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For decades, Indian households have faced a sustainability challenge due to overreliance
on high carbon-emitting energy sources across various sections and sectors of society.
The paper examines the likelihood of Indian households adopting clean energy and other
non-clean energy using innovation system perspectives. By using logistic regression, the
study found that households’ characteristics and infrastructural variables significantly
influence the likelihood of clean energy adoption.

I. Introduction

To achieve universal energy access, clean energy tech-
nologies have the greatest potential. Both energy and en-
ergy policy could play a vital role in any economy by facil-
itating the economic process and growth. Many countries
and policy makers have put efforts to speed up the diffusion
and implementation of low carbon generated energy. De-
spite significant efforts in developing, diffusing and imple-
menting clean energy in India, it is observed that the de-
velopment and adoption of these sources in the economy is
not as encouraging as expected. Two different but interre-
lated thoughts that explain the slow diffusion of these tech-
nologies are the neo-classical economic paradigm and the
systematic character of innovations (Arrow, 1972; Negro et
al., 2012). For the neo-classical paradigm, market failure
is considered the main barrier. The second academic par-
adigm basically challenges this neo-classical view. These
scholars highlight the systematic character of innovation.
As per their view, the development and diffusion of these
technologies depend on the kind of ecosystems in which in-
novations are developed. Other than that, existing empir-
ical studies based on India and other countries focus only
on demographic and socio-cultural factors for the adoption
of clean energy (Dash et al., 2018; Haq et al., 2024; Ravin-
dra et al., 2019). Against this backdrop, the present study
attempts to analyse how the transition story plays out in
India and explore the households’ adoption perspective of
clean energy vis-a-vis non-clean energy sources using the
system of innovation framework.

The remainder of this paper is organized as follows: Fol-
lowing the introduction, section II focuses on the theoret-
ical framework and some of the existing literature on the
slow diffusion of clean energy. In section III, we discuss the
data sources and methodology employed in the paper. This
is followed by results and analysis in section IV. Section V
concludes the discussion with a brief policy suggestion.

II. Review of Literature
A. Theoretical discussion

The historical origin of the innovation system could be
traced back to the work of List (1841). However, it was
Lundvall (1985, 1992) who systematically brought out the
modern version and popularised the concept system of in-
novation in his work. Similarly, Freeman (1987) popularised
the national system of innovation' (NSI) concept to an in-
ternational audience while analysing the economic perfor-
mance of Japan. Edquist (1997, 2005) gave a broader de-
finition, stating that the system of innovation comprises
‘all important economic, social, political, organisational, in-
stitutional and other factors that influence the development,
diffusion and use of innovations.” The follow-up literature
(Edquist, 1997; Freeman, 1995; Lundvall, 1995; Nelson,
1993) discusses innovation and diffusion using the inno-
vation system perspective (Das, 2022). A system of inno-
vation theory focuses on the interaction among different
actors in the system who will acquire knowledge, and this
system of innovation could be national, regional or sectoral
(Das, 2022). However, another related system function, pro-
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1 It is defined as ‘the network of institutions in the public and private sectors whose activities and interactions initiate, import, modify

and diffuse new technologies’ (Freeman, 1987).
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posed by Bergek et al. (2008), is the technological innova-
tion system2 (TIS). The present study uses TIS to discuss
the adopters’ perspective on the diffusion, development,
and use of clean energy. The theoretical discourse on a
system of innovation stresses the adopters’ characteristics,
market, and institutional factors responsible for the diffu-
sion and development of any technology.

B. Empirical literature

A number of studies analyse the potential for clean en-
ergy to achieve sustainability. Brown et al. (2001) in their
study analysed how energy-efficient and clean energy tech-
nologies can address key energy and environmental chal-
lenges in the US. Gitone (2014) investigates the determi-
nants of the adoption of solar and biogas across Kenya and
finds that household characteristics like size of the house-
hold and educational level do significantly affect the adop-
tion of solar and biogas. Rafiq et al. (2014) made a com-
parative analysis by taking time series data from 1972-2011
between India and China and examined the causality be-
tween output, carbon emission, and renewable energy gen-
eration. For India, it is proved that in the short run there
is a unidirectional causality from carbon emission to gen-
eration of renewable energy and then renewable energy to
output, whereas, in the long run, it is found that there is
a bidirectional causality. However, the experience of China
is reversed. A recent study by Li et al. (2022) discusses the
determinants of clean energy adoption by rural households
in western China. The study emphasizes psychological fac-
tors like mentality as a crucial factor for farmers’ clean en-
ergy adoption. Though not clean energy diffusion, at par
with the theoretical literature, Das (2010a, 2010b, 2013,
2014) and Das & Das (2017), in their study, also emphasise
adopters’ characteristics, infrastructural factors, and insti-
tutional factors as determinants of diffusion of any tech-
nology. The present study adopts this conclusion and at-
tempts to analyse the households’ behaviour in adopting
clean energy.

III. Data and Methods

We use the microdata from various rounds of the Na-
tional Sample Survey Organisation (NSSO) to understand
the adoption of different clean and non-clean energy
sources by households over the years. Households use dif-
ferent energy sources for both cooking and lighting. We use
six rounds of NSSO - 38th, 55th 615t 66th and 68th rounds
- for the analysis. To determine the adopters’ perspec-
tive towards clean energy, we use time use survey data of
NSSO for the year 2018-19 as this is the latest round which
contains different sources of energy use by Indian house-
holds. To determine the adopters’ perspective, a household
is the unit of analysis. Either the head of the household or

the representative of the household is the respondent. Our
sample comprises 1,38,799 households with a disaggrega-
tion of 82,897 rural and 55,902 urban households.

A descriptive approach has been deployed to dissect the
variables of interest. To understand the dynamics of clean
energy adoption for cooking, we have adopted logistic re-
gression analysis. Since the dependent variable is in binary
form, the logit model will be appropriate to understand the
dynamics. The regression used in our analysis takes this
form

P;
In ( T P-) =a+ S X148, Xo + B3 Xs + BuXy
3

+B5X5 + B X¢ + Br X7 + Bs Xs
+B89 Xy + B10X10 + B11X11 + P12 X12
+B13X13 + f14X14 + B15X15

IV. Results and Discussion

The first section discusses a comparative analysis of en-
ergy sources used for cooking across households.

Figures 1 A and B present households’ preferences for
clean energy sources over the years in rural and urban ar-
eas, respectively. The use of electricity and gobar gas for
cooking is almost minimal in rural areas. An increasing
trend of LPG adoption over the years has been observed.
In 1983 and 1993-94, the percentage of households using
LPG is minimal. This could be due to the lack of distributors
in rural areas. In 1999-00, only 5.4 per cent of households
reported using LPG, which increased to 15 per cent in
2011-12. The percentage of urban households using LPG
was 10.29 per cent in 1983, which increased to 68.4 per cent
in 2011-12.

The adoption of non-clean energy sources shows that
rural households mostly use firewood and chips followed by
dunk cake. The use of firewood and chips by rural house-
holds is almost stagnant till 2009-10. It only reduced in
2011-12

Similar situations prevail regarding the use of non-clean
energy sources in urban areas. However, the use of firewood
and chips in urban areas has been reduced over the years.

Having discussed the distribution of clean and non-clean
energy sources over the years, the following section at-
tempts to analyse the determinants of clean and non-clean
energy sources. The results show that the adoption of clean
energy sources has a significant bearing on adopters’ char-
acteristics as well as market and infrastructure factors. We
found all the variables that are entered as adopters’ char-
acteristics have a significant influence over the households’
adoption of clean energy. With the increase in households’
incomez, the chances of adoption of clean energy increase
by 15 per cent. This implies that economically better-off
households have a higher probability of adopting clean en-
ergy. With the increase in household size, the expected

2 It refers to ‘a socio-technical system focused on the development, diffusion and use of a particular technology’.

3 Expenditure has been taken as proxy for income.
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Figure 1 A: Use of Clean Energy Sources for
Cooking in Rural
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Figure 1A. Use of Clean Energy Sources for Cooking in Rural
Source: Various rounds of NSSO report
Figure 1B: Use of Clean Energy Sources for
Cooking in Urban
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Figure 1B. Use of Clean Energy Sources for Cooking in Urban

Source: Various rounds of NSSO report

probability of a household having secondary or higher ed-
ucation increases by two per cent. Compared to the ST
households, the expected probability of adopting clean en-
ergy for the SC households increases by six per cent. How-
ever, compared to the ST households, the expected prob-
ability of having secondary or higher education for OBC

households increases by ten per cent, and the other house-
holds (General) by 13 per cent. If households are from ur-
ban areas, the expected probability of adopting clean en-
ergy increases by 23 per cent. The marginal effects at mean
point out that if the highest level of education for the
households is either graduation or post-graduation, then
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Figure 2: Use of Non-Clean Energy Sources for
Cooking in Rural Area
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Figure 2. Use of Non-Clean Energy Sources for Cooking in Rural Area

Source: Various rounds of NSSO report

Figure 3: Use of Non-Clean Energy Sources for
Cooking in Urban Area
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Figure 3. Use of Non-Clean Energy Sources for Cooking in Urban Area

source: Various rounds of NSSO report

the chances of clean energy adoption increase by one per clean energy adoption for cooking. The result shows that if

cent. the share of LPG distributors increases, then the chances
To capture the market and infrastructure perspective for of adoption increase by 51 per cent. This proves the impor-

clean energy adoption, we have included share of LPG dis- tance of the infrastructure perspective of diffusion of any

tributors per 10,000 population across states as an inde- technology.

pendent variable. This variable has the highest impact on
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Table 1. Dependent variable: Household using clean energy sources for cooking=1, Non-clean energy sources=0

Independent Categories Coefficient Odd Marginal P-value
Variables ratio Effect
X4 InMPCE 0.878 2.407 0.150 0.000***
X, HHS Size 0.132 1.141 0.022 0.000***
X3 Total land -0.037 0.962 -0.006 0.000***
Xy Age 0.002 1.002 0.0003 0.000***
Sector Rural
X5 Urban 1.361 3.900 0.239 0.000***
SG ST
Xg SC 0.363 1.438 0.066 0.000***
Xy OBC 0.593 1.810 0.107 0.000***
Xg Others 0.737 2.090 0.131 0.000***
Xq Dwelling Type No Dwelling
X410 Kuchha -3.139 0.043 -0.441 0.000***
Xq1 Semi pucca/Pucca -2.101 0.122 -0.247 0.000***
X1 Highest Education Below Primary/
Primary
Xq3 Higher Secondary 0.060 1.062 0.010 0.000***
X14 Graduate/Post 0.085 1.089 0.014 0.000"**
graduate
Xy5 LPG Share 2.985 19.804 0.512 0.000***
Constant -5.791 0.000***
Log-Likelihood -67950.856
LR chi?(13) 34344.70
Prob > chi? 0.000
Pseudo R2 0.2017
The area under ROC Curve 0.79
Total Observation 132327

Note: *** Statistically significant at 1 percent

V. Conclusion

The Sustainable Development Goal (SDG) 7 aims to en-
sure affordable and clean energy. The SDG 7.1 aims to en-
sure universal access to affordable, reliable, and modern
energy services by 2030. Prime Minister Ujwala Yojana’s ob-
jective is to make LPG, a clean cooking fuel, available to
rural and deprived sections of India. In this context, we ex-
amine the transition of clean fuel adoption among Indian
households.

In general, adopters’ characteristics, such as the eco-
nomic conditions of the households, members of the
households, their social groups, and educational level, sig-
nificantly affect the adoption of clean fuel. The ST house-
holds face significant disadvantages in adopting clean en-
ergy. However, the study found that the infrastructure
variable has the highest influence over the adoption of
clean energy.
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