0.027



	Member of SHG
	0.400 ***
	2.98
	0.003



	Distance to hospital
	−0.037 ***
	−4.22
	0.000



	Number of observations
	479
	
	



	Prob > chi2
	0.000
	
	



	Pseudo R2
	0.1606
	
	







Source: Authors’ estimation using primary data. Note: ***, **, and * indicate statistical significance at 1%, 5%, and 10% respectively.
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Table 5. Results of the ordered probit model.
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	Explanatory Variable
	Coef.
	Z-Stat
	p-Value





	Log monthly income
	0.238 **
	1.9
	0.068



	HH head’s age
	0.012 **
	2.54
	0.011



	HH head’s schooling
	0.072 ***
	3.92
	50.000



	HH size
	0.032
	0.96
	0.338



	Spouse’s schooling
	0.012
	0.61
	0.540



	Type of house
	0.216 **
	2.36
	0.018



	Separate room for cooking
	0.232
	1.57
	0.116



	Occupation
	−0.131
	−1.07
	0.285



	Land size
	−0.03
	−2.09
	0.036



	Member of SHG
	0.384 ***
	3.05
	0.002



	Distance to Hospital
	−0.027 ***
	−3.34
	0.001



	Number of observations
	479
	
	



	Prob > chi2
	0.00
	
	



	Pseudo R2
	0.111
	
	







Source: Authors’ own estimation using primary data. Note: *** and ** indicates statistical significance at 1% and 5% respectively.
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Table 6. Results of ordered probit model (marginal effects).
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	Variable
	Coef. (1)
	Coef. (2)
	Coef. (3)





	Log monthly income
	−0.093 *

(0.050)
	0.023 *

(0.012)
	0.070 *

(0.039)



	HH head’s age
	−0.005 ***

(0.001)
	0.001 **

(0.0005)
	0.003 **

(0.001)



	HH head’s schooling
	−0.028 ***

(0.007)
	0.007 ***

(0.002)
	0.021 ***

(0.005)



	HH size
	−0.012

(0.012)
	0.003

(0.003)
	0.009

(0.009)



	Spouse’s schooling
	−0.005

(0.007)
	0.001

(0.001)
	0.004

(0.005)



	Type of house
	−0.084

(0.035)
	0.021 **

(0.009)
	0.064 **

(0.027)



	Separate room for cooking
	−0.091

(0.585)
	0.020 *

(0.011)
	0.072

(0.048)



	Occupation
	0.051

(0.047)
	−0.013

(0.012)
	−0.039

(0.036)



	Land size
	0.012 ***

(0.005)
	−0.003 **

(0.001)
	−0.009 **

(0.004)



	Member of SHG
	−0.148 ***

(0.047)
	0.038 ***

(0.014)
	0.110 ***

(0.034)



	Distance to Hospital
	0.010 ***

(0.003)
	−0.003 ***

(0.0008)
	−0.008 ***

(0.002)







Note: ***, **, and * indicate statistical significance at 1%, 5% and 10% respectively.
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