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Abstract: With a growing demand for safe, clean, and affordable energy, countries across the world
are now seeking to create and rapidly develop renewable energy (RE) businesses. The success of these
businesses often hinges on their ability to translate RE into sustainable value for energy consumers
and the multiple stakeholders in the energy industry. Such value includes low production costs
due to an abundance of natural resources (e.g., wind, water, sunlight), and public health benefits
from reduced environmental pollution. Despite the potential for value creation, many RE businesses
have struggled to create affordable energy as abundant as that which is produced by traditional
fossil fuels. The rationale being that traditional RE sources emanating from natural resources tend
to rely on unpredictable weather conditions. Therefore, to help RE businesses deliver sustainable
value, we should leverage disruptive innovation that is less dependent on natural resources. This
paper is one of the first attempts to assess the impact of disruptive innovation on RE business
performances based on the survey data obtained from multiple countries representing both emerging
and developed economies.

Keywords: renewable energy; cross cultural study; structural equation model; disruptive innovation;
sustainability; moderated mediation analysis

1. Introduction

The International Energy Agency expect the current energy demand to increase by
37% in the next 25 years [1]. Similarly, the International Energy Outlook 2019 [2] predicted
significant growth in worldwide energy demand over the 28 years from 2012 to 2040. Total
worldwide consumption of energy is expected to grow from 549 quadrillion British thermal
units (Btu) in 2012 to 629 quadrillion Btu in 2020, and eventually to 815 quadrillion Btu
in 2040—a 48% increase—from 2012 to 2040 [3]. This rapidly growing energy demand
cannot be filled by conventional fossil fuels such as oil, natural gas, and coal. Beyond these
conventional energy sources having dwindled in recent years, their use has created adverse
environmental conditions from carbon emissions and the natural habitats destroyed by their
extraction. For example, the United States (US) alone demands approximately 20.5 million
barrels of petroleum fuel every day, of which approximately 68% is consumed by the
transportation sector alone. The increasing use of these fuels will continue to exacerbate
issues with air pollution, intensify global warming, and result in other environmental
problems such as acid rain from the emission of various contaminants such as CO2, CO,
SOx, NOx, and other volatile organic compounds (VOCs) [4].

To make matters worse, energy prices have been rising. For example, the cost of
oil adjusted for inflation rose from $9.94 in 1931 to $53.18 per barrel in April 2017 [5,6].
The growth in energy demand will primarily come from emerging economies in Asia,
Africa, Latin America, and certain Middle Eastern regions, and be fueled by the rapid
population growth and economic development. The latest Pew research report predicted
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that developing countries in these regions will account for two-thirds of the energy demand
growth by 2030 [7]. As such, world leaders have begun to recognize the need for alternative
energy sources and thus enacted laws and regulations to support their energy development
and expansion. Examples of these alternative sources include nuclear, solar, hydro, wind,
geothermal, and biomass. Except for nuclear power, these alternative energy sources
provide clean, non-toxic, and environmentally friendly renewable energy; however, many
of these sources will not be sufficient for completely replacing fossil fuels and satisfying
growing energy demands. One of the promising alternative energy sources includes
renewable energy (RE) that can replace conventional energy sources in electrical power
systems due to its environmental and technical merits, especially with the variations in
fossil fuel prices and their non-renewability [8]. In particular, China has utilized RE far
more than its counterparts in developed economies as shown in Figures 1 and 2.
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A lack of RE utilization has been attributed to the limited technology available for
extraction and some commercialization failures. For instance, bio-fuel has been regarded as
one of the most viable sources of RE. However, bio-fuel still requires various food sources
such as soybeans, corn, coconuts, peanuts, cottonseeds, rapeseeds, and sunflowers, which
are essential for daily living and thus can be expensive, especially where there are limited
food supplies. In particular, the conventional wisdom is that the RE revolution is largely
the domain of rich and developed countries. However, emerging economies have been
leading the way in RE growth, since they view clean energy technology as a cost-efficient
solution to their surging energy demands [9]. According to The Medium-Term Renewable
Energy Market Report 2016 [10], the share of RE in global power generation rose to over
26% in 2020, from 22% in 2013. They also estimated that the amount of global electricity
generated from RE would exceed the combined electricity demand of China, India, and
Brazil in 2020.

Spurred by both economic and demographic growth, world energy consumption grew
on an average of two percent a year during the 2000–2018 period [11]. Ever-growing energy
consumption coupled with dwindling traditional energy sources such as fossil-fuel-based
oil and gas creates a need for alternative energy sources. Those sources include RE that can
be generated by solar, wind, geothermal, hydro-power, and bio-fuel. Unlike traditional
energy sources, RE sources are plentiful and economical due to unlimited supplies from
Mother Earth and are environmentally clean with no emitted greenhouse gases. The uti-
lization of RE, however, necessitates technological innovation in converting raw energy
sources into usable or affordable utilities. For instance, solar power generated by sunlight
is non-dispatchable without an energy storage system for time-delayed usage due to cloud
cover and limited daytime hours. This means that energy storage technologies such as
battery technology are crucial for the utilization of solar power. Likewise, wind turbine
technology is essential for generating wind power. As such, technological innovations
play a critical role in converting natural resources into RE sources. Since technological
innovations require out-of-the-box thinking and research and development (R&D) in-
vestments, RE businesses should transform their business mentality and business model.
Lundvall [12] observed that the firm’s organizational culture could significantly affect its
technological innovations. Similarly, Boons et al. [13] and Markides and Sosa [14] found
that technological innovations tended to parallel business model innovations.

In general, business model innovations are referred to as the innovative processes and
rationale of how an organization creates, delivers, and captures value as opposed to how
to create a new product or service [15]. Business model innovations in the energy sector
may encompass the adoption of lean principles in managing energy sources, the use of
collaborative technology in remotely controlling energy grids, disruptive technology in
generating renewable energy, data-driven marketing, changes in profit models, changes in
energy consumer value propositions, and so forth. Examples of technological innovations
aligned with business model innovations in the energy sector include hairy solar panels
built on carbon-nanotube fabric, magnetic levitation of the wind turbines with disks
capturing the wind from all directions, integrated photovoltaic/thermal (BIPVT) systems,
and floating offshore wind technology in deep water [16,17]. Technological innovations
accompanied by business model innovations would entail changes in the socio-technical
landscape, the shared responsibility of caring for the surrounding community and the
ecosphere, and reconstruction of the path for RE business developments [18,19].

Those changes will lead to the reformulation of the RE business’ energy production,
marketing, and distribution strategies that will, in turn, affect the RE business performance.
The rationale being that the adoption of new RE technology may enhance the efficiency of
developing and delivering RE to its consumers and consequently improve the RE business
performance. Considering the potential impact of technological and business model
innovations on the RE business performance, the primary objective of this paper is to assess
such an impact predicated on the theory of innovation, innovation diffusion, and social
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systems that will be expounded later. The novelty of this paper is the scientific investigation
of the role of disruptive innovation in commercializing RE businesses successfully.

2. Literature Review

There exist abundant works in the literature on RE development, deployment, and
impact analysis [20–22]. However, research proposing the integrated method of evaluating
the performance of RE businesses from the perspectives of all the stakeholders is scant. At
best, extant conventional RE businesses’ performance measures were discrete and focused
primarily on financial returns. Thus, those measures paid little or no attention to the social,
environmental, and perceptual dimensions that were significant to key decision-makers of
the RE businesses [23]. Nevertheless, there are noteworthy pioneering studies proposing
systematic performance measures of RE businesses. Those include Brent and Kruger [24]
and Achtenhagen, et al. [25] who developed qualitative performance measures of RE
businesses, whereas Awerbuch and Sauter (2006) developed quantitative performance mea-
sures. The prior literature on sustainability also provided us with the wider implications of
RE businesses [13,26–29].

Other noticeable themes in the RE literature were primary focuses on the cases of
developing countries (or emerging economies). However, such focuses might have been
motivated by the premise that RE businesses in developing countries tended to lack sus-
tainable infrastructures such as wind turbines, solar panels, and thermal power stations
and thus increased the need for technology and business model innovations [30,31]. Nev-
ertheless, a majority of the prior RE studies did not recognize a difference in RE businesses
between developing and developed economies from innovation perspectives [32,33]. Busi-
ness model innovations can spur creative solutions through entrepreneurial actions, create
new markets for RE businesses, and boost revenue generation mechanisms [34]. Such impli-
cations of business model innovations for RE businesses were not captured by most of the
prior RE literature including works focusing on the cases of developing countries [20,35].

For example, Painuly [36] developed a conceptual framework for identifying barriers
to RE consumption. Some of the important barriers included the controlled energy sector
due to the government monopoly, restricted access to technology, a lack of economic
viability, high transaction cost, the high up-front cost of invested capital, limited RE market,
a lack of R&D oriented culture, and a lack of RE-related information and its dissemination.
Martinot et al. [37] conducted a descriptive study that assessed the size of rapidly growing
RE markets in developing countries (especially Nepal and China) and reported how RE
created by solar home systems, mini-grids, and biogas could affect both economic (reduced
kerosene and candle use expenses) and social benefits (less time and labor for fuelwood
collection and cooking). However, they did not evaluate the impact of RE use on rural
development. Urmee et al. [38] conducted two case studies that analyzed the RE system
designed to provide environment-friendly electricity to those living in rural communities
in Bangladesh and Fiji. Huenteler et al. [39] conducted a case study of Thailand’s electricity
sector to create realistic measures for the contributions of local and global technological
learning to a reduction in utility cost and then discussed implications of such learnings
for the international climate policy. Their study was one of the first to assess the impact
of technology learning on the cost of generating RE. Recently, Ragosa and Warren [40]
presented a logistics and fixed-effect model based on the data collected from the panel
representing various developing countries to provide insights into the drivers and barriers
for foreign private investment into the RE industry sector. They found that international
public finance, regulatory support measures, feed-in tariffs, and political stability were
major drivers for foreign private investment in RE power generation. Tocpu and Togcu [41]
adopted two dynamic panel data estimation techniques based on the data collected from
a panel of developed economies over the period 1990–2014 to investigate the impact of
renewable energy consumption on income inequality.

Despite their significant contribution to the RE literature, none of these studies on
RE use shed light on the RE business model innovations and built theoretical founda-
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tions for the commercialization of RE businesses and their links to disruptive innovation.
This literature review also revealed that an empirical study intended for theory building
was rare in the RE literature. To fill a research gap voided by the prior RE literature as
summarized in Table 1, this paper aims to examine the role of disruptive innovation in
enhancing the desired outcome (performance) of commercialized RE businesses in both
emerging (developing) and developed countries predicated on the theory of innovation
and social systems.

Table 1. A review of selected prior literature on renewable energy.

Author(s) Year of
Publication Research Methodology Key Study Scope and Findings Study Limitations

Painuly 2001 Literature survey;
descriptive analysis

• Identified renewable energy
(RE) selection criteria.

• Specified barriers to RE
technology development

• Only the conceptual framework
for RE implementation
challenges was discussed.

Beccali, Cellura and
Mistretta 2003

Case study; multi-criteria
decision analysis;

ELECTRE (ÉLimination et
Choix Traduisant la

REalité). method

• Proposed the ELECTRE
method for assessing the
action plan for diffusing the
RE technology at the regional
level

• The case was confined to a RE
project that took place on the
island of Sardinia, Italy.

Haralambopoulos
and Polatidis 2003

Case study; decision
analysis; PROMETHEE II

outrankingmethod

• Developed the group
decision-making framework
that helps create synergy
among the multiple actors
for management RE projects

• The case was confined to a RE
project which exploits a
geothermal resource, located on
the island of Chios, Greece.

Pehnt 2006
Descriptive analysis;

dynamic life cycle
assessment (LCA) analysis

• The application of RE
sources not only modifies
background systems, but
also consumer behavior.

• The environmental impact of RE
sources with respect to some
contextual parameters such as
geographical location,
topological situation, and local
conditions of RE plants was not
fully assessed.

Akella, Saini, and
Sharma 2009 Case study; LCA analysis

• Assessed the social,
economic, and
environmental impacts of RE
systems.

• Developed the formula for
calculating CO2 emission
from RE systems.

• The case was limited to the
remote India region.

• The economic benefits (e.g., job
creation) of RE systems were not
fully analyzed and discussed.

San Cristóbal 2011
Case study; VIKOR

compromise ranking
method

• Proposed the multi-criteria
decision-making method to
aid multiple stakeholders in
selecting the most desirable
RE project.

• The biomass option was the
best, followed by wind and
solar power.

• The case was limited to the Spain
area.

• The sensitivity analysis of the
recommended choice was not
performed.

Ahmad and Tahar 2014 Case study; analytic
hierarchy process (AHP)

• Proposed the AHP in
reviewing various RE
potential and prioritizing RE
options.

• Solar is the most favorable
resource followed by
biomass.

• The case was limited to the
Malaysia region.

• A sensitivity analysis was not
performed.

Sharafi and
ELMekkawy 2014

Case study; particle
swarm optimization

simulation

• Used the simulation model
for optimally designing the
hybrid RE system.

• Considered multiple goals
(e.g., cost and emission
minimization, reliability
maximization) of the RE
project

• The case was limited to the
remote Spain region.

• A detailed load analysis that took
into consideration the heat and
electricity loads separately was
missing.



Energies 2021, 14, 4447 6 of 19

Table 1. Cont.

Author(s) Year of
Publication Research Methodology Key Study Scope and Findings Study Limitations

Dogan and Seker 2016
Cross-sectional data

analysis; Panel estimation
technique

• A 1% increase in RE use
leads to a 0.03% reduction in
CO2 emission.

• Ignorance of cross-sectional
dependence could result in
forecasting error of RE
environmental impacts.

• The study focused on the
European Union (EU) situation.

• The primary focus of the study
was the impact of RE usage on
CO2 emission.

Hua, Oliphant, and
Hu 2016 Cross-national secondary

data analysis

• Compared the RE
deployment in developed
(Australia) and developing
countries (China).

• China showed stronger
commitments to RE than
Australia, but Australia
implemented more effective
RE legislation and regulation
than China.

• China’s example may not
represent a developing country’s
RE deployment policy, while the
Australian example may not
represent a developed country’s
RE policy.

Huenteler, Niebuhr
and Schmidt 2016 Case study of Thailand’s

electricity sector

• Analyze the effects of local
and global learning on the
cost of investment in clean
infrastructure technology

• The largest potential for
investment cost reduction
lied in local learning.

• The case was confined to data
from Thailand.

• Never assessed the effect of
learning on the RE business
performance.

Ragosa and Warren 2019
Regression and logit

analyses based on the
panel data

• Investigated the impact of
domestic RE policy,
provision of international
finance, and regulations on
the level of foreign
investment in RE generation.

• Provision of international
finance and political stability
influenced the flow of
foreign investment in RE
generation

• The study used relatively small
data from developing countries
only.

Topcu and Tugcu 2020

Two dynamic panel data
estimation techniques

based on the panel data
obtained during

1990–2014

• Examined whether RE can
affect income inequality.

• An increase in RE
consumption led to a
decrease in income
inequality.

• Did not examine whether RE can
affect the RE business
performance

• Used limited panel data
representing only developed
countries

3. Theory Building and Hypotheses Development

The three anchoring theories for this research are the theory of innovation, innovation
diffusion, and social system theory. The theory of innovation (TOI), which encompasses
the various processes of inventing new environmental technologies, has a theoretical un-
derpinning for RE technology development and business model innovations [42]. TOI
first proposed by Schumpeter [43] has emerged as economic thinking that doing things
differently in the realm of economic life can influence the allocation of the organization’s
given resources and the accumulation of its wealth [44,45]. TOI is predicated on the premise
that a firm competes based on innovation capabilities that are valuable, rare, difficult to
imitate, and non-substitutable by competitors. Put simply, TOI theorizes that a firm capable
of accomplishing innovation can improve its performance and subsequently gain a compet-
itive advantage in the marketplace. Herein, innovation refers to the process of bringing any
new, problem-solving idea into use [45]. However, innovation does not necessarily refer
to a new idea or the invention of new technology. Instead, it involves the realization of a
new idea or development of a new system for commercial use that often leads to economic
growth through positive social change [46,47]. Considering that RE business development
can be regarded as an innovation capability by changing the business-as-usual mental-



Energies 2021, 14, 4447 7 of 19

ity through conscious conservation and pollution prevention, the TOI may be useful for
explaining how RE business development can improve firm performance. Innovation in
RE business development includes an understanding of customers’ need for alternative
energy sources as part of knowledge creation and market configuration. As such, TOI
defies the conventional way of assessing firm performance in only discrete economic terms,
which overlooks the environmental effect of social interfaces with potential customers,
overarching business model innovations, and changes in environment infrastructure [48].

As another theory related to the theory of innovation, the theory of innovation diffu-
sion focused on the patterns of interrelationships among varying kinds of social unit such
as individuals, groups, institutions, and cultures for adopting innovations [49]. This theory
postulates that the process of innovation diffusion depends upon whether the environment
surrounding the innovation adopter is supportive, persistent, neutral, or inhibitive. In a
nutshell, the theory of innovation diffusion focuses on understanding how, why and at
what rate innovative ideas and technologies spread in a social system [50].

Considering multiple stakeholders (e.g., firms, consumers, and government entities)
involved in environmental protection, the social systems theory first introduced by Luh-
mann [51] can help us better understand the creation of innovative knowledge regarding
the development of environmental technology. The social systems theory was built upon
system thinking that sought to understand the coherence and connectedness of all facets of
social activities including environmental protection and sustainable energy usage by the
whole community. Put simply, social systems theory is predicated on a belief that a social
system consists of people who interact with each other and then influence one another’s
behavior through communication and interrelated activities. Social system theory was
designed to reduce complexity involving diverse elements such as humans, institutions,
technologies, and business communities [51]. Thus, the application of social systems the-
ory to the RE business may be useful for gathering and analyzing information about RE
efficiency through the community feedback mechanism, which helps compare the actual
outcome of the RE business to the desired RE business outcome. In other words, this theory
can help us explain the dynamics of RE business performances that might be influenced by
combined economic, socio-ecological, business, and institutional motives.
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3.1. The Impact of Disruptive Innovation on the Renewable Energy (RE) Market

Over the years, solar, wind, water, nuclear, and geothermal are the traditional sources
of RE. However, thanks to the innovative technological breakthrough accelerated by the
fourth industrial revolution, many new RE sources were created in the recent past. These
sources include artificial photosynthesis, 3D-printed solar energy trees, liquid sunlight,
carbon nanotube electricity, the electrocaloric effect, and tidal stream generators [52].
These sources resulting from disruptive innovations have the potential to harness the
power of electricity at cleaner but more affordable prices. Thus, RE businesses leveraging
these innovations can attract more potential RE consumers to the RE market and conse-
quently expand their market bases. Disruptive innovations are changing fundamental RE
producer–consumer relationships and hastening socio-technological paradigm shifts in
the RE market [53]. That is to say, disruptive innovations that include technological and
business model inventions have significant implications for the outcomes of RE businesses
through RE market expansion [54,55]. In light of these discussions, we postulate that
disruptive innovation will have a positive impact on RE market creation.

Hypothesis 1 (H1). Disruptive innovation is positively related to RE market creation.

3.2. The Impact of Integrated Vision on the RE Market

An integrated vision of an RE project encompasses the strategy for creating sustain-
able value for all of the project stakeholders; this strategy should be synchronized with
the economic, social, and ecological developments and aspirations of the project’s host
community. It reflects the firm’s organizational characteristics, strategy, and core values
that help the firm come up with creative solutions for challenging strategic problems
through its entrepreneurial actions [18,56]. As such, an integrated vision sets the overarch-
ing business goals of a firm tends to have a significant impact on its functional strategy
such as marketing strategy (Ireland et al., 2009). A clear and well-articulated strategic
vision provides the market focus or niche that allows the RE business to create competitive
advantages over its rivals. This vision can be developed by creating aggregated value
chains that can generate economic, social, and ecological benefits. Considering the highly
competitive nature of the RE market structure, the integrated vision is imperative for the
success of RE businesses that were reflected by eco-communal management [57]. Herein,
eco-communal management represents the return on investment (ROI) and the competitive
position of RE projects [58]. Based on this rationale, we posit that integrated vision will be
positively related to eco-communal management, other control variables such as firm size,
business/project customer household income, reflective practices, and business/project
location being equal.

Hypothesis 2 (H2). Integrated vision is positively related to eco-communal management.

In addition, since the integrated vision may dictate the firm’s effort to acquire and
retain customers and then target a particular market segment, integrated vision defines
the perimeters of the RE target markets served through entrepreneurial actions taken for
RE demands. Under this premise, we hypothesize that integrated vision has a positive,
significant, and substantial relationship with RE market creation.

Hypothesis 3 (H3). Integrated vision is positively related to RE market creation.

3.3. The Impact of Knowledge Creation on Eco-Communal Management

As an integral part of the intellectual capital, knowledge creation refers to the ex-
traction of information regarding target customer needs, the RE project itself, its related
technologies and resources, and the overarching economic, ecological, and social agenda de-
veloped from socialization, externalization, globalization, and combined processes [59,60].
As such, knowledge creation helps develop business intelligence regarding RE customer
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needs and preferences, consumer behavior, advances in RE technology, and the impact of
those advances on RE development through interactions, socialization, internalization, and
externalization [59]. Knowledge creation can also lead to continuous innovation that revi-
talizes economic activities for society at large. Based on this premise, we hypothesize that
knowledge creation is positively related to eco-communal management after controlling
the firm size, project customer household income, reflective practices, and project/business
location [61,62].

Hypothesis 4 (H4). Knowledge creation is positively related to eco-communal management.

3.4. The Impact of Connectedness on Eco-Communal Management

As an integral part of the social capital, connectedness refers to the relationships among
multiple stakeholders of RE projects such as RE project managers, end RE users (customers),
RE project investors and regulators, and the host community of the RE project [28,63].
Through the establishment of strong social capitals, connectedness can facilitate the creation
of common goals and shared sustainable value that can be translated into integrated
economic, ecological, and social benefits for all the affected parties of the RE project. Thus,
connectedness can affect both the long-term and the short-term (day-to-day) operational
efficiency of RE businesses and the subsequent RE business performance [64]. For this
reason, we predict that connectedness will have a positive impact on eco-communal
management, once variables such as the firm size, project customer household income, and
project location are controlled.

Hypothesis 5 (H5). Connectedness is positively related to eco-communal management.

3.5. The Impact of Eco-Communal Management on Sustainable Value

Eco-communal management is viewed as the key management strategy of a RE busi-
ness (or project) that creates integrated economic, ecological, and social benefits for all
stakeholders. It is the primary pathway for translating the integrated vision, know-how, re-
sources, and relational capabilities of the RE business into sustainable value [65]. Through
the establishment of a symbiotic and synergistic partnership among trading partners and
their surrounding communities, eco-communal management aims to improve the ROI, the
enhancement of the sustainable value of the RE project, and the subsequent competitive
position of RE projects. Its underlying philosophy is the promotion of easy living, sustain-
ability, self-sufficiency, and biodiversity for the RE-host community by creating financial,
environmental, and social values [66]. Driven by business model innovations, it utilizes
project lifecycle management and stewardship for value creation in new markets [67,68].
In other words, eco-communal management is an innovative strategy that mediates the
relationship between the integrated vision of an RE project and the desired environmental
outcomes. The eco-communal management can help assess the impact of RE projects on
the sustainability of the local community, which reflects the true success of RE projects [58].
As such, eco-communal management may mediate the relationships among an integrated
vision of the RE project, RE firm size, RE affected community’s household income and
reflected practices. Firm size is known to influence innovation capabilities and sustainable
entrepreneurship, which can affect the outcomes of RE projects [69,70]. In the long run,
deployment of the RE project can enhance entrepreneurial activities that, in turn, improve
household incomes in communities that host RE projects. An increase in household income
in a host community will increase business opportunities and then facilitate the firm’s
engagement in RE projects. Thus, we identified firm size, RE host community’s household
income, and reflective practices as control variables for our proposed model. Herein, a
reflective practice meant ways to enhance awareness and care that are instrumental for
creating RE businesses [29]. Since sustainable value can be translated into the economic,
ecological, and social dimensions of integrated value that are beneficial for stakeholders,
it reflects the capacity to do well in RE businesses [71]. Based on this premise, we posit
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that eco-communal management has a positive relationship with sustainable value after
controlling variables such as the firm size, project customer household income, and project
location.

Hypothesis 6 (H6). Eco-communal management is positively related to sustainable value.

3.6. The Impact of Market Creation on Sustainable Value

Market creation refers to transitions for new products (e.g., green products) or ser-
vices (e.g., reclaiming end-of-lifecycle products). Market creation in the context of RE
development can be articulated in terms of the sustainable value for multiple stakeholders.
Market creation, which is framed by the entrepreneurial drive of a RE business, is an
essential part of RE product/service offerings, opportunity creation, value propositions,
and monetization since RE demand cannot be created without the establishment of RE
target customer bases and their market segments. Thus, it may affect the sustainable value
of RE businesses [65]. To validate this premise, we hypothesize that market creation is
positively related to the desired outcomes of an RE business venture or project.

Hypothesis 7 (H7). Market creation is positively related to sustainable value.

Figure 3 shows the conceptual research model of all the constructs discussed above
and the hypothetical relationships among them.

4. Research Methodology

To determine which exogenous factors drive RE use and assess how much that use
affects a firm’s value creation efforts and RE business performance, we considered three the-
ories of strategic management: (1) theory of innovation, (2) theory of innovation diffusion,
and (3) social systems theory.

Considering multiple stakeholders (e.g., firms, consumers, and government entities)
involved in environmental protection, the social systems theory first introduced by Luh-
mann [51] can help us better understand the creation of innovative knowledge regarding
the development of environmental technology. Put simply, social systems theory is predi-
cated on a belief that a social system consists of people who interact with each other and
then influence one another’s behavior through communication and interrelated activities.
Thus, this theory can help us explain the dynamics of RE business performance that might
be influenced by combined economic, socio-ecological, business, and institutional motives.

4.1. Research Sample

To validate the theories introduced above, we gathered data from 204 key deci-
sion/policy makers in RE businesses in emerging economies (e.g., China, India, and
Brazil) and 222 key decision/policymakers in developed economies (e.g., primarily US,
Canada, Germany, Japan, and the UK but with a few responses from France and Norway).
These key decision-makers were identified through the personal networks and business
relationships of the researchers. Approximately 45% of our respondents were senior ex-
ecutives with titles of chief executive officer (CEO), chief operating officer (COO), chief
financial officer (CFO), or chief technology officer (CTO), while the remaining respondents
were mid-level managers with titles such as project manager, program manager, and site
manager who got involved in RE business initiatives. All the respondents reported having
RE project development experience with their respective companies. These respondents
were identified through multiple sources such as the Renewable Energy Business Alliance
(REBA), International Renewable Energy Agency (IRENA), International Renewable En-
ergy Alliance (REN Alliance), International Network for Sustainable Energy (INFORSE),
World Council for Renewable Energy, public renewable energy companies listed on foreign
stock exchanges (e.g., Hong Kong, Shanghai, Mumbai), the Clean Energy Business Council,
and the authors’ consulting project clients. Considering the potential difficulty of mail sur-
veys targeting foreign organizations, we administered a web-based survey instrument. The
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survey instrument was administered from October 2014 to February 2015. After screening
for missing information, unengaged responses, outliers, kurtosis, and skewness, the usable
response rate was 25%.

4.2. Measurement Items

For the measurement of survey questionnaire items, we used five-point Likert scales,
except for managerial responsibility (moderator) and the controls (firm size, project cus-
tomer’s household income, and reflective practices). The comparative fit index (CFI) for
the measurement model indicated a good fit, with a value above 0.90 (CFI = 0.956). The
root mean square error of approximation (RMSEA) also indicated a good fit, with its value
(RMSEA = 0.0637) below a stringent upper limit of 0.07 or 0.08 [72,73].

4.3. Independent Variables

We utilized four independent variables: disruptive innovation, integrated vision,
knowledge creation, and connectedness. Disruptive innovation (α = 0.88) was measured
using five items adapted from the works of Govindarajan and Kopalle [74]. These five
items measure product, process, service innovation dimensions, and performances in the
context of introducing disruptive offerings. For integrated vision, we used three first-order
factors and seven items (Cronbach’s α = 0.89) adapted from Carroll et al. [75]. Knowledge
creation was measured with four first-order factors and a total of 13 items (α = 0.94) adapted
from Schulz [76] and Schulze and Hoegl [77]. Connectedness was measured using two
first-order factors and a total of six items (α = 0.93) adapted from van Bel et al. [78].

4.4. Mediators

We considered two mediators: eco-communal management and market creation. For
eco-communal management, we used two first-order factors and five items (α = 0.84)
adapted from Kayworth and Leidner [79] and Bono and Anderson [80]. Market creation
was measured using two items (α = 0.81) adapted from Jain and Kaur [81].

4.5. Dependent Variable

To measure the outcomes of RE projects, we considered sustainable values as a depen-
dent (outcome) variable. For sustainable value, we used two first-order factors and eight
items (α = 0.94) adapted from Zhu et al. [82].

4.6. Control Variables

Generally, large-sized, well-established firms are more likely to engage in RE projects
and tend to invest greater resources to enhance their innovation capabilities in RE devel-
opment [83]. Thus, the effects of firm size as measured by the number of employees of
RE businesses in emerging economies (China, India) and developed economies (Canada,
Germany, Japan, U.K., and the US), the reflective practices of the firm (which represent how
well-established the firm is), location, and economic status of the RE project’s host commu-
nity should be regarded as control variables. We have observed how well-established firm’s
employee motivation, interest in innovations, and job attributes are different from start-up
startup companies, which may be an important indicator of engagement in disruptive
innovation. Consideration of these control variables will ensure a more accurate assessment
of the causal relationships among the independent and dependent variables.

4.7. Pilot Study

We also pre-tested the survey instrument using a Q-sort from the responses of
15 research participants including academicians, industry experts, and host community
members who were knowledgeable about the RE industry. This resulted in 90% of the items
being placed correctly. Furthermore, to assure the reliability, validity, and appropriateness
of the survey instruments, we also conducted a pilot test in which we administered the
survey instrument to 50 key decision-makers engaged in RE businesses in both emerging
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and developed economies prior to the full-scale survey. Based on their feedback, some
questionnaire items were modified by shortening the items without changing their mean-
ing. This modification intends to increased readability and clarity, and reduce the estimated
time required to complete the survey.

5. Analysis Results and Discussions

As a part of our overall investigation, we conducted both an exploratory factor analysis
(EFA) and a confirmatory factor analysis (CFA) with and without common latent factors,
followed by structural equation modeling (SEM). The hypothesized model was tested
using a two-step procedure, based on recommendations made by Preacher et al. [84].
The proposed SEM was run by using AMOS software with bootstrapping to measure
the direct and indirect effects of the mediation and moderated mediations. Several EFA
statistics indicated that the data were adequate and appropriate for further investigation.
To elaborate, the EFA resulted in a Kaiser–Meyer–Olkin (KMO) statistic of 0.921 and a
significant Bartlett’s test of sphericity (χ2 = 21,708, df = 5253, and p < 0.001) indicating
sufficient inter-correlations. All commonalities were above 0.50, further confirming that
each item shared some common variance with the other items [85]. In addition, we noticed
that all of the commonalities exceeded 0.50, which confirmed that each item shared some
common variances with the others [85]. All measures of sampling adequacy (MSA) across
the diagonal of the anti-image matrix were above 0.70, indicating that the data were
appropriate for factoring. The CFA value met all validity and reliability requirements,
indicating that the model fit the data well. The composite reliability for all of the constructs
was greater than 0.70, and the average variance extracted (AVE) met the requirement for
convergent validity. The maximum shared variances (MSV) and average shared variances
(ASV) were less than the AVE, meeting the discriminate validity requirements [86]. The
reliability requirements were met with both the Cronbach’s alpha and composite reliability
for each construct greater than 0.70. The effects of common method bias were checked
by comparing the CFA results with and without common latent factors (CLFs), following
Gaskin’s recommendations [87]. In addition, there was no difference between the CFA
results with and without CLFs, indicating that common method bias did not have a
significant effect on the data collected.

5.1. Measurement Model

The CFA of the measurement model yielded good model fit statistics with χ2 = 1802.69,
degree of freedom = 977, CFI = 0.900, TLI = 0.889, and RMSEA = 0.062. As summarized in
Table 2, the CFA met all validity and reliability requirements, indicating that the model
fit the data well [85]. The composite reliability for all of the constructs was greater than
0.70, and the AVE met the requirement for convergent validity. The MSV were less than
the AVE, as were the ASV, meeting the discriminate validity requirements [86]. All of the
developed scales demonstrated reliability since both the Cronbach’s alpha and composite
reliability for each construct were greater than the recommended threshold value of 0.70.
The effects of common method bias were checked by comparing the CFA results with and
without a CLF, following Gaskin’s method [87]. There was no difference in the CFA results
with and without the CLF, indicating that common method bias was not a concern for the
collected data.
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Table 2. Confirmatory factor analysis (CFA) validity and reliability.

Convergent Validity Discriminant Validity Reliability

CR (Critical Ratio) > 0.70 MSV < AVE α > 0.70

CR > AVE ASV < AVE CR > 0.70

Construct Cronbach’s α CR AVE MSV ASV

Disruptive innovation 0.880 0.904 0.758 0.231 0.183

Integrated vision 0.822 0.922 0.856 0.671 0.424

Knowledge creation 0.939 0.957 0.849 0.814 0.462

Connectedness 0.931 0.909 0.833 0.713 0.421

Eco-communal
management 0.839 0.795 0.663 0.646 0.449

Market creation 0.813 0.820 0.696 0.245 0.155

Sustained value 0.935 0.974 0.950 0.543 0.294

5.2. Test Results

The hypothesized models fit the data well, with model fit statistics of χ2 = 19.08,
df = 11, CMIN/df = 1.734, CFI = 0.998, TLI = 0.889, and RMSEA = 0.058 [88–90]. The
hypothesized model tested as shown in Figure 4 fits the data well, with model fit statistics
of χ2 = 19.08, df = 11, CMIN/df = 1.73, CFI = 0.998, and p > 0.05 as summarized in
Table 2 [88–90]. Therefore, all but one of the antecedents had significant impacts on the
mediators, and the mediators had significant impacts on the outcome variable.
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As predicted, H1 was supported (β = 0.24, p < 0.001), indicating that disruptive
innovation had a significantly positive impact on eco-communal management. Both H2
and H3 were also supported, with confirming a significantly positive relationship between
integrated vision and eco-communal management (β = 0.40, p < 0.001), and an even
stronger relationship between integrated vision and market creation (β = 0.70, p < 0.001).
The test result for H4 further highlighted the importance of knowledge creation to the
creation of RE markets. The strongest relationship was verified with the high coefficient
value (β = 0.89, p < 0.001).

On the other hand, H5 was not supported. In other words, a relationship between
connectedness and eco-communal management turned out to be negative, with a highly
significant beta of –0.48 (β = −0.48, p < 0.001). As anticipated, both H6 and H7 were
supported, with β = 0.76, p < 0.001 and β = 0.15, p < 0.001, respectively. These results confirm
that both eco-communal management and market creation had significantly positive
impacts on the performance of RE businesses. That is to say, eco-communal management
enhanced sustainable value. A summary of the hypotheses test results is presented in
Table 3. Further verifying the robustness of the model, the predictor variables were found
to explain 78% of the variance in the outcome variable.

Table 3. A summary of hypotheses test results.

Hypothesis Path β-Coefficient * Test Result

H1 Impact of disruptive innovation on market creation 0.24 Support

H2 Impact of integrated vision on eco-communal
management 0.40 Support

H3 Impact of integrated vision on market creation 0.70 Support

H4 Impact of knowledge creation on eco-communal
management 0.89 Support

H5 Impact of connectedness on eco-communal management −0.48 Not support

H6 Impact of eco-communal management on sustained
value 0.76 Support

H7 Impact of market creation on sustained value 0.15 Support

* Note: statistically significant at α = 0.001.

Going further, we tested to see if the RE business outcome differed depending on the
economic development stage of host countries (emerging versus developed economies).
When we compared the data analysis results of two contrasting economies path-by-path,
we found that two data sets were not invariant with a Chi-square difference (∆χ2) of
29.63, degree of freedom difference (∆df) of 13, and p-value = 0.005. To elaborate, RE
businesses in developed economies have stronger RE business foundations in terms of
integrated vision, knowledge creation, connectedness, eco-communal management, and
market creation than their counterparts in emerging economies due in part to their greater
financial resources and economic maturity. In particular, the strongest positive relationship
existed between knowledge creation and eco-communal management (β = 0.91, p < 0.001)
in developed economies, whereas emerging economies showed a significant positive
relationship between knowledge creation and market creation in (β = 0.55, p < 0.001).
The positive outcome relationship between eco-communal management and sustainable
value is turned out to be significant for emerging economies as well (β = 0.93, p < 0.001).
In light of this discussion, the performance of RE businesses in both developed and
emerging economies may be enhanced by creating appropriate RE knowledge bases.
Knowledge creation is crucial for improving the sustainable value of RE businesses since it
can augment or revolutionize existing energy sectors through disruptive innovation. For
both emerging and developed economies, we should note that eco-communal management
had the greatest impact on sustainable value. Thus, regardless of the economic maturity, RE
businesses should adopt some of the eco-communal management practices which positively
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contribute to an improvement of the sustainable value, as suggested by Pavlovich and
Krahnke [91]. Furthermore, the comparison of the two data sets indicates that RE businesses
may benefit from the strong linkage between the integrated vision of the businesses and the
associated market creation, where this linkage is much stronger for developed economies
(β = 0.80, p < 0.001) than for emerging economies (β = 0.19, p < 0.05). Enhancing this
linkage necessitates continuous innovation, which helps sustain successful RE business
entrepreneurship. Such innovation begins with the establishment of RE education/training
programs, and innovative business culture across the social system.

6. Key Finding and Managerial Implications

Overall, this study suggests that the effort to create sustainable value for RE businesses
starts with knowledge creation. In other words, a primary path for creating sustainable
value for RE businesses is underpinned by knowledge creation. Such value creation led
to desired RE business outcomes via eco-communal management. Herein, knowledge
included both entrepreneurial and tacit knowledge (e.g., expert insights gained from
RE business experiences). This finding indicated that disruptive innovation based on
knowledge creation improved the competitive positioning of the RE businesses and helped
develop symbiotic and synergistic relationships among ROI, environmental, and social
benefits as noted by prior RE studies [31,92,93].

In addition, disruptive innovation built upon integrated vision played a significant
role in RE market creation that, in turn, had a positive impact on the sustainable value. Thus,
RE businesses must engage in technological and business model innovations, accompanied
by environment friendly (or green) marketing strategy [94]. On the other hand, we noticed
that the direct negative impact of connectedness on eco-communal management due to
the culture stressing the individual rights/benefits and stratified management structures.
This finding is somewhat surprising in that the development of social capital and the
subsequent strong bond among RE multiple stakeholders are thought to improve RE-
related benefits for all the stakeholders and the subsequent eco-communal management.
The possible explanation for this finding is the adverse impact of rising individualism
(specially developed economies) on the pursuit of group-oriented, integrated benefits
emanating from RE businesses.

However, we discovered a strong positive relationship between knowledge creation
and eco-communal management (especially in developed economies). That is to say, the
performance of RE businesses in developed economies may be enhanced by creating ap-
propriate knowledge about eco-communal management as noted by Machlup [95]. We
also observed that RE businesses in developed economies may benefit from the linkage
between the integrated vision of the RE businesses and the associated RE market cre-
ation. Enhancing this linkage requires the nurturing of a culture of continuous innovation,
which strengthens sustainable entrepreneurial spirits and associated education/training
programs. Congruent with a finding of Chen et al. [96], we found that a positive relation-
ship between knowledge creation and market creation could improve the performance
of RE businesses. That is to say, knowledge creation is an important prerequisite to the
improvement of RE business performances.

To summarize, from managerial perspectives gained from the aforementioned find-
ings, we can conclude that both the integrated vision and knowledge creation spurred by
innovative corporate culture and eco-communal mindsets are essential for the RE busi-
ness success, while social capital is not necessarily critical for the RE business success.
Theoretical implications of this study result are the validation of TOI and the theory of
innovation diffusion for RE business development. However, this study could not fully
validate the social systems theory due to the negative role of connectedness in establishing
eco-communal management.
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7. Conclusions and Future Research Directions

This paper is one of the first to assess the impact of disruptive innovation, integrated
vision, connectedness, and knowledge creation on the RE business performance in both
developing and developed economies. As such, the model developed in this paper needs
to be verified for contextual applicability (i.e., generalizability and transferability) before it
can be utilized for other industry sectors.

In light of the fast-paced technological and business model innovations that are in-
tegral parts of today’s knowledge-based business landscape in the era of the industrial
revolution 4.0, the role of disruptive innovation and knowledge/market creation in en-
hancing sustainable value in the RE businesses is of paramount importance for the success
of RE entrepreneurs or start-up businesses. This paper is intended to provide strategic
managerial guidance for both start-up and existing RE businesses to help them survive and
prosper with the optimal configuration of innovation initiatives or new business model
developments. As such, this paper can help enhance sustainable value for all RE business
stakeholders. In closing, we should note that the current research framework and model
could be refined and then successfully applied to other emerging business ventures.
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