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Abstract— The history of economic development is on the
cost of ecology rather than the sustaining environment and
development. The countries that became centrally located
in the stream of economic exchanges among people around
the world impacted the environment in the long run.
Newspapers and editorials include environmental horror
stories almost on a daily basis and demand better
management of natural resources (Jangu, 2014). But who
is listening?

The environment is not just lush green trees, threated plant
and animal species. It is the entity on which humans
primarily exist, and agricultural and industrial
development depends. Development on the cost of the
environment can never be sustainable rather it would take
us to a point causing enormous ecological losses and
human sufferings primarily because of the present rate of
development in developing countries. In order to contribute
to the overall development in India, access to modern energy
and cleaner fuel for rural households is important. The
Brundtland Commission in its 1987 report ‘Our Common
Future’ coined the most quoted definition of the term
sustainable development, i.e., development that meets the
needs of the present without compromising the ability of the
future generations to meet their own needs (Mathur and
Goswami, 2016). Sustainable production and consumption
of resources helps to satisfy necessities of life such as
nutritious food, good health, clean water and sanitation,
clean energy, education, employment creating sustainable
communities while combating climate change.

Having a negative energy balance for decades, India is
forced to purchase energy from other countries to fulfil the
needs of the entire country. Hence, energy access is an
important component of poverty alleviation and an
indispensable element of sustainable human development.
Government of India has initiated numerous development
programmes focussing on providing sustainable energy
solutions to rural communities often deprived of clean and
uninterrupted energy supply for their daily energy
requirements. The study entitled ‘Renewable Energy
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Options among Rural Households’ was conducted in
Haryana and Himachal Pradesh states. The outcomes of
the study provide a roadmap for future programmes
promoting the use of clean, efficient and modern energy
technologies, to be implemented more effectively. Findings
would further benefit the primary and secondary key
stakeholders involved in research and development,
formulation of policies and regulations, promoting sale and
purchase and provide financial assistance to future energy
programmes meant to popularize the use of Renewable
Energy Technologies.

Keywords— Renewables, Sustainable energy, Rural
households, Energy-use pattern, Solar energy.

l. INTRODUCTION
Energy is fundamental to survival of life in any part of the
globe. The pervasive nature of energy related activities
have vast impact on the environment world over. With the
current pattern of energy production, distribution and
consumption, the resources will be exhausted much faster
that would cause accelerated environmental degradation
and slow down the progress dramatically. The energy
sector has to play a critical role, especially in developing
countries due to the huge investments required to meet the
growing energy needs.
For the present research the categorization of energy
resources used is Non-Renewable and Renewable energy
resources. Non-renewable Energy Resources refer to
those sources of energy that are derived from finite and
static stock of energy. They cannot be produced, grown,
generated or used on a scale that can sustain its
consumption rate. The fossil fuels such as coal, petroleum,
natural gas, nuclear power are examples of non-renewable
sources of energy. Renewable Energy Resources refer to
those resources which are available in abundance, are
infinite and environment friendly in nature. These
resources include solar, wind, biomass, wave and tidal
energy (Varun and Chauhan, 2014).
Energy Access to Rural Households in India
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India has transitioned from being the world’s seventh-
largest energy consumer in 2000 to fourth-largest within a
decade and is the fifth largest power generators worldwide.
India’s energy basket has a mix of all the resources
available including renewable energy resources (Pawar and
Kaur, 2014).

Among the various sectors that use energy, household
sector is the largest consumer of energy. Rural Households
(HHs) in developing countries are often dependent on the
use of traditional biomass resources such as fuel wood,
crop residue and dung cakes for activities such as cooking,
domestic lighting, water heating, cattle-feed preparation
and indoor space heating. It provides for a minimum life-
supporting energy service and also represents a high
financial cost, negative effects on human health and stress
on environmental resources.

There are many impediments to energy access for the rural
masses despite the launch of several programmes and
policies by the Government that aim to improve quality of
life of people living in the remote and rural areas of the
country. Some of these barriers are geographically-
dispersed villages that are difficult to reach and hence,
providing electricity (through conventional electric grid)
becomes difficult. There is inadequate focus to explore
local energy resources either due to lack of funds,
technological know-how and appropriate organization.
Adequate financial models to tap resources through Public-
Private Partnership (PPP) are inadequate. Private sector
investment is not sufficiently facilitated by the Government
through an appropriate mix of subsidies and grants;
incentives and tariff policies; and risk sharing. Due to low
population density and fewer households in rural areas
there is high transmission cost along with severe
transmission and distribution losses. The lack of facility for
domestic connection in initial stages, uncertainty of power,
load has impacted the demand for power in rural area due
to poor quality and unavailability. Long and cumbersome
procedures for getting a connection, distant location of
facilities for paying bills and repair affect acceptability of
renewable energy resources (Kumar, 2012).

Need to Shift to Renewable Energy Technologies
(RETS)

Traditional solutions often comprise relatively low
efficiency and much of the energy output gets wasted due
to use of age-old (inefficient) technologies. Therefore,
sustainable energy services are seen as a necessity for
improving the standard of living, facilitating development
and reducing environmental impact. Use of decentralized
and small-scale technologies that make use of new, locally
available, renewable resources such as sun, biomass, wind,
water etc. appear to be the ultimate solution. RETs can
provide universal modern energy services which drive
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development and improve living conditions, particularly in
rural communities (Mahapatra and Dasappa, 2012).

As mentioned by Kumar et al (2010), to meet the energy
requirement for such a fast growing economy, India will
require an assured supply of three to four times more energy
than the total energy consumed today. RETs are being
progressively adopted as an alternative to conventional
energy resources to ensure a sustainable future. In India
there has been vigorous pursuit of activities related to
production, application, research and development,
demonstration and awareness for a variety of RETS to be
used in different sectors. The benefits of access to clean
energy resources for rural areas are many, including
reduced deforestation and carbon emissions; improved
healthcare services due to reduced consumption of raw
water and smoke from open fire cooking; clean energy
generated from renewable resources; decreased use and
dependency on kerosene, wood and coal; improved
agricultural output and access to potable and clean water.
Renewable energy sources create a momentum for
increasing time available for productive, income generating
tasks and wealth creation over time. This can help in
poverty reduction in rural communities (Chaurey et al,
2004).

1. METHODOLOGY

The study was conducted in villages/hamlets from four
districts of two states, viz-a-viz., Faridabad and Panchkula
districts (Haryana); and Hamirpur and Bilaspur districts
(Himachal Pradesh). The selection criterion for
villages/hamlets for study was the presence of residents
using RETS, i.e., either possessing or benefitting from
RETs (since two or more than two years). The
villages/hamlets from Haryana and HP were selected as the
locale of the study because of presence of HHs using
similar types of RETs in both the states, there was
availability of solar grid in Haryana for electrification
of HHs that provided an opportunity to the researcher to
understand the effect of electricity on their quality of life.
Few hamlets that were close to the border of HP, also
benefitted from the solar electrification programme of
Haryana. This gave an opportunity to compare the
ownership and usage of RETSs in both the states.

The ex-post facto research design included qualitative
analysis and interview of the stakeholders, vis-a-vis., RET
users, village representatives and RET programme
implementation officers from Akshay Urja (AU) shops.
Purposive Sampling Technique was used to select the key
stakeholders for the study (i.e., RETs programme
implementation  officials, RET users and village
representatives). To get an insight about the location of
houses using RETs, community service and facilities,
sources of biomass collection etc., resource maps were
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prepared by involving the village representatives, residents
and programme implementation officials (field staff from
AU shops and local repair technicians).

Significance of the Study

Achievement of goals at an individual, community and
world level are possible only if access to affordable and
reliable energy for rural areas is available. This would help
to strengthen jobs, enhance security, provide hygienic food,
increase income, help in betterment of health and
education. United Nations have been working with
Governments to ensure the sustainable development across
the countries. Millennium Development Goals (MDGSs)
launched in 2000 primarily focussed on ensuring
environmental sustainability by integrating the principles of
sustainable development into country policies and
programmes and reverse the loss of environmental
resources (Goal 7A). Though there was no MDG
specifically mentioning energy access and security.
Building on the success and momentum of MDGs a smooth
transition to the new global goals, i.e., Sustainable
Development Goals (SDGs) launched in 2015 had
proposed to confront the energy issues directly. These
cover the three dimensions of sustainable development,
namely, economic growth, social inclusion and
environmental protection. In addition, these 17 SDGs are
universal and apply to all countries, unlike MDGs that were
intended for action in developing countries only. Each goal
has specific targets that have to be achieved over the next
15 years. Goals that focus specifically to energy access
and mitigation of climate change are Goal 7 (Ensure
access to affordable, reliable, sustainable and modern
energy for all) and Goal 13 (Take urgent action to combat
climate change and its impacts).

In India almost 68.84% of the population resides in rural
areas (Census Report, 2011). Also, India has highest
percentage (35.4%) of population in the world that does not
have access to the modern energy. Most of this population
is from the rural areas of India. In addition, rural India is a
power house of natural energy resources and provides great

opportunity for production of renewable energy that can be
utilized for the rural households, community at large and
improving their built-environment such as schools and
health centres. Also, improving the overall quality of life of
residents w.r.t providing power to small businesses or
cottage industries, income generation, financial security,
health, education and reduction in drudgery of women. The
research entitled Renewable Energy Technologies among
Rural Households studied the energy use pattern in rural
HHs of Haryana and HP; pointing towards two broad
categories of resources used by rural households to fulfil
their day-to-day energy requirements for various HH
activities.  These were  Non-Renewable  Energy
Technologies (NRETs) and Renewable Energy
Technologies (RETS).In light of this, the study proposes a
Sustainable Development Model for Co-existence of
NRETs and RETSs that can helpto integrate efficient use
of RETs and conservation of NRETS, to achieve the
Sustainable Development Goals (SDGs). At the same
time provide solution to the existing barriers in adoption
and sustenance of new and modern technologies in rural
communities.

1. RESULTS AND DISCUSSION

This chapter briefly focuses on the development of the

indices for Effectiveness of RETs and Change in

Quality of Life of Residents w.r.t RET Usage.

3.1 Effectiveness of RETs Index

3.1.1 Rationale for Development of Index

The RETs effectiveness index was developed for the

following reasons-

(@) RETSs had been installed, distributed and purchased by
selected users under various Government programmes
and schemes. To find out the performance of RETS, it
was necessary to develop a scale that could evaluate the
effectiveness concerning programme implementation
and sustenance, ease of use and operation, product
affordability, product design, repair and maintenance
and reliability (refer Table 3.1).

Table.3.1: RETs Effectiveness Index Parameters and Sub-Parameters Developed for the Present Research

S.No. Effectiveness Parameters

Sub-Parameters

1 Product Affordability

Presence of Subsidies

Loans and other incentives

Cost of RETs and components
Repair and Maintenance service costs

2 Ease of Operation e Functioning and usage
e  Efforts to procure and install
e Ease in transportation and storage
e Auvailability of components
3 Repair and Maintenance e  User competence to troubleshoot faults

Repair service/AU shops
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Availability of trained technicians
Response time

4 Product Design

Aesthetic appeal
Recurrence of faults
Simple and standardized design

5 Reliability

Supplementing NRETS
Utility

Durability

Predictable

6 Initiation and Sustenance

Awareness generation
Community participation
Effective management
Equitable access

RETs waste management
Role of women

Validity of Index

The validity of the index was attained through
Content Validity.

Reliability of Index

Cronbach’s (alpha) was calculated to measure the
internal consistency and reliability. The index had
high degree of internal consistency (Cronbach’s
alpha: 0.756).

(b) There were very few existing tools present to
measure effectiveness of RETs as they focused
largely on ownership, utilization and working status
of RETs. All of these researches focused on
integrated rural development with the use of energy
efficient technologies including individual and
community RETSs. The scales that had already been
developed had to be adapted for use in the present
study because they were either too lengthy, specific
for urban users, covered few RETs or did not cover
all relevant dimensions in the present situation as
revealed in the pilot study. The pilot study pointed
out that various RETs were used by the rural
residents.

3.1.2 Method of Development of Index
Development of Effectiveness of RETSs
executed in the following stages:

e Concept clarification involved review of literature
and consultation of experts to finalize definition of
effectiveness and the dimension that impacted the
effectiveness of RETS.

e Review of existing indices on effectiveness of RETs
helped in determining the relevant dimensions to
develop the ‘effectiveness of RETs index’.

e Review of proposed ‘Effectiveness of RETs index’
by the experts.

index was

3.1.3 Selection of Parameters for RET Effectiveness
Index
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Various experts reiterated parameters that would

contribute to the overall effectiveness of RETs in a rural

set-up. An in-depth analysis of different parameters
covered for selected RETs was done and relevant
dimensions were included in the effectiveness index.

Table 3.2 depicts the various indices that had been

referred for formulating the RETs Effectiveness Index

relevant for the study. Amongst the Effectiveness indices
studied, following three indices seemed relevant in the
context of the present study:

(@) PV System Acceptance Test (2000): RETs
Effectiveness Score cards developed by New Mexico
State University’s Southwest Technology Institute
and Winrock International. These score cards had
been developed to study the -effectiveness of
electrification of households using solar grid. It was a
comprehensive tool that focused on use, operation,
repair and maintenance services, community
participation etc. that helped in contributing towards
sustainability of the PV electrification programme. It
also helped to identify issues that acted as barriers
towards overall success of the programme.

(b) Village Energy Schedule (2002): India Rural Energy
Study by UNDP (United Nations Development
Programme) and ESMAP (Energy Sector Management
Assistance Programme) sponsored by World Bank
named Energy Strategies for Rural India: Evidence
from Six States surveyed six states to provide a wide
range of climatic,topographic and socio-economic
development. They were Andhra Pradesh, Himachal
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Pradesh, Maharashtra, Punjab, Rajasthan, and West
Bengal. The schedule focussed on aspects related to
energy-use practices, adoption of modern energy, user
awareness and willingness to adopt newer technologies
and attitude towards Government policies and
programmes.

Village Level Schedule (2005): This was formulated
by Technology Projects and Market Research Group
(TPMRG). It was based on the project under
Integrated Rural Energy Programme and MNRE on

cluster of villages that consisted of questions
pertaining ownership, functioning and usage of RETs
by rural residents in selected villages of Haryana.
Based on the findings suggestions were given
regarding potential technologies and strategies to be
followed to save conventional energy resources used
by rural residents.

Since, each of these indices were specific for the purpose
for which they were formulated, therefore, they seemed
limited for the present study.

Table.3.2: Parameters of RETs Effectiveness Index Covered in Other Researches and Developed for the Present Research

PV System Acceptance Village Energy Schedule
Test (2000) by New (2002) by UNDP and
Mexico State University ESMAP

and Winrock

International

Village Level Schedule
(2005) by Technology
Projects and Market
Research Group

RETSs Effectiveness parametersfor
the present study

1. Effectively Sustained

1. Users Awareness and

1. Ownership of RETs

1. Product Affordability

Technology Willingness towards o Presence of Subsidies
RETs e Loans and other incentives
e Cost of RETs and components
¢ Repair and Maintenance service
costs
2. Effective 2. User Attitude and 2. Functioning and 2. Ease of Operation
Management Opinion about RET Usage of RETSs o User competence to troubleshoot

adoption

e Ownership and
Functioning of RETs

o Presence of Government
Programmes to support
RETs adoption and
continuance

o Reliability

e Success Rating of
Programmes

faults
¢ Repair service/AU shops
¢ Availability of trained technicians
e Response time

3. Effective Functioning

3.Repair and Maintenance

o User competence to troubleshoot
faults

o Repair service/AU shops

o Availability of trained technicians

¢ Response time

4. Financial Viability

4. Product Design

o Aesthetic appeal

Recurrence of faults

Simple and standardized design

5. Effective Use

5. Reliability

o Recurrence of faults
Utility

Durability

¢ Predictable

6. Equitable Access

6. Initiation and Sustenance
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e Awareness generation
Community participation
Effective management
Equitable access

RETs waste management
Role of women

7. Participation and
Decision Making

8. Support for Poverty-
Sensitive and Demand
Responsive
Participation

9. Expertise of Agencies
Involved

RETs Effectiveness Index prepared for the study laid
focus on various aspects that had an impact on adoption
and sustainability of RETs in rural areas. These were
divided into six parameters namely product affordability,
ease of operation, repair and maintenance, product design,
reliability, and initiation and sustenance. For each
parameter and sub- parameters, set of questions were
prepared by referring to the existing indices. After
discussion with the experts, the questions were finally
reduced to a set of twenty-five questions in RETS
Effectiveness Index. It was observed during the pilot
study and also mentioned by Krishna Kumar (2006) that
questions should be kept short and succinct as a lengthy
question can confuse respondents and cause them to miss
its essential point. Hence, to maintain the reliability of the
response the length of the questions was kept short as the
questions addressed user opinions, judgments and
attitudes towards RET effectiveness.

3.1.4 Validity of Index

Keeping in view the research objectives, the index was
constructed. After formulating the preliminary index, it
was examined for content or rational validity. The
standardization was done by consulting the expert in the
field of renewable energy, rural extension, home science,
statistics and electrical engineering from different
organization such as Ministry of New and Renewable
Energy, Indian Agricultural and Research Institute (IARI)
and Indian Institute of Technology (IIT Delhi), BSES
Rajdhani Power Limited and BSES Yamuna Power
Limited. The validity of the index for the study was
attained through its content validity. Content validity is
the extent to which the components within a measurement
procedure are relevant and representative of the concept
that they will be used to measure (Haynes et al., 1995).
Establishing content validity was a necessary initial task
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in the construction of a new measurement procedure (or
revision of an existing one).

The relevant changes were made in the index by
reframing several questions after consultation with
experts and hence, the final measure of RETs
effectiveness was assembled with 25 questions.

3.1.5 Reliability of Index
Cronbach’s (alpha) was calculated to measure the internal
consistency and reliability. In statistics (Classical Test
Theory), Cronbach's (alpha) is used as a (lower bound)
estimate of the reliability of a psychometric test. It can be
viewed as the expected correlation of two tests that
measure the same construct. Cronbach’s alpha was
calculated using the following formula:
K i oy,
o0=——|1—-—7—
K -1 2

Ox
Where,
K = number of items
2

Tx= variance of the observed total test scores
2

JYi: variance of component i for the current sample of
persons.

The index was found to have high degree of internal
consistency (Cronbach’s alpha: 0.76 for RETs
Effectiveness Index, refer Table 3.3) ensuring the
reliability of the index. Sattler (2001) has stressed that
quotient above 0.7 but below 0.9 is considered relatively
reliable while (Nunnaly, 1978) indicated 0.7 as an
acceptable reliability coefficient.

Table.3.3: Reliability of RETs Effectiveness Index
Developed for the Present Research
S.No. | Study Tools | Reliability | N of
Score Items
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1 RETs 0.756 25
Effectiveness
Index

3.1.6 Scoring of the Index

Each of the (25) questions in the index were considered as
specific indicators of a parameter. Four-point Likert scale
was used for the responses ranging from total agreement
to total disagreement to the statements. Scores were
assigned from 1-4, 1 for the most negative response and 4
for the most positive response. The study was conducted
using 4 point Likert scale as it was easier for the rural
respondents to understand. In many marketing and inter-
cultural researches, four-point Likert scale has been found
to give more reliable results than five-point Likert scale
instrument. Multi-dimensional four-point rating scales
have been used in many researches to understand the
attitude and perception of respondents on items in
developed scales.

In a research by Azen and Walker (2011), a 27 item
(multi-item) scale used a four-point Likert response mode
to an array of items, a sequential use of multiple
independent samples was found as an improvement.
Another citing of successful use of four-point Likert scale
was found in Cai and Lester (2008), who tested the
reliabilities of two versions of the instrument used in their
study, with exactly the same items, but one with four-
point response formats for the Likert scale (that is for
each statement, there were four choices: ‘strongly agree’,
‘agree’, ‘disagree’ and ‘strongly disagree’), and the other
with five-point Likert scales used on a class of 48 (Year 7
students) in China, and it was found that four-point
instrument was more reliable (Cronbach alpha 0.72) than
five-point instrument (Cronbach alpha 0.59).

For the RETs Effectiveness Index, four items were
included in product affordability, ease of operation,
repair and maintenance and reliabilityparameter; with a
possible score from 4-16. Product designparameter
included three items, with a possible range of scores from
3-12 ‘and initiation and sustenanceparameter comprised
of six items, with a possible range of scores from 6-24.
These items considered the ways in which rural residents
assessed the overall effectiveness of RETS.

3.1.7 Calculation of Effectiveness of RETs Index

From the scores of six selected parameters of RETs
effectiveness index, the owverall scores were computed.
Therefore, the total possible range of scores for the index
was 25-100. The higher the scores for overall RETSs
effectiveness the more satisfied or optimistic the perceptions
of the respondents. The index was translated in Hindi
language for interview so that accurate responses could be
obtained. The Hindi version had been verified by the experts
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in Hindi language. After development of index all the
parameters were made into a single index for testing the
effectiveness RETs on the basis of many parameters. The
following formula was used for computation of index score.
Index = Summation of Actual Scores of each Sub-
parameters/ Cumulative Maximum Score x 100

3.1.8 Description of Parameters and Sub-parameters of

RETS Effectiveness Index

Effectiveness refers to the degree of correspondence

between the actual and the desired outputs of a system.

Peter Drucker (1954) pointed out that effectiveness is

doing the right things and concentrates on results. To

calculate the effectiveness of RETs six parameters
comprising various sub-parameters were developed.

These included Product Affordability; Ease of Operation;

Repair and Maintenance; Product Design; Reliability; and

Initiation and Sustenance.

Dimension 1: Product Affordability

The first parameter refers to the ability of the rural

residents to purchase RETs and draw benefit from it in

their day-to-day life. A durable product should be
affordable to attract more customers to purchase it.

Customers often compare the prices on the basis of the

features provided such as safety, ease of use,

serviceability, quality of parts and products, etc.

1(a) Presence of subsidies: This sub-parameter
investigated the importance of subsidies for rural
residents to purchase RETs. To make a product
attractive to potential users especially in rural areas
subsidies were important due to low purchasing
power of majority of rural population. Since, RETs
were novel in nature and had high initial cost,
subsidies became all the more essential.

1(b) Loans and other incentives: MNRE had introduced
schemes to provide financial support that was an
important additional factor to attract rural
consumers towards RET wusage. Banks and
microfinance organizations offered loans for
purchasing RETs. The willingness to purchase
product came with the availability of payback time.

1(c) Cost of RETs and components: It focused on the
user perception of affordability of RETs on the
basis of initial cost of RETs and cost incurred in
repair/replacement of BoS components.

1(d) Service cost for repair and maintenance of RETS:
Repair and Maintenance service cost of RETS
could greatly impact the decision of potential RET
customers towards purchasing the product(s).

Dimension 2: Ease of Operation

2(a) Simple functioning: Simple and easy to use
products were welcomed by rural residents.
Functioning of a device measured the ease with
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which it could be operated by a user without
getting a formal training (M.M. Hug, 2003). It also
highlighted the usability of the product by the rural
users.

2(b) Procure and install: Ease in procurement of RETs
was one of the major features to influence their
adoption. If a device was easy to procure and
install, the number of users to adopt the devices
increase by a significant proportion (Wayne D.
Hoyer, Deborah J. Maclnnis 2008).

2(c) Ease of transportation and storage: Another factor
which influenced the adoption of RETs was their
ease of storage and transport. Users tend to get
devices which were easily portable. This gave them
flexibility in terms of usage of the product (Wayne
D. Hoyer, Deborah J. Maclnnis 2008).

2(d) Awvailability of components: Over the years of
usage, the RETs had been subjected to wear and
tear (especially the one placed outdoors).
Availability of easy repair of products was
important for the users. Availability of spare part
was critical for higher acceptability of RETS.

Dimension 3: Repair and Maintenance
For good customer experience, getting an appointment
(from technician) as soon as possible was important, i.e.
transparency in approach, reasonable and efficient service
window. With tighter margins and a more competitive
landscape, efficient customer service could be used to
attract new users and retain the existing ones. Not valuing
customers' time by delay in scheduling additional visits (if
needed to complete the work) was a sure way to let
business go to competitors and in case of RETS, a switch
back to NRETs or moving down the energy ladder.

3(a) User competence to troubleshoot faults: This
sub-parameter explored user ability to troubleshoot
problem on their own. As RETs were electronic
products, it became easier for rural people to use
and maintain them. If troubleshooting them was
easy and minor faults could be mend by their own
self without assistance of servicing staff, it would
increase the adoption of RETs manifolds.

3(b) Presence of repair service /AU shops: Service
refers to auxiliary or peripheral activities that were
performed to enhance the primary product or
primary service. Users were concerned not only
about a product breaking down, but also about the
elapsed time before service was restored, the
timeliness with which service appointments were
kept, the nature of their dealings with service
personnel and the frequency with which service
calls or repairs fail to resolve outstanding
problems. Some of these variables could be
analyzed quite objectively while others reflected
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differing personal standards of what constitutes to
an acceptable service. For example, a recent study
of consumer satisfaction with professional services
found the major complaints to be that “the service
was provided in a careless, unprofessional manner”
and that “I feel I was treated as an object rather
than as an individual”. Users had different
perceptions about the shops meant for repair and
maintenance of RETs. Some users felt that
Government maintained shops were more reliable
as compared to the private shops.

3(c) Availability of trained technicians: In order to
execute proper repair and service of the RETSs it
was imperative to have trained technicians who
were skilled to resolve the problems that arise over
a period of time. Trained technicians drove the
growth of products and increased adoption of the
products (Hawkins and Mothershaugh, 2011).

3(d) Response time: Human factors research attempts
to determine human capabilities in areas such as
response time and flexibility (Hawkins and
Mothersbaugh, 2011). The user expectation of
response time was determined by the need of the
equipment being used by them, as products vital
for daily activities such as solar home lighting
system, water heaters required quick response time
for installation or repair. Users define response
time to be one of the most important factors that
impact the adoption of RETS.

Dimension 4: Product Design

4(a) Aesthetic appeal: Both aesthetics and perceived
quality were closely related to the user-based
approach. Aesthetics refers to how a product looks,
feels, sounds, tastes or smells. It was clearly a
matter of personal judgment and reflections of
individual preferences.

4(b) Recurrence of faults: It was mostly dependent on
the extent of usage and upkeep of the RETs which
influenced the wear and tear of the product. These
products required repair, hence perception of users
about the recurrence of faults varied on the basis of
individual usage and  knowledge about
maintenance. Products installed outdoors relatively
had higher requirement of repair.

4(c) Simple and Standardized design: Users in rural
areas preferred those RETs which were simple and
easy to operate. Products that required skilled
operation had lower adoption rate as compared to
the ones that could be operated by anyone without
assistance.

Dimension 5: Reliability

Reliability reflected the probability of a product failing or

provide service for a specified period of time. To
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understand the reliability of RETS, it was required that a

product had been used for some time. This was more

relevant w.r.t durable goods than services that were
consumed instantly.

Perceptions of quality could be as subjective as

assessments of aesthetics since, users did not always

possess complete information about the attributes of a

product. Hence, as a solution they had to frequently rely

on indirect measures such as comparing brands. Also both
reputation, i.e., the historical strength of the department
and affiliation, i.e., the quality of the university to which

a department was attached were equally important in

explaining the rankings (Knudsen and Vaughan, 1969). In

case of RETS, products purchased from AU shops were
reputed for their quality because the shops were affiliated
to the Government.

5(@) Supplementing NRETSs: One of the key aspects of
reliability is resistance to failure. The lesser the
probability of failing directly translates to higher
reliability (Hawkins and Mothersbaugh, 2011).
RETs should be more resistance to failure to
increase their perception as reliable products by
users.

5(b) Utility: Another important aspect the users look
for in a product is utility. The products which help
users in their core activities are considered to be of
higher utilities than the products which have on
and off usage. The lighting products are prime
example of this as they help to perform core
activities after sundown they are perceived to be of
higher utility.

5(c) Durable: Durability is a measure of product life
that has both economic and technical dimensions.
It can be defined as the extent of usage one gets
from a product before it physically deteriorates. A
perfect example of this is the light bulb that
requires replacement after specific hours of use as
the filament burns up and the repair is impossible.
Economists call such products ‘one-hoss shays’
and had used them extensively in modeling the
production and consumption of capital goods
(Bliss, 1975).

Durability becomes difficult to interpret when repair
is possible as the concept takes on an added
dimension, for the life of product will vary with the
change in economic conditions. Durability becomes
the amount of use one gets from a product before it
breaks down and replacement was preferable to
continued repair. The product-based approach
focused on performance, features and durability of
RETs along with the manufacturing-based approach
focused on conformance to standards. MNRE had
tried to take care of all these factors to ensure the

www.ijeab.com

durability of RETs by establishment of AU shops
and introducing minimum specification for
standardization of RETs and establishment of test
centers to certify the same.

5(d) Predictable: This sub-parameter catered to find
out the predictability of RETSs as perceived by rural
residents. Consumers purchased products for the
ease and comfort they brought to the life. The
predictability or the presence of service brought
satisfaction and assured the use of RETS for longer
duration.

Dimension 6: Initiation and Sustenance

6(a) Awareness generation: This sub-parameter
focused on the association of awareness of RETs
such as long-term benefits, cost-effectiveness, fuel-
saving, presence of financial support, subsidies,
etc. with increase in willingness of rural residents
to purchase and use RETS.

6(b) Community participation: A community can
derive considerable benefits from becoming
involved in the developments and operation of
energy projects in rural areas. This sub-parameter
investigated the community involvement in
renewable energy programmes. Despite their
contribution to sustainability, the perception varied
as few believed that the involvement of residents
(potential users/beneficiaries) was sought by
developers only when permission or space was
required for installation. Community needs were
not paid much attention and focus was just on
achieving physical targets of the schemes. Hence,
such schemes were considered as unwelcomed
intrusion from the outsiders, exploiting natural
resources and offering little in return to the
community.

6(c) Effective management: In order to establish and
make a renewable energy project successful, a
well-planned strategy and management must be
acquired. It was an important attribute for long-
term sustenance of the RETs (Acharya and Aithal,
2015). The key parameters to ensure effective
management were knowledge of product and user-
friendly operation.

6(d) Equitable access: In order to increase the adoption
of RETSs in rural areas, it was imperative to ensure
that all the residents had equitable access to
products (to benefit from them) and also to repair
and maintenance services (nearby their HH or
community) to ensure that the products were used
to their full potential.

6(e) RETs waste management: The  main
differentiator of RETs from NRETs was the pro-
environment nature of the equipment. Residents
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believed in adopting RETs for they had positive
impact on their lifestyle without causing harm to
the environment. Though there were many
bottlenecks in management of waste generated
from RETS that required attention.

6(f) Role of women: RETs played direct role in
improving the lifestyle of women in rural areas.
Women were responsible for various HH activities
such as cooking, cleaning and outdoor HH work
which were vastly influenced by adoption of RETs
(Remedios and Rao, 2013).

3.2 Change in Quality of Life (QoL) Index w.r.t RET

Usage

3.2.1 Rationale for Development of Index

The QoL index was developed for the following reasons-

(@) During the review, various existing QoL indices were
explored, most of which were relevant for elderly
such as were disease specific, focused on
psychological and spiritual well- being and so on. For
the purpose of the study it was pertinent to device a
scale that could measure impact of RETs on QoL of
users. Therefore, the domains had to focus on the

impact of RET usage on QoL of rural residents w.r.t
education, health, income-generation, safety and
security, comfort and convenience (refer Table 3.4).

(b) The present research focused on exploring the change
in QoL of RET users in selected rural areas. Since,
the residents had been using RETs from the past
many years their perception was primarily based on
experience on account of using RETs using recall
method.

3.2.2 Method of Development of Index

Development of Change in QoL Index was executed in

the following stages:

e Concept clarification involved review of literature
and consultation of experts to finalize the various
dimensions to study the change in quality of life of
rural residents w.r.t RET usage.

e Review of existing indices on change in QoL and
determine the relevant dimensions to develop an
index for the present research.

e Review of the proposed QoL index and check its
reliability and validity.

Table.3.4: Change in QoL Index Developed for the Present Research

S.No. | Quality of Life Parameters | Sub-Parameters

1 Education of Children o Increased study time at home

o Improved academic performance

o Regularity to school/college

o Participation in co-curriculum activities

o Access to education services/utilities outside home

2 Healthcare o Better access for elderly

o Better access for women and children

e Improved availability of medical facilities/service
o Decreased indoor pollution

o Better healthcare at home

3 Convenience and Social Life | e Increased leisure time

e Ease in conducting HH activities
¢ Improved social life

o Better family relationships

e Living an active life

4 Safety and Security e Decrease in incidences of theft
o Safety from wild/stray animals
o Decrease in accidents

o Safety inside home

e Sense of security

5 Income  Generation and | ¢ New-start ups

Financial Security e Ease in conducting existing work
e Better time management

o Regularity to work place

o Increased productivity/profitability

www.ijeab.com
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Validity of Index

The validity of the index was attained through Content Validity.

Reliability of Index

Cronbach’s (alpha) was calculated to measure the internal
consistency and reliability. The index had high degree of internal
consistency (Cronbach’s alpha: 0.84).

3.2.3 Selection of Dimensions for Change in QoL
Index

Amongst the QoL indices studied, following four indices
seemed relevant in the context of present study. An in-
depth analysis of different dimensions covered in selected
change in QoL index was done and relevant dimensions
were selected for the study (refer Table 3.5).

(@)

(b)

(©

PV System Acceptance Test(2000): QoL Score
cards were developed by New Mexico State
University’s Southwest Technology Institute and
Winrock International. This test was comprehensive
in nature as it comprised of questions pertaining to
the assessment of effectiveness of PV electrification
by the rural residents as well as the change felt by
them in their lives with its usage. The test comprised
of score cards and focused on grid-connected system
only.

WHO QoL Scale, Extended Version (1991): This
version has been prepared by QoL Group, World
Health Organization (WHO). The dimensions in this
scale primarily focused on individual perception of
inter-personal relationships as well as personal well-
being in terms of level of independence, economic,
health and psychological well-being.

QoL: A System’s Model(2001): The University of
Oklahama School of Social Work prepared this

(d)

model. The approach to the measurement of the
quality of life derived from the position that there
were a number of domains of living. Each domain
contributed to one's overall assessment of the quality
of life. The domains include in this model were
family and friends, work, neighborhood (shelter),
community, health, education and spirituality. All of
these domains were included in the developed index
for the present research in the context of user
perception of change in their quality of life as a result
of RET usage (refer Figure 3.1).

QoL Index- Ferrans and Powers (1984): Ferrans
and Powers prepared this index. It comprised of
thirty-three items on four domains, i.e., social and
economic, psychological, health and functioning,
spiritual and family. The subjects attributed scores
on scales designed for satisfaction and importance
with values ranging from 1 to 6. Hence, the
responses were analyzed using qualitative
methodology. These domains were included in the
developed QoL index for the present research with a
prime focus on satisfaction (significant change) or
no satisfaction (no change) experienced by the rural
residents w.r.t RET usage.

Fig.3.1: Quality of Life: A Systems Model by University of Oklahama School of Social Work (2001)
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For each dimension and sub-dimension, set of questions addressed user opinions, judgments and attitudes of RET
were prepared by referring to the existing indices. After users towards their QoL. The index comprised of five
discussion with the experts, the questions were finally dimensions, namely, education of children; healthcare;
reduced to a set of 25 questions in ‘Change in QoL convenience and social life; safety and security; and
Index’. To maintain the reliability of the response the income generation and financial security (refer Table
length of the questions was kept short as the questions 3.5).

Table.3.5: Dimensions of QoL Index Covered in Other Researches and Developed for the Present Research

PV System Acceptance WHO QoL Scale: QoL: A System’s QoL Index- Change in QoL
Test (2000): Score cards Extended Version Model (2001) by Ferrans and dimensions for the present
developed by New (1991) by QoL Group The University of Powers study
Mexico State University WHO Oklahama School of | (1984) by
and Winrock Social Work Ferrans and
International Powers
1. Education 1. Physical 1. Culture Health and 1. Education of Children
e Energy and fatigue o Work Functioning e Increased study time at
e Sleep and rest ¢ Neighborhood home
e Pain and discomfort o Family ¢ Improved academic
e Friends performance
¢ Regularity to school/
college

o Participation in co-
curriculum activities

e Access to education
services/ utilities outside

home
2. Income-Generation 2. Psychological 2. Demographic Social 2. Healthcare
Activities e Positive feeling Characteristics o Family o Better access for elderly
e Thinking, memory and | ¢ Community e Better access for women
concentration o Health and children
o Self-esteem ¢ Improved availability of

medical facilities/service
o Decreased indoor pollution
o Better healthcare at home

3.Domestic Productivity | 3.Social Relationships 3. Socio-Economic Spiritual 3. Convenience and Social
o Personal relationships Conditions Life
e Social support e Education ¢ Increased leisure time
o Sexual activity e Ease in conducting HH
activities

¢ Improved social life

o Better family
relationships

e Living an active life

4. Information and 4. Environment 4. Spiritual 4. Safety and Security
Communication ¢ Physical safety and e Decrease in incidences of

security theft

e Home environment o Safety from wild/stray

¢ Financial resources animals

¢ Health and social care e Decrease in accidents

¢ Physical environment o Safety inside home
and transport e Sense of security
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consulting the expert in the field of renewable energy,
rural extension, home science, statistics and electrical
engineering from different organization such as Ministry
of New and Renewable Energy, Indian Agricultural and
Research Institute (IARI) and Indian Institute of
Technology (IIT Delhi), BSES Rajdhani Power Limited
and BSES Yamuna Power Limited. The relevant changes
were made in the index by reframing several questions
after consultation with experts. Hence, the final measure
of QoL was assembled with twenty-five questions.

3.2.5 Reliability of Index

Cronbach’s (alpha) was calculated to measure the internal
consistency and reliability. The indices were found to
have high degree of internal consistency (Cronbach’s
alpha: 0.84 for QoL Index, refer table 3.6) ensuring the
reliability of the index.

Table.3.6: Reliability of Change in QoL of Residents

Index w.r.t RETs Usage Developed for the Present
Research

www.ijeab.com

PV System Acceptance WHO QoL Scale: QoL: A System’s QoL Index- Change in QoL
Test (2000): Score cards Extended Version Model (2001) by Ferrans and dimensions for the present
developed by New (1991) by QoL Group The University of Powers study
Mexico State University WHO Oklahama School of | (1984) by
and Winrock Social Work Ferrans and
International Powers
5. Convenience/ Comfort | 5. Spirituality/ Personal 5. Income Generation and
Financial Security
o New-start ups
e Ease in conducting
existing work
o Better time management
¢ Regularity to work place
e Increased productivity/
profitability
6. Health care and Safety | 6. Level of
Independence
¢ Mobility
o Activities of daily
living
e Dependence on
medication or
treatment
o Work capacity
3.2.4 Validity of Index S.No. | Study | Reliability | N of
The validity of the QoL index was attained through the Tools Score Items
content validity. Keeping in view the research objectives 1 | Quality 0.835 25
the indices were constructed. After formulating the of Life
preliminary QoL index, it was examined for content or Score
rational validity. The standardization was done by Cards

3.2.6 Scoring of Index

Each of the (25) questions in the index were considered as
specific indicators of a dimension. Four-point Likert scale
was used for the responses ranging from total agreement
to total disagreement to the statements. Scores were
assigned from 1-4, 1 for the most negative response and 4
for the most positive response. The study was conducted
using 4 point Likert scale as it was easier for the rural
respondents to understand.

In the QoL Index, five dimensions were included
‘education of children’; ‘healthcare’; ‘convenience and
social life’; ‘safety and security’; and ‘income generation
and financial security’; with a possible score from 5-25.
The QoL index included dimensions and sub-dimensions
that considered the ways in which rural residents assessed
the overall change in their QoL w.r.t RET usage.

3.2.7 Calculation of Change in QoL Index

From the scores of five dimensions of QoL index, the
overall scores were computed. Therefore, the total
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possible range of scores for the index was 25-100. The
higher the scores for overall change in QoL, the more
satisfied or optimistic the perception of the respondents.
The index was translated in Hindi language for interview
so that accurate responses could be obtained. The Hindi
version had been verified by the experts in Hindi
language. The following formula was used for
computation of index score.

Index = Summation of Actual Scores of Each Sub-
dimensions/ cumulative maximum score x 100

3.2.8 Description of Dimensions and Sub-Dimensions

of Change in QoL Index

Quality of life (QOL) has been defined by Ferrans (1990)

as “a person’s sense of well-being that stems from

satisfaction and dissatisfaction with the areas of life that
are important to him or her”. The index was constructed
to understand the user’s perception of change in their

quality of life with the use of RETs. There were 5

dimensions to determine change in the quality of life of

users. These are discussed as follows:

Dimension 1: Education of Children

Change in education forms the basis of many renewable

energy programs. This dimension investigated the

changes witnessed by the residents of selected villages

w.r.t change in home study time, academic performance,

regularity to school, participation in co-curricular

activities and access to educational facilities outside
home.

1(a) Increased study time at home: Awareness for
importance of education was increasing in rural
areas hence, many families emphasized on
education of their children. In many villages where
electrification from conventional (electric) grid
was either not present or the power supply was
erratic, residents considered RETS as an alternative
solution.

1(b) Improved academic performance: This sub-
dimension was a result of wvarious other
developmental activities in the village. The
perception of users about the influence of RETs
usage on improving their child’s academic scores
was of importance for understanding the change in
education with use of RETS.

1(c) Regularity to school/college: This sub-dimension
was critical to understand the impact of RETs on
regularity of children to school. For instance, hot
water was required in the morning to take bath
hence, solar water heaters provided convenience
and were available even if power supply was not
available, preventing any delay in reaching school
on time.

www.ijeab.com

1(d) Participation in co-curricular activities: Co-
curricular activities formed a winning part of
complete education. It provided opportunities for
character development and valuable life lessons
such as teamwork, sportsmanship, self-discipline
and hard work. This helped students to become
responsible adults, productive citizens and skilled
professionals. This sub-dimension attempted to
find out improvement in participation of children
in co-curricular activities with the use of RETSs.

1(e) Access to education services/utilities outside
home: Many Government health centers were not
able to operate after sundown. This sub-dimension
measured the effect of RET usage on the functioning
of utilities and education services. On adoption of
RETSs there was a possibility to keep utility services
open even after sunset.

Dimension 2: Healthcare
Improvement in rural health service was important as the
availability of electricity to support proper services such as
provision of vaccines, medicines, healthcare professionals
etc. was inadequate. An appropriate RET could help in
expanding the opportunities for better healthcare available
within or near the rural communities for residents.

2(a) Better access for elderly: Performing regular
functions was difficult for elders in the rural areas
where power supply was erratic and of poor
quality. However, the adoption of RETs could
provide them better access to various healthcare
services.

2(b) Better access for women and children: Women
and children had higher need of healthcare services
in rural areas. RET adoption by the local healthcare
institutions could provide better access to
healthcare services to women and children.

2(c) Improved availability of medical
facilities/service: This sub-dimension was directly
related to the operational hours of local healthcare
institutions. Adoption of RETs could provide
flexibility to run them. This certainly resulted in
the improved availability of medical facilities and
availability of medical practitioners in rural areas.

2(d) Decreased indoor pollution: This sub-dimension
focused on the importance of healthcare needs as it
directly affected the health of women who cook
using NRETS such as biomass/fuelwood. Adoption
of RETs had a positive effect on the pollution
levels in the house.

2(e) Better healthcare at home: Healthcare at home
could be improved with the usage of RETS that
played a significant role in ensuring the proper
access to the medical facilities at home.

Dimension 3: Convenience and Social Life
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3(a) Increased leisure time: This sub-dimension was a
key attribute to determine comfort and
convenience. Usage of RETs provided additional
time for leisure activities. The length of the
workable day increased with the use of RETs such
as solar home lights, solar street lights, solar water
heaters, etc.

3(b) Ease in conducting household activities: RETS
also provided convenience for conducting HH
activities such as cooking, lighting, water heating,
cleaning, etc. This dimensions focused upon the
impact on RET usage on the ease and comfort in
conducting HH activities.

3(c) Living an active life: Availability of more spare
time resulting from RET usage could be used for
socializing with friends, family, relatives and
neighbors. Organizing late evening meetings under
a tree was possible due to RET usage.

3(d) Better family relationships: Families could spend
additional time together as many HH activities
could be performed through a span of day and
night therefore, the burden was not felt by women
to finish all the chores within a short span of time
(i.e, before sunset), that left no scope for rest,
leisure, socialize or spend time with near and dear
ones.

3(e) Improved social life: Since many public services
such as schools and nursing homes were also
adopting RETs, the access to facilities were
enhanced.

Dimension 4: Safety and Security
This dimension focused on the perception of rural
residents about change in safety and security with the use
of RETSs. Solar PV technology played a prime role in rural
areas. Solar-powered lighting meant that children were
able to go out and play after sunset, women felt safe
venturing out at late evenings for HH shopping, temple or
evening walks etc. Also, enhancing the feeling of safety
among rural HHs from theft, wild animals, etc.

4(a) Decrease in incidence of theft: This sub-
dimension was important to understand the user
perception on decrease in theft as an impact of
RET usage.

4(b) Safety from wild/stray animals: As revealed in
the preliminary discussion with the villagers that
the attack from wild animals was common since,
the lanes and by-lanes were usually dark due to
absence of street lighting. This sub-dimension
focused on changes in safety from wild animals
with presence of SPV based street lights.

4(c) Decrease in accidents: The incidence of accidents
due to low visibility in rural areas was a problem.
The introduction of RETs had been a boon to
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ensure safety from accidents especially in hilly
terrain. The user perception of change in such
incidences was found in this sub-dimension.

4(d) Safety inside home: The safety inside the home
referred to the safety from mishaps (falling or
hurting due to lack of visibility) at home especially
for children, sick, elderly and pregnant women.

4(e) Sense of security: A positive feeling of safety and
security with the use of RETS.

Dimension 5: Income Generation and Financial
Security
For a renewable energy project to bring about
considerable benefits to rural communities by way of
enhancing the profitability and productivity of existing
income-generation activities as well as assist in new start-
ups. The resultant increase in income would help in better
sustenance and adoption of RETS.

5(a) New start-up: This sub-dimension investigated the
impact of RETs in the lives of rural people w.r.t
taking up new work to enhance their existing HH
income.

5(b) Ability and ease in conducting existing work:
This sub-dimension referred to the user perception
of change in their ability to conduct existing work
with ease and comfort as a result of RET usage.

5(c) Better time management:Planning and exercising
control over the amount of time spend on specific
activities, especially to increase effectiveness,
efficiency or productivity was important. The aim
of this sub-dimension was whether rural residents
were able to identify the impact of RETS in helping
one exercise such control so that efficiency to
conduct existing work and ability to take up new
was increased.

5(d) Regularity to work place: To understand the
contribution of RETs towards regularity of users to
their respective work place was the aim of this sub-
dimension.

5(e) Increased productivity/ profitability: A potential
benefit of implementing sustainable energy options
included strategies to improve rural conditions by
linking RETs with productive uses. Most of the
renewable energy projects implemented so far in
the rural areas had concentrated on residential or
HH applications. The use of renewable energy to
increase productivity and profitability can help in
sustenance and adoption of RETSs in rural areas.
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