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ABSTRACT
The Indian energy sector has witnessed a rapid growth in an effort to meet the demands of a
developing nation. But continuation of the use of fossil fuels is set to face multiple challenges:
depletion of fossil fuel reserves, global warming and other environmental concerns, geopolitical
and military conflicts and of late, continued and significant fuel price rise. Renewable energy is
the solution to the growing energy challenges as they are abundant, inexhaustible and
environmentally friendly. Accelerating the use of renewable energy, specifically solar energy is
also indispensable if India is to meet its commitments to reduce its carbon intensity. Many
programs and policies have been initiated at both the National and State level for promoting
solar energy. Also a few commercial establishments have put solar installations like SPV and
SWH systems in their building. However, there needs to be awareness generation among the
end-users of the buildings as they are the actual users of the solar energy generated. End-users
are the prime stakeholders who can take the momentum of solar energy forwards by replicating
such things in their homes and thus, government needs to take steps to make the stakeholders
aware.
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INTRODUCTION

Energy Scenario in India:
India is a fast growing economy and energy is central to achieving India’s development

ambitions to develop the infrastructure to meet the needs of world’s second most populous
country. The demand for power is growing exponentially and the scope of growth of this
sector is immense (Ministry of New and Renewable Energy [MNRE], n.d.). In an effort to
meet the demands of a developing nation, the Indian energy sector has witnessed a rapid
growth. India’s total installed capacity of electricity generation has expanded from 42,584.72
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MW at the end of the 6th Plan to 2,88,664.97 MW by end of February, 2016 (12th Plan)
(Central Electricity Authority [CEA], 2016).

Despite impressive growth in the generation capacity since independence, India has
always experienced shortage in terms of peak capacity requirement of energy. In the financial
year 2014-15, the energy shortage was 3.6 per cent and peak shortage was 4.7 per cent
(Jog, 2015). The provision of electricity is a serious issue for India’s energy outlook and is a
major area of uncertainty for the future. The country’s electricity demand in 2013 was 897
terawatt-hours (TWh), up from 376 TWh in 2000, with an average annual growth rate of
6.9%. This demand is projected to more than triple over the period to 2040. Electricity now
constitutes approximately 15% of final energy consumption. India has about one-sixth of the
world’s population, however, currently it consumes only about one-twentieth of global power
output. Thus, further rapid growth is expected in the electricity sector. With continued economic
expansion, expanding access to electricity, pressures on the power system will persist and
increase (International Energy Agency, 2015).

Energy Consumption in Commercial Sector in India:
Commercial buildings are typically all buildings that are not residential, industrial, or

agricultural (Macdonald, n.d.). Electricity consumption in the commercial sector in India at
present accounts for about 8% of the total electricity supplied by the Utilities and has been
growing annually at about 11-12%, much faster than the average 5-6% electricity growth in
the economy. This can mainly be attributed to the increasing energy intensity of the existing
buildings, apart from new buildings which are coming up rapidly all over the country (Bureau
of Energy Efficiency [BEE], 2012).

Need to shift to renewable energy:
Continuation of the use of fossil fuels is set to face multiple challenges: depletion of

fossil fuel reserves, global warming and other environmental concerns, geopolitical and military
conflicts and of late, continued and significant fuel price rise. Renewable energy is the
solution to the growing energy challenges as they are abundant, inexhaustible and
environmentally friendly (Asif and Muneer, 2007). This has necessitated the country to start
aggressively pursuing alternative energy sources - solar, wind, biofuels, small hydro and
more (Ministry of New and Renewable Energy [MNRE], 2011). Accelerating the use of
renewable energy is also indispensable if India is to meet its commitments to reduce its
carbon intensity. The power sector contributes nearly half of the country’s carbon emissions.
On average, every 1GW of additional renewable energy capacity reduces CO

2
 emissions by

3.3 million tons a year (Sargsyan et al., 2011).
As per Ministry of New and Renewable Energy, India is the 4th largest country with

regard to installed power generation capacity in the field of renewable energy. Wind, Hydro,
Biomass and Solar are main renewable energy sources in India. The country has an estimated
renewable energy potential of around 85,000 MW from commercially exploitable sources
which includes 45,000MW from wind, 15,000 MW from small hydro, and 25,000 MW from
biomass/bioenergy. In addition, India has the potential to generate 35 MW per square km
using solar photovoltaic and solar thermal energy (MNRE, 2011).
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Significance :
India is on the road to development. One of the pressing challenges will be providing

energy to all that require it. In this regard, renewable energy seems to be a good option as
they are abundant and inexhaustible. In addition, now-a-days, there is increased concern for
environment because of amplifying amount of carbon emissions resulting in global concerns.
Thus, renewable energy seems to be just the right solution to this critical challenge. India
also needs to build up its energy security, which seems achievable with renewable energy
coming into picture.

Review of literature has shown that there are a number of commercial establishments
which have put solar installations in their buildings. However, there is need to understand the
awareness and satisfaction level of the end-users of these buildings regarding these installations
and assess their behavioural intent regarding the same. Literature review showed that even
though information on the number of installations is available, the end-users’ perspective is
not yet studied.

METHODOLOGY
The study was conducted in six states/Union Territories (UTs) of India. The states/UTs

were selected based on their total solar installed capacity under various government
programmes. Gujarat and Rajasthan were selected under the high performing category,
Punjab and Haryana were selected under the medium performing category, and Delhi and
Chandigarh were selected under the low performing category of states/UTs. SPV and SWH
systems were the two most commonly used off-grid solar technologies in commercial sector
to fulfil the demands for electricity and hot water, and hence, were selected for the study.
Random selection was done to take four buildings from each state/UT (two each for SPV
and SWH systems from Government and Private sector), making a total of 24 buildings from
six states/UTs. The occupants of the commercial establishments were selected as the sample
as they were the actual end users of SPV/SWH system installed in the building. Hence, it
was crucial to understand their awareness and willingness to use these technologies. They
were the stakeholders who can push this momentum of solar energy forward through their
willingness and greater acceptability. Data for the study was collected through questionnaires.
The data collected was analyzed both quantitatively and qualitatively keeping in mind the
objectives of the study.

RESULTSAND DISCUSSION
For the study, those end-users were selected who were working in their respective

organisations for one year or more so that they would have enough time to experience the
use of SPV/SWH systems in the buildings.

Awareness and sources of information for end users regarding SPV/SWH systems:
It is evident from Table 1 that all the selected end-users for the study were aware of the

concept of solar energy. When asked to rate the sources of information regarding SPV/
SWH systems, the highest mean rating of 3.18 was given to web sources, with a standard
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deviation of 0.80. Online material such as blogs and e-newspapers were an important source
of information for the end-users. It was observed that in this case, the web sources reported
did not include government websites because end-users were negligent about the issue of
solar energy and would not do a focussed search on government’s website.

Table 1: Responses of end users on awareness about SPV/SWH systems and ratings for sources of
information for the same

High (Gujarat,
Rajasthan) (N=80)

Medium (Punjab,
Haryana) (N=80)

Low (Delhi,
Chandigarh) (N=80)

SPV (40) SWH (40) SPV (40) SWH (40) SPV (40) SWH (40)

Total
(N=240)

Awareness
about the
concept of
solar energy N % N % N % N % N % N % N %

Yes 40 100.00 40 100.00 40 100.00 40 100.00 40 100.00 40 100.00 240 100.00

No 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00

Total 240 100.00
High (Gujarat,

Rajasthan) (N=80)
Medium (Punjab,
Haryana) (N=80)

Low (Delhi, Chandigarh)
(N=80)

SPV (40) SWH (40) SPV (40) SWH (40) SPV (40) SWH (40)

Total
(N=240)

Ratings for
sources of
information
for solar
energy

M SD M SD M SD M SD M SD M SD M SD

Web sources 3.10 0.93 3.18 0.67 3.08 0.86 3.23 0.66 3.23 0.80 3.28 0.88 3.18 0.80

Newspapers 3.20 1.07 3.03 1.31 3.03 1.27 2.88 1.26 3.05 1.26 2.85 1.27 3.00 1.24

Building

management

2.05 0.59 2.28 0.75 2.35 0.77 2.48 0.78 2.28 0.59 2.15 0.70 2.26 0.71

Word of

mouth

1.65 0.97 1.53 0.78 1.58 0.81 1.43 0.78 1.45 0.71 1.73 0.88 1.56 0.83

M = Median, SD = Standard Deviation, 1 = Least common source of information,
5 = Most common source of information

Further, newspapers were important sources of information for end-users regarding
solar energy. It received a mean rating of 3.00, with a standard deviation of 1.24. Some other
less important sources of information were building management and word of mouth with
mean ratings of 2.26 and 1.56 respectively. Data also revealed that out of the total sample of
end users, about 96% were aware about the presence of SPV/SWH systems in their buildings.

Awareness of End Users regarding SPV/SWH systems present in their organisations
and orientation given for the same :

Table 2 shows that even though all the end users were aware about the concept of

Table 2 : Responses of end users regarding awareness about SPV/SWH systems present in their
organisations and orientation given for the same

High (Gujarat,
Rajasthan) (N=80)

Medium (Punjab,
Haryana) (N=80)

Low (Delhi,
Chandigarh) (N=80)

SPV (40) SWH (40) SPV (40) SWH (40) SPV (40) SWH (40)

Total
(N=240)

Awareness
about presence
of SPV/SWH
system in the
building

N % N % N % N % N % N % N %

Yes 37 92.50 37 92.50 40 100.00 36 90.00 40 100.00 40 100.00 230 95.83

Do not know 3 7.50 3 7.50 0 0.00 4 10.00 0 0.00 0 0.00 10 4.17

Total 240 100.00
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SPV/SWH systems in general, about 96% were aware about the presence of these systems
in the organisations they were working in. When asked about orientation being given to them
regarding the SPV/SWH systems in the buildings, only about 44% of the end users reported
in affirmative. The end users reported that they were oriented towards the SPV/SWH
systems in their building through visits to the systems, as part of the annual report and
informal meetings.

Responses of End Users regarding Satisfaction with the use of SPV/SWH in their
organisations :

Table 3 reveals that the end users were satisfied with the SPV/SWH installations in
their organisations. The reasons for satisfaction were that it gave a sense of environmental
consciousness; it was pollution free and saved cost of conventional power.

Table 3 : Responses of end users regarding satisfaction with the SPV/SWH installations in their
organisations

High (Gujarat,
Rajasthan) (N=74)

Medium (Punjab,
Haryana) (N=76)

Low (Delhi,
Chandigarh) (N=80)

SPV (37) SWH (37) SPV (40) SWH (36) SPV (40) SWH (40)

Total
(N=230)

Satisfaction
with the use of
SPV/SWH
system in the
building N % N % N % N % N % N % N %

Highly

dissatisfied

1 2.70 3 8.11 0 0.00 1 2.78 3 7.50 2 5.00 10 4.35

Dissatisfied 11 29.73 3 8.11 8 20.00 8 22.22 5 12.50 5 12.50 40 17.39

Neutral 3 8.11 3 8.11 1 2.50 1 2.78 2 5.00 2 5.00 12 5.22

Satisfied 16 43.24 20 54.05 29 72.50 20 55.56 20 50.00 28 70.00 133 57.83

Highly satisfied 6 16.22 8 21.62 2 5.00 6 16.67 10 25.00 3 7.50 35 15.22
Total 230 100.00

High (Gujarat,
Rajasthan)

Medium (Punjab,
Haryana)

Low (Delhi,
Chandigarh)

SPV SWH SPV SWH SPV SWH

Total
(N=230)

Mean 3.25 3.45 3.63 3.25 3.73 3.63 3.49

Std. Deviation 1.43 1.48 0.87 1.52 1.20 0.98 1.27

Behavioural intent of End Users regarding use of SPV/SWH systems in their homes:
Behavioural intent of the end users was assessed in terms of their likelihood to install

SPV/SWH systems in their homes. When asked if they were willing to install SPV/SWH
systems in their homes, as much as 72% reported in affirmative. It was observed that most
of the end users were motivated because of the SPV/SWH systems installed in their
organisations and thus, were willing to have them installed in their homes as well. According
to the end users, SPV/SWH systems were beneficial to the environment as they did not
produce greenhouse gases while their operation. Thus, they were green in nature. They also
felt that having SPV/SWH systems reduced dependence on conventional supply of grid.

The end users who were not willing to install SPV/SWH systems in their homes opined
that these systems depended on the environmental conditions and only worked on sunny
days. Moreover, SPV/SWH systems did not work during nights. A few other end users
reported that they were not willing to install SPV/SWH systems because they required
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intensive maintenance (Table 4).

Table 4 : Behavioural intent of End Users regarding use of SPV/SWH systems in their homes
High (Gujarat,

Rajasthan) (N=80)
Medium (Punjab,
Haryana) (N=80)

Low (Delhi,
Chandigarh) (N=80)

SPV (40) SWH (40) SPV (40) SWH (40) SPV (40) SWH (40)

Total
(N=240)

If given a choice,
would you install
SPV/SWH
installation in
your home

N % N % N % N % N % N % N %

Yes 35 87.50 30 75.00 28 70.00 29 72.50 27 67.50 25 62.50 174 72.50

No 5 12.50 10 25.00 12 30.00 11 27.50 13 32.50 15 37.50 66 27.50

Total 240 100.00

Opinion of end users on importance of Government’s role in promoting SPV/SWH
systems:

When asked about the opinion of end users regarding importance of government’s role
in promotion of SPV/SWH installations, about 88% opined that since solar energy was a
comparatively newer concept, it required push from the government by the ways of policies
and programmes for the beneficiaries. Further, the end users felt that since the initial cost of
SPV/SWH systems were high, some incentives were required from the government.

About 12% of the end users felt that government’s role was not important in promotion
of SPV/SWH systems. According to them, consumers were more aware and were ready to
invest in SPV/SWH systems. Moreover, they opined that solar energy had proved advantages
and thus, needed no push from the government. A few of the end users reported that the
government on our country did not function efficiently and thus, their role will not be much
beneficial in this sector, just like any other sector (Table 5).

Table 5 : Opinion of end users on importance of Government's role in promoting SPV/SWH systems
High (Gujarat,

Rajasthan) (N=80)
Medium (Punjab,
Haryana) (N=80)

Low (Delhi, Chandigarh)
(N=80)

SPV (40) SWH (40) SPV (40) SWH (40) SPV (40) SWH (40)

Total
(N=240)

Is Government's
role important in
promoting
SPV/SWH
systems

N % N % N % N % N % N % N %

Yes 28 70.00 27 67.50 36 90.00 40 100.00 40 100.00 40 100.00 211 87.92

No 12 30.00 13 32.50 4 10.00 0 0.00 0 0.00 0 0.00 29 12.08

Total 240 100.00

Suggestions given by End Users to improve adoption of SPV/SWH systems:
The end users were asked to share their suggestions to improve adoption of SPV/SWH

systems. It was suggested that the government must generate awareness regarding the
benefits of SPV/SWH systems through a mix of efficient channels like print media in terms
of newspapers and magazines, and electronic media like television and internet. It was also
suggested that the concept of solar energy needs to be imbibed in children from a very early
stage and thus, such things should be included in the school curriculum in primary classes.
Further, it was suggested that government should provide appropriate incentives to offset the
high initial costs of installation of SPV/SWH systems. Moreover, the buildings having SPV/
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SWH systems should have reduction in their electricity bills. Also, solar energy should be
brought under priority sector so that easy loans could be availed for their installation.

Summary and Conclusion :
These end-users spend most of their times at their work places and they will be willing

to follow the good practices adopted there in their homes. The study concludes that there
should be a proper system of orienting the end-users towards the use of solar energy in the
commercial buildings where they work. Even though most of the respondents knew about
the concept of solar energy, there was significant number of them who were not willing to
have it in their homes. Thus, the need of the hour is to generate awareness among the end-
users as they are the ones who can take the momentum of solar energy forward through
their willingness.
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