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Abstract 

 

 

      In 2016, more than one in ten people worldwide lacked access to electricity. In contrast to 

kerosene wick, which is extensively used in unelectrified areas, off-grid solar power is clean, safe 

and cost-saving. These benefits have prompted discussions and research regarding the effect of the 

availability of off-grid solar technology on household kerosene spending. While a few studies 

examine the variation in this relationship according to household energy consumption levels, no 

studies have done so using data produced by Aklin et al.’s (2017a) randomized control trial 

conducted in rural India. The Aklin study demonstrated that the offer of off-grid solar technology 

to treatment communities reduced their kerosene spending more than the control communities. I 

extend their analysis by using proxies for household energy needs to estimate variation in the 

Intent-to-Treat effects of this intervention on kerosene spending as a function of household energy 

needs. Both my midline and endline results suggest that increased access to off-grid solar systems 

did not have different effects on households with high versus low energy needs. 
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Introduction 
 

 

In 2016, almost one billion of the world’s people lived in non-electrified areas (Tracking 

SDG7: The Energy Progress Report, 2016), 85% of them in rural areas (International Energy 

Agency, 2017). According to Lighting Global (2019), US$27 billion is spent worldwide every year 

on traditional and basic energy services (e.g., kerosene, candles). In the developing world, 

kerosene is one of the most widely used basic sources of energy for lighting and cooking (Lam et 

al., 2012). In India, in 2011, kerosene was the primary lighting source for 43% of rural households 

(Census of India, 2011). Mills (2017) reports that, in 2013, India ranked as the world’s second-

biggest consumer of kerosene, accounting for 16% of global consumption.  

Kerosene, however, is hazardous to both the environment and human health (Lam et al., 

2012). Studies show that kerosene wick lamps release harmful emissions such as carbon dioxide, 

particulate matter, and black carbon, aggravating global warming and climate change (Datta et al., 

2015; Lam et al., 2012). In addition, the World Health Organization (WHO, 2006) reports that 

kerosene is responsible for open fire burns and for some cases of child mortality due to accidental 

drinking. Moreover, kerosene-produced indoor pollution is linked to two million premature deaths 

every year (Uppari, 2017).  

Solar energy, in contrast, is clean and safe (Sharan, 2011; Cherukupalli, 2015). The 

substitution of solar technology for kerosene helps to reduce greenhouse gas (GHG) emissions 

(Chaurey and Kandpal, 2009; Nelson et al., 2014). Lighting Global (2019) estimates that, since 

2009, the adoption of 35 million “off-grid” solar products by global consumers has been 

accompanied by a reduction of 3.6 million tons in GHG emissions. In addition, a randomized 

controlled trial (RCT) funded by WHO shows that solar lamps are safer than kerosene lamps, 
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significantly decreasing accidental fires in India (Chamania et al., 2015). Moreover, according to 

a market survey conducted by the Global Association for the Off-grid Solar Energy Industry 

(GOGLA, 2018), 91% of off-grid solar customers believe that using off-solar lighting instead of 

kerosene lamps reduces indoor air pollution, improves health, and helps people feel safer. 

 Off-grid solar networks are small-scale power systems that are not connected to public 

grids (United Nations Framework Convention on Climate Change, 2014) and are used extensively 

in un-electrified rural areas (Mandelli et al., 2015). Typically, off-grid solar systems can provide 

basic lighting services; bigger systems can also power several appliances, such as televisions, 

refrigerators, radios, and phone chargers (Lighting Global, 2019).  

Aklin et al. (2017a) conducted a randomized experiment in which they found that being 

offered off-grid solar technology reduced kerosene spending.1 It is plausible that the intervention 

might have had a bigger effect on households with higher energy needs at baseline. However, this 

hypothesis has not yet been tested. The present study extends the authors’ analysis by using their 

RCT dataset to address the following policy question: does the intervention’s effect on total 

kerosene spending vary according to households’ baseline energy consumption levels and needs?  

 

 

 

 

 
 

 
1 Aklin et al. (2017a) also explored the impacts of off-grid solar technology on other socioeconomic outcomes, 

including access to electricity, hours of electricity used, household savings, household expenses, business ownership, 

women’s time spent on work, whether children used lights to study, and the amount of money spent on phone charging. 

In this thesis, I only focus on the intervention’s effect on total kerosene spending. 
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Background 
 

 

The randomized experiment on which my study is based was conducted in 2014 in 

Barabanki district, state of Uttar Pradesh, India. 2  Barabanki district is an impoverished area 

(Government of Uttar Pradesh, 2019). In 2011, the electrification rate of this district was just 15%, 

much lower than the national electrification rate (68%) (Census of India, 2011). The authors chose 

Barabanki district because households in the area were more likely to benefit from off-grid 

technology, given their low levels of electrification. In the Barabanki RCT experiment, field 

researchers from the Indian survey company MORSEL searched the district for small rural 

unelectrified communities. They identified 81 such communities, all of which were included in the 

sample.3 Each community was then randomly assigned to a treatment or control condition, with 

more communities being assigned to the treatment condition (50 communities) than to the control 

condition (31 communities). 

To implement the experiment, the authors partnered with an Indian solar company, Mera 

Gao Power (MGP). MGP staff offered an off-grid solar technology known as “micro-grid” to 

households in the 50 treatment communities. Micro-grids were installed in these communities if 

more than ten households agreed to pay a monthly fixed rate of 100 rupees to MGP for their 

electricity.4 No intervention was provided to the control group. In the end, 21 communities in the 

treatment group successfully installed micro-grid systems.  

 
2 Unless otherwise indicated, all claims in this section are taken from Aklin et al. (2017b). 

3 In addition to the 81 communities in Barabanki district, Aklin et al. (2017a) also included 20 communities in Fatehpur 

and Ramnagar districts as a remote control group. These 20 communities were studied to assess the geographic 

spillover effect of off-grid solar technology (Section S10, Aklin et al., 2017b). However, these communities were not 

included in the authors’ main regression analyses. Therefore, I do not use data on remote control group communities 

in my thesis. 

4 One dollar = 76.3 rupees in April 2020. 
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Three waves of survey data from 1,281 households in the treatment and control 

communities were collected between February 2014 and July 2015. The baseline survey was 

conducted in February of 2014, the midline survey in October of 2014, and the endline survey in 

June of  2015. MORSEL randomly selected 16 households from each community to be interviewed. 

According to MPG’s technical guidelines, selected households had to live within 100 meters of 

the center of the communities in which they were located. 

Estimating both Intent-to-Treat and Treatment-on-the-Treated effects, the authors found 

that the intervention increased access to electricity and hours of electricity use and reduced 

kerosene expenditures.5  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
5 The authors did not find that the intervention had a significant impact on other socioeconomic outcomes. 
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Literature Review 
 

 

 Off-grid solar technology is a cost-effective alternative to kerosene, an energy source 

widely used for lighting and cooking in developing countries (Sekyere et al., 2012; Sharan, 2011). 

A substantial literature found that, among un-electrified households, expanded access to off-grid 

solar energy is associated with significant reductions in kerosene spending (Millinger et al., 2012; 

Murali et al., 2015; Ray et al., 2015). Other studies focused on household energy consumption 

levels (i.e., previous energy expenditures) and electricity needs as determinants of adoption of off-

grid solar technology in rural areas (Komatsu et al., 2011b; Aklin et al., 2016; Alam & 

Bhattacharyya, 2017). However, no studies have comprehensively examined variation in the 

relationship between being offered access to off-grid solar systems and kerosene spending 

according to energy needs. 

 

The Benefits of Replacing Kerosene with Off-grid Solar Technology 

 

              Studies showed that switching from kerosene to off-grid solar technology is associated 

with multiple benefits (Millinger et al., 2012; Ray et al., 2015). The most prominent of these is a 

decrease in kerosene spending and dependence. Murali et al. (2015) found that the use of off-grid 

solar photovoltaic devices is associated with reducing kerosene expenditures among surveyed 

households in the Sundarbans region of India. Millinger et al. (2012) reached a similar conclusion 

using data from Chhattisgarh, India; they found that households that adopted off-grid solar 

technology experience reduced kerosene spending. Similarly, an RCT experiment conducted in 

Rwanda found that the installation of off-grid solar systems significantly reduces kerosene 

consumption (Grimm et al., 2016). In addition, Sharan (2011) found that, in India, solar energy 

systems, specifically solar lamps, are “far more economic” than kerosene lanterns. And Sekyere 
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et al. (2012) determined that, in Ghana, the pay-back time for off-grid solar systems is less than 

two years, making these systems relatively low-cost substitutes for kerosene lamps. Finally, 

Agoramoorthy and Hsu (2009), Komatsu et al. (2011a) and Murali et al. (2015) found that the 

savings on energy when households switch from kerosene to solar is larger for households with 

higher energy consumption and income. 

 

Household Energy Consumption and Needs as Determinants of Off-grid Solar Technology 

Adoption 

 

            Several studies have examined factors that affect household decisions regarding the 

adoption of off-grid solar technology (Alam & Bhattacharyya, 2017; Aklin et al., 2016; Komatsu 

et al., 2011b). For example, Alam & Bhattacharyya (2017) found that load demand has a 

significant positive relationship with adoption and that households with low levels of satisfaction 

with kerosene are more willing to switch to renewable micro-grids, and to solar power in particular. 

Households switching to off-grid solar lighting systems are also expected to experience cost 

savings relative to their previous kerosene spending (Alam & Bhattacharyya, 2017). However, the 

influence of previous kerosene expenditures on adoption is unclear. Aklin et al.’s (2016) RCT 

indicated that previous kerosene spending is not related to the adoption of solar technologies in 

India. On the other hand, Komatsu et al. (2011b) found that kerosene consumption levels are 

positively associated with the decision to adopt off-grid solar systems. They also found that the 

number of children who study at night and the need for electric light is also positively related to 

decisions to adopt. 
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The Effect of Off-Grid Solar Technology in Aklin et al. (2017a) 

 

In their randomized trial, Aklin et al. (2017a) examined the effect of access to solar micro-

grid systems on total kerosene spending, among other outcomes. The authors’ Intent-to-Treat 

estimates suggested that being offered the opportunity to install a solar micro-grid reduces total 

household kerosene spending by 10.64 rupees per month after survey wave fixed effects are 

controlled for; and by 13.26 rupees per month after household fixed effects and survey wave fixed 

effects are controlled for. The authors’ Treatment-on-the-Treated estimates suggested that the 

installation of a solar grid reduces households’ total kerosene spending by 36.08 rupees per month, 

after controlling for survey wave fixed effects; and by 45.18 rupees per month after household and 

survey wave fixed effects are controlled for. They did not report any subgroup effects. 

 

The Present Study 

 

Studies show that access to off-grid solar lighting systems has a substantially negative 

relationship with kerosene consumption and spending (Millinger et al., 2012; Murali et al., 2015). 

Studies also show that household energy consumption levels and needs are important predictors 

of the adoption of off-grid solar systems. While a few studies examine whether the relationship 

between solar energy adoption and kerosene spending varies by family income and energy 

consumption levels (Agoramoorthy and Hsu, 2009; Komatsu et al., 2011a; Murali et al., 2015), 

this dynamic has not been explored using Aklin’s dataset. This thesis seeks to fill that gap in the 

literature. 
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Conceptual Framework 
 

 

The studies reviewed above suggest that households with higher baseline energy 

consumption and needs are more likely to switch to off-grid solar systems. Therefore, I 

hypothesize that the effect of being offered an off-grid solar system on kerosene spending in Aklin 

et al.’s (2017a) sample is bigger for households with greater energy needs. To assess this 

hypothesis, I conduct subgroup analyses of the effect of off-grid solar technology offered to 

households in Barabanki based on several plausible proxies for household energy consumption 

and needs as measured at baseline: household electrification status, satisfaction with lighting, 

lighting used for study, cooking time per day, and business ownership. To improve precision in 

my key estimates, my analysis controls for demographic and economic characteristics. These 

factors and their relationships are displayed in Figure 1 and are discussed further below. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Conceptual Framework 
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Energy Consumption and Needs Controls 

 

• Household electrification status: I hypothesize that treatment households electrified at 

baseline with higher energy consumption were more likely to pay for and consume solar 

energy, and thus were more likely to reduce spending on kerosene. According to a survey 

by Urpelainen and Yoon (2015) in India, electrified households had higher willingness-to-

pay for solar home systems. 

• Lighting satisfaction: I hypothesize that treatment households that were unsatisfied with 

kerosene lighting were more likely to rely on solar power for electricity and reduce 

kerosene consumption. Adkins et al. (2010) found that satisfaction levels with electricity 

increase after households purchased solar LEDs. 

• Lighting used for studying: I hypothesize that treatment households that used lighting for 

studying at night were more likely to switch to solar energy in order to extend lighting 

hours, and that these households saved more on kerosene expenses. According to Komatsu 

et al. (2011a), access to solar lanterns extends study time for children at night in Bangladesh. 

Chakrabarti & Chakrabarti (2002) also found that access to solar power is associated with 

an increase of daily study time by an average of 2.25 hours in West Bengal, India.  

• Cooking time: I hypothesize that, the more time treatment households spent on cooking, 

the more likely they were to use off-grid solar systems, thereby reducing kerosene spending. 

Lam et al. (2012) found that kerosene is extensively used for cooking. Moreover, in a 

survey conducted by Aklin et al. (2018), cooking is the second most frequent use of solar 

lanterns.   

• Business ownership: I hypothesize that treatment households that owned a business had 

higher energy needs and were therefore more willing to adopt off-grid solar technology. 
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Ray et al. (2015) argued that solar lanterns could provide more lighting than kerosene 

lanterns, thus increasing a households’ ability to engage in income-generating activities at 

night. Likewise, Adkins et al. (2010) found evidence of a positive relationship in Malawi 

between the use of solar LEDs and monthly income. They theorized that this relationship 

is attributable to the fact that solar LEDs allow people to work at night.  

 

Other Controls 

 

To test the robustness of my RCT regression results and improve the precision of my 

estimates, I also include in my regressions controls for household expenses and savings, and 

standard demographic and socioeconomic controls (the age, religion, caste, and the marital status 

of the household head). Aklin et al. (2018) also controlled for these factors in their study of the 

determinants of adoption of off-grid solar technology. 
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Data and Methods 
 

 

I estimate the Intent-to-Treat effects of solar power intervention on kerosene expenditures 

for different subgroups.6 I take data for my dependent variable – kerosene spending – from the 

experiment’s midline and endline surveys. Using data from different survey waves allows me to 

explore whether the intervention’s effects changed over time. The data for energy need measures 

are from the baseline survey. This is because household energy needs could in theory be affected 

by the treatment. For the same reason, I also use baseline data to measure demographic and 

economic characteristics.        

I estimate interaction models to study the effects of off-grid solar technology on kerosene 

spending at various levels of energy needs and use. Each model includes an interaction term that 

combines one of the five energy need variables with the treatment dummy. For each specification, 

the coefficient on the interaction term estimates the difference in the treatment’s effect on kerosene 

spending between households with high energy needs and low energy needs. The following model 

illustrates my general approach, with the household as my unit of analysis: 

𝑘𝑒𝑟𝑜𝑠𝑒𝑛𝑒 =  𝛽0 + 𝛽1𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 +  𝛽2𝑒𝑛𝑒𝑟𝑔𝑦𝑛𝑒𝑒𝑑𝑠 + 𝛽3𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 ∗ 𝑒𝑛𝑒𝑟𝑔𝑦𝑛𝑒𝑒𝑑𝑠 

+𝜇 + 𝜋 + 𝑒 

 

where treatment is the key independent variable; energyneeds represents one of the five energy 

need variables (electrification status, lighting satisfaction, lighting used for studying, cooking time, 

and business ownership), measured at baseline; treatment*energyneeds is an interaction between 

one of the energy need variables and my key independent variable;  𝛽3 estimates the difference in 

the treatment’s impact for households with high versus low energy needs, 𝜇  represents the 

 
6 I first replicated the original results reported in Aklin et al. (2017a), regressing total kerosene spending on the 

treatment dummy, with household and survey wave fixed effects included. These replication results are reported in 

Appendix Table A.  
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demographic control variables (the age, religion, caste, and marital status of the household head), 

also measured at baseline survey; 𝜋 represents the economic control variables, including 

household expenses and savings, measured in the baseline survey; and 𝑒  is the error term. 

The definitions of all variables are elaborated in Table 1 below. 

Table 1. Definition of Variables 

Variables Definitions Survey Wave 

Dependent Variable 

kerosenea A continuous variable measuring total 

household kerosene spending per month in 

rupees, including spending on kerosene in the 

private (black) market and public distribution 

system. 

Baseline and midline 

Key Independent Variable 

treatment A dichotomous variable indicating whether the 

household was part of the randomly assigned 

group in which MGP offered micro-grid solar 

systems to households. Variable equals one if 

the household was in the treatment group and 

equals zero for households in the control 

group. 

N/A (fixed 

characteristics) 

Energy Needs 

electricity A dichotomous variable indicating whether the 

household was electrified. 

Baseline 

unsatislightingb A dichotomous variable indicating whether the 

household head was unsatisfied with current 

lighting. 

Baseline 

studying A dichotomous variable indicating whether 

lighting was used for studying. 

Baseline 

smallcooktimec A dichotomous variable indicating whether the 

household spent less than three hours per day 

on cooking. 

Baseline 

ownbusiness A dichotomous variable indicating whether the 

household head owned a business. 

Baseline 

Demographic Characteristics 

age A continuous variable measuring the age of 

household head. 

N/A (fixed 

characteristics) 
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Table 1. continued 

 

Variables Definitions Survey Wave 

hindu A dichotomous variable indicating whether the 

household head was Hindu. 

N/A (fixed 

characteristics) 

schecasted A dichotomous variable indicating whether the 

household head was from a scheduled caste. 

N/A (fixed 

characteristics) 

schetribe A dichotomous variable indicating whether the 

household head was from a scheduled tribe. 

N/A (fixed 

characteristics) 

backcaste A dichotomous variable indicating whether the 

household head was from a backward caste. 

N/A (fixed 

characteristics) 

otherbackcaste A dichotomous variable indicating whether the 

household head was from another backward 

caste. 

N/A(fixed 

characteristics) 

other A dichotomous variable indicating whether the 

household head was from other castes. 

N/A (fixed 

characteristics) 

married  A dichotomous variable indicating whether the 

household head was married. 

N/A (fixed 

characteristics) 

Economic Characteristics 

expenses A continuous variable measuring monthly 

household expenses in thousands of rupees. 

Baseline 

savings A continuous variable measuring monthly 

household savings in thousands of rupees. 

Baseline 

 
a. The Indian government runs the public distribution system (PDS). The kerosene sold in the PDS is 

subsidized and inexpensive. However, households have monthly quotas for the purchase of kerosene 

through the PDS, which are often insufficient. Therefore, households in un-electrified areas obtain 

kerosene from both the PDS and the private market (Aklin et al., 2017a). 

b. This dichotomous variable is obtained by dummying out the initial index variable, which ranges from 

one to five. These categories correspond to responses of “very satisfied,” “satisfied,” “neutral,” 

“unsatisfied,” and “very unsatisfied” with frequencies of 6.26%, 24.91%, 28.63%, 28.75% and 

11.45%, respectively. To divide the five categories approximately evenly, a dummy was created and 

was set equal to one for respondents who fell into “unsatisfied” and “very unsatisfied” categories; 

the dummy was set equal to zero for respondents falling into the other categories. 

c. This dichotomous variable is obtained by dummying out the initial continuous variable, with values 

from  0 to 4.3. To divide the variable approximately evenly, a dummy was created and was set equal 

to one for respondents who spent less than three hours per day on cooking (about 40% of 

respondents); the dummy was set equal to zero for respondents who spent equal or more than three 

hours per day on cooking (60% of the observations). 

d. The following five dichotomous variables are obtained by dummying out the initial index variable, 

which ranges from one to five: “scheduled caste,” “scheduled tribe,” “backward caste,” “other 

backward caste,” and “other” respectively. Those falling into the scheduled caste and scheduled 

tribes categories are traditionally disadvantaged people in India. People from backward castes are 

economically and socially disadvantaged and may face discrimination from birth. Other backward 

classes are "socially and educationally backward classes," and the government is responsible for 

their social and educational development (Deshpande, 2010) 
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Descriptive Statistics 
 

 

Table 2 presents descriptive statistics for my dependent variable, key independent variable, 

and control variables. At midline, households spent an average of 81.5 rupees on kerosene per 

month. At endline, this amount had declined to 79.16 rupees per month. A total of 62% of the 1264 

households in my sample were offered the treatment.7 

The percentage of households that used lighting for studying at baseline was unexpectedly 

high (60%). The economic conditions among households in the sample varied widely; household 

expenses ranged from 300 to 15,000 rupees per month, and monthly savings ranged from 0 to 

8,000 rupees. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
7 To obtain comparable estimates of the effects of off-grid solar technology on kerosene expenditures at midline and 

endline, I deleted observations that were not present in all three survey waves in the original dataset. The number of 

respondents present in all waves is 1264. In addition, there were 171 observations with missing values for the cooking 

time variable at baseline. I filled in missing values for this variable via single imputation using my other independent 

variables as predictors. I found no statistically significant differences between the characteristics of the observations 

for which I did and did not conduct imputations. See Appendix Table D for the results of regressions in which cooking 

time is not imputed. 
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Table 2. Descriptive Statistics for Dependent, Key Independent and Control Variables 

 

 Sample Size Mean Minimum Maximum 
Standard 

Deviation 

Dependent Variablea     

kerosene-ML 
(rupees per month) 

1,264 81.5 0 520 60.04 

kerosene-EL 
(rupees per month) 

1,264 79.16 0 434 56.55 

Key Independent Variable     

treatment 1,264 0.62 0 1 0.49 

Energy Needs      

electricity 1,264 0.03 0 1 0.16 

unsatislighting 1,264 0.80 0 1 0.40 

studying 1,264 0.60 0 1 0.50 

smallcooktime 1,264 0.39 0 1 0.49 

ownbusiness 1,264 0.07 0 1 0.26 

Demographic Characteristics     

age 1,264 39.06 16 87 13.29 
hindu 1,264 0.84 0 1 0.36 

schecaste 1,264 0.24 0 1 0.42 
schetribe 1,264 0 0 0 0 
backcaste 1,264 0.65 0 1 0.48 

otherbackcaste 1,264 0.01 0 1 0.12 
other 1,264 0.10 0 1 0.30 

married 1,264 0.93 0 1 0.26 

Economic Characteristics     

expenses 
(thousands of 

rupees per month) 

1,264 0.42 0.3 15 2.42 

savings 
(thousands of 

rupees per month) 

1,264 0.89 0 8 1.10 

 
a. kerosene-ML: monthly household kerosene spending at midline survey;  

   kerosene-EL: monthly household kerosene spending at endline survey 

 

Table 3 reports household and household head characteristics disaggregated by treatment 

status. Kerosene spending data were taken from the midline and endline surveys, while data for 

the control variables were recorded at baseline. At midline, the average kerosene spending of the 

treatment group was 5.95 rupees (about 7.5% of total kerosene expenses for the treatment group) 

lower than the spending of the control group. At endline, the average kerosene spending of the 
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treatment group was 16.2 rupees (roughly 22% of total kerosene expenses for treatment group) 

lower than the spending of the control group.  

The only other statistically significant differences between the treatment and control groups 

are for household electrification status and age of household head. However, these differences are 

relatively small, and the difference for age is only marginally significant. While the statistical 

significance of these differences indicates that the two groups were not perfectly randomized along 

with all potentially relevant characteristics, the results generally suggest that the two groups are 

quite similar. 

Table 3. Characteristics Disaggregated by Treatment Status 

 

 
Treatment 

Group 

Control 

Group 
Difference 

Standard 

Error 

Dependent Variable     
kerosene-ML 79.24 85.19 -5.95* 3.49 
kerosene-EL 73.02 89.22 -16.20*** 3.42 

Energy Needs     

electricity 0.03 0.01 0.02** 0.01 

unsatislighting 0.80 0.81 -0.01 0.02 

studying 0.60 0.59 0.02 0.03 

smallcooktime 0.40 0.37 0.03 0.03 
ownbusiness 0.08 0.06 0.02 0.01 

Demographic Characteristics     

age 38.68 39.69 -1.01* 0.78 
hindu 0.84 0.85 -0.002 0.02 

schecaste 0.25 0.22 0.03 0.02 
schetribe 0 0 0 0 
backcaste 0.64 0.66 -0.02 0.03 

otherbackcaste 0.01 0.02 -0.002 0.01 
other 0.10 0.11 -0.01 0.02 

married 0.92 0.93 -0.01 0.02 

Economic Characteristics     
expenses 4.39 4.47 0.08 0.14 
savings 0.88 0.90 0.02 0.06 

N = 1,264 

 
* indicates the coefficient is statistically significant at the 10% level 

** indicates the coefficient is statistically significant at the 5% level 

*** indicates the coefficient is statistically significant at the 1% level 
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Results 
 

My primary regression results are presented in Tables 4 and 5. Table 4 reports variation in 

the effect of access to off-grid solar technology on kerosene spending according to energy needs 

and consumption levels at the midline. Table 5 reports the same using endline data. To produce a 

reference case for these subgroup results, Model 1 in both tables reports the simple effect of 

availability of off-grid solar technology on kerosene spending without interactions or control 

variables, using midline and endline data respectively. Models 2 through 6 add interactions 

between the treatment dummy and each of my five energy need variables (i.e., electrification status, 

satisfaction level with lighting, use of lighting for studying, cooking time per day, and business 

ownership of households, measured at baseline), as well as demographic and economic controls. 

For purposes of simplicity, Tables 4 and 5 in the main text exclude coefficients for the control 

variables. A full set of midline and endline results (including coefficients for all controls) is 

reported in Appendix Tables B and C. 

 

Midline Results 

 

 Table 4 reports the results produced using the study’s midline survey. Model 1 shows the 

simple effect of treatment without interaction terms and control variables. I find that increased 

access to off-grid solar technology reduces household kerosene spending by about six rupees per 

month at the midline. This relationship is statistically significant at the 10% level.  

In Model 2, which includes a full set of control variables and an interaction between the 

treatment dummy and baseline electrification status, I find that the intervention has a negative 

effect on kerosene spending, reducing such spending by almost six rupees per month among those 

who were not electrified at baseline. Nonetheless, the interaction term is quite imprecisely 
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estimated, indicating that there is no statistically significant evidence of a difference in the 

relationship between households that were and were not electrified at baseline. However, as shown 

in Table 2, only 3% of households in the survey had electricity at baseline. Thus, the results of this 

regression should be interpreted with caution. 

Model 3 interacts the treatment dummy with a dummy set equal to one if household 

members report that they were unsatisfied with their lighting at baseline. The effect of treatment 

on kerosene expense is not statistically significant at conventional levels for households that were 

satisfied with lighting, as reflected by the lack of significance of the treatment coefficient in the 

regression. The treatment does not have a significant effect on households that were satisfied with 

lighting, as reflected by the result of the F-test (shown at the bottom of the table). However, the p-

value for the coefficient of the treatment dummy in Model 3 is 0.134, and the p-value of the F-test 

of the joint test for treatment and interaction coefficients is 0.179. While these coefficients do not 

meet conventional standards of significance, they are sufficiently low that, in my opinion, they are 

still worth discussing. They suggest that the treatment may have had a negative effect on kerosene 

usage among households that were satisfied and a less negative effect among households that were 

unsatisfied with their lighting. But again, given the lack of significance of the results for both of 

these groups, these results should be interpreted with caution. 

Model 4 includes an interaction between the treatment dummy and a dummy recording 

whether household members used lighting for studying at night. The p-value of the treatment 

coefficient is almost 0.4, suggesting that there is little, if any, credible evidence that the treatment 

had an effect on kerosene use among households that did not use lighting for study. However, for 

households that used lighting for studying at night, my estimates suggest that the treatment reduced 

kerosene spending by about 9.5 (-11.081 + 1.649) rupees per month. This relationship is 
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statistically significant at the 10% level, as reflected by the result of the F-test shown at the bottom 

of the table. Again, however, the difference in the relationships between the two groups is not 

statistically significant at conventional levels.  

 Model 5 estimates the subgroup effect according to cooking time per day. The results do 

not indicate a clear effect of the treatment on kerosene spending for either group of households 

(i.e., those that spent a relatively small amount and those that spent a relatively large amount of 

time on cooking per day). Moreover, the hypothesized difference in the relationships between the 

two groups is not supported by the insignificant interaction coefficient.  

 Model 6 examines variation in the effect of the treatment on kerosene expenses based on 

business ownership. The intervention significantly reduced kerosene spending for households that 

did not own a business at baseline. However, there is no statistically significant evidence of a 

negative relationship for households that owned a business, nor is there evidence of a significant 

difference in the treatment’s effect between the two groups. However, since only 7% of the 

households owned a business at baseline, these results too should be interpreted with caution. 

 In general, my midline results do not indicate a clear pattern of the variation in the 

treatment’s effect according to energy needs. Thus, my hypothesis that households with high 

energy needs would be more affected by the treatment than those with low energy needs is not 

supported by the evidence. 
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Table 4. Regression Results at Midline 

Dependent Variable    Kerosene Spending at Midline 

 

 (1) 
No 

Interactions 

and Controls 

(2) 
Interaction 

with 

electricity 

(3) 
Interaction 

with  

unsatislighting 

(4) 
Interaction 

with 

studying 

(5) 
Interaction 

with 

smallcooktime 

(6) 
Interaction  

with 

ownbusiness 
      

Key Independent Variable 

       

Treatment -5.906* -5.999* -10.98 -4.837 -11.08 -7.513** 

 (3.464) (3.409) (7.320) (5.577) (8.334) (3.605) 

       

Interactions 

 

Treat*electricity  -20.08     

  (52.53)     

Treat*unsatis   5.702    

   (8.278)    

Treat*study    -2.606   

    (7.142)   

Treat* 

smallcooktime 

    1.649 

(2.594) 

 

       

Treat* 

ownbusiness 

     16.90 

(12.18) 

       

Observations 1,274 1,264 1,264 1,264 1,264 1,264 

R-squared 0.002 0.032 0.032 0.031 0.032 0.032 

       

F statistics and p-values of joint hypothesis 

Treatment + 

interactions = 0 

 0.248 1.809 2.797* 2.412 0.639 

 (0.619) (0.179) (0.0947) (0.121) (0.424) 

 
Notes: Robust standard errors in parentheses. Coefficients for controls are excluded from this table for the 

purpose of simplicity. For the full set of results, see Appendix Tables B and C. *** p<0.01, ** p<0.05, * p<0.1 
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Endline Results  

 

 Table 5, Model 1 shows that the availability of off-grid solar technology reduces household 

kerosene spending by about 16 rupees per month at endline. This effect is statistically significant 

at the 1% level.  

In Model 2, I find a negative effect of similar magnitude among households that were not 

electrified at baseline. But I find no evidence of a statistically significant effect among households 

that were electrified at baseline. The significance of the interaction term in this regression suggests 

that the intervention’s effect on the two groups of households is different. However, since only 3% 

of the households in the survey were electrified at baseline, this result should be interpreted with 

caution.  

 I predicted that the intervention would reduce kerosene expenses for households that were 

unsatisfied with their lighting at baseline more than for households that were satisfied with their 

lighting. Model 3 suggests that the intervention reduced kerosene spending by almost 15 rupees 

per month among households that were unsatisfied at baseline. And households that were satisfied 

at baseline, the treatment increased kerosene spending by approximately 15.5 (-14.71 - 0.874)  

rupees per month. However, there is no statistically significant evidence to support my hypothesis 

that the effect of the intervention on kerosene spending is different for the two groups of 

households, as reflected by the insignificant interaction term coefficient. 

 Similar to Model 3, Model 4 indicates that, for households that did not use lighting for 

studying, the treatment had a statistically significant negative effect of almost 15 rupees on 

monthly kerosene expenses. Among households that used lighting for studying, the treatment 

decreased their spending on kerosene by about 16  (-14.78 - 1.073) rupees per month. However, 

the evidence does not support my prediction that households that used lighting for studying would 
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be more affected by the treatment than households that did not, as reflected in the lack of 

significance of the coefficient on the interaction term. 

 Model 5 also shows that offering off-grid solar systems reduces kerosene spending for all 

households – those that spent relatively small amounts of time and those that spent relatively large 

amounts of time on cooking per month. However, the hypothesized variation in the intervention’s 

effect for these two groups is not supported by the evidence, as reflected by the not statistically 

significant coefficient of the interaction term. 

 Model 6 estimates the variation in the endline effect of the intervention based on business 

ownership. The statistically significant coefficient of the treatment dummy suggests that offering 

off-grid solar technology had a negative impact on kerosene spending for households that did not 

own a business at baseline. However, I find no evidence of an effect among households that owned 

a business at baseline. Still, given that only 7% of the sample owned a business at baseline, these 

results should be interpreted with caution. 

 In summary, my endline results generally indicate that, while the intervention had a 

negative effect on kerosene spending both for households with high energy needs and low energy 

needs, there is not much evidence of variation in the effect of availability of off-grid solar 

technology according to household energy needs and consumption levels.   
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Table 5. Regression Results at Endline 

 

Dependent Variable    Kerosene Spending at Endline 

 

 (1) 
No 

Interactions 

and Controls 

(2) 
Interaction 

with 

electricity 

(3) 
Interaction 

with  

unsatislighting 

(4) 
Interaction 

with 

studying 

(5) 
Interaction 

with 

smallcooktime 

(6) 
Interaction  

with 

ownbusiness 
      

Key Independent Variable 

       

Treatment -16.01*** -15.88*** -14.71** -14.78*** -15.99** -16.14*** 

 (3.389) (3.440) (7.314) (5.436) (7.453) (3.515) 

       

Interactions 

 

Treat*electricity  24.62*     

  (14.43)     

Treat*unsatis   -0.874    

   (8.226)    

Treat*study    -1.073   

    (7.082)   

Treat* 

smallcooktime 

    0.201 

(2.321) 

 

       

Treat* 

ownbusiness 

     10.68 

(12.90) 

       

Observations 1,272 1,264 1,264 1,264 1,264 1,264 

R-squared 0.019 0.049 0.048 0.048 0.048 0.048 

       

F statistics and p-values of joint hypothesis 

Treatment + 

interactions = 0 

 0.394 16.84*** 12.97*** 8.280*** 0.193 

 (0.530) (0.000) (0.000) (0.004) (0.660) 

 
Notes: Robust standard errors in parentheses. Coefficients for controls are excluded from this table for the 

purpose of simplicity. For the full set of results, see Appendix Tables B and C. *** p<0.01, ** p<0.05, * p<0.1 
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Discussion 
 

Findings  

 

 The lack of access to stable electricity among the world’s rural population has become a 

global concern (Lighting Global, 2019). To address this challenge, people in rural areas often use 

off-grid technologies (Mandelli et al., 2015). Using an RCT dataset created by Aklin et al. (2018), 

this thesis examines the effects of offering off-grid solar technology on rural Indian households’ 

kerosene spending. I focus specifically on variation in this effect according to household energy 

needs and consumption. I estimate levels of energy needs and consumption using five energy 

proxies measured at baseline: electrification status, satisfaction level with lighting, whether the 

lighting was used for studying at night, cooking time per day, and business ownership. I 

hypothesize that the treatment led to greater reductions in kerosene spending among households 

with higher energy needs.  

My midline results are mixed. In general, the treatment reduced kerosene spending for all 

households, including those with low energy needs and those with high needs.8 However, I find 

no evidence of a statistically significant difference in the effect of the intervention in relation to 

any of the five energy needs. In fact, three of the five interaction terms have a sign that contradicts 

my hypothesis.  

At endline, similar to the midline, my results also show that the treatment reduced kerosene 

spending for all households, including those with low energy needs and those with high energy 

needs.9 However, I find almost no evidence of a statistical significance difference in the estimated 

 
8 The only exception is that, among households that owned a business, treatment group members spent more on 

kerosene than control group members. However, this difference is not statistically significant.  
9 The only exception is that, among households that were electrified at baseline, treatment group members spent 

more on kerosene than control group members. This difference is statistically significant at the 10% level. 
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effect of the intervention on kerosene spending based on my five energy need proxies. Once more, 

only two of the five interaction terms have a sign that is consistent with my initial expectations.  

 Previous literature suggests that the availability of alternative energy sources such as solar 

energy has a greater impact on the behaviors of households with high energy consumption than on 

households with low energy consumption (Agoramoorthy and Hsu, 2009; Komatsu et al., 2011a; 

and Murali et al., 2015). However, my conclusion suggests that, in terms of the effect of making 

off-grid solar systems available in India, there is no substantial difference in the intervention’s 

effect between households with higher versus lower energy needs.  

 

Limitations  

 

 My study is based on an RCT dataset created by Aklin et al. (2017a). For most measured 

characteristics, the treatment and control groups in the RCT dataset are very similar. The only 

exceptions are household electrification status and the age of household head (as shown in the 

descriptive statistics disaggregated by treatment status in Table 3). The differences between the 

treatment and control groups in terms of electrification status and the age of household head are 

statistically significant at the 1% and 10% levels, respectively, indicating that the experiment was 

not perfectly randomized in these regards. Thus, my results should be interpreted with some degree 

of caution, as there might be other differences for which I did not control and that could be related 

both to treatment status and to my dependent variable. Moreover, only 7% of sample members 

owned a business and only 3% of surveyed households were electrified at baseline. Therefore, the 

results of the subgroup analyses for these two variables in particular should be interpreted with 

caution.  
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 In addition, to study the variation in the effect of the treatment on kerosene spending, I 

used five proxies for energy needs. However, these proxies may not be the best measures of 

household energy needs. My findings therefore might have been different if, instead of having to 

rely on such proxies, I had been able to measure household energy needs and consumption levels 

directly.  

 

Policy Implications 

 

My results do not support my initial hypothesis that the intervention caused a greater 

reduction in kerosene spending among households with high energy needs than among those with 

low energy needs. This finding might be due to my reliance on imperfect proxies. However, these 

results may also imply that the intervention has a broad effect on kerosene spending for all 

households, regardless of energy needs and consumption levels. 

It might be interesting for a future study to examine differences in the effect of a solar 

technology treatment on kerosene spending among households with relatively high kerosene 

spending at baseline versus households with low kerosene spending at baseline, as baseline 

kerosene spending might be a good proxy for household energy need levels. 
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Appendix 
 

 

      Table A.1. Replication Results 

 

Dependent Variable  Kerosene Spending from All Three Waves of Survey 

 

 Intent-to-Treat (OLS)     Treatment-on-the-Treated (IV) 

 (1) (2)  (3) (4) 

 Household 

Fixed Effects 

Household  

& Wave 

Fixed Effects 

 

 Household 

Fixed Effects 

Household  

& Wave 

Fixed Effects 

      

Treatment -10.64** -13.26**  -36.08** -45.18** 

 (4.564) (6.010)  (15.93) (22.21) 

 

 

     

Wave FE 

 

Yes Yes  Yes Yes 

Household FE  Yes   Yes 

      

      

Constant 88.11*** 109.0***  90.52*** 93.33*** 

 (3.674) (1.878)  (5.959) (7.472) 

      

      

Observations 3,825 3,825  3,825 3,825 

R-squared 0.054 0.089  0.045  

 
Notes: Robust standard errors in parentheses. The replication results are identical to Aklin et al.  

(2017a) results for total kerosene spending in Table 2. *** p<0.01, ** p<0.05, * p<0.1 
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Table A.2. Full Regression Results at Midline 

 

DEPENDENT VARIABLE  Kerosene Spending at Midline 

 

 (1) 
No 

Interactions 

and Controls 

(2) 
Interaction 

with 

electricity 

(3) 
Interaction 

with  

unsatislighting 

(4) 
Interaction 

with 

studying 

(5) 
Interaction 

with 

smallcooktime 

 

(6) 
Interaction  

with 

ownbusiness 

      

KEY INDEPENDENT VARIABLE 

       

Treatment -5.906* -5.999* -10.98 -4.837 -11.08 -7.513** 

 (3.464) (3.409) (7.320) (5.577) (8.334) (3.605) 

       

INTERACTIONS 

 

Treat*electricity  -20.08     

  (52.53)     

Treat*unsatis   5.702    

   (8.278)    

Treat*study    -2.606   

    (7.142)   

Treat* 

smallcooktime 

    1.649 

(2.594) 

 

       

Treat* 

ownbusiness 

     16.90 

(12.18) 

       

       

CONTROLS 

 

      

       

Energy Needs  

 

      

electricity  44.03 28.67 28.58 28.06 27.83 

  (48.12) (19.20) (19.19) (19.07) (19.16) 

unsatislighting  4.093 0.701 4.271 4.181 4.092 

  (4.163) (6.412) (4.161) (4.163) (4.161) 

studying  -0.753 -0.930 0.682 -0.845 -1.072 

  (3.419) (3.442) (5.634) (3.441) (3.439) 

cooktime  1.943 2.081 2.013 3.640 1.849 

  (3.463) (3.462) (3.468) (4.289) (3.459) 

ownbusiness  -6.267 -6.648 -6.428 -6.152 -17.87* 

  (6.335) (6.334) (6.341) (6.280) (9.239) 
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Table A.2. continued 

 

     

DEPENDENT VARIABLE  Kerosene Spending at Midline 

 

 (1) 
No 

Interactions 

and Controls 

(2) 
Interaction 

with 

electricity 

(3) 
Interaction 

with  

unsatislighting 

(4) 
Interaction 

with 

studying 

 

(5) 
Interaction  

with 

smallcooktime 

 

(6) 
Interaction  

with 

ownbusiness 

       

 

Demographic Characteristics 

 

age  -0.170 -0.173 -0.171 -0.168 -0.160 

  (0.129) (0.129) (0.129) (0.129) (0.129) 

hindu  13.87*** 13.44*** 13.21*** 13.27*** 13.57*** 

  (4.635) (4.844) (4.873) (4.845) (4.848) 

schecaste  -5.472 -5.226 -5.149 -5.006 -5.655 

  (6.313) (6.345) (6.350) (6.347) (6.385) 

backcaste  -7.740 -7.458 -7.319 -7.324 -7.830 

  (6.064) (6.060) (6.064) (6.070) (6.092) 

otherbackcaste  -27.84* -27.65* -27.84* -27.43* -28.38* 

  (15.06) (15.02) (15.06) (15.12) (14.97) 

married  3.239 3.346 3.282 3.319 3.005 

  (5.165) (5.150) (5.153) (5.160) (5.117) 

 

Economic Characteristics 

 

expensesb  2.519*** 2.522*** 2.514*** 2.546*** 2.548*** 

  (0.793) (0.793) (0.795) (0.794) (0.796) 

savings  -3.072* -3.090* -3.164* -3.115* -3.154* 

  (1.660) (1.653) (1.646) (1.647) (1.643) 

       

Constant 71.35*** 74.52*** 70.89*** 70.80*** 72.68*** 71.35*** 

 (11.26) (12.18) (11.50) (11.30) (11.25) (11.26) 

       

       

Observations 1,274 1,264 1,264 1,264 1,264 1,264 

R-squared 0.002 0.032 0.032 0.031 0.032 0.032 

       

F statistics and p-values of joint hypothesis 

Treatment 

+interactions = 0 

 0.248 1.809 2.797* 2.412 0.639 

 (0.619) (0.179) (0.0947) (0.121) (0.424) 

 
a. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

b. Units of expenses and savings are adjusted to 1,000 rupees 
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 Table A.3. Full Regression Results at Endline 

 

DEPENDENT VARIABLE  Kerosene Spending at Midline 

 

 (1) 
No 

Interactions 

and Controls 

(2) 
Interaction 

with 

electricity 

(3) 
Interaction 

with  

unsatislighting 

(4) 
Interaction 

with 

studying 

(5) 
Interaction 

with 

smallcooktime 

 

(6) 
Interaction  

with 

ownbusiness 

      

KEY INDEPENDENT VARIABLE 

       

Treatment -16.01*** -15.86*** -14.68** -14.74*** -16.03* -16.13*** 

 (3.389) (3.438) (7.327) (5.435) (9.567) (3.514) 

       

INTERACTIONS 

 

Treat*electricity  24.62*     

  (14.43)     

Treat*unsatis   -0.874    

   (8.226)    

Treat*study    -1.073   

    (7.082)   

Treat* 

smallcooktime 

    0.201 

(2.321) 

 

       

Treat* 

ownbusiness 

     10.68 

(12.90) 

       

       

CONTROLS 

 

      

       

Energy Needs  

 

      

electricity  -41.45*** -22.19** -22.01** -22.16** -22.41** 

  (9.105) (9.189) (9.195) (9.146) (9.059) 

unsatislighting  4.275 4.592 4.039 4.031 3.924 

  (3.847) (6.950) (3.844) (3.842) (3.842) 

studying  3.051 3.272 3.938 3.283 3.185 

  (3.363) (3.359) (6.107) (3.359) (3.356) 

cooktime  1.869 1.772 1.782 1.980 1.678 

  (3.294) (3.290) (3.293) (4.195) (3.298) 

ownbusiness  -7.397 -7.145 -7.167 -7.139 -14.40 

  (5.545) (5.581) (5.572) (5.608) (11.47) 
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Table A.3. continued 

 

     

DEPENDENT VARIABLE  Kerosene Spending at Midline 

 

 (1) 
No 

Interactions 

and Controls 

(2) 
Interaction 

with 

electricity 

(3) 
Interaction 

with  

unsatislighting 

(4) 
Interaction 

with 

studying 

 

(5) 
Interaction  

with 

smallcooktime 

 

(6) 
Interaction  

with 

ownbusiness 

       

 

Demographic Characteristics 

 

age  0.101 0.103 0.102 0.103 0.109 

  (0.121) (0.121) (0.121) (0.121) (0.121) 

hindu  6.459 7.097 7.060 7.106 7.265* 

  (4.415) (4.355) (4.374) (4.359) (4.356) 

schecaste  -1.328 -1.758 -1.793 -1.764 -2.123 

  (5.375) (5.337) (5.351) (5.367) (5.341) 

backcaste  7.401 6.987 7.008 6.986 6.701 

  (4.961) (4.930) (4.967) (4.939) (4.910) 

otherbackcaste  -6.902 -7.295 -7.458 -7.311 -7.875 

  (13.73) (13.75) (13.75) (13.74) (13.75) 

married  -11.17** -11.24** -11.24** -11.23** -11.42*** 

  (4.381) (4.384) (4.375) (4.381) (4.405) 

 

Economic Characteristics 

 

expensesb  2.601*** 2.598*** 2.594*** 2.601*** 2.614*** 

  (0.771) (0.771) (0.771) (0.769) (0.770) 

savings  -0.682 -0.588 -0.580 -0.572 -0.576 

  (1.575) (1.565) (1.569) (1.561) (1.567) 

       

Constant 70.51*** 69.65*** 69.75*** 69.98*** 70.71*** 70.51*** 

 (9.805) (10.55) (10.16) (9.791) (9.821) (9.805) 

       

       

Observations 1,272 1,264 1,264 1,264 1,264 1,264 

R-squared 0.019 0.049 0.048 0.048 0.048 0.048 

       

F statistics and p-values of joint hypothesis 

Treatment 

+interactions = 0 

 0.394 16.84*** 12.97*** 8.280*** 0.193 

 (0.530) (0.000) (0.000) (0.004) (0.660) 

 
a. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

b. Units of expenses and savings are adjusted to 1,000 rupees 
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Table A.4. Sensitivity Test (cooktime not imputed) 

 

 

Dependent Variable 

(1) 

Kerosene Spending at Midline 

(2) 

Kerosene Spending at Endline 

   

KEY INDEPENDENT VARIABLE 

 

 

Treatment -14.34 -18.93* 

 (10.16) (9.813) 

   

INTERACTIONS 

 

  

Treatment* 

cooktime_ML 

2.524 

(3.258) 

 

   

Treatment* 

cooktime _EL 

 0.770 

(3.159) 

   

CONTROLS 

 

  

   

Energy Needs    

electricity 17.20 -24.05*** 

 (18.15) (8.425) 

unsatislighting 2.692 3.168 

 (4.575) (4.126) 

studying -0.814 3.211 

 (3.633) (3.631) 

cooktime -2.047 -0.973 

 (2.568) (2.583) 

ownbusiness -5.278 -6.713 

 (6.657) (5.835) 

   

Demographic Characteristics  

age -0.160 0.135 

 (0.138) (0.129) 

hindu 14.23*** 4.737 

 (4.916) (4.679) 

schecaste -3.554 0.296 

 (6.565) (5.848) 

backcaste -5.848 7.084 

 (6.155) (5.333) 

otherbackcaste -30.69** -2.486 

 (15.34) (13.97) 

married 9.383 -5.160 

 (6.667) (5.461) 
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Table A.4. continued 

 

  

 

Dependent Variable 

(1) 

Kerosene spending at Midline 

 

(2) 

Kerosene spending at Endline 

   

Economic Characteristics 

 

  

expensesb 2.497*** 2.764*** 

 (0.848) (0.806) 

savings -2.509 -0.138 

 (1.720) (1.627) 

   

Constant 71.08*** 67.59*** 

 (14.64) (13.26) 

   

Observations 1,117 1,117 

R-squared 

 

0.030 0.049 

 
a. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

b. Units of expenses and savings are adjusted to 1000 rupees 
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