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Abstract: Like many other sectors, climate change strategies have put various restrictions on industry,
the most prominent one being caps on CO; and other energy-related emissions. At the same time,
and especially in many developing economies, the industry struggles with an increasing gap between
the fast development of the sector and lagging energy supply capacity. Collective generation of
renewable energy is seen as a promising means of transition, next to other forms of renewable energy
generation (centralised, individual). The aim of this research is to investigate factors influencing
willingness to participate in Industrial Community Energy Systems (InCES). Using existing literature
on Industrial Symbiosis and Community Energy Systems, we formulate plausible hypotheses on the
most relevant factors for the willingness of industries to join such initiatives. As one of the largest
and most diversified industrial clusters in Iran, Arak industrial park is selected as the case study.
Data were collected from the CEOs of 96 companies through survey research. Our results highlight
the crucial role of awareness about the benefits of renewable power generation in an InCES. Social
identity among industries and trust between them are also determining factors for their willingness
to join InCES. Finally, proper institutional design for overcoming the partnership complexities (e.g.,
conflict resolution) was highlighted as a crucial factor for industries. It can be concluded from the
results of this study that policymakers should avoid one-size-fits-all incentive design approaches
and reach out to larger companies with targeted incentives, introduce specially designed bank loans
for different target groups, and make use of consulting companies as intermediaries to increase the
awareness of the industries regarding the benefits of investing in an InCES.

Keywords: industrial collaboration; community energy systems; energy transition; industrial community
energy system

1. Introduction

Electricity is an essential commodity for any economy, and its importance for the
industrial sector is expected to increase significantly as the industry strives to reduce
greenhouse gas emissions [1]. At the same time, in many developing countries, the increase
in industrial electricity demand is not matched by adequate investment in generation and
transmission capacity, resulting in more or less frequent brownouts of electricity supply.
Consequently, industrial companies are forced to rethink the future provision of electricity.

A possible solution for industry is to engage in power generation itself, employing
renewable energy resources in the process, in line with climate policy targets. For an indi-
vidual company, however, the high upfront investment in electricity production capacity
and in the storage facilities needed to deal with the variability of renewable energy supply
is a sheer, insurmountable hurdle, especially in energy-intensive industries.

Given that industrial companies are usually located in physical proximity to each other
in industrial clusters, another approach is to engage in collective electricity production
from renewable resources and collective demand management. The practice of collective
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power generation and consumption is already being demonstrated in various communities
of households worldwide and is commonly referred to as “community energy systems” [2].
Community energy systems (CES) have widely been studied and are concluded to be
especially valuable in terms of self-sufficiency and sustainability, e.g., as they contribute to
decreasing the amount of power loss through the grid [3]. Despite the extensive body of
literature on CESs, the establishment and performance of such energy initiatives among
industrial companies within an industrial cluster have not been adequately studied [4].
Considering the intrinsic differences between the decision-making style/process of indus-
trial companies and households, the conditions under which an InCES can be established
in an industrial cluster are worth studying.

In this paper, we study the conditions under which industrial companies located
in a geographically defined industrial cluster may be willing to engage in an industrial
community energy system (InCES). Although other forms of collaboration between in-
dustries exist (e.g., Industrial Symbiosis), community energy systems in a community of
industrial companies have, to date, neither been established nor studied to the best of our
knowledge. We use empirical research to investigate the social, economic, environmental
and institutional factors affecting the willingness of industrial companies to participate in
an InCES. Empirical data are collected via a survey among the CEOs of a sample of the
industrial companies in Arak industrial city, Iran.

This paper is organised as follows: Section 2 positions this research by reviewing the
literature on collaborative industrial action and renewable community energy systems. In
Section 3, the methods and measures used in this study are reported. Section 4 presents the
statistical analysis of our empirical research. Section 5 provides our discussions, and finally,
Section 6 reflects our conclusion.

2. Related Literature on Industrial Community Energy Systems

In this research, rather than focusing on the technical (e.g., Micro-grid) or business
requirements (e.g., Finance), we focus on the social, economic and environmental factors
that may influence the willingness of industrial companies to join an InCES. In the remain-
der of this section, we reflect on the literature related to (collaborative) renewable energy
generation among industrial companies.

2.1. Industrial Communiy Energy System: Motivation and Challenges

As mentioned previously, establishing an InCES would be a feasible approach for
industrial companies to deal with the instabilities related to their electricity provision. These
instabilities can be witnessed in developing countries more vividly, mainly for two reasons.
First, there is a lag between the increase in the capacity of the electricity system by utility
companies and the developments in industrial clusters [5]. Therefore, there would be a lack
of capacity for the new industrial companies and for the expansion phases of the existing
industries. Second, due to long drought periods in many developing countries, access to
water resources needed for cooling down the power plants is limited [6]. Therefore, the
whole system faces brownouts, especially during the hot seasons of the year.

Consequently, investing in an InCES would be a bottom-up approach for the industrial
companies to tackle the aforementioned challenges. Establishment of an InCES would,
however, face industrial companies with a number of serious barriers. First, due to the
intermittent nature of renewable resources, the process of power generation would be
stochastic throughout a day [2]. Therefore, dealing with the baseload required by the
industries is a critical challenge, requiring industrial companies to invest in high-storage
capacity batteries [7]. This would confront enterprises with high upfront investments,
which might not be economically feasible considering the limited access to cost-efficient
batteries, particularly in developing countries. Second, investing in an InCES would bring
the participating industries into a form of partnership within which ownership dilemmas,
demand management and conflicts may be pressing issues [8].
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To tackle the mentioned challenges, (a) an on-grid design may be preferred to help
companies deal with baseload challenges; (b) partial investments in InCES that would fulfil
the excess demand (instead of the whole demand) can be promising solutions that InCES
may provide.

2.2. Industrial Collaborations and Industrial Microgrids

Collaboration among industrial companies is not new. There is an extensive body of
literature on industrial symbiosis (IS), a type of collaboration in which industrial compa-
nies share resources and by-products [9]. Among various kinds of industrial ecosystems,
industrial symbiosis is defined as a structured system for exchanging water, energy, or
material flows, so that flows discarded by some companies as waste flows can be used
as valuable inputs by other companies. This sharing of resources leads to an overall im-
provement in the eco-efficiency of the local industrial cluster through reduced consumption
of virgin materials and reduced production of industrial waste. A successful example is
Kalundborg industrial park in Denmark [9]. The focus of industrial collaboration in IS is on
optimising resource consumption and the associated economic and environmental benefits
for the industrial companies involved [9]. Whereas collaborative power generation and
demand management are not known to be part of established IS communities, there are
some publications that have briefly hinted at “trust” [10-12] and “community spirit” [13]
as the potentially influential factors for a successful IS establishment, while “economic
benefit” [10,14-19] has been strongly emphasised in the IS domain as a crucial factor.

A key difference between IS and InCES, however, is that while geographical proximity
is a crucial element for IS projects [20], this issue might not be an essential factor for
an InCES since power can be transferred from a collective power plant to and among
industrial companies through the (established) electricity grid. Furthermore, while in IS, an
uneven distribution of costs and benefits between the industrial companies is known as an
important barrier [21], the case of collaborative power generation in an InCES would allow
each member company to invest in the project to the extent of their electricity demand.

Besides IS, it is worthwhile mentioning that there is a noticeable body of literature on
industrial microgrids in which the employment of renewable resources has been discussed.
Meanwhile, this cited literature mainly investigates methods to better optimise the en-
ergy/electricity management in the industrial microgrids while considering the stochastic
nature of energy generation from renewable resources [22-27]. Despite the relevance of this
body of literature to industrial electricity management, it misses the social and institutional
aspects related to the establishment of InCES as an industrial microgrid and the way in
which such initiatives can emerge in an industrial cluster.

2.3. Community Energy Systems

There is a vast body of literature on collective renewable electricity production in local
communities of households and small businesses. Koirala et al. [2] have provided a com-
prehensive review of the existing literature on CES, which are also referred to as “energy
cooperatives” [28-33]. From this literature, many factors can be identified relevant to the
successful establishment of CES, such as a lack of grid access in rural areas, especially in
developing countries, where electricity cannot be obtained unless households invest in indi-
vidual or community facilities [32,34-36]. Within the same context, in a recent publication,
Joshi and Yenneti [37] investigated cases of CES in India and concluded that the expansion
and scalability of community energy projects in India, as a developing economy, need a
combined policy support of both a “participatory approach” and a “top-down approach”.
On the other hand, in developed economies, consumers are often willing to pay more
for energy from renewable resources. For instance, 92% of Germans advocate the growth
of renewable energy supply and are willing to pay more for electricity from renewable
resources [38]. Germany is one of the countries where many communities of households
and small businesses have successfully established collaborative energy systems. Targeted
financial incentives, such as attractive feed-in-tariffs, play an important role in the will-
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ingness of households to invest in decentralised electricity production from renewable
resources [38]. Economic stability, inflation, and interest rates are important aspects in
decisions on whether or not to invest in projects with long payback periods. Environmental
motivations are the major driving force behind the surge in CES implementation in many
developed countries [39]. Together with the improvements in efficiency and reliability,
CESs are seen as an environmentally friendlier alternative to the centralised power supply
system [40].

The extent of social connectedness among community members is another crucial
factor influencing their willingness to engage in community initiatives rather than indi-
vidual actions [28]. The stronger the community identity, the stronger the collaboration
among households/citizens [41]. The literature furthermore shows that trust is an essential
condition for establishing a community energy project [29,42,43]. These perceptions are
typically embedded in a society’s social norms. Therefore, the chance of establishing a
cooperative in a fragmented society would be marginal [44,45].

Speaking of the abovementioned qualities emphasises that establishing an InCES is
not just a business collaboration among industries with close proximity. There are other
motives, such as “trust” and “community spirit” among community members, which
can act as the enabling factor for the industries to consider joining/establishing such
initiatives [5].

2.4. Identification of Potential Success Factors for InCES

All of the factors so far identified from the CES literature seem to be equally relevant
for establishing community energy systems between industrial companies. Several of these
factors (i.e., economic benefits, trust, and community spirit) are also highlighted as essential
factors for collaboration between industrial actors in the IS literature.

In addition to these factors, we expect industrial companies to be quite sensitive
about the ownership arrangement of an InCES because the capital investment will vary
widely among the industrial participants, depending on, e.g., company size and energy
intensity. Companies with a large electricity demand will have a stronger bearing on the
necessary investments for an InCES than companies with low electricity consumption [5].
This is unlike CES practice between households where the ownership arrangements are
not considered a decisive factor influencing households” willingness to join a CES [2].
Nonetheless, in household CES, various ownership arrangements occur, ranging from full
ownership by the community to co-ownership agreements with private or public actors [46].
However, shared ownership can complicate cooperation in InCES as it complicates the
potential exit of companies if, for some reason in the future, the partnership in this collective
action is no longer beneficial for a member.

Furthermore, we assume that the company’s size can affect its willingness to join an
InCES for various reasons. First, a large company has more budget to allocate for new
investment projects. Second, due to the capital invested, a large company is more likely to
make long-term investment decisions [47]. Moreover, awareness regarding the availability
of incentive mechanisms and knowing the benefits of RE generation is assumed to posi-
tively correlate with the industrial companies” willingness to invest in an InCES [2,42,48].
Last, energy demand is expected to be an important factor related to company size. Large
companies running energy-intensive processes have to think strategically about opportuni-
ties to lower the cost of electricity use and reduce their vulnerability to service interruptions.
The cost issue is critical to the risk of electricity price changes. This risk is certainly relevant
in the case of Iran, where the government decides on the electricity tariff system and where
consumer tariffs are heavily subsidised by surcharges on the electricity service tariffs for
industry [49].

Accordingly, from the literature on both IS and CES, we hypothesised (a) social,
(b) economic, and (c) environmental factors as the impacting ones on the willingness of the
industries to participate in an InCES. The above-mentioned factors are listed in Table 1.
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Table 1. Hypothesised impacting factors on the willingness of the industrial companies to invest in

an InCES.
Factor Hypothesis Citation
Willingness to pay Hi1. Wz?lzngness tq pay more for” renewable’ e’lectrzczty has a [10-12,14,15,38]
positive correlation with willingness to join an InCES
Upfront investment and H2. Willingness to invest in long-term projects has a positive [10,16-19,50]
financial incentives correlation with the willingness of industries to join an InCES ! !

H3. Pro-environmental industries have a stronger motivation to

join an InCES or initiate one. [3940,51-53]

Environmental motivation

H4. Strong social connectedness and being a part of the
Community identity community have a positive correlation with the willingness of [13,28,41]
industrial companies to join an InCES

HS5. Trust among community members positively correlates with

Trust the willingness of industrial companies to join an InCES

[10-12,29,43-45]

Heé. Sensitivity on ownership negatively correlates with the

willingness of industrial companies to join an InCES. [2,46,54,55]

Ownership

H?7. Being aware of the financial benefits and incentives related to
Awareness RE generation positively correlates with the willingness of [2,43,48]
industrial companies to join an InCES

Industry-specific factors:

HS8. The size of the industrial companies positively correlates with

Size of the company their willingness to join an InCES

H9. Industrial companies with large electricity consumption are

Electricity demand more willing to join an InCES

3. Materials and Methods

In this research, we employ survey research to investigate factors impacting the willing-
ness of the industrial companies to invest in an InCES. Figure 1 shows the research design.

Literature reveiew:
a) industrial symbiosis — Forming hypotheses (Table 1) —>
b) Community energy systems

Designing questionnaire based on Sampling / Distributing questionnaire
hypotheses among sample

Data Analysis
Regression analysis +—— Factor analysis +— Finding correlations

Figure 1. Flow of the research design.

This research conducts a survey (Appendix A) distributed among the CEOs of a
sample of industries in Arak Industrial city. The reason behind the selection of Arak as
our case study stems from the maturity of this industrial city regarding the variety in
types of industries (e.g., part-making, textile, casting, polymer, glass, and food industry)
and the large number of active companies. Arak industrial city numbers 603 companies,
geographically distributed over six industrial clusters, as shown in Figure 2 (each cluster
ranging between 5 to 278 companies).
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Figure 2. Industrial clusters located in Arak (Google Maps, 2019. ARU: Arak, Markazi
Province, Iran. Available online: https://www.google.com/maps/place/Arak,+Markazi+
Province,+Iran/@34.0546041,49.684491,11.92z/data=!4m5!3m4!1s0x3fec9554150e5439:
0x2919ecd4b6d4348c!8m2!3d34.0953553!4d49.7013486, accessed on 12 December 2019).

The questionnaire was designed to test the hypotheses formulated in Table 1. The ques-
tionnaire addresses the extent to which the industrial companies’ executives meet with each
other, how willing they are to partner with the industrial companies of their zone, and how
important it is for them to become independent from the government for electricity supply.
Moreover, the survey contains inquiries into the factor(s) which may hinder collaboration
between the companies in an InCES, such as “trust.” Besides the companies’ opinions and
behaviours, data were also collected on their attributes, including their location, number
of employees, production field, electricity demand, electricity consumption pattern, and
monthly electricity bill (Appendix A). In addition to testing the hypotheses in Table 1, the
research also took an inductive approach by exploring other possible factors that could
potentially affect industrial companies” willingness to join an InCES. These factors will be
further explained in the results section.

The collected data were statistically analysed using IBM SPSS STATISTICS 25, IBM,
New York, NY, United States.

4. Results
4.1. Data Sample and Descriptive Statistics

In order to carry out this research, we selected a sample from each of the industrial clus-
ters located in Arak industrial city following the systematic expert sampling method [56].
The companies were selected from the list of provided by each cluster’s management
office with the aim to cover the full range in terms of size, electricity demand, and number
of employees.

The sample in which we conducted the survey covers 35% of the total number of
industrial companies located in Arak (212 out of 603). The distribution of respondents,
the sample, and the population among the five industrial clusters (Kheir Abad industrial
cluster consists of two parts. The newer cluster is known as the “expansion phase”. Here
for the sake of simplicity we showed these two clusters under the category of “Kheir Abad”
industrial cluster) are shown in Figure 3.
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No. of respondents B No. of sample  ENo. in population

NO.1 GHOTB KHEIR ABAD HAJI ABAD URBAN
TERRITORRY

Figure 3. Survey population mix.

As reflected in Figure 3, the survey was distributed among (the CEOs of) 212 com-
panies, and we succeeded in collecting 96 completed responses (~46%) which can be
considered as a relatively high response rate for surveys distributed among industrial
executives [57].

Table 2 gives an overview of the attributes of industries that participated in the survey.

Table 2. Demographic data on responsive companies.

Demographic Results n % Among Total Respondents
Size

1-50 Workers 64 66.6

50-100 Workers 14 145

100-150 Workers 9 9.3
150-200 Workers 2 2

>200 Workers 7 7.2

Ownership type

Private 70 72.9

Private (Family company) 24 25.1
Public 2 2

Electricity consumption per month

0-10 MWh 55 57.2

10-50 MWh 23 23.2

50-100 MWh 8 8.3

100-400 MWh 3 3.1
>400 MWh 2 2

CEO didn’t know 6 6.2

Working shifts

1 shift per day 56 58.5

2 shifts per day 20 20.8

1 day and 1 night shift 14 14.5

3 shifts per day 6 6.2

As illustrated in Table 2, 98% of the responsive companies are private companies. Fur-
thermore, 66.6% of them have less than 50 workers, reflecting that most of our respondents
are small-scale enterprises. The monthly electricity consumption data indicate that 57.2%
of the responsive companies consume less than 10 MWh per month and 23.2% consume
between 10 MWh to 50 MWh. This also confirms that around 60% of respondents can be
considered as small and 23% as medium-sized enterprises, which is compatible with the
number of respondent industries in terms of size (Table 2).



Sustainability 2022, 14, 7007

8 of 25

Regarding the working shifts, we can see that the majority of the industrial companies
(60%) that took part in this survey had only one shift per day schedule (at the time of the
survey, Iran’s economy was experiencing a deep recession due to US sanctions against
Iran). Therefore, many companies were forced to operate no more than one shift per day).

4.2. Factors Affecting the Willingness to Join an InCES
4.2.1. Dependent Variable

Since the objective of this research is to characterise the willingness of the industrial
companies in Arak to engage in an InCES, the dependent variable in our survey is: “Even-
tually, in case there is an InCES in your zone (or is going to be initiated), would you be willing to
invest in it?”. Respondents could score this question between 1 to 10, reflecting whether they
completely disagree or completely agree with this phrase, respectively. For the sake of better
visibility, in our tables and figures, we labelled this question as “INCES-INVESTMENT".

4.2.2. Independent Variables

To investigate the impact of the factors hypothesised previously in Table 1, we de-
signed the survey in such a way as to reflect the opinion of the respondents regarding a
range of variables which can be clustered into three categories: (a) social factors, (b) economic
factors, and (c) environmental factors. Within the mentioned categories, besides the hypothe-
sised factors (Table 1), we also collected data on some other aspects that we found to be
informative/impacting regarding the willingness of the industrial companies to invest in
an InCES. These factors are marked as “exploratory” in Table 3.

Table 3. List of independent variables and their labels.

List of Independent Variables

and Their Labels Label n Mean MIN MAX SD

Demographic factors

1. Education

2. Size of the company (HS)

EDU 96 3.25 1 5 0.785
SIZE 96 1.68 1 5 1.96

Social factors

3. Degree of social bonding within the
industrial zone (H4) SOCI-BOND 96 3.46 1 10 1.04
4. Willingness to make partnerships with PARTNER-WILL 9 5.73 1 9 2.161
other companies (exploratory hypothesis)
5. Degree of willingness to take the leadership LEAD-WILL 9 4.25 1 9 2.501
of InCES (exploratory hypothesis)
6.  Degree of not being interested in making NO-TRUST-
partnerships with other companies due to OTHER 96 6.71 2 9 1.383
not having trust in them (H5)
7. Degree of not being able to trust
governments’ promises (incentives) over NO-TRUST-GOV 96 7.87 3 10 1.274
time (H5)
8. Degree of not being interested in sharing
. . , NO-INFO-
the information on your company’s 9 6.23 1 10 1.954
electricity consumption with others SHARE
(exploratory hypothesis)
9.  Degree of your tendency to value PRO-
transparency in partnerships TRANSPARENCY 96 8.44 5 10 1.099

(exploratory hypothesis)
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Table 3. Cont.
List of Independent Variables and Their Labels Label n Mean MIN MAX SD
10.  Degree by which you align your decisions
with prominent companies’ decisions if ALIGN-PROM-
they decide to join InCES COMP % 7.03 4 10 1333
(exploratory hypothesis)
11.  Degree by which you value democratic PRO-
decision making in partnerships DEMOCRACY 96 8.13 1 10 1.606
(exploratory hypothesis)
12.  Degree by which you believe that the
complexities of partnerships can be INSTITUTION- 96 747 4 9 1.05
overcome by establishing proper BELIEVER
institutions (exploratory hypothesis)
13.  Degree by which you are not aware of the NOT-AWARE 9% 6.17 3 10 1.843
incentives and benefits of RE in Iran (H7)
Environmental factors
14.  Degree by which you believe that RE
should replace fossil-based energies Iljgsgg%ii 96 7.54 4 10 1.236
because of environmental concerns (H3)
15.  Willingness to pay more for RE in your WTP-RE-
household due to environmental PERSONAL 96 7.09 3 10 1.452
concerns (H1)
16.  Willingness to use RE in your company due WTP-RE-
to environmental concerns if it is CORPORATE 96 7.39 4 10 1.223
economically feasible (H3)
17.  Degree of your willingness to participate in SOCI-ENV-
socially and environmentally friendly plans PIONEER 96 6.19 2 10 L6
regardless of their economic benefits (H3)
Economic factors
18.  Desired amount of allocation of annual
revenue for InCES (H1) ANN-REV 96 5.21 1 10 0.704
19. Desired ROI in investment projects (H2) ROI 96 6.42 1 10 0.515
20. Degree of not being interested in making NO-PARTNER-
partnerships in strategic issues such as STRATEGIC 96 6.78 1 10 1776
electricity (exploratory hypothesis)
21. Degree by which you are interested in PRO-
having a share in a partnership which is TRADABLE- 96 8.87 6 10 1.064
easily tradable (H6) SHARE
22. degree by which you are interested in
joining InCES only for economic benefits by SELL-RE 96 717 4 10 1173
selling generated RE (H2)
23. Degree by which you assume that an
increase in the price of electricity is PROBABLE-
probable, and you are willing to become ELEC- 96 6.8 3 10 1.326
gradually independent in terms of your INCREASE
electricity (exploratory hypothesis)
24. Degree by which you entitle your company ENTITLE-
to cheap electricity in an oil-rich CHEAP-ELEC 96 6.78 2 10 1.708

country (H9)
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Table 3. Cont.

List of Independent Variables and Their Labels Label n Mean MIN MAX SD
25. Degree by which you are interested in

investments with fast cash out PRO-FAST- 96 7.71 5 10 0.836

. CASHOUT
conditions (H6)
Dependent variable
. . . INCES-

Willingness to invest in InCES INVESTMENT 96 6.79 2 9 1.398

These variables and their designated labels are listed in Table 3.

4.2.3. Correlation Tables

The results of the Spearman correlation test for each of the three categories are shown
in this section respectively.

(a) Social and demographic factors:

Table 4 shows the correlation matrix related to social and demographic factors.

According to the results presented in Table 4, there are significant positive correlations
between “education” (0.32), “the degree by which industrial companies are willing to
join partnerships in their industrial zone” (0.298), “the degree by which it is important
for industrial companies to be a part of socially and environmentally friendly projects
(regardless of the economic feasibility of these projects)” (0.655), “the degree of positive
motivation induced by prominent companies of their zone investing in an InCES” (0.569),
“the degree by which the decision making in the InCES will be organised democratically”
(0.391), “the degree by which companies believe that proper institutions can overcome
the complexities in partnerships” (0.547) and “the willingness of the industrial companies
to invest in InCES”. Besides these positive correlations, the factor “not trusting other
members in terms of them being erratic in financial issues, etc.” negatively correlates with
our dependent variable (—0.374).

Table 4. Correlations between the Social and demographic factors and the dependent variable.

Correlation Table—Social and Demographic Factors

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1-EDU 1
2-SIZE 0.131 1
3-50CI-BOND 0116  0341% 1
4-PARTNER-WILL 0066  03g2% 0403 1
5-LEAD-WILL 0.168 0454+ 0482 0621 1
6-SOCLENV-PIONEER  0419% 0354* 023 j94 0365 1
7.NO-TRUST-OTHER 0107 —0076 —0119 —0195 —0154 3%
8-NO-TRUST-GOV 0000 0113 0053 2% o150 ouas 024 1
9-NO-INFO-SHARE ~0191 0095 0088 —009 0112 0048 0128 0005 1
TRANCPASENCY 0239+ 0188 0126  009% 0156 °%% o011 928 q1e0 1
11-ALIGN-PROM-COMP 0358+ 0320+ 0304 gq3p 0339 0581 0358 (405 gy 0397 1
12PRO-DEMOCRACY ~ 0219* 0027 0098 0130 0278 028 a5 0206 0272 449, 0291 1
ST RN 0408*  0247* 0070 0001 0185 02 024 ga05 ooz 0250 0483 0.286 1
14INCESINVESTMENT ~ 0320% 0259+  0-207 0298 0307 0655  —0374 49,  ge9 0248 0569 0391 0547

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).

Based on these correlation coefficients, it appears that the factor “being interested in
being a part of a socially and environmentally friendly project” has a substantial impact
on companies’ willingness to invest in an InCES. This factor is also positively correlated
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with education and company size, implying that bigger companies with more educated
decision makers are more likely to invest in socially and environmentally friendly plans.
Furthermore, we can see that bigger companies tend to be more socially connected to
their peers in their industrial cluster and are more prone to join partnerships and to take a
leadership role. This reflects the hypothesised role of bigger, more prominent companies in
encouraging other companies in their industrial cluster to join an InCES.

Besides, as expected, a lack of trust in other companies as potential members of
an InCES has a negative impact on joining one. Interestingly though, a lack of trust in
the government’s plans to promote renewable energy does not significantly correlate
with almost any of the factors above. Apparently, the respondents are indifferent about
government and government policies, which may be interpreted as looking at a potential
InCES as a completely bottom-up initiative without any role for the government.

The preference of respondents for a partnership in which the decision-making pro-
cesses are being carried out democratically is an important parameter to be taken into
account for the institutional setting of an InCES. This preference may be related to previous
experiences of industrial companies in partnerships with uneven dominance levels between
members [5].

Besides analysing the social and demographic factors and their correlation with our
dependent variable, we evaluated the willingness of the industrial companies to invest in
InCES for each of the different industrial clusters. The results are shown in Figure 4.

Figure 4 shows that the industrial companies located in Haji Abad and Urban Territory
have significantly scored higher on willingness to invest in an InCES. This may be explained
by the fact that these two industrial zones have the longest history, as they were the first
industrial clusters to be established in Arak. Moreover, companies located in Urban
Territory are significantly bigger than those in other industrial clusters. While historically,
the location of these companies was outside the urban territory of Arak, it is through the
development of the city over time that they have now become part of Arak’s urban territory.
It is worth mentioning that the companies located in Haji Abad also turned out to be the
most socially bonded companies (SOCI-BOND factor, Table 3), according to their responses
to the questionnaire.

Ghotb industrial zone Haji Abad industrial zone Kheirabad industrial zone No.1 Industrial zone Urban territory

Frequency

2 3 456 78 9 2 3 456 78 9 2 3 456 7 89 2 3 45 67 89 23 4567 89

Willingness to invest in InCES

Figure 4. Willingness of industrial companies to invest in InCES vs. Location.

(b) Economic factors:

Table 5 illustrates the correlation matrix related to economic factors:
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Table 5. Correlations between the Economic factors and the dependent variable.

Correlations Matrix—Economic Factors

1 2 3 4 5 6 7 8 9 10 11
1-EDU 1
2-SIZE 0.131 1
3-ROI 0.038 0.172 1
4-ANN-REV 0.124 0.322 * 0.383 ** 1
5-PRO-TRADABLE-SHARE 0.421 ** 0.202* 0.073 0.011 1
6-SELL-RE 0.127 0.038 —0.048 —0.207* 0.026 1
7-PROBABLE-ELEC- . - o . -
INCREASE 0.366 0.295 0.365 0.422 0.299 —0.040 1
8-ENTITLE-CHEAP-ELEC —0.172 —0.201 —0.244* —0216*  —0.045 —0.002 —0.419 * 1
9-PRO-FAST-CASHOUT 0.050 —0.020 0.037 —0.003 0.101 0.127 —0.073 0.013 1
10-NOT-AWARE —0.147 —0.067 —0221*  —0288*  —0.016 0.420 ** —0334* 0127  0.053 1
11-INCES-INVESTMENT 0.320 ** 0.259* 0.320 ** 0.360 ** 0.304*  —0.218* 0752*  —0176 —0.081 —0374* 1

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).

The correlation coefficients in Table 5 show a positive correlation of “education” (0.32),
“willingness to invest in projects with lower ROI"” (0.320), “willingness to allocate a larger
part of annual revenue to an InCES” (0.360), and “being interested in easily tradable shares
in an InCES” (0.752) with the “willingness of industrial companies to invest in an InCES”.
There is a negative correlation (—0.374) between the degree of the companies” awareness
of the benefits and incentives related to RE generation and their willingness to invest in
an InCES.

Moreover, we see a significant positive correlation between the size of industrial
companies and their willingness to allocate a larger share of their annual revenue to an
InCES (if they choose to invest), reflecting the role of bigger companies in bearing the
upfront investment costs related to RE generation projects. This is also consistent with the
behaviour of bigger companies with respect to the social variables previously discussed.

A strong, significant positive correlation (0.752) is found between the degree to which
the industrial companies expect the price of electricity to increase and their willingness
to evade this threat by pursuing independence in power supply through an InCES. This
expectation fits with the trend of de-subsidising electricity prices in many oil-rich countries.
Interestingly, Table 5 also shows that this notion negatively correlates (—0.419) with a feeling
of entitlement to cheap and abundant electricity, which still persists in oil-rich countries.

The significant positive correlation between the willingness of industrial companies
to join in partnerships where their share is legally credible and easily tradable highlights
the importance of a clear exit policy to be accounted for in the institutional setting of an
InCES. Companies are more willing to join an InCES if they can be reassured about possible
complications which might arise in case they decide to end their participation.

Besides the results shown in Table 5, we explored the behaviour of the industrial
companies in financing their participation in an InCES. For this purpose, we asked them,
“In case you are interested in investing in an InCES by getting loans from banks, which of the
following would be more interesting to you?”

Figure 5 shows the histogram chart of the companies’ responses to this question. This
chart indicates that 65.3% of the industrial companies which have participated in our survey
are more willing to seek loans with longer payback periods (we have interpreted a duration
of 5 to 7 years as a long payback period by taking Iran’s economic characteristics into
consideration. This might not be interpreted as a long payback period in other countries
with different economic attributes. In the same context, a loan with a payback period of
up to 3 years is considered a short-term loan) and use other types of credits (such as the
financial value of the installed solar technology) as the guarantee of the loans rather than
a real-estate guarantee. These results reveal a crucial hint for policymakers to promote
transitioning to RE in the industrial sector by introducing loans that accept RE technology
assets as (a part of) the loan guarantee.
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Histogram - Type of loans

60

Frequency

ed in getting loans from banks

20

with short payback period + low
st rate + properties as guarantee

Loan with normal interest and payhack
period + no properties as guarantee

0 1 2 3 4 B

Different combinations of loans
Figure 5. Histogram—types of loans.

Electricity consumption scheme:

To dig into more detail, we explored the relationship between the electricity con-
sumption schemes of the industrial companies and the degree to which they are willing to
become independent from the grid due to the high probability of an increase in the price
of electricity.

Figure 6 shows the difference in the mean value of the scores which industrial compa-
nies with different electricity consumption schemes assigned to the phrase “Similar to other
energy carriers, we assume that an increase in the price of electricity is probable and we are willing
to invest in InCES to become gradually independent”. According to Table 6, this difference is
statistically significant.

20

15

Frequency
]

Electricity consumption scheme
[] Working stations with low intense electricity

[] Working stations with high intense electricity

o [ 1]

3 4 5 6 7 8 9 10

An increase in the electricity price is highly probable & we are willing to become independent by InCES

Figure 6. Electricity consumption scheme vs. willingness to become independent from the grid due
to high probable increase in the price of electricity (dark pink shows the result of the overlap of the
pink and blue).
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Table 6. Electricity consumption vs. willingness to become independent from the grid due to high
probable increase in the price of electricity.

Electricity Consumption Scheme n Mean Std. Deviation
PROBABLE-ELEC- Working stations with low intensity of electricity 60 6.52 1.359
INCREASE Working stations with high intensity of electricity 35 7.29 1.126
Levene’s Test for Equality of Variances
F Sig. t df Sig. (2-tailed)
PROBABLE-ELEC- Equal variances assumed 0.845 0.360 —2.827 93 0.006
INCREASE Equal variances not assumed —2.970 82.131 0.004

This difference appears to be related to a significant difference in the share of electricity
in the production costs. Companies where the production costs strongly depend on the
electricity price have a strong incentive to neutralise the threat of an increase in the price
of electricity.

(c) Environmental factors:

As illustrated in Table 7, there are significant positive correlations (0.697) between the
willingness of CEOs to pay more for RE in their households for environmental concerns
and their willingness to invest in an InCES. This positive correlation can also be seen
between the degree by which the CEOs of the companies believe that fossil fuel-based
energies should be replaced by RE due to environmental concerns and their willingness
to invest in an InCES (0.552). It is also noteworthy that education shows a significant
positive correlation with both of the aforementioned factors. In other words, we can expect
companies with CEOs who are more educated and more inclined to transition to RE in
their personal lives to be more willing to invest in an InCES.

Table 7. Correlations between the Environmental factors and the dependent variable.
Correlations Matrix—Environmental Factors
1 2 3 4 5 6 7
1-EDU 1
2-SIZE 0.131 1
3-WTP-RE-PERSONAL 0.408 ** 0.213 * 1
4-WTP-RE-CORPORATE 0.185 0.041 —0.039 1
5-FOSSTORE- o - o -
PERSONAL 0.462 0.310 0.647 0.268 1
6-SOCI-ENV-PIONEER 0.419 ** 0.354 ** 0.588** —0.060 0.551 ** 1
7-INCES-INVESTMENT 0.320 ** 0.259 * 0.696 ** —0.064 0.552 ** 0.655 ** 1

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).

4.3. Factor Analysis

Besides the obtained results from the correlation tables discussed earlier, we ran a factor
analysis test to explore how our responsive population can be divided into different clusters
based on their responses to the independent variables. The Kaiser-Meyer-Olkin (KMO)
test, which indicates that the sampling adequacy was 0.786, shows that the correlation
patterns are compact and that the factor analysis should generate reliable and distinct
factors. Moreover, Bartlett’s Test of Sphericity was significant (x2(190) = 787, p = 0.00). Both
the KMO test and Bartlett’s test confirmed that the factor analysis (principal component
analysis) could be appropriately applied for this sample dataset to reduce dimensions and
provide some segmentation based on the respondents’ responses.
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Initially, five factors were chosen due to having eigenvalues over one and covering
63% of the variance. The extraction method used is the principal component analysis [58].

As expected, the factors had intercorrelations, so the direct oblimin rotation method
was used [58], generating five rotated factors reflected in Table 8.

Table 8. Factor analysis results.

Groups

Socially Aware and Economically Oil-Rich-Resident Not Aware Information

Env1ronmenta})ly Confident (15%) Mindset (11%) (10%) Sensitive (6%)
Concerned (20%)

1-EDU
2-SIZE 0.608
3-SOCI-BOND 0.683
4-ROI
5-ANN-REV 0.687
6-LEAD-WILL 0.846
7-PARTNER-WILL 0.804
8-FOSSTORE-PERSONAL 0.620
9-WTP-RE-PERSONAL
10-SOCI-ENV-PIONEER 0.651
11-NO-TRUST-OTHER
12-NO-INFO-SHARE 0.799
13-PRO-TRANSPARENCY 0.695
14-ALLIGN-PROM-COMP 0.704
15-PRO-DEMOCRACY
16-PRO-TRADABLE-SHARE 0.792
17-INSTITUTION-BELIVER 0.646
18-PROBABLE-ELEC-
INCREASE
19-ENTITLE-CHEAP-ELEC 0.813
20-NOT-AWARE -0.770

The first group includes companies whose managers are more environmentally con-
cerned and more socially aware. The second group are those companies with bigger size,
whose managers are more likely to tolerate economic risks and are confident to initiate
an InCES and lead it. The third group are those companies who, as the residents of an
oil-rich country, entitle themselves to cheap electricity and are not interested in investing in
renewable energy or energy autonomy. The fourth group consists of companies currently
unaware of the incentives and benefits of RE-based power generation in Iran. Finally,
the fifth group includes companies that are reluctant to share information related to their
electricity consumption.

4.4. Regression Analysis

Finally, to predict willingness to invest in InCES, we performed a regression analysis.
To determine those variables with the highest predictability power (for the willingness
of the industrial companies to invest in an InCES), we entered variables from the factor
analysis with noticeable eigenvalue into the regression model.

In order to nullify the multi-collinearity effect between the variables, we selected a
stepwise linear regression model to specify which of these variables really contributes to
predicting the willingness of the industrial companies to invest in an InCES. This model
arrived at six variables with the highest predictability power, which are shown in Table 9.
The adjusted r-square after including these six variables is 0.596, indicating that our six
predictors (variables) account for about 60% of the variance in the overall willingness of
the companies to invest in an InCES.
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Table 9. Regression Analysis.

Stepwise Regression Mode—Coefficients

Unstandardised Coefficients Standardised Coefficients
Model ¢ Sig
B Std. Error Beta
(Constant) 0.798 0.891 0.895 0.373
(a) SOCI-ENV-PIONEER 0.238 0.079 0.272 3.000 0.004
(b) INSTITUTION-BELIVER 0.286 0.107 0.215 2.670 0.009
() NOT-AWARE —0.163 0.052 —0.215 —-3.122 0.002
(d) ALLIGN-PROM-COMP 0.196 0.091 0.187 2.164 0.033
() PARTNER-WILL 0.100 0.044 0.154 2.257 0.026
(f) FOSSTORE-PERSONAL 0.230 0.083 0.239 2.755 0.007

Dependent Variable: Willingness to invest in InCES

As we used the factors derived from the factor analysis method, the multicollinear-
ity effect is already nullified. In Appendix B, the linearity and homoscedasticity as the
preconditions of a proper linear regression model are discussed.

Since our variables have identical scales, we prefer interpreting the coefficients rather
than the beta coefficients. Accordingly, our final model reflects that:

Y = 0.798 + (0.238) (X7) + (0.286) (X2) — (0.163) (X3) + (0.196) (X4) + (0.1) (X5) + (0.230) (Xe) 1)

where Y accounts for the dependent variable and (X,)s are the independent variables
according to Table 9. This equation implies that among our affecting variables, “Degree of
your willingness to participate in socially and environmentally friendly plans regardless of their
economic benefits”, “Degree by which you believe that the complexities of partnerships can be
overcome by establishing proper institutions”, “Degree by which you are not aware of the incentives
and benefits of RE in Iran”, “being aligned to prominent companies of the industrial sector in terms
of joining an InCES”, “Willingness to make partnership with other companies” and, “Degree by
which you believe that RE should replace fossil-based energies because of environmental concerns”
have the highest impacts in predicting the willingness of the industrial companies to invest
in an InCES.

5. Discussions

The quantitative analysis of the responses of the CEOs of our sample revealed several
important insights that can play important roles in the direction of a company regarding its
decision to join/not join InCES in the future. We will discuss these insights here.

In line with the first and second hypotheses (Table 1), companies which are more
willing to allocate bigger shares of their annual revenue to an InCES and the ones which
are inclined to invest in projects with lower ROI were shown to be more willing to invest in
an InCES.

According to the results, as also formulated in the second hypothesis, high upfront
investment costs proved to be a pivotal barrier for RE to become mainstream. Of course,
our case only proves this for developing countries with relatively unstable economies,
but this may potentially hold for developed nations as well because of the relatively
larger investment requirement, considering industrial electricity demands. Bank loans are
therefore crucial parts of RE incentives globally. Our case study shows that bank loans can
be effective as RE stimuli if they allow for extended payback periods and accept the RE
technology assets as part of the loan guarantee rather than real estate. The latter practice
undermines financing opportunities for companies conducting their business in a rented
workshop (not owning the place in which you live or work and still wanting to participate
in RE transition is one of the basic motivations for joining community energy services,
when it would be unreasonable for you to invest in installing RE technology in a place
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in which your stay is not guaranteed for a long time) and causes them to shy away from
participating in an InCES.

Similarly to the willingness of households to engage in a CES and in line with the third
hypothesis, industrial companies are more willing to join an InCES if the strategic decision
maker is environmentally concerned. CEOs who believe in the necessity of shifting from
fossil fuel-based to RE resources and who are willing to pay more for RE in their own
household are more likely to invest in an InCES.

Moreover, in line with the fourth hypothesis, willingness to be known as a social
and environmental pioneer on both collective and personal levels seems to be a crucial
impacting factor with a high level of predictability (as mentioned in the regression analysis)
on the willingness of the industrial companies to invest in an InCES.

Furthermore, in accordance with the fifth hypothesis, not having trust in other indus-
trial companies was shown to negatively impact the willingness of the industrial companies
to invest in an InCES. Interestingly, the degree of trust to the government’s supporting
plans did not prove to be a crucial decisive factor for the industries, if they want to con-
sider investing in an InCES. This can be interpreted as looking at a potential InCES as a
completely bottom-up initiative, without any role for the government.

In line with our sixth hypothesis, in contrast to communities of households, the role of
“ownership” is found to be a crucial factor in the willingness of industrial companies to join
an InCES. As such, industrial companies are more willing to invest in an InCES in which
their share is legally credible and easily tradable. This implies that companies are more
inclined to join an InCES if the exit rules are more relaxed and there is room for strategic
manoeuvre for possible profits if trading is also allowed.

In accordance with the seventh hypothesis, the results also emphasise the need for
awareness-raising policies. Companies which are not aware of renewable energy technolo-
gies and their financial benefits have no interest in joining an InCES. This finding signals
that consulting companies may have an important role in catalysing the industrial energy
transition by informing companies about RE policy incentives and technologies.

Impressively, in line with our eighth hypothesis, we find an important role for the
bigger companies in an industrial cluster in initiating such projects. It appears that bigger
companies are more open to tolerating the risks of joining projects with lower ROI and
allocating a larger share of their annual revenue if they decide to participate in an InCES.
Bigger companies are also more inclined to take the leadership of an InCES. The bigger
companies appear to be more socially bonded and more willing to establish partnerships
with their peer industries. This provides a significant lead for policymakers wishing to
stimulate the use of renewable energy resources in the industrial sector. They can encourage
the establishment of an InCES by targeted incentives and support large industries to initiate
and lead an InCES in their industrial zone. This would create a seed for forming a potential
InCES in an industrial cluster and would raise the interest and offer knowledge on the
InCES to the follower companies in the cluster. Availability of knowledge plays a vital role
in the uptake or start of InCES, as we will discuss later in this section.

Contrary to the ninth hypothesis, the amount of electricity demand did not prove to
impact the willingness of the industrial companies to join an InCES. Importantly though,
we find a high motivation to engage in an InCES among those companies that expect
electricity prices to increase substantially. This motivation is strongest in energy-intensive
companies which are directly connected to the high voltage grid, such as companies
operating high-capacity induction furnaces.

As mentioned previously, apart from the hypothesised factors, a number of other
factors were also explored inductively and were shown to have a crucial impact on the
willingness of the industrial companies to invest in an InCES. Consequently, it was shown
by regression analysis that industrial companies in an industrial cluster pay attention to
other companies’ behaviour in their cluster or proximity. Therefore, bringing prominent
companies on board is found to be a crucial factor in encouraging other companies to join
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such environmentally sustainable projects as it is positively correlated with companies’
willingness to engage in an InCES.

Besides this, it has also become evident that transparency and democratic decision
making are important prerequisites for industrial companies to join an InCES. This complies
with Elinor Ostrom’s design principles for robust collective action and strengthens the
case to consider an InCES as a collective action endeavour [5]. In the same context, it is
interesting that CEOs who believe that proper institutions can overcome the complexities
of a partnership have scored significantly higher on the willingness to invest in an InCES.

The education level of the strategic decision makers, as a factor which was not hy-
pothesised in the beginning of this research, positively and significantly correlates with the
willingness of industries to join an InCES. The analysis also reveals that high education
levels not only correlate with the awareness of the complexities of such a partnership,
but also with the notion that these complexities can be overcome by proper institutional
arrangements.

The results of the factor analysis gave us a different dimension of the data, showing five
different latent mentalities of the industrial companies in approaching InCES projects. These
mindsets or attitudes of the company leaders can help policymakers to provide alternative
incentive schemes or to adopt a range of policy measures to encourage/incentivise the
companies to join RE, since a one-size-fits-all approach has proven to be less effective in
jumpstarting such initiatives.

Finally, regression analysis additionally showed that among all aforementioned fac-
tors, “believing in proper institutional design to overcome the partnership complexities”,
“willingness to be known as a social and environmental pioneer in both collective and
personal levels”, “willingness to follow the role model of prominent companies if they
engage in an InCES”, “being aware of the benefits and incentives of transitioning to RE
in Iran” and “willingness to partner with other industrial peers in their cluster”, had the
strongest predicting power in determining the willingness of an industrial company to
invest in an InCES.

6. Conclusions

This research aimed to identify factors that influence industrial companies” willing-
ness to invest in an InCES. We performed elaborate statistical analysis on the empirical
data collected from the CEOs of a large sample of industrial companies located in Arak
industrial city.

We looked into the existing literature on industrial collaboration in the domain of
industrial symbiosis and the literature on community energy systems to formulate hypothe-
ses regarding the most influential factors for the formation of an InCES. By considering
the mentioned hypotheses, a questionnaire was designed to collect data on the opinions of
the industrial executives regarding their willingness to invest in an InCES. Besides these
hypotheses, additional data were collected to gain more potential insights into this problem
in an inductive fashion.

As expected, a combination of social, economic, environmental, and demographic
factors (size and education) impact the willingness of industrial companies in Arak to
invest in an InCES.

All hypothesised factors, except the electricity demand, are shown to be statistically
significant impacting factors on the willingness of the industrial companies to invest in an
InCES. Besides these hypothesised factors, “being aligned with prominent companies of
the cluster”, “transparency” and “democratic decision-making process” in an established
InCES, “believing in overcoming the complexities of a partnership by designing proper
institutions”, and “having a CEO (as a strategic decision-maker) with higher levels of
education” have shown to be crucial impacting factors on the willingness of an industrial
company to invest in an InCES which were extracted by exploring the data inductively.

According to the findings of this research, besides those that should be taken care
of by industrial companies, some aspects can be aided with the help of policymakers.
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Consequently, to adequately stimulate the willingness of the industrial companies to
invest in an InCES, it is suggested to policymakers to (a) prevent one-size-fits-all incentive
design approaches, (b) reach out to larger companies with targeted incentive schemes
since these companies are entities which are more prone to tolerate investing in initiatives
with lower ROIs and are more likely to initiate such collective actions and take their
leadership, (c) introduce specially designed bank loans with extended payback periods
and with the ability to accept the RE technology as the loan guarantee, (d) make use
of consulting companies in the field of renewable energies to increase the awareness of
industrial companies regarding the technical and economic benefits of transitioning to RE,
and (e) introducing environment-related promotion plans such as tax incentives to increase
the willingness of the industries to take part in environmentally-friendly projects.

While this research was performed in the context of Iran as an oil-rich developing
country, we believe that the results can, to a large extent, be generalised to other developing
economies. First, although Iran has substantial oil and gas resources, the country has a
strategic plan to increase the share of renewables in its energy supplement mix [59]. Second,
there are quite noticeable similarities between Iran’s economic and political situation and
many of other developing countries which are struggling in a similar fashion with unstable
economic conditions and consequently with high uncertainty about future electricity prices,
and where the accomplishment of environmental and climate policy goals may be driven
more by the personal motivation of industrial decision-makers than by strict enforcement.

Although this research sheds light on the factors stimulating the willingness of the
industrial companies in Iran to invest in such projects, it is limited in the sense that the
opinions of the industrial executives may be influenced by the economic sanctions against
Iran, positioning the transition to RE as a lesser-priority plan. Yet, according to the findings
of this research and the abovementioned reasons, transitioning to RE in Iran’s industrial
sectors seems to be a valid area of research which can be continued by performing cost—
benefit analyses while bringing different introduced incentive mechanisms [60] and the
best renewable technologies [61] to be used in the spotlight.

Author Contributions: Conceptualization, S.E. and A.G. and M.W.; methodology, S.E. and A.G. and
M.W.; software, S.E. and Y.A,; validation, S.E. and Y.A.; formal analysis, S.E.; investigation, S.E.;
resources, S.E.; data curation, S.E. and Y.A.; writing—original draft preparation, S.E.; writing—review
and editing, S.E. and A.G. and M.W.,; visualization, S.E.; supervision, A.G. and M.W. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to collecting the data for this research before 25 May 2018 as the effective date for the GDPR.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

1IEA International energy agency
CES Community energy system
InCES Industrial community energy system
CEO Chief executive officer

IS Industrial symbiosis

kWh Kilowatt hour

MWh Megawatt hour

MW Megawatt

ANOVA  Analysis of variance

WTP Willingness to participate
Appendix A

The content of the distributed survey is shown below:
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Questions regarding the identity of the respondent and the company he/she is affili-
ated with:

(i) Name of the company:

(if) First and last name of the respondent:
(iii) Address:

(iv) Phone number:

(v) Email address:

(1) Whatis your company’s field of activity?
(2) Please choose your latest educational degree

- High-school

- Associate degree
- Bachelor

- Master

- PhD

(3) In which industrial cluster in Arak is your company locate?

- Ghotb industrial zone

- Kheir Abad industrial zone
- Haji Abad industrial zone
- No.l1 industrial zone

- Urban territory

(4) Which of below options best describe your company’s electricity consumption scheme?

- Working stations with Intensive electricity needed

- Multiple working stations with low-intense electricity needed (no need to high-
capacity electricity post)

- Too many working stations with low-intense electricity needed (High-capacity
electricity post needed)

(5) What type of ownership does your company have?

- State-owned
- Private
- Private (family business)
- Public
- Hybrid
(6) How many people are working in your company?
- 1-50 people
- 50-100 people
- 100-150 people
- 150-200 people
- More than 200 people
(7) How much is the average monthly electricity consumption of your company?

- 0-10 MWh

- 10-50 MWh

- 50-100 MWh
- 100-400 MWh
- >400 MWh

(8) How much is your monthly electricity bill? (1 USD = 120,000 IRR)

- 0-500,000 Toman

- 500,000-2,000,000 Toman

- 2,000,000-10,000,000 Toman
- 10,000,000-20,000,000 Toman
- >20,000,000 Toman
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©)

How many working shifts do you have?
- 1daily shift

- 2daily shifts

- 1 daily and 1 night shift

- Three shifts

Questions regarding the “environmental attitudes”: (Please rate below phrases be-

tween 1 to 10)

(10)
(11)
(12)

(13)

Personally, I am concerned about the environment and I believe fossil-based energies
should be replaced by renewables

Personally, due to environmental concerns, I am willing to pay more for RE in
my household

Due to environmental concerns, we are willing to use RE in our company but only if
it is economically feasible (the economic feasibility is more prior)

It is important for us to participate in societal and environmentally friendly projects
even if they are not economically feasible

Questions regarding the “societal attitudes”: (please rate below phrases between 1

to 10)

(14)

(15)
(16)

17)

(18)
(19)

(20)

1)
(22)

(23)

(24)

We are not interested in partnering with other companies since we cannot trust them
in issues such as their on-time payments

We don't like other companies to have access to our electricity consumption information
We would participate in partnerships projects if only all the financial and operational
performances are transparent to all the members

We cannot trust introduced incentives from the government since we doubt if these
promises can be kept by different governments over time

We would be interested in investing in a project if prominent companies join that project
We believe that in partnerships all the members should have the right to vote and
decisions should be made in general meetings in a democratic way

We are not interested to partner with other companies in strategic issues such as
electricity and water

In partnerships, we want our shares to be legally credible and tradable

We are aware of the partnerships’ complexity but we believe that we can overcome
them by setting strict institutions

How interested are you to partner with other industrial companies in your area?
(financial investments or project partnership)

How connected are you with the companies of your industrial zone?”

Questions regarding the “economic attitudes”: (please rate below phrases between 1

to 10)

(25)
(26)
(27)
(28)

(29)
(30)

We have no problem in our electricity provision and if we participate in an InCES it
would only be for economic profitability by selling RE

Similar to other energy carriers, we assume that the increase in the price of electricity
is probable and we are willing to invest in InCES to become gradually independent
We entitle the industrial sector to cheap electricity and we are not willing to invest in
InCESs to prevent the probable expensive electricity threat

To invest in a project, the ability of fast cash out is very crucial

We are not aware of the incentives dedicated to RE generation at all

In case you are interested to invest in an InCES by getting loans from banks, which of
the following would be more interesting to you?
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@1)

(32)

(33)

- Loan with short payback period + low interest rate + properties as guarantee

- Loan with long payback period (5-7 years) + Normal interest rate + No property
as guarantee

- Loan with normal interest and payback period + no properties as guarantee

- Not interested in getting loans from banks

How much (of your annual revenue) are you willing to invest in a collective renewable
electricity production project?

- less than 5% of annual revenue

- 5% to 10% of annual revenue

- more than 10% of annual revenue
- Not willing to invest revenue

In case your company invests in collective renewable electricity production, how long
would be your preferred investment’s payback period?

- Less than 3 years

- Between 3-5 years

- Between 5-10 years
- Between 10-15 years
- >15years

Eventually, in case there is an InCES in your zone (or is going to be initiated), would
you be willing to invest in it? (dependent question) (please score between 1 to 10)

Appendix B

The below figures are generated to reflect the linearity of the regression model, which

was discussed in the manuscript.

Frequency
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Figure A1. Homoscedasticity conditions of the regression analysis.
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Figure A2. Linearity of the regression analysis.
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