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ABSTRACT

Micro and small manufacturing firms wield considerable market share and can leverage their investment
activities to achieve economic, environmental, and social goals leading to sustainable growth in the glo-
bal markets. The firms generally have an energy gap; to overcome this, the overall organizational hierar-
chy and various elements that impact energy utilization must be tapped and examined. But some
existential barriers inhibit the adoption and implementation of renewable and energy-efficient technolo-
gies (REET) in manufacturing firms. An exploratory study was carried out and Multi-Criteria Decision
Making (MCDM) technique was employed to prioritize the barriers. To throw more light on the above,
an extensive survey has been carried out in auto and machine tool clusters in Karnataka (a state in
India) and concerned stakeholders were interviewed. The financial and economic barrier (FEB) and man-
agerial and organizational barrier (MOB) have stemmed as the top two hindrances to REET deployment in
manufacturing firms. The outcome of the present study gives insights to policymakers to build up strate-

MCDM gies for the adoption and implementation of REET in organizations and their clusters.
Copyright © 2022 Elsevier Ltd. All rights reserved.
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1. Introduction

Energy is the basic need for every economic sector; its utiliza-
tion has various purposes in the industrial sector, such as process
heating and cooling, assembly, lighting, steam and cogeneration
and air conditioning for buildings. This sector utilizes a dominant
share over any other end-use sector, accounting for 54% of the total
global energy delivered and about 45 % in India. Indian manufac-
turing sector encompasses both large scale and MSMEs firms, but
around 90 percent of firms belong to the MSME sector. The MSMEs
are diverse in firm size, type of product manufactured, annual
turnover, and technological advancement. As per the MSMED act
2018, they are classified based on the yearly turnover. They are
key drivers in creating employment, income, exports, economic
activity, and energy users/ polluters with carbon footprints.
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They are categorized into three distinct types based on energy
consumption patterns: energy-intensive, non-energy-intensive,
and non-manufacturing firms. The energy mix and intensity of
fuels consumed in the MSMESs vary across regions in the country.
They are dispersed across the country; primarily operate in clus-
ters producing identical products. It was observed from a previous
study [1], there is a lack of comprehensive data on the energy con-
sumption in the assessed 6000 MSME manufacturing clusters in
India, other studies including the above have recognized about
400 clusters as “energy-intensive”

Energy-intensive enterprises such as brick and tile manufactur-
ing, textile dyeing, paper and pulp, glass, automotive, machine tool
cluster, iron, steel, etc., incur disproportionately high energy costs.
The performance of MSMEs declined over the past decade due to
the rising cost of energy, lack of access to advanced technologies,
and competition. MSMEs are sensitive to price fluctuations, and
when compared to large enterprises, they pay more per unit of
energy. It was typically due to obsolete or inefficient technologies
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in operation [2]. Though individual MSME units consume less
energy for their manufacturing operations, collectively, their
energy demand and its impact on the environment cannot be
ignored. Electricity generated by fossil fuels is mainly dominated
by coal, followed by oil. The depletion of fossil fuels and their eco-
logical impacts led to renewable energy sources and energy effi-
ciency (EE) initiatives which became an opportunity to explore
and combat climate change. EE is perceived as the most cost-
effective approach to lower energy costs, mitigate climate change,
increase economic productivity and competitiveness. Renewable
energy is the path to reliable, affordable, clean power, declining
energy intensity, and mitigating climate change. Conceptually
there is a contrast between renewable energy and energy effi-
ciency, as well as a good synergy. The common objective is to
reduce energy intensity, mitigate climate change and ensure sus-
tainable development. A synergy between renewable energy (RE)
and energy efficiency (EE) achieves a progressive reduction in
energy intensity and mitigates climate change in manufacturing
firms. The adoption of REET is ambitious and requires the transfor-
mation of MSMEs. It is a prevailing option for energy conservation,
decline energy prices, and limit greenhouse gases (GHG) emissions
of these clusters. Indeed, the cooperation among the manufactur-
ing units in clusters provides an opportunity to incorporate social
and environmental aspects along with economical issues.

Institutional bodies initiate many schemes to address the chal-
lenges faced by MSMEs towards energy utilization and renewable
energy applications. But the adoption and implementation of
REETs are not up to the mark. This can be mainly due to various
factors and barriers influencing the uptake of RE/EE in manufactur-
ing firms such as lack of information and awareness, technical
aspects, organizational issues, etc. Every barrier group encom-
passes several dimensions and is presented subsequently. Indeed,
strategies to overcome these barriers are limited; an exploratory
study to recommend the barrier mitigation strategies for penetra-
tion and implementation of REETSs is needed. From this perception,
mitigating strategy to overcome or remove the barrier is impor-
tant; it helps in lowering the barrier intensity to achieve effective
outcomes.

The stakeholder’s perspectives and experience are included in
the prioritization scheme for any initiative in the MSME sector.
Indeed, it helps to identify relevant barriers, their barrier intensity
and prioritizes them; it assists in developing strategies to mitigate
barriers for penetration and implementation of REETs in the MSME
cluster.

2. Contextualization of barriers to deploy renewable energy and
energy efficiency technologies

Most of the barriers to the diffusion and implementation of
renewable energy and energy efficiency initiatives are common;
they are generally relevant to firms’ characteristics. Renewable
energy and energy efficiency uptake intentions face many obsta-
cles due to various reasons in any sector. Indeed, there are signifi-
cant gains achieved by adopting RE/EE technologies in developed
countries, whereas the rate of diffusion and implementation is
not effective in developing nations. The researchers have investi-
gated and determined the barriers hindering the penetration and
implementation of RE/EE initiatives.

The relevant barriers impending the application of energy-
efficient technologies (EETs) in residential, commercial sectors,
industrial units, and professionals in India are identified through
a field study [3]. It was revealed that lack of awareness, the uncer-
tainty of the payback period, and high initial investment were
some of the top barriers. The relevant barriers are prioritized for
all sectors mentioned above. But the implementation of energy
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efficiency initiatives encompasses a hierarchical structure operat-
ing at various levels [4]. The predominant barriers in manufactur-
ing clusters and the strategies for overcoming the same for
adopting energy efficiency initiatives are identified [5]. The finan-
cial and economic barrier (FEB) has ranked top in prioritization,
followed by a behavioral and personal barrier (BPB) hindering
the EE improvements. Rohin [6], reported that limited access to
capital was a common barrier to both group-owned foundry and
private foundry firms. Apart from it, the author also tries to address
organizational constraints impacting group-owned firms, and
information barriers affecting private firms.

The nature and determinant of relevant barriers to the diffusion
of EETs in manufacturing were identified [7]. Cagno [8], carried out
a critical review on barriers, hindering the penetration of EETs in
the industries. A novel strategy for the adoption of industrial EET
was proposed through a taxonomy encompassing the most rele-
vant barriers for empirical research that enabled the assessment
of the difference between perceived and real barriers. Chai and
Yeo [9], developed a conceptual framework for overcoming energy
efficiency barriers. Through the system approach, they established
the roles and responsibilities of various agencies, energy con-
sumers and identified the weak links in EE policies. The 'actor-
oriented approach’ proposed by Reddy [10], identified the drivers
and barriers that impact energy efficiency improvements. A barrier
taxonomy encompassing three broad perceptions, viz., micro
(project/end-user), meso (organization), and macro (state, market,
civil society), was synthesized. Trianni et al. [11], carried out a
broad study in 222 manufacturing SMEs, and they found that
awareness and behavioral aspect was emerging as crucial element
besides economic elements. They revealed that various barriers
can be tackled with support from stakeholders, installers, technol-
ogy providers, and energy service companies. The degrees of diffu-
sion and awareness of EE technologies amongst manufacturing
enterprises were poor [12]. Aida [13], identified the low penetra-
tion of energy management practices within the industry, despite
its potential to enhance energy security and sustainability aspects.

The adoption rate of renewable energy technologies (RETs) can
be taken up with specific policy mechanisms. Doner [14], identified
and described how policy design aspects can overcome barriers in
regulatory bodies to adopt RETs. Luthra et al. [15], highlighted the
relevant barriers impeding the diffusion of “renewable and green”
energy technologies. The barriers were categorized into seven
groups, i.e. Cultural & Behavioral; Economical & Financial; Aware-
ness & Information; Market; Political & Government; and Ecologi-
cal and Geographical issues. An expert’s judgment was utilized to
identify and rank the barrier intensity.

Bhandari identified the various barriers for penetration and
implementation of cleaner technologies which were divided into
four categories: financial and economic barriers, operational and
strategic barriers, technical information barriers, and human barri-
ers [16]. A hybrid strategy encompassing the graph-theoretic
approach (GTA) and analytic hierarchy process was employed to
find barrier intensity index and prioritization. It was found that
the finance and economic barrier was the major hurdle in the
adoption of cleaner technologies. A systematic framework to assess
and prioritize the significant barriers to the diffusion and imple-
mentation of cleaner technologies was needed [17].

An extensive literature review was carried out to examine the
barriers to the adoption of renewable energy and energy efficiency
which are studied separately. Most of the studies are primarily
based on qualitative assessment. Studies related to the synergy
between renewable energy and energy efficiency in MSME manu-
facturing enterprises are limited; also, Its quantification of the bar-
rier levels is missing. Further, Cluster-based studies are limited in
the literature. The study was carried out at the auto and machine
tool cluster in Mysore region. In this work, an attempt has been
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made to capture the barriers hindering the adoption of REETs in
MSMEs. Multi-Criteria Decision Making (MCDM) technique was
employed for prioritization of barriers.

3. Methodology

The study follows a rational procedure to identify relevant bar-
riers impeding the adoption of renewable energy and energy effi-
ciency initiatives and prioritize the same. Firstly, an extensive
literature review has been carried out to identify the factors influ-
encing the adoption of REETs in manufacturing firms capturing the
relevant barriers. The barriers groups and their criteria are classi-
fied and finalized. A detailed procedure of data collection, cluster
background and brief note of barrier groups and criterias is pre-
sented. Further, MCDM technique is applied to prioritize the bar-
rier groups and criteria according to the preferences of
stakeholders and experts. The strategies for barrier mitigation are
presented.

3.1. Data collection and questionnaire

The survey was conducted through an administered question-
naire which seeks detailed information on the education level of
the respondent, turnover of the enterprise/firm, electrical appli-
ances used, electricity consumption, awareness about renewable
and energy-efficient technologies, barriers to adoption, etc. A list
of the relevant obstacles for the adoption of REET is identified
through an extensive literature survey and a detailed discussion
with academicians, energy experts, government agencies, etc. The
appropriate barriers are categorized into a particular group based
on their nature. For each barrier, several dimensions are listed.
The questionnaire framed for the present study identifies vital
dimensions under each barrier group which helps in estimating
the barrier intensity. The data collection was carried out through
a field study in manufacturing clusters in and around Mysore
region.

MSME stakeholders are the main driving engines of their firms.
Everyday business activities and decisions rely on them so as to be
competitive and to survive. Therefore, their perspectives are cru-
cial in the prioritization of barriers that are inhibiting the adoption
and implementation of REETs. Impact of barrier removal on the
adoption of renewable and energy-efficient technologies, techno-
economic performance, financial and organizational difficulty,
socio-environmental benefits are evaluated separately through
the qualitative judgment of stakeholders. The data collection
approach is initiated through proper consultation of industrial
associations and briefing them about the survey’s objectives. A
total of 85 individual stakeholders’ responses are collected from
the selected sample firms in both auto auxiliary and machine tool
clusters in and around Mysore region of Karnataka.

Table 1
Basic features of sample MSME enterprises in the two clusters.
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3.2. Cluster background

It is important to provide information of sample firms covered
in the study, which includes firms’ age, size of the cluster, type of
technology used, energy inputs, sample size selected, and products
manufactured. The details are collected separately for each of the
cluster groups and represented in Table 1.

Machine tools are “machines that help people to make products
required for the market”. The machine tools are powered
electrically/hydraulically/mechanically to transform raw materi-
als/components in various forms through machining operations.
In auto ancillaries, multiple components are made on a “job work”
basis.

Hence they are more energy-intensive, requiring a large amount
of electrical power to process raw materials. There is scope to
reduce energy intensity in these firms by replacing obsolete tech-
nologies with advance ones. Eighty-five firms were surveyed in
the auto auxiliary and machine tool cluster at Mysore region. Most
of the firms surveyed in the field study are registered firms, encom-
passing both micro and small ones. From the study, it is under-
stood that the economic and environmental potential benefits of
adopting and implementing REETs are not explored; thus it is nec-
essary to identify, prioritize and address relevant active barriers in
both the clusters.

3.3. Multi-Criteria decision Making (MCDM)

Decision-making (DM) is a complex approach; it involves iden-
tifying the problem, building up criteria, evaluating the alterna-
tives, and prioritization the same. DM is intuitive when there is
only one criterion and the complexity rise when there are multiple
alternatives. It can be overcome by a multi-criteria approach with
tangible and intangible attributes. Among the MCDM techniques,
Analytic Hierarchy Process (AHP) is one of the systematic
approaches and mathematically most general one. It is an effective
and flexible tool that includes quantitative and qualitative aspects
of a decision.

The present research focuses on ranking the barriers. It is
required to develop a typology to tackle various barriers to adopt-
ing renewable energy and energy efficiency improvement initia-
tives. The predominant barriers hindering the diffusion of REETs
provide a better understanding and formulate strategies to miti-
gate the same. It provides support for devising policy implications
to the deployment of REETs in manufacturing firms.

3.4. AHP framework

An extensive literature review on the barriers to deployment of
renewable energy and energy efficiency initiatives is presented;
further, after consulting with stakeholders and experts, the barriers

Cluster Auto Auxiliary Cluster

Machine tool cluster

Size of cluster About 115 firms

Main products

Sample size Randomly chosen 44 firms
Origin of entrepreneurship 70% partnership; 20% proprietorship; 10% others
Age of firm < 10 years: 45%;

> 20 years: 30%;
between 10 and 20 years: 25%

Equipment in use CNC lathes
Raw materials Iron and steel
Sources of energy Electricity

Air-cooled engines, liners, and piston rings

About 110 firms

Precision equipment and various tools

Randomly chosen 41 firms

60% partnership; 40% proprietorship

< 10 years: 50%;

> 20 years: 30%;

between 10 and 20 years: 20%

CNC lathes, turning, shaping, planning, drilling, grinding
Iron and steel

Electricity
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are finalized. AHP framework for the present study was presented
below.

Step 1: Building the hierarchical model. Stakeholders and
experts were provided with a list of questionnaires to make
pair-wise comparisons between barrier groups and criteria’s
using a nine-point scale. Table 2 illustrates the importance of
Satty’s (1-9) scale for pair-wise comparison. Five predominant
barriers to adopt REET have been identified from previous stud-
ies, validated, and categorized into four barrier criteria based on
their nature through discussions with experts. These identified
barrier groups and criteria’s have been converted into
hierarchical-level processes, which include four levels:

Level 1: Goal (Prioritization of barriers to deploying REETSs in
MSME firms)

Level 2: Represents the priority of the identified seven dimen-
sions of barriers.

Level 3: The hierarchy includes the priority of barrier groups
within criteria’s

Level 4: Contains barrier dimensions within each barrier group

Step 2: Constructing the pair-wise comparison matrix. Con-
struct a set of pair-wise comparison matrices.

These pair-wise comparisons of barrier criteria and groups have
been converted into comparison matrices. These comparison
matrices have been assessed with the AHP methodology to find
out priority matrices. Global priority weights are associated with
criteria’s and local weights are associated with barrier groups
within the specific criteria. Saaty suggested that the geometric-
mean value of individual pair-wise comparisons representing the
group and prioritize the barrier within the cluster.Then, the matrix
model has been build to develop a local priority vector. Then, com-
bine the local weights to assess global weight for the final decision.
The priority vectors can be estimated using Eigenvalue/Eigenvector
method, simple average method, weighted average method.

Step 3: Computing the consistency

To provide that the ranking of the attribute is consistent, the
maximum eigenvector or relative weights are computed. Then,
estimate the consistency index (CI) for each matrix order n using
Eq. (1). Consistency is a crucial aspect for assessing the validation
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of output of the AHP and provides the relation between the ele-
ments of pair-wise comparison. Based on the CI and Random Con-
sistency index (RI), the consistency ratio (CR) is estimated using Eq.
(2). The CI and CR are defined as follows:

Cl = (max —1)/(n— 1) (1)

The consistency ratio is then estimated using the formulae

CR = CI/RI )

The stakeholder’s and expert’s judgment is valid when CR < RI,,
otherwise a pair-wise comparison process for rejected or prefer-
ences should be repeated.

Where RI varies depending upon the order of the matrix. Table 3
shows the value of the RI for matrices of order (N) 1-10 obtained
by approximating random indices using a sample size of 500.

If the value of the Consistency Ratio is lesser or equal to 10%, the
inconsistency is adequate. If the Consistency Ratio is greater than
10%, the subjective preference is needed to be relooking or elimi-
nating the questionnaire form of the decision-makers.

An AHP model framework of barrier typology is illustrated in
Fig. 1. This figure suggests that for manufacturing enterprises, bar-
riers to the adoption and implementation of energy efficiency and
renewable energy initiatives are classified into five groups, and
four criteria. For each barrier group, key dimensions are also
included, as shown. The five barrier groups and their criteria are
discussed below briefly.

3.4.1. Administrative and policy barrier (APB)

Administrative and policy issues such as the lack of codes, stan-
dards, labels, and certification impede the diffusion rate of REETs in
manufacturing enterprises. An alliance among renewable energy,
energy conservation, and environmental aspects is limited and this
finds a minor inclusion in the policy framework. The policymaking
on these aspects is not enough; the procedure to be employed for
the adoption of REETs effective and efficient in manufacturing
firms, are to be lied down in policy framework and the same should
align with administrative authorities for effective implementation.
On the administrative side, inadequate planning guidelines, com-
plicated licensing procedures, lack of clearly defined responsibili-
ties, etc., are the barriers to REETs diffusion. The national
agencies dealing with the promotion of REET initiatives should link
with international bodies, government institutions, enterprises,
and the general public. The administrative authorities should be
assigned for the adoption and implementation of REETs initiatives.

Table 2
Satty rating scale (1-9). . . . .
3.4.2. Financial and economic barrier (FEB)
1-9 scale In every industrial unit, financial and economic aspects are cru-
Intensity of Definition : . : : .
. cial for diffusion and implementing renewable energy and energy
importance . e e . .
- efficiency initiatives. The experts and stakeholders who were inter-
1 Equal importance viewed contended that lack of capital is a significant issue. The
3 Moderate importance hieh f el .. d . h h bl
5 Strong importance ig er.cost of e ect‘r1c1ty pro uction t rough renewable sources
7 Very strong importance hindering the adoption and implementation of RETs, whereas the
9 Extreme importance electricity purchased from the supplier is available at a lower price
2,4,6,8 For compromises between the above in comparison. The lack of financing mechanism to support the
Reciprocals of In comparing elements X and Y - if X is 3 compared to Y - . C s . . .
- penetration of REETs is limited. Inadequate incentives and subsi-
above then Y is 1/3 compared to X N X
dies to technology transfer are not attracting stakeholders [18].
Table 3
Random index.
N 1 2 3 4 5 6 7 8 9 10
R L 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49
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Level -1;
Goal

Level-2;
Factors/
Criteria
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Prioritization of barriers to the adoption and implementation
of renewable energy and energy efticiency technologies in
micro and small manufacturing enterprises

r{er;%?efl%iianrgegry Impact of Barrier F inan.cial.and Impact of Barri'er
ebfioisnoy and removal on . Organlzatlopal remov.al on Soc1lo-
Adoption of Techno-Economic leﬁculty in Environmenta
Tiadhnolony Performance Barrllze(; Il;}gioval Benefits (IBSEB)
(IBEAT) (IBTEP) ( )
Geographical Financial Awarene.ss,
Administrative and and Managerial and Information and
and Policy Technological Economic Organizational Knoyvledge
Barrier (APB) Barrier (GTB) Barrier Barrier (SOB) Barrier

Lack of policy support and strict
implementation of regulations
affecting EE improvements and

adoption of RET,

Lack of information regarding
EE and RET opportunities &

winning solutions,

Lax environmental enforcement,
Lack of economic incentive
policies on EE integration of

energy-related policies,

Policy support from government
bodies in terms of tax benefits

for RET, Subsidies,

Depreciation, Environmental and

Social considerations.

Lack of access to
financial/capital support,
Uncertainty in payback
periods on capital
investment on energy
efficiency and RET,
Difficulty in choosing
the best technology for
promotion of energy
efficiency and RET,
Level of energy pricing
and taxes levied
hindering the energy
efficiency improvements
and adoption of RET,
Financing/funding
mechanisms, Incentives,
Discount rates, Market

Lack of awareness on key terms such
as energy efficiency, energy
conservation, energy audit and RET,
Lack of exposure to media, articles
in magazines and newspapers,
Difficulties in accessing information
on specific government schemes on
energy efficiency and RET, Lack of
technical training and workshops on
energy efficiency by BEE, CII,
MSME, Poor knowledge of features
and government policies

Level of motivation towards
enhancement of EE and adoption
of RET is low, Level of

Restricts access to technical
support towards EE and RETS in
remote locations, Limited in-plant
expertise and Lack of Awareness
on EE and RETs, lack of
promotion on economic
performance, resource assessment,
Back up of technology,
Mismatching load duration curve,
Grid instability.

competition,

demand, Nature of

Transmission costs

coordination among MSME
development institutions towards
RET is limited, Management
resistance to change due to size of
the enterprise, Higher
prioritization to production
volume, Inadequate management
capacity, market demand &
competition affecting

Fig. 1. The research framework of the current study

Fig 1. The research framework of the current study.

3.4.3. Technological and geographical barrier (TGB)

Power generation through renewable energy technologies has
some inherent technological barriers like energy storage, low effi-
ciency, and reliability. The lack of local manufacturers, equipment

suppliers, and technical services impede the deployment of REET.

1626

In addition, the lack of reliable data, risk, and uncertainties posed
by technical failure and natural disasters are also significant issues
that are affecting investment decisions. Due to inadequate techno-
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logical expertise, the benefits associated with renewable and
energy-efficient technologies are marginal.

3.4.4. Awareness, information, and knowledge barriers (AIKB)

The potential of REETSs is not effectively aggregated with preci-
sion; it was due to the lack of awareness, information, knowledge,
and reliable data on technological advancement in REETSs. The lack
of knowledge and accurate information regarding advanced tech-
nologies and their benefits is a significant barrier. Indeed, compre-
hensive data is not adequate, and the perspective of return on
investment is lagging. The progressive development of REET has
declined the costs substantially, but stakeholders are not aware
of it. The public perception is not captured positively; a systematic
approach towards the promotion of REET is missing. The lack of
information about REET and its associated benefits compared to
the existing technology is inadequate. The stakeholders inter-
viewed pointed out that REET is well established in developed
nations, but India’s perception on technological advancement is
not yet clear [19].

3.4.5. Managerial and organizational barriers (MOB)

The barriers to the deployment of REETs can stem from man-
agerial and organizational aspects. The individual firms holding
energy conservation and environmental values may adopt renew-
able energy and efficiency investments. Management always
focuses on enhancing their manufacturing capacity with minimum
investment without looking at the benefits of REETs. Employees
have inadequate technical and managerial ability to diffuse and
implement the REETs in manufacturing firms. If an organization
is environmentally conscious, it will invest more readily in EE ini-
tiatives[20].

The main intention of the research work is to assess and rank
the above mentioned five barrier groups in the micro and small
manufacturing clusters built on the following four criteria:

3.4.5.1. Impact of barrier removal on energy efficiency and adoption of
technology (IBEAT). The main objective of mitigating the said barri-
ers is to make the stakeholders become aware of the positive
impact on the environment by the adoption of renewable energy
and energy efficiency initiatives. In fact, upon overcoming a rele-
vant barrier group, the MSME unit can conserve energy and com-
bat climate change [21]. The perspectives of stakeholders vary
from one MSME firm to the other. Based on stakeholder experience
and educational background, they can decide on implementing
REETs in their firms which help in overcoming particular barrier
groups.

3.4.5.2. Impact of barrier removal on techno-economic performance
(IBTEP). The adoption of REETs can achieve overall economic,
social, and environmental development in manufacturing firms.
Indeed, a typical MSME unit is more focused on improving eco-
nomic performance by all means, including efficient energy tech-
nologies. Despite significant technological advancements in REET
that have been achieved, the uncertainty in the rate of return of
the investment made on REET is a primary hindrance in MSME
firms. Penetration of REET may improve productivity, effective uti-
lization of the firm’s capacity or equipment, sustainability aspects,
etc. Stakeholders can make the appropriate judgment based on
their perception towards barrier reduction considering the
techno-economic performance of their organizations [22].

3.4.5.3. Financial and organizational difficulty in barrier removal
(FODBR). The motive for overcoming the financial and organiza-
tional difficulty is to build a positive environment for firm perfor-
mance. For mitigating these particular barrier groups, the MSMEs
must adopt better strategies for improving productivity and finan-
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cial benefits. The perspective of MSMEs towards particular barrier
removal influencing the financial and organizational aspects varies
from one firm to another. Stakeholders can make appropriate deci-
sions to overcome the financial and administrative barrier by
adopting renewable energy and energy-efficient technologies in
their organizations based on their managerial and technical abili-
ties [12].

3.4.5.4. Impact of barrier removal on Socio-Environmental benefits
(IBSEB). For instance, awareness and information barriers can be
overcome by conferences, workshops, training programs, etc. Rele-
vant barrier dimensions for each barrier group are obtained
through a questionnaire facilitating the stakeholders to make an
appropriate judgment for easy removal of the same. Substantial
improvements in energy conservation have socio-environmental
benefits. The environmental benefits include better indoor air
quality, reduced local emissions and noise, water and soil pollution
and a long-term reduction in operational hazards. Social benefits
can reduce accidents due to increased safety which cannot be
quantified in monetary terms. Alternative energy sources are the
only option to reduce dependency on fossil fuels[23]. Stakeholder’s
perception on mitigating barriers influencing socio-environmental
benefits relies on awareness and consciousness of them towards
climate change.

4. Results and discussions

The present study aims to identify relevant barriers, categorize
them into groups and prioritize them. It was found that diverse
barriers impede REET deployment; they were classified into five
barrier groups built on certain criteria as depicted in Fig. 1. Table 4
provides the pair-wise comparison of criteria for attaining the goal.
The study revealed that the stakeholders in both clusters gave top
priority to the IBTEP followed by IBEAT. Fig. 2 gives a pictorial rep-
resentation of the impact of barrier criteria comparison with
respect to the goal in the both clusters. Manufacturing stakehold-
ers should uptake their firm’s technical and economic performance
ahead of the adoption of REET. Besides, low weights of IBSEB sug-
gest that stakeholders do not give much importance to ’social and
environmental benefits, because they focus on results than the
effort required to achieve them. Tables 5 and 6 show a pair-wise
comparison of barriers for each criterion in the auto auxiliary
and machine tool cluster. For instance based on the criteria,
“Impact of barrier removal on energy efficiency and adoption of
technology”, it can be observed that FEB attained the top priority
in the auto cluster(0.307). At the same time, FEB obtained the same
position in the machine tool cluster (0.317) as well, While APB was
low ranked in both the groups. When it comes to “Impact of barrier
removal on techno-economic performance” as a criterion for rank-
ing, it is seen that there is no contrast between the order of the two
clusters. FEB and GTB have taken the top position in both the clus-
ters and APB obtained the least prioritization. Considering “finan-
cial and organizational difficulty in barrier removal” as the
criterion, both groups showed that MOB is the predominant bar-
rier, while APB ranked the lowest prioritization. Considering the
potential benefits of “Impact of barrier removal on socio-
economic aspects”, MOB ranked at the top position in the auto
cluster. In contrast, FEB ranked the top position in the machine tool
cluster, and APB got the lowest place in both the groups. This anal-
ysis is only based on individual criteria, which ignores inadequacy
in the prioritization of the barriers. It can also be observed that pri-
orities are identical in the auto auxiliary and machine tool clusters.
Table 7 provides composite weights of both the clusters considered
in the study Illustrate the pair-wise comparison of barrier alterna-
tives with respect to their criteria in the auto auxiliary and Fig. 4
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Table 4

Pair-wise comparison of criteria to attain the goal.
Criterion IBEAT IBTEP FODBR IBSEB Priority
Auto auxiliary cluster
IBEAT 1.00 0.88 1.52 2.48 0.313
IBTEP 1.14 1.00 1.74 2.74 0.354
FODBR 0.66 0.57 1.00 1.62 0.205
IBSEB 0.40 0.36 0.62 1.00 0.127
Machine tool cluster
IBEAT 1.00 0.92 1.28 2.21 0.301
IBTEP 1.09 1.00 1.38 242 0.327
FODBR 0.78 0.72 1.00 1.72 0.236
IBSEB 0.45 0.41 0.58 1.00 0.136

Auto Auxiliary Cluster Machine Tool Cluster
IBEAT
0.35
0.3
0.25
IBSEB * » IBTEP IBSEB * - IBTEP
FODBR FODBR
Fig 2. lllustration of pair-wise comparison of criteria with respect to the goal in the auto auxiliary and machine tool clusters.

Table 5

Pair-wise comparison of barriers groups in an auto auxiliary cluster.
Barrier group APB GTB FEB SOB AIKB Weight
Impact of Barrier removal on energy efficiency and Adoption of Technology (IBEAT)
APB 1.00 0.74 0.42 0.48 0.88 0.125
GTB 1.35 1.00 0.54 0.68 1.24 0.171
FEB 2.38 1.85 1.00 1.18 224 0.307
MOB 2.08 1.47 0.85 1.00 1.88 0.258
AIKB 1.14 0.81 0.45 0.53 1.00 0.139
Impact of Barrier removal on Techno-Economic Performance (IBTEP)
APB 1.00 0.54 0.48 0.72 0.88 0.134
GTB 1.85 1.00 0.98 1.42 1.62 0.256
FEB 2.08 1.02 1.00 1.58 1.8 0.276
MOB 1.39 0.70 0.63 1.00 1.14 0.179
AIKB 1.14 0.62 0.56 0.88 1.00 0.155
Financial and Organizational Difficulty in Barrier Removal (FODBR)
APB 1.00 0.92 0.74 0.46 1.03 0.152
GTB 1.09 1.00 0.84 0.52 1.12 0.168
FEB 1.35 1.19 1.00 0.6 1.26 0.199
MOB 2.17 1.92 1.67 1.00 2.12 0.328
AIKB 0.97 0.89 0.79 0.47 1.00 0.153
Impact of Barrier removal on socio-economic performance (IBSEB)
APB 1.00 0.72 0.68 0.58 0.72 0.144
GTB 1.39 1.00 0.92 0.84 0.94 0.198
FEB 1.47 1.09 1.00 0.92 1.08 0.216

Illustrate the pair-wise comparison of barrier alternatives with
respect to their criteria in the machine tool cluster. (see Figs. 3

and 4).

5.

Barrier mitigating strategies: Policy implications

The processing of raw materials into the final products in both

the clusters have similar approaches with respect to energy utiliza-
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Table 6

Pair-wise comparison of barriers groups in machine tool cluster.
Barrier group APB GTB FEB SOB AIKB Weight
Impact of Barrier removal on energy efficiency and Adoption of Technology (IBEAT)
APB 1.00 0.82 0.42 0.52 0.86 0.130
GTB 1.22 1.00 0.52 0.68 1.14 0.164
FEB 2.38 1.92 1.00 1.36 2.12 0317
MOB 1.92 1.47 0.74 1.00 1.64 0.242
AIKB 1.16 0.88 047 0.61 1.00 0.148
Impact of Barrier removal on Techno-Economic Performance (IBTEP)
APB 1.00 0.58 0.56 0.88 0.92 0.148
GTB 1.72 1.00 0.98 1.58 1.68 0.261
FEB 1.79 1.02 1.00 1.62 1.74 0.268
MOB 1.14 0.63 0.62 1.00 1.12 0.168
AIKB 1.09 0.60 0.57 0.89 1.00 0.155
Financial and Organizational Difficulty in Barrier Removal (FODBR)
APB 1.00 0.84 0.74 0.62 0.92 0.160
GTB 1.19 1.00 0.92 0.72 1.12 0.192
FEB 135 1.09 1.00 0.82 1.28 0.215
MOB 1.61 1.39 1.22 1.00 1.54 0.262
AIKB 1.09 0.89 0.78 0.65 1.00 0.171
Impact of Barrier removal on socio-economic performance(IBSEB)
APB 1.00 0.86 0.62 0.54 0.84 0.147
GTB 1.16 1.00 0.72 0.64 0.92 0.169
FEB 1.61 1.39 1.00 0.84 1.35 0.235
MOB 1.85 1.56 1.19 1.00 1.56 0.273
AIKB 1.19 1.09 0.74 0.64 1.00 0.177

Table 7

Composite weight for the barriers in the two clusters.
Barrier group IBEAT IBTEP FODBR IBSEB Composite Weight Rank
Auto auxiliary cluster
APB (0.313)*(0.125) + (0.354)*(0.134) + (0.205)*(0.152) + (0.127)*(0.144) = 0.136009 5
GTB (0.313)*0.171) + (0.354)*(0.256) + (0.205)*(0.168) + (0.127)*(0.198) = 0.203733 3
FEB (0.313)*(0.307) + (0.354)%(0.276) + (0.205)*(0.199) + (0.127)%(0.216) = 0.262022 1
MOB (0.313)*(0.258) + (0.354)%(0.179) + (0.205)*(0.328) + (0.127)*(0.241) = 0.241967 2
AIKB (0.313)*(0.139) + (0.354)*(0.155) + (0.205)*(0.153) + (0.127)*(0.202) = 0.155396 4
Machine tool cluster
APB (0.301)*(0.130) + (0.327)%(0.148) + (0.236)*(0.160) + (0.136)*(0.147) = 0.145278 5
GTB (0.301)*(0.164) + (0.327)%(0.261) + (0.236)*(0.192) + (0.136)*(0.169) = 0.203007 3
FEB (0.301)*(0.317) + (0.327)*(0.268) + (0.236)*(0.215) + (0.136)*(0.235) = 0.265753 1
MOB (0.301)%(0.242) + (0.327)%(0.168) + (0.236)*(0.262) + (0.136)*(0.273) = 0.226738 2
AIKB (0.301)*(0.148) + (0.327)%(0.155) + (0.236)*(0.171) + (0.136)*(0.177) = 0.159661 4

tion, entrepreneurial and socio-economic conditions. It was found
that FEB and MOB are the top two predominant barriers to REET
adoption in MSME clusters. Thus, there is a scope and potential
to enhance the overall performance with synergy between renew-
able energy and energy efficiency, with a standard set of policy
interventions. Indeed, the adoption of REET has significant benefits
in terms of energy savings and social-environmental aspects.
Enhancing energy efficiency by adopting advanced technologies
available in the market is vital for conserving energy sizeably
and reducing overall production costs. Poor local markets net-
works, lack of initial investment capabilities, low production vol-
umes, uncertainty in the payback period impede technology up-
gradation. The various dimensions of FEB reveal that MSME clus-
ters lack investment capabilities to adopt REET. It can be managed
by external borrowings like finance mechanisms with the support
of the government. Promoting renewable energy uptake is carried
out positively by providing subsidies, incentives, and other mech-
anisms. Managerial and Organizational barriers (MOB) can be over-
come sequentially by penetrating energy-efficient initiatives and
replacing inefficient technologies. MSME entrepreneurs should
focus on administrative and technical capabilities to adapt to
advanced technologies; also they should focus on economic
aspects and support the environmentally benefiting technologies
to reduce the carbon footprints in their units. Firms have to look
for advanced technologies and management strategies for their

long-term growth. Mitigating FEB and MOB are crucial for the
adoption of renewable energy and energy efficiency improve-
ments. The technological and geographical barriers (GTB) depend
on firm size, firms capacity, location, and associated aspects. The
location of the site restricts the firms from accessing technical sup-
port. Indeed, it is important to consider the GTB aspects while
deploying REETs in manufacturing firms. Limited in-plant exper-
tise and resource assessment, technology backup, and grid instabil-
ity are some of the technical issues faced by the firms.
Awareness, Information, and Knowledge Barriers (AIKB) which
is ranked 4th is also to be mitigated to promote REETs in manufac-
turing firms. Lack of awareness on key terms such as energy effi-
ciency, energy conservation, energy audit, and RET can be
addressed by conducting workshops and training for MSME entre-
preneurs. Lack of exposure to media, articles in magazines, and
newspapers are impacting the stakeholders to access reliable data
about advanced technologies. The difficulty to access information
on specific government schemes impedes the diffusion of energy
efficiency and RET. It can be overcome by technical training and
encouraging stakeholders to participate in workshops conducted
by BEE, CII, and MSME associations. Administrative and Policy Bar-
rier (APB) impacts the adoption of REETs in manufacturing firms
because of lack of policy support and poor implementation of reg-
ulations affecting EE improvements and adoption of RET. Lack of
information regarding EE and RET opportunities & winning solu-
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AIKB GTB

FEB

APB

AIKB GTB

(a). Impact of Barrier removal on energy efficiency and (b). Impact of Barrier removal on Techno-Economic

Adoption of Technology (IBEAT)

APB

AIKB GTB

Performance (IBTEP)

APB

AIKB GTB

(c). Financial and Organizational Difficulty in Barrier

Removal (FODBR)

(d). Impact of Barrier removal on socio-economic

performance(IBSEB)

Fig 3. Illustration of pair-wise comparison of barrier alternatives with respect to their criteria in the auto auxiliary.

tions is missing at ground level. Policy frameworks have not
included environmental enforcement and economic incentive poli-
cies on EE and RET. Further, it should also consider policy support
from government bodies in terms of tax benefits for RET, subsidies,
depreciation, environmental, and social aspect.

6. Summary and conclusions

MSMEs are crucial for the overall growth in manufacturing
enterprises, employment generation, production, and exports in
the Indian economy. They are facing a severely competitive envi-
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ronment due to global markets; survival and growth are top prior-
ities for their existence. It depends on many factors such as
government incentives and subsidies, technology transfer, tax ben-
efits, and the like. In energy-intensive clusters, the deployment of
renewable energy and energy efficiency improvement initiatives
plays a crucial role in enhancing competitiveness and combat envi-
ronmental issues. The research study was carried out at auto aux-
iliary and machine tool clusters in Mysore region of Karnataka
state, India.

Both the clusters considered in the study consume solely the
electricity for transforming raw materials to end-use products in
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APB

AIKB GTB

(a) Impact of Barrier removal on energy efficiency and (b) Impact of Barrier removal on Techno-Economic

Adoption of Technology (IBEAT)

Performance (IBTEP)

APB

AIKB GTB

(c) Financial and Organizational Difficulty in Barrier

Removal (FODBR)

(d)

Impact of Barrier removal on socio-economic

performance(IBSEB)

Fig 4. Illustratation of pair-wise comparison of barrier alternatives with respect to their criteria in the machine tool cluster.

manufacturing firms. The penetration of renewable energy and
enhancement of energy efficiency initiatives in MSME clusters
are impeded by various barriers. This study identified these barri-
ers inhibiting the adoption of REETs in manufacturing firms and
prioritized them based on the perspectives and value judgments
of MSME stakeholders. Analytical Hierarchy Process (AHP) tech-
nique is utilized to prioritize the predominant barrier groups con-
sidered in the study. It is found that barriers ranking remained the
same irrespective of the contrast among the clusters. All the barri-
ers are significant; FEB and MOB are crucial in the context of the
deployment of renewable energy and energy efficiency technolo-
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gies in the MSME clusters. This study provides insights to the pol-
icymakers/ entrepreneurs to arrive at appropriate policies for
MSMEs facilitating them to deploy and implement REET in their
firms effectively.
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