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Abstract
This research examines the impact of firms’ decision-making, crisis management, and 
risk-taking behaviors on their sustainability and circular economy behaviors through the 
mediating role of their eco-innovation behavior in the energy industry in Iraq. Firms are 
exploring applicable mechanisms to increase green practices. This requires the industry 
to possess the essential skills to overcome the challenges that reduce sustainable activi-
ties. We applied a dual-stage structural equation modeling (PLS-SEM) and a multi-criteria 
decision-making (MCDM) approach to explore the linear relationships between variables, 
determine the weight of the criteria, and rank energy companies based on a circular econ-
omy. The online questionnaire was sent to 549 managers and heads of departments of Iraqi 
electric power companies. Out of these, 384 questionnaires were collected. The results 
indicate that firms’ crisis management, decision-making, and risk-taking behaviors are sig-
nificantly and positively linked to their eco-innovation behavior. This study confirms the 
significant and positive impact of firms’ eco-innovation behavior on their sustainability and 
circular economy behaviors. Likewise, eco-innovation behavior has a fully mediating role. 
For the MCDM methods, ranking energy companies according to the circular economy can 
support policymakers’ decisions to renew contracts with leading companies in the rank-
ing. Practitioners can also impose government regulations on low-ranked companies. Thus, 
governments can reduce the problems of greenhouse gas emissions and other environmen-
tal pollution.
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1 Introduction

Electricity companies are the primary cause and contributor to environmental pollu-
tion and greenhouse gas emissions (Rosales-Calderon and Arantes,2019). Consequently, 
the world’s rapid economic growth at the expense of severe environmental pollution has 
made the energy sector the largest emitter of greenhouse gases and energy consumers in 
the world (Li et al., 2019; Shi et al., 2019; Yang et al., 2019). Environmental pollution from 
the energy sector significantly impacts human prosperity and health because resource con-
sumption and environmental pollution limit sustainable development and threaten human 
health (Chen et  al., 2018; Li et  al., 2019). Global competition’s continual change and 
quick technical progress are critical characteristics of economies (Abdul Latif et al., 2021; 
Hansen et al., 2018). The quickly changing environment has increased the challenges for 
businesses to adjust to external opportunities (Mannan et al., 2018). Several firms attempt 
to shift these threats to new, more sustainable business models (Chen et al., 2017). Energy 
companies strive to create a sustainable industry by mitigating hazardous emissions and 
consuming fewer natural resources (Singh et  al., 2019). Since the circular economy and 
eco-innovation contribute to reducing climate change, decreasing greenhouse gas emis-
sions, and mitigating air pollution, exploring these issues is hotspot research. Hence, eco-
innovation is crucial to organizational prosperity by confirming long-term survival and 
global competitiveness (Alnoor, 2020). Eco-innovation depends on human, financial, and 
natural resources. In this context, eco-innovation contributes to increasing the added value 
of products and services by generating modern and beneficial ideas (Abdullah et al., 2022a; 
Carrillo-Hermosilla et al., 2010; Sadaa et al., 2022).

Numerous countries have enacted regulations to promote sustainable industrialization, 
including limits on industry emissions and incentives for renewable energy (Meng et al., 
2018). Several governments and industries have adopted the sustainability approach to 
address environmental issues and conserve energy (Brunke et  al., 2014). However, pre-
vious literature has explored determinants that limit sustainability and circular economy 
activities. Previous studies have emphasized the critical influence of risk management 
factors such as decision-making, risk-taking, and crisis management on eco-innovation, 
sustainability, and circular economy (Carvalho & Sugano 2016; Dahlander et  al., 2021; 
Sánchez & Aznar, 2015). Hence, decision-making and risk-taking contribute to developing 
sustainability and a circular economy (Adams et al., 2016; Zink & Geyer, 2019). Besides, 
decision-making and risk-taking play vital roles in enhancing eco-innovation by encourag-
ing knowledge acquisition, adaptation of new technology, and increasing opportunities for 
exploration and exploitation of environmentally friendly products in the energy sector (Ali 
et al., 2020; De Jesus &  Mendonça, 2018; Scott-Ladd & Chan, 2004). Despite that, the 
decline in the quality of decisions, the weakness of taking risks, and the failure to deal with 
crises wisely generate huge risks of environmental pollution and greenhouse gases (Coul-
thard et al., 2019).

Nearly 80% of global energy consumption is still provided by fossil fuels (Paladugula 
et al., 2018). Policymakers must seriously deal with environmental pollution by increasing 
the activities and applications of sustainable development and environmental innovation 
for energy use and consumption (Santoyo-Castelazo & Azapagic, 2014). Thus, sustain-
ability contributes to the development of the energy system and environmental innovation 
and increases the chances of acceptance and adoption of renewable energy technologies 
(Kumar et  al., 2017). Moreover, incorporating sustainability in energy consumption and 
eco-innovation management boosts energy efficiency and reduces waste in the energy 
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industry (Mangla et al., 2020). Concern about the influence of energy sources on society 
and the environment has prompted an urgent need to investigate energy sustainability and 
environmental innovation in the energy industry (Chaudhary & Kumar, 2021). Various 
research has concentrated on many sustainable energy production strategies in the energy 
industry to offset the harmful impacts of pollutants produced from their power genera-
tion operations. Mangla et al. (2020) considered reusing other renewable energy sources 
to lessen environmental issues and make the best energy use. Attempts were continued by 
previous literature. Hence, hybrid MCDM methods and SWOT analysis were used to deter-
mine the best alternative energy strategies and plans (Almutairi et al., 2022). In addition to 
evaluating renewable and conventional energy sources for the energy sector to determine 
the best energy option (Ighravwe et al., 2022). Furthermore, gas, thermal, nuclear, wind, 
solar, hydro energy, and biomass options are used as alternatives in the decision model 
(Saraswat & Digalwar, 2021). Previous literature has also used MCDM in the energy sector 
to assess the economic and environmental performance of energy in Organization for Eco-
nomic Co-operation and Development countries (Gökgöz & Yalçın, 2021).

The health harm to individuals and the environment caused by greenhouse gases and 
burning fossil fuels has motivated scientists to explore solar energy sources to enhance 
power generation systems. MCDM methods have been utilized to give insights into the 
selection and ranking of energy sector organizations based on sustainability and eco-inno-
vation aspects (Saraswat & Digalwar, 2021). Scientists and academics have also thoroughly 
investigated the sustainability practices of energy sector corporations. Several studies have 
investigated electrical sustainability techniques in the energy industry by applying MCDM 
approaches. To our knowledge, determining the best energy companies based on a circu-
lar economy has rarely been reported in previous studies, especially since international 
reports and previous research confirm that Iraq is one of the major oil and energy exporters 
(Alnoor, 2020; Ishfaq et al., 2018).

The energy industry is experiencing rising demands in terms of social, economic, and 
environmental performance. Identifying the best sustainable companies in the field of elec-
tric power generation based on clean energy sources supports and enhances the image and 
reputation of the energy sector companies (Wang et al., 2019). Determining the best and 
worst companies is a complex process that needs to be resolved due to several variables 
and the different importance of the variables. Therefore, the MCDM approach deals with 
complex problems (Alsalem et al., 2021). However, there are few pieces of information to 
distinguish the best and worst firms in the sustainable energy sector. Recognizing the best 
sustainable firms in the energy sector can assist in improving legitimacy, and transparency, 
boost the brand value and raise the firm reputation (Alnoor et al., 2022a, b, c; Bouncken & 
Tiberius 2021). The identification and evaluation of the environmentally sustainable energy 
industry have regularly gained the attention of academics and policymakers for identifying 
the best sustainable company in the energy industry. We raise the important question: What 
are the critical criteria that determine leading sustainable firms in the energy sector? There-
fore, this study developed a novel conceptual framework to enhance business models by 
performing the SEM analysis to identify the circular economy’s determinants. Hence, we 
used MCDM methods to conduct benchmarking among firms in the energy sector.

To this end, this study overcomes the gap in previous studies by examining the impact 
of firms’ crisis management, risk-taking, and decision-making behaviors on their sustain-
ability and circular economy behaviors through the mediating role of their eco-innovation 
behavior in the energy sector in Iraq by adopting a dual stage of SEM and MCDM. In sum-
mary, this study aims to explain the impact of firms’ crisis management, risk-taking, and 
decision-making behaviors on their sustainability behavior through their eco-innovation 
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behaviors. To reach this goal, we use the PLS-SEM approach and adopt the MCDM meth-
ods of weighing and ranking to assign a weight, determine the importance of variables, and 
rank the firms in the energy sector accordingly.

2  Literature review

2.1  Eco‑innovation

Eco-innovation is the superior use of resources to reduce negative environmental impacts 
and create new products that benefit businesses (Carrillo-Hermosilla et  al., 2010). Eco-
innovation can be described as a set of innovations that mitigate negative environmental 
impacts. Eco-innovation includes developing new or improved products with environ-
mentally friendly materials, designs, and processes that reduce resource consumption 
and pollution, mitigate environmental damage, and marketing solutions that promote pro-
environmental behaviors (Ramkumar et  al., 2022). Eco-innovation is represented as the 
development, integration, or adoption of new products resulting in reduced excess pollu-
tion and negative impacts (Kesidou & Demirel, 2012; Karakaya et al., 2014). Many com-
panies are committed to sustainable development by creating serious attempts to adopt 
and implement environmental innovation (Halila & Rundquist, 2011). As a result, govern-
ments pursue support for eco-innovation for environmental and economic sustainability. 
Many countries are enhanced to create a new consciousness, the institutionalization of eco-
innovation, and interest in improving environmentally friendly goods and services (Kiefer 
et al., 2017). There is considerable growth in the interest of industries in eco-innovation 
to achieve superior and sustainable performance (Horbach, 2014). Eco-innovations seek 
to improve the environmental efficiency of existing products and processes. Eco-inno-
vation improves the quality of life for societies through environmental management sys-
tems, material use, energy use, and water use (Kemp & Pearson, 2007; Hellström, 2007). 
Increased adoption and diffusion of eco-innovations by companies can be critical to reduc-
ing the environmental impact and providing products, services, and practices that promote 
environmentally sustainable consumption (Bossle et al., 2016). Eco-innovations are criti-
cal in bringing about incremental and radical improvements to improve the quality of life 
(Rennings, 2000; Tiberius et al., 2021b).

Moreover, companies implementing eco-innovations generate positive environmen-
tal externalities that benefit society in the long term (Hojnik & Ruzzier, 2016; Jaffe et al., 
2005). Circular economy and sustainability are becoming increasingly important to gov-
ernments, investors, businesses, and the public. Sustainability envisions the harmonious 
combination of social inclusion, environmental resilience, and economic performance 
to benefit present and future generations (Geissdoerfer et  al., 2017). Enhanced circular 
economy and sustainability necessitate innovation in firms’ value creation, understanding, 
and business practices. Companies are required to collaborate with the eco-innovation of 
actors. Therefore, innovation in circular economy and sustainability is a crucial compe-
tency for businesses (Pieroni et al., 2019).

2.2  Circular economy/closed‑loop economy

Energy is a massive industry; energy production accounts for 70% of all greenhouse gas 
emissions worldwide (Alnoor et al., 2022a, b, c). The circular economy is a new industrial 
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and economic concept that provides a combined practice that concentrates on corporate 
ideas and thoughts with products and systems with the significant target of environmen-
tal, social, and economic advantage by improving and conserving resources (Kravchenko 
et  al.,2019). A circular economy is an economic system that aims to effectively use 
resources through closed loops of products, long-term value retention, waste minimization, 
and reduction of primary resources, product parts, and materials. A circular economy is 
a sustainable system that reduces resources, waste, and energy inputs by narrowing the 
material and energy chain (Geissdoerfer et al., 2017; Camilleri, 2020). The circular econ-
omy aims to generate wealth, jobs, cost savings, and environmental, economic, and social 
benefits by adopting key concepts of reuse, recycling, and recovery (Koumparou, 2017). 
The circular economy was previously associated with requirements to reduce, reuse, and 
recycle, which are essential components of the waste management mechanism. The litera-
ture has expanded the concept of circular economy to include new elements represented in 
redesign, refurbishment, and reuse (Reike et al., 2018). Four new series have been added to 
the concept of a circular economy rethink, repair, remanufacture, and recover (Morseletto, 
2020: Manickam & Duraisamy, 2019). As a result, governments should develop regula-
tions that incentivize companies to use efficient waste management practices based on ele-
ments of a circular economy (Kirchherr et al., 2018). The circular economy can contribute 
significantly to the social dimension by creating green jobs. Such a concept can also be 
restricted due to a lack of trained labor, financial constraints, and experience (Agyemang 
et  al., 2019: Kumar et  al., 2017). Several governments seek to integrate the concepts of 
circular economy, green economy, and bioeconomy to maximize sustainability effective-
ness and achieve sustainable development goals (Camilleri, 2019; D’Amato and Korhonen, 
2021). A circular economy attempts to enhance the economic success and improve envi-
ronmental quality by controlling resource loops and ensuring the sustainability of the envi-
ronment. Furthermore, firms enhance the circular economy by using key concepts such as 
recycling, remanufacturing, reusing, repair and renewal to close resource loops and reduce 
resource consumption (Bocken et al., 2016).

2.3  Sustainability

Sustainability can be defined as a shift in company strategies and operations toward meet-
ing the demands of stakeholders and sustaining, maintaining, and improving human and 
natural resources that will be required in the future (Searcy, 2011). Sustainability primar-
ily focuses on maintaining the natural environment and promoting social fairness by con-
sidering future human needs. Firms support adopting environmental practices that aim to 
mitigate environmental damage and maximize economic gains (Fujii et al., 2013). Sustain-
ability has also become popular with policymakers, affecting local, regional, national, and 
governments (Su et al., 2013). Furthermore, sustainability has been institutionalized into 
policymakers’ agendas and companies’ strategies. Gradually the concept becomes more 
ingrained in the norms that govern social interventions and affect organizational behavior 
(Hodgson et al., 2005). The concept of sustainability has been widely adopted due to con-
cerns about the current level of technology, industrial production, and consumption which 
may threaten future generations (Geissdoerfer et al., 2017). Three performance factors must 
be reviewed regarding firm sustainability. Firstly, economic sustainability refers to a firm’s 
capacity to meet customer demands and expectations. Secondly, social sustainability devel-
ops and fulfills the desires and requirements of customers (Kruggel et al., 2020. Thirdly, 
environmental sustainability refers to protecting and rebuilding the ecosystem for future 
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generations (Larbi-Siaw et al., 2022). According to the previous literature, the environmen-
tal, social, and economic aspects are essential to the sustainability of the performance of 
companies (Evans et al., 2017; Fernando et al., 2019; Sandberg et al., 2022; Tiberius et al., 
2021). Therefore, sustainability management includes activities that aim to measure, ana-
lyze, and improve economic, social, and environmental performance (Schaltegger et  al., 
2013).

2.4  Decision‑making

Decision-making is the process of selecting the optimal alternative from many alternatives. 
Decision-making is characterized as a source of inspiration. Moreover, decision-mak-
ing motivates employees to increase job investment and foster innovation (Da’as, 2020; 
Somech, 2010). According to March (1997), an organization makes decisions using accu-
rate information. Thus, the decision-making process is affected by information processing, 
collection, and interpretation. Decision-making considers a significant factor in achiev-
ing eco-innovation (Ben Amara & Chen, 2021). Additionally, decision-making enables 
employees to generate innovative solutions (Jyoti & Rani, 2017). However, the decision-
making process related to eco-innovation is influenced by social duty, risk, and experience. 
The firms must enhance the ability of environmental decisions. Firms must incorporate 
innovative and dynamic environmental behavior into strategic decision-making to main-
tain a competitive position (Salunke et al., 2011). Numerous academics asserted the sig-
nificant effects of empowerment on eco-innovation (Ben Amara & Chen, 2021). Thus, the 
decision-making process may motivate eco-innovation goals and mitigate the barriers to 
eco-innovation (Arranz et al., 2019). Decision-making considers a vital factor in achieving 
a circular economy (Modgil et al., 2021). As a result, policymakers focus on making deci-
sions in line with the concept of an emerging circular economy and sustainability (Tang 
and Liao, 2019). Contributing to the development of the circular economy requires shifting 
to sustainability to obtain superior performance results. Previous studies have emphasized 
the critical impact of decision-making in managing the circular economy (Kristoffersen 
et al., 2020). The decision-making process should overcome the obstacles of emissions and 
environmental pollution. Therefore, linking decision-making to the environment and sus-
tainability contributes to the transition to a circular economy and mitigating climate change 
and greenhouse gas emissions (Alcantar et al., 2020).

2.5  Crisis management

Crisis management is described as the collection of pre- and post-crisis operations that 
aims to mitigate the implications of risks (Christensen et al., 2016). The primary pur-
pose of crisis management is to prevent and prepare for crises and efficiently man-
age crises to limit actual damage (Coombs, 2015). The crisis management process is 
a dynamic and ongoing process that includes proactive and reactive efforts to antici-
pate and prepare for a crisis and resolve crises (Öcal et al., 2006). Companies face the 
challenge of identifying and using technologies to mitigate the consequences of crises 
(Ritchie, 2004). The concept of crisis management includes relief, preparedness, miti-
gation, and resiliency activities (Unlu et al., 2010). Therefore, many organizations are 
interested in developing an emergency plan to prepare for crises. Because crises affect 
society, disasters and sudden accidents threaten to cause severe environmental damage 
and harm the quality of life (Battisti & Deakins, 2017). Moreover, crisis management 
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considers a critical factor in improving sustainability. However, crises constitute sensi-
tive barriers hindering environmental innovation toward companies’ adoption of the 
circular economy (Emerson & Nabatchi, 2015). For example, the lack of communica-
tion and cooperation between stakeholders reduces the development of environmen-
tally friendly products. Hence, communication is vital in achieving crisis management 
(Leta & Chan, 2021). Crisis management is a process that refers to the systematic pro-
cedures and communications that organizations use to reduce the likelihood of a crisis 
and mitigate its impact of a crisis (Bundy et al., 2017; Pearson & Clair, 1998).

Crisis management requires strategies that increase the exploitation of core capa-
bilities and resources to achieve superior performance and encourage sustainable envi-
ronmental activities (Bruno & Finzi, 2018). Previous literature has argued the rela-
tionship between eco-innovation and crisis. According to García-Pozo et  al. (2016), 
the economic situation and crisis control procedures support commitment to eco-inno-
vation. Furthermore, during the economic crisis, hotels in Spain suffered from poor 
sustainability activities due to the weak economic situation that did not improve eco-
innovation activities (Abdullah et  al., 2022b; Alnoor et  al., 2022b; Al-Abrrow et  al., 
2022). The literature that investigated the relationship between innovation, crises, and 
challenges recommended a comprehensive investigation of the relationship between 
eco-innovation and economic challenges and crises to find practical and innovative 
solutions to climate change under the unstable and stable conditions of the environ-
ment (Haskell et al., 2021).

2.6  Risk‑taking

Risk-taking refers to the tendency of companies to engage in high-risk projects with 
a willingness to perform with organizational prudence in the face of uncertainty 
(Huybrechts et  al., 2013; Kempers et  al., 2019). Risk-taking can be categorized as a 
decision (i.e., taking managerial risks) or an outcome risk in a business context (i.e., 
organizational risk) (Santacruz, 2020). The literature confirms there are many deter-
minants of risk-taking. For instance, managers’ personalities, traits, and behavioral 
characteristics significantly influence risk-taking. In addition, risk-taking decrease the 
intentional exposure of an individual to the possibility of loss and danger. However, 
in turbulent times risk is considered inescapable. (Panno et al., 2021). Risk is integral 
to business, and organizational growth is contingent on risk-taking. Many practition-
ers are concerned with risk mitigation because risks affect organizational survival and 
the quality of life in societies. Risk-taking is essential to achieve sustainability (Ritzén 
& Sandström, 2017). According to Maroušek et al. (2015), sustainability is a combi-
nation of risk-taking, social responsibility, and experimentation that emphasizes the 
innovative potential as a driver of environmental innovation. Risk-taking is also criti-
cal to innovation by creating an innovative climate (Sinkula, 2002; Dai & Seol, 2014). 
The willingness of companies to take risks refers to reducing business risk, achiev-
ing high profits, and lowering the possibility of failure (Alvarez et al., 2020). Compa-
nies are increasingly involved in developing information systems, expert systems, and 
artificial intelligence mechanisms to make successful decisions that mitigate risks and 
inspire companies to be ready to face unexpected crises (Games & Rendi, 2019; Zhu & 
Matsuno, 2016).
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3  Hypothesis development and theoretical model

3.1  The relationships between crisis management, decision‑making, risk‑taking, 
and eco‑innovation behaviors

Crisis management is positively related to eco-innovation. It should be noted that the level 
of crisis management is one of the competencies linked with eco-innovation. Companies 
with a higher level of management of the crisis can manage their business more effectively 
than those with a lower management level (Al-Abrrow et al., 2019; Alnoor et al., 2022c; 
Albahri et al., 2021b). Many companies focus on mitigating the negative consequences of 
crises. Because a crisis often has an impact on the behavior of customers, employees, and 
partners. Organizations strive to stimulate resiliency processes to keep the well-being of 
society and customers the main priority. In this context, eco-innovation has the potential to 
expand and achieve excellent and interesting results in the field of sustainability (Broshi-
Chen & Mansfeld, 2021). Nevertheless, the literature confirms that ineffective crisis man-
agement leads to weakness in establishing external partnerships and stimulating internal 
efficiency. Such an issue affects the development of environmentally friendly products and 
services (García-Pozo et al., 2016). Effective crisis management stimulates eco-innovation, 
creating a positive organizational reputation for companies (Singh Sandhawalia & Dalcher, 
2011). Many organizations improve crisis management activities to address problems and 
crises threatening the organization’s survival by developing eco-friendly products. Com-
panies recognize the value of knowledge in crisis management to stimulate the exploration 
and exploitation of environmental ideas (Singh Sandhawalia & Dalcher, 2011). Efficient 
crisis management raises companies’ ability to explore and exploit ideas in eco-innova-
tion. In summary, crisis management is critical in developing products that minimize envi-
ronmental damage. In addition, many companies struggle to manage crises efficiently to 
maintain a superior competitive position and achieve benefits for customers and society 
(Lichtenthaler, 2011). Therefore, we assumed that:

H1: Firms’ crisis management behavior has a positive impact on their eco-innovation 
behavior.

Decision-making is positively and significantly related to eco-innovation. The finding 
of the previous studies indicated that decision-making enhances eco-innovation. Decision-
making facilitates knowledge sharing within companies, allowing managers and staff to 
collect critical information necessary to adopt eco-innovations (Fernández-Mesa & Alegre, 
2015). Additionally, decision-making improves an employee’s capabilities and lowers the 
obstacles to eco-innovation (Sánchez & Aznar, 2015). According to De Dreu et al. (2011), 
decision-making achieves incredible results in eco-innovation through common social 
and environmental identity. Companies, managers, group leaders, and employees strive 
to embed issues of eco-innovation and sustainability into the decision-making processes. 
Scientists suggested decision-making enhances worker and manager motivation to engage 
in sustainable practices (Tian & Zhai, 2019; Boxall et al., 2015). Consequently, decision-
making benefits eco-innovation (Chen & Tjosvold, 2006; Scott-Ladd & Chan, 2004; Ali 
et al., 2020). Decision-making aims to increase the leader’s and subordinates’ collaborative 
influence to motivate human resources to develop environmentally friendly innovations. 
Management decisions significantly affect eco-innovation (Huang et al., 2010; Da’as, 2020; 
Somech 2010). Many practitioners and academics attempt to enhance quality decisions in 
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companies because there is a link between the quality of innovation and organizational 
decisions (Pisano, 2015). Many companies are increasing participation in decision-making 
and adopting concurrent engineering to create products with competitive environmental 
advantages (Chiu et al., 2014; Brabham, 2013). Moreover, we suggested that:

H2: Firms’ decision-making behavior has a positive impact on their eco-innovation 
behavior.

Risk-taking is positively and significantly related to eco-innovation. There is a strong 
correlation between risk-taking and outbound open innovation (Oliva et al., 2022). Besides, 
academics argue the relationship between taking risks and external networking of open 
innovation is strong (Carvalho & Sugano, 2016). However, an inadequate understanding 
of corporate adoption of eco-innovation based on well-established technology poses enor-
mous risks. Therefore, excessive reliance on research and development activities outside 
the borders through alliances and acquisitions increases the risks (Al-Abrrow et al., 2021; 
Albahri et al., 2021a; Alhamdi et al., 2019). Because relying on external sources reduces 
the internal efficiencies of eco-innovation and increases the opportunities for arm-twisting 
operations by supplier companies (Manzini et  al., 2017). A stream of research has con-
firmed there is a negative relationship between risk-taking and eco-innovation (Schroll & 
Mild, 2011). Eco-innovation research has also revealed low risk-taking by practitioners and 
managers increases environmental risks and impairs innovation processes. Furthermore, 
low risk-taking leads to increased administrative and regulatory expenses and environ-
mental risks for products and services (Hannen et al., 2019; Brunswicker & Chesbrough, 
2018). Thus, we proposed that:

H3: Firms’ risk-taking behavior has a positive impact on their eco-innovation behavior.

3.2  The relationships between eco‑innovation, sustainability, and circular economy 
behaviors

Eco-innovation is positively and significantly related to corporate sustainability. The result 
shows that eco-innovation is supported by sustainability. Eco-innovation enhances social, 
environmental, and economic sustainability performance (Carrillo-Hermosilla et al., 2010). 
Developing eco products, processes, services, and technologies can advance the well-being 
of human needs and organizations and raise social benefits (Tello & Yoon, 2008). Moreo-
ver, sustainability-oriented eco-innovation changes the organizational culture to be focused 
on the environmental, social, and economic aspects of products (Adams et  al., 2016). 
Adopting eco-innovation would undoubtedly result in company cost savings through 
resource preservation, energy conservation, waste reduction, and recycling (Hitchcock & 
Willard, 2012). Various industries focus on environmental improvements for products and 
services to gain customer satisfaction and reduce waste (Smerecnik & Andersen, 2011). 
Therefore, sustainable product innovation is an essential factor for the well-being of socie-
ties (Chaudhary & Kumar, 2021). Governments struggle to enforce laws on companies to 
commit to environmental innovation and increase community sustainability because such 
action would reduce climate change and greenhouse gas emissions. Because eco-innova-
tion is affected by governmental laws, corporate beliefs, rules, and ethical codes (Smerec-
nik & Andersen, 2011). In addition, organizational capabilities, facilities, expertize, values, 
and processes are essential determinants of eco-innovation (Chaudhary & Kumar, 2021). 
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Eco-innovation can be considered the primary factor in developing sustainable business 
practices. Hence, eco-innovation is directly associated with sustainability issues such as 
climate change, resource efficiency, and waste (Kemp & Pontoglio, 2011). When corporate 
sustainability goals adopt a circular rather than a one-way strategy, the circular economy 
is the best option for deciding business policy priorities. Eco-innovation can be viewed as 
the main driver behind creating new corporate sustainability policies because of its direct 
relationship to resource efficiency, energy deficit, and climate change (Kemp, 2011). Fur-
thermore, we proposed that:

H4: Firms’ eco-innovation behavior has a positive impact on their sustainability behavior.

Eco-innovation is positively and significantly related circular economy. The finding 
indicates that eco-innovation enhances the circular economy in the context of the Public 
Companies of the Iraqi Ministry of Electricity (Alharbi & Alnoor, 2022; Alnoor, 2020; 
Khaw et al., 2022b). The result shows that the circular economy supports eco-innovation. 
The relationship between eco-innovation and the circular economy is a unique and power-
ful combination of creating products with superior environmental features (Alnoor et al., 
2020; Eneizan et  al., 2019; Fadhil et  al., 2021). In addition, eco-innovation contributes 
to cost reduction, implementing technical solutions to produce cleaner products, organi-
zational reconfiguration, business models, and enhanced circular economy behavior (De 
Jesus &  Mendonça, 2018). Thus, eco-innovation activities are considered the most effec-
tive tools for achieving a circular economy and obtaining a higher level of sustainability 
(De Jesus et al., 2019). Firms have changed social systems to be intrinsically oriented on 
eco-innovation and the circular economy (Geissdoerfer et al., 2017) because eco-innova-
tion is linked to the circular economy toward achieving clean and environmentally friendly 
products and services.

Eco-innovation is linked to the circular economy and is considered the operational pro-
cess to increase clean production and achieve more sustainable operations in the supply and 
production activities (De Jesus &  Mendonça, 2018). However, governments are increasing 
the strictness of environmental regulations to reduce the impact of companies on the well-
being of current and future generations by mitigating the influence of industry on climate 
change (Alnoor et al., 2018; Khaw et al., 2022a; Wah et al., 2022). In this context, govern-
ments are putting pressure on companies to pay attention to the environment and reduce 
pollution. Circular economy activities and eco-innovation are the trends to reduce mate-
rial and energy waste (Cassia et al., 2020). Likewise, the relationship between eco-innova-
tion and the circular economy is crucial. The circular economy is oriented toward product 
design, and the process is environmentally friendly. In addition, academics and practition-
ers have established that innovation activities are linked to the circular economy. In this 
regard, open innovation could lead the shift to the circular economy because it strives to 
improve information flows, speed up the innovation process, and expand markets for the 
benefits that invention has on the outside. The move to the circular economy has been 
claimed to be driven mainly by innovation.

Similarly, eco-innovation and the circular economy are characterized by an interdiscipli-
nary strategy with a global focus and a long-term path (De Jesus et al., 2019). The incor-
poration of social, economic, and environmental aspects and components that integrate 
sustainability practices implied highlights eco-innovation as a means of a change to the cir-
cular economy. Companies must acquire innovative capabilities, such as eco-innovations, 
for the circular economy to be accepted. The eco-innovation efforts will help businesses 
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close the product life cycle loop and retrieve value from the trash. Hence, we recommended 
that:

H5: Firms’ eco-innovation behavior has a positive influence on their circular economy 
behavior.

Sustainability is positively and significantly related circular economy. The finding indi-
cates that sustainability enhances the circular economy in the context of the Public Com-
panies of the Iraqi Ministry of Electricity. The result shows that the circular economy sup-
ports sustainability. A circular economy prioritizes waste reduction, resource extraction, 
and opportunities for sustainable growth (Zink & Geyer, 2017). Economic development 
and associated environmental sustainability have been the primary goal of the circular 
economy (Mathews & Tan, 2016). The relationship between the circular economy and 
sustainability has become a central point of debate (Sauvé et al., 2016). Sustainability is 
used to support an institutional commitment by reducing risks and enhancing opportunities 
based on the circular economy concept (Geissdoerfer et al., 2017). To promote the devel-
opment of environmentally friendly products, companies must implement a circular econ-
omy throughout the product life cycle (Hildebrandt et al., 2021). According to Geissdoerfer 
et  al. (2017), sustainability contributes to achieving positive effects toward adopting the 
circular economy concept in many industries. In addition, sustainability is considered a 
complement to the circular economy process by integrating the social, economic, and envi-
ronmental aspects with the product life cycle. As a result, consumers are more receptive to 
green products that combine sustainability and circular economy to reduce environmental 
pollution (Turunen & Halme, 2021). In this regard, sustainability and circular economy are 
the most important issues to generate the organizational reputation (Alnoor et al., 2022c; 
Zaidan et al., 2022; Sandberg et al., 2022). However, the literature has argued weak envi-
ronmental innovation exacerbates sustainability problems (De Jesus et al., 2019; Kanger & 
Schot, 2018). A circular economy involves re-thinking social systems in terms of formal 
and implicit laws. In addition, companies that adopt the circular economy are forced to 
change collective and individual behavior that encourages the adoption of new business 
models to achieve sustainability (Geissdoerfer et al., 2017; Pieroni et al., 2019). Accord-
ing to Ritzén & Sandström (2017), most companies face barriers to adopting a circular 
economy, such as sustainability and environmental innovation. Therefore, we assume that:

H6: Firms’ sustainability behavior has a positive influence on their circular economy 
behavior.

3.3  Mediating role of eco‑innovation

The investigation on the mediating role of eco-innovation confirms most of the hypotheses 
of the influence of crisis management, decision-making, and risk-taking on sustainability 
and circular economy through the mediating role have been accepted. However, there is 
a positive and significant impact through the mediating role of eco-innovation. Previous 
studies have confirmed the influence of crisis management, decision-making (e.g., Becken 
& Hughey 2013), and risk-taking (John et al., 2008) on sustainability and circular economy. 
Several studies claim the importance of eco-innovation to increase sustainability activities 
(e.g., Azar & Ciabuschi 2017). For instance, Smith and Tushman (2005) scrutinized that 
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top management with innovative skills and capabilities acquire valuable resources essential 
for organizational sustainability and competitive advantage.

Moreover, eco-innovation, sustainability, and competitive advantage lead to superior 
performance (Alshehhi et al., 2018; Magon et al., 2018). In emerging economies, firms use 
various resources to gain a competitive advantage and enhance eco-innovation to encour-
age firm sustainability. However, crisis management is the perspective that is the most 
established factor that configures a firm to have a sustainable competitive advantage and 
success in a circular economy (Singh Sandhawalia & Dalcher, 2011). Efficient crisis man-
agement is considered an organizational capability and managerial innovation that controls 
corporate sustainability activities (Ferasso & Alnoor, 2022). Crisis management improves 
strategic planning and reduces the effect of the crisis and decision-making processes 
related to a troubled environment (Olsson et al., 2014). In this thought, decision-making 
facilitates organizations to configure the eco-innovation that can become a significant way 
to gain high sustainability.

Moreover, decision-making and risk-taking is a global competition and a source of com-
petitive advantage essential for business success (Oliva et al., 2022; Rogers, 2004). Risk-
taking enables firms to build a sustainable position and achieve eco-innovation success in a 
turbulent market, configuring profitability and a high circular economy (Carvalho & Sug-
ano, 2016). For instance, Hannen et al. (2019) claimed risk-taking assists firms in acquir-
ing valuable resources that can quiet the internal processes and structure of a firm which in 
turn significantly improves eco-innovation and sustainability. Furthermore, eco-innovation 
plays an essential role by producing more significant outputs from similar resources to 
stimulate sustainability and improve performance and circular economy (Coccia, 2017). 
For instance, innovation enables firms to acquire different resources crucial for high perfor-
mance and environmental competitiveness (Lee & Grewal, 2004).

The eco-innovation encourages innovations, sustainability, and corporate operations 
linked to a circular economy. Decision-making contributes to increasing sustainable eco-
nomic activities by stimulating stakeholder participation in exploring environmental 
improvements for products (Jabbour et al., 2020). The literature concludes decision-mak-
ing is related to a circular economy, sustainability, e-commerce, IT service management, 
emergency response, and social networking (Gou et al., 2018; Palomares et al., 2013; Wu 
& Xu, 2018). In this context, stakeholder participation in corporate decisions increases 
opportunities to create environmentally friendly products (Kunz et  al., 2018). Involving 
stakeholders in decision-making enhances awareness of adopting a circular economy in 
organizational processes (Kunz et al., 2018). Eco-innovation contributes to incorporating 
circular economy principles into organizational beliefs and values. Circular economics 
is based on the concept of resource efficiency. Thus, reducing costs and mitigating crises 
increases the potential for resource exploitation (Linder & Williander, 2017). Distinguished 
crisis management leads to optimal exploitation of resources and high development at the 
level of sustainable activities. In other words, crisis management can be a powerful mecha-
nism for adopting circular economy practices (Bodar et al., 2018). Many companies strug-
gle to increase the processes of substitution of manufacturing inputs, reuse and recycle, 
commodify waste and achieve cost savings associated with waste disposal (Bocken et al., 
2014). Therefore, crisis management improves companies’ adoption of circular economy 
processes and enhances sustainable activities’ capacity (Ripanti & Tjahjono, 2019; Ying & 
Li-jun, 2012; Zhu et al., 2010).

The primary objective of a circular economy is to maximize the recycling of materi-
als and align economic growth and development with the use of the environment and 
resources. However, neglecting to take risks reduces the benefits of a circular economy 
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and environmental product innovations. Risk-taking expands economic opportunities 
and increases prospects for transitioning to a circular economy to develop production 
and consumption patterns (Kazancoglu et  al., 2020). As a result, risk assessment can 
positively affect circular economic activities. The circular economy is closely related to 
risk. The relationship between risk and the circular economy is essential and increases 
the chances of developing sustainable products (Shen et  al., 2019). Companies are 
developing security systems tailored to boost resilience and ensure competitiveness, 
crisis management, and sustainability. Increased security to avoid crises is critical for 
increased competitiveness and sustainability (Elattar & ElSayed, 2020); Portal and 
Mangin, 2020). Academics have established risk management as a critical component 
of the sustainability model for different industries (Toubes et al., 2021). Corporate stra-
tegic plans that consider social, environmental, and economic issues support companies 
mitigate operational and financial risks (Terouhid & Ries, 2016). In conclusion, regu-
latory decisions and efficient risk management influence the exploration and exploita-
tion of environmental ideas for products. Hence, such issues are essential determinants 
of sustainability and circular economy activities (Monk & Perkins 2020; Holsapple & 
Sena 2005).

H7: Firms’ eco-innovation behavior positively moderates between their decision-making, 
crisis management, and risk-taking behaviors on the one hand and their sustainability and 
circular economy behaviors on the other hand.

4  Methodology

This section describes the methodology based on two methods, SEM and MCDM. The 
sample section describes the data collection process. The statistical approach section 
describes the MCDM methods performed to conduct a benchmarking between firms’ 
energy sectors, as shown in Fig. 1.

Fig. 1  Methodology steps
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4.1  Sample

In recent years, the challenges faced by the energy sector in developing countries have 
increased. Focusing on economic, social, and environmental is a critical need in the 
energy industry. This study was conducted in Iraqi electricity companies. Iraqi Ministry 
of Electricity began growing and increasing investment in electric power generation and 
distribution. The first step was to rehabilitate the electric power generation, transmis-
sion, and distribution stations following a structured program based on four financial, 
technical, operational, and sustainable criteria to identify the qualified electric power 
sector capable of operating in Iraq. As a result, the Iraqi Ministry of Electricity selected 
16 public businesses specializing in the production, transmission, distribution, training, 
operation, and repair of electrical stations. To collect information about these compa-
nies, the study consulted the Iraqi Ministry of Electricity’s website and analyzed data 
from recent World Bank publications for the Iraq Economic Monitor 2018/2020. Addi-
tionally, the Iraqi government began importing electricity from neighboring countries 
(Saudi Arabia and Iran) in 2009 as a means of increasing electricity production and 
relieving pressure on the national grid until the required level of electric power loads 
was reached. Ministry of electricity aims to increase production capacity and reach 
36,724 MW by 2025 and strengthen production, transmission, and distribution systems. 
Until 2019, many achievements have been achieved, increasing production capacity 
from 10,827 MW in 2017 to 19,395 MW in 2020. However, the actual production for 
the year 2021 was about 21,215 MW. Electricity companies currently represent the most 
important sector for the rest of the companies in Iraq because power is an important 
vital factor in developing economic, social, and industrial countries. In addition, these 
companies may contribute to reducing greenhouse gas emissions when investment in 
this sector is friendly and sustainable.

Sustainability issues and environmentally friendly innovation are among the tasks 
of leaders and managers in companies. Therefore, data were collected from manag-
ers and heads of departments working in 16 electricity companies in Iraq. The ques-
tionnaire was translated from English into Arabic language. Hence, the questionnaire 
was presented to six experts in the field of sustainability and energy to complete the 
pre-test process and content validity. Slight changes were made to the questionnaire, 
and the questionnaire was distributed online. The study population was selected from 
managers and heads of departments from different companies and cities (i.e., Baghdad, 
Basra, Babil, Mosul) in public companies of the Iraqi Ministry of Electricity. An online 
questionnaire was sent to 549 managers and heads of departments using different social 
networks. Due to the managers’ preoccupation with administrative and technical tasks, 
384 completed questionnaires were obtained with a 70% response rate. Therefore, the 
sample size is suitable and acceptable for data analysis because PLS-SEM required 200 
responses (Bell et  al., 2022; Hair Jr et  al., 2014). The questionnaire consisted of 52 
items covering the variables, and respondents answered using the five-point Likert scale 
to reduce respondent confusion by decreasing scale alternatives. The final sample con-
sisted of 384 managers and heads of departments representing 55% of males and 45% of 
females. Diploma holders constituted the majority at 51%, while the percentage of those 
holding a bachelor’s degree was 39% of the sample, and the percentage of master’s and 
doctoral degrees was 10%.

The problem of method bias is common in the field of human resource research. 
Several preventive measures were taken, such as confirming the confidentiality of 
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information for respondents and drafting inverse items. In addition, a single-factor Har-
man test (Podsakoff et al., 2003) has been performed. The bias problem appears when 
the variance of the first factor exceeds 50%, but in this study, the percentage was 30%. 
Thus, there is no concern regarding common method bias. Besides, according to Hair Jr 
et al. (2014), the responses will be normally distributed when the skewness and kurtosis 
are close to zero. Hence, the PLS-SEM results showed that all the items have skewness 
and kurtosis less than 1 and close to zero. Therefore, the data for this study have a nor-
mal distribution. Crisis management adopted three items scale developed by Rasooli-
manesh et  al. (2021) (e.g., gaining valuable experience that will help us attract and 
develop other partners). Decision-making was measured using a four-item scale (Han 
et al., 2010). Risk-taking was measured using a three-item scale developed by Sheaffer 
et  al. (2010). The circular economy is measured employing three items scale adopted 
according to Patwa et al. (2021). In addition, eco-innovation was measured according to 
the Hojnik et al. (2018) measurement and consists of 15 items scale. This study used a 
five-point scale (1, strongly disagree to 5, strongly agree).

4.2  Statistical approach

This study adopted the PLS-SEM approach using SmartPLS software in the first analysis 
stage to test the proposed conceptual model. PLS-SEM is suitable for two purposes. Firstly, 
compared to co-variance-based structural equation modeling (CB-SEM), PLS-SEM is 
superior in predicting complex models (Ooi et al., 2021). Secondly, PLS-SEM uses slight 
limitations to sample size and anomalous distributions (Lew et al., 2020). Thus, PLS-SEM 
was considered more applicable to this study. However, PLS-SEM conducts linear relation-
ships and cannot provide weight to variables and benchmarking for alternatives. To this 
end, MCDM is a method that completes the work of SEM and has the potential ability to 
assign weight to variables and rank alternatives.

Additionally, we use an MCDM approach. MCDM methods are divided into two 
types. The first aims to assign the weight, and the second aims to rank the alternatives. 
For weight methods, there are many types, such as Analytic Hierarchy Process (AHP), 
Best Worst Method (BWM), Fuzzy Weighted with Zero Inconsistency (FWZIC), and 
Analytic Network Process (ANP). Hence, several MCDM methods have been proposed 
and used in various studies to assign criteria weights, such as Weighted Sum Model 
(WSM) and Simple Weighted Average (SWA) (Salih et al., 2020). The BWM method is 
commonly used and the first method developed to assign weight to criteria, and many 
scholars support the use of such a technique (Alsalem et al., 2022). The literature has 
adopted many methods such as VIKOR, multi-objective optimization based on ratio 
analysis (MULTIMOORA), and Fuzzy Decision by Opinion Score Method (FDOSM) 
to rank the alternatives (Alnoor et al., 2022a; Khaw et al., 2021). In addition to adopt-
ing an advanced method called Ordinal Priority Approach (OPA) (Ataei et  al., 2020; 
Mahmoudi et  al., 2021a, 2021b; Mahmoudi & Javed, 2022; Mahmoudi et  al., 2022a, 
2022b). However, the BWM method is easy to use and reduces comparison times. The 
BWM method provides highly reliable results due to the small number of comparisons 
and provides a high degree of consistency compared to other MCDM methods (Alnoor 
et  al., 2022a; Liu et  al., 2021; Mahmoudi et  al., 2022c; Sadeghi et  al., 2022). To the 
greatest of our knowledge, none of the methods analyzed has been used to classify the 
Iraq power industry firms. The current study used BWM because it could provide con-
sistent results against AHP and other MCDM weighting methods. In addition, pairwise 
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comparisons based on BWM are lower than other methods (Gupta & Barua, 2017; 
Rezaei, 2015, 2016). On the contrary, the most common MCDM methods for ranking 
alternatives are TOPSIS and VIKOR. Such two methods use a middle-priority approach 
to improve multiple responses (Opricovic & Tzeng, 2007). Conversely, TOPSIS deter-
mines the alternative chosen based on proximity to the ideal solution. However, TOPSIS 
does not consider the relative importance of distances (Opricovic & Tzeng, 2004). In 
addition, VIKOR can rank the alternatives to determine the best accurately and quickly 
(Opricovic & Tzeng, 2007). Several examples of applying VIKOR with BWM to 
achieve consistency improvement for subjective weights were presented in the literature. 
VIKOR and BWM are easy to use and perform in a friendly computing environment 
(Tian et al., 2018). Thus, VIKOR and BWM were adopted to solve the problems of vari-
ous actual power industry companies. However, VIKOR cannot elicit weights and verify 
the consistency of decision-making. Hence, several studies have recommended using 
BWM with VIKOR (Rezaei, 2015, 2016; Shojaie et al., 2018) due to BWM assigning 
weights for the criteria. BWM and VIKOR methods deal with complex decision matri-
ces. The decision matrix for this study is the intersection between the independent and 
mediating variables of the conceptual model, which represents the criteria, with the 
electric power companies, which represent the alternatives. The following steps describe 
the steps of the BWM and VIKOR methods. Firstly, the BWM procedure includes the 
following steps.

Step 1. Determine a set of decision criteria: The first step of the BWM is determin-
ing the criteria set, C1,  C2, …; Cn. In this study, the criteria set is obtained from the 
analysis conducted in the literature (Rezaei, 2015).
Step 2. Determine the best and worst criteria: The best criterion can be considered 
the most desirable or crucial for a decision. The worst criterion represents the least 
desirable or least essential criteria. In this step, the best and worst criteria are deter-
mined based on the decision expert’s perspective of three decisions. Three develop-
ers and academic experts are selected. Experts have more than 5 years of experience. 
The selected experts have experience in sustainability and the electric power field 
(Rezaei, 2016).
Step 3. Conduct a pairwise comparison between the best criterion and the other criteria: 
The pairwise comparison process is conducted between the identified best criterion and 
the other criteria. This step aims to determine the preference of the best criterion over 
all the other criteria. The expert must determine a value from 1 to 9 to represent the 
importance of the best criterion over the other criteria (Rezaei, 2015, 2016).
Step 4. Process the pairwise comparison between the other criteria and the worst crite-
rion: This comparison aims to identify the preference of all criteria over the least impor-
tant criterion. The expert determines the importance of all the criteria over the worst 
criterion based on a 1 to 9 scale.
Step 5. Elicit the optimal weights (W*1, W*2, …W*n): The optimal weight for the crite-
ria is the one where, for each pair of WB/Wj and Wj/Ww, we have WB/Wj = aBJ and Wj / 
Ww = ajw. To fulfil these conditions for all j, we should find a solution with maximum 
absolute differences (Rezaei, 2016).

(1)
|||||
WB

Wj

− aBj

|||||
and

||||
Wi

Ww

− aBjw
||||
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For all j are minimized. Considering the non-negativity and sum condition for the 
weights, the following problem is created (Rezaei, 2015, 2016).

The optimal weights (w*1; w*2;…; w*n) andξ n are obtained by solving the last 
problem.

The value for * reflects the outcomes’ reliability, depending on the extent of consist-
ency in the comparisons. A value close to zero represents high consistency and high 
reliability. Hence, the consistency ratio is calculated using  * and the corresponding con-
sistency index as follows (Rezaei, 2016).

To rank electricity companies based on sustainability, VIKOR is utilized. In addition, 
such a method can provide results rapidly while determining the most suitable alter-
native. All the criteria weights will also be obtained from the BWM and used in the 
VIKOR. VIKOR steps are presented in the following Shojaie et al. (2018).

Step 1: Identify the best and worst values of all criterion functions, i = 1; 2; …; n. If 
the ith function represents a benefit.
Step 2: The weights for each criterion are computed based on the BWM method. A 
set of weights from the decision maker is accommodated in the DM; this set is equal 
to 1. The resulting matrix can also be computed as demonstrated in the following 
equation (Shojaie et al., 2018).

(2)minmaxj

{
WB

Wj

− aBj|,
|||||
Wj

Ww

− ajw

|||||

}

Wj ≥ 0, for all j

∑
j

Wj=1

(3)
||||
WB

WJ

− aBj
|||| ≤ ξ, for allj

(4)
|||||
Wj

Ww

− ajw

|||||
≤ ξ, for all

∑
j

Wj=1

Wj ≥ 0, for all j

(5)Consistency Ratio =
�∗

Consistency Index
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This process will produce a weighted matrix as follows:

Step 3: Compute the values Sj and Rj, j = 1,2,3,….,J, i = 1,2,3,…,n by using the following 
equations.

where wi indicates the criterion weights expressing their relative importance.
Step 4: Compute the values Qj, by the following equations.

 where S∗ = min
j
Sj , S− = max

j
Sj

R∗ = min
j
Rj , R− = max

j
Rj

v is introduced as the weight of the strategy of ‘most criteria’ (or ‘the maximum group util-
ity’); here, v = 0.5.
Step 5: The set of alternatives can be ranked by sorting the values S, R and Q in ascending 
order. The lowest value indicates optimal performance (Shojaie et al., 2018).
Step 6: Propose as a compromise solution the alternative (a′), which is ranked the best by 
the measure Q (minimum) if the following two conditions are satisfied.
C1. ‘Acceptable advantage’:

where ( a′′ ) is the alternative at the second position in the ranking list by Q, DQ = 1/
(J − 1), J is the number of alternatives.
C2. ‘Stability’ is acceptable in the decision-making context: Alternative a′ It should also be 
the best ranked by S and R. This compromise solution is stable within the process of deci-
sion-making, which could be ‘voting by majority rule’ (v > 0:5), ‘by consensus’ (v ≅0.5) or 
‘with veto’ (v < 0.5). Here, v is the decision-making strategy weight of ‘most criteria’ (or 
‘the maximum group utility’). The Q value provides an idea of which electricity companies 
based on sustainability have high values of evaluation criteria than the others. According 
to this technique, the Electricity companies based on sustainability with high evaluation 
criteria values would have the lowest Q value than others (Shojaie et al., 2018). The data 
analysis section shows the results of the combination between the PLS-SEM method and 
the MCDM method.

(6)WM = wi ∗
f ∗i − fij

f ∗i − f −i

(7)

⎡

⎢

⎢

⎢

⎢

⎣

w1(f ∗1 − f11 )∕(f ∗1 − f −1 ) w2(f ∗2 − f12 )∕(f ∗2 − f −2 ) ⋯ wi(f ∗i − fij )∕(f ∗i − f −i )
w1(f ∗1 − f21 )∕(f ∗1 − f −1 ) w2(f ∗2 − f22 )∕(f ∗2 − f −2 ) ⋯ wi(f ∗i − fij )∕(f ∗i − f −i )
⋮ ⋮ ⋮ ⋮

w1(f ∗1 − f31 )∕(f ∗1 − f −1 ) w2(f ∗2 − f32 )∕(f ∗2 − f −2) ⋯ wi(f ∗i − fij )∕(f ∗i − f −i )

⎤

⎥

⎥

⎥

⎥

⎦

(8)Sj =

n∑
i=1

wi ∗
f ∗i − fij

f ∗i − f −i

(9)Rj = max
i
wi ∗

f ∗i − fij

f ∗i − f −i

(10)Qj =
v
(
Sj − S∗

)
S− − S∗

+
(1 − v)

(
Rj − R∗

)
R− − R∗

(11)Q (a��) − Q (a�) ≥ DQ
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5  Data analysis

5.1  Partial least squares structural equation modeling

The Smart PLS 3.3.3 method was used for SEM. Before starting with the finding of the 
hypothesis test, the validity of the convergent and discriminant tests was established. For 
convergent feasibility testing, factor loading (which must exceed 0.7), mean extracted vari-
ance (AVE) (which must surpass 0.5), composite reliability (CR), and Cronbach’s alpha 
(which must exceed 0.7) were utilized. The results in Table 1 indicate that (dm2, eco10, 
eco15, eco5, eco9, sus10, sus15, sus16, sus20, sus21, sus4, sus5, sus6, sus6, sus7, and 
sus8) were removed due to their values have been recorded less than 0.7. However, the 
remaining items were more than 0.7. For CR, Cronbach’s Alpha was above 0.7. Besides, 
AVE was more than 0.5. Hence, there is no concern regarding convergent validity values.

The discriminant validity test verifies that a specific idea scale is distinct from another 
in the same model. Fornell and Larcker were utilized to ensure that all ratio values were 
above the beside and below correlation. As shown in Table 2, the data did not exhibit a 
problem with discriminative validity.

In PLS analysis, the second phase is model evaluation and hypothesis testing. The direct 
and indirect links between the mediator variables will be evaluated. In addition to the 
mediator variable’s influence on the two dependent variables, we will examine the value of 
R2, which reflects the magnitude of the effect of the exogenous variable on the endogenous 
variable. The results are summarized in Table 3; Fig. 2.

The results indicate the relationships between crisis management, decision-making, 
risk-taking, and eco-innovation are positive and significant (β = 0.254, p < 0.05; β = 0.142, 
p < 0.05; β = 0.472, p < 0.05). Thus, hypotheses 1, 2, and 3 are supported. In addition, 
the relationship of eco-innovation with circular economy and sustainability is significant 
and positive (β = 0.657, p < 0.05; β = 0.883, p < 0.05). Furthermore, hypotheses 4 and 5 
are supported. Regarding the mediating effect of eco-innovation, the results demonstrate 
that eco-innovation has a fully mediating role in the relationship between the independent 
variables and the circular economy. Hence, there are positive and significant relationships 
between crisis management, decision-making, risk-taking, circular economy, and sustain-
ability through the mediator variable of eco-innovation (β = 0.211, p < 0.05; β = 0.225, 
p < 0.05; β = 0.117, p < 0.05; β = 0.125, p < 0.05; β = 0.391, p < 0.05; β = 0.416, p < 0.05) 
respectively.

In addition, as shown in Table 3 and Fig. 2. There was an essential role for eco-innova-
tion in increasing the positive impact of the three independent variables on circular econ-
omy and sustainability.

5.2  Multi‑criteria decision‑making

As mentioned earlier, the BWM method has been adopted to assign weight criteria. This 
method has been combined with the VIKOR method to rank electric power sector com-
panies in terms of sustainability. Previous literature recommended asking questions to a 
group of experts to conduct pairwise comparisons and complete the weight recording of 
the criteria. Table 4. shows the expert survey method.

Afterwards, the experts selected the most important and least important criterion 
over the others. Previous literature recommended using three experts from the field of 
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specialization to perform pairwise comparisons (Albahri et  al., 2021a). To this end, this 
study used the judgment of three experts in order to determine the weight of the crite-
ria to complete the benchmarking process for energy companies. Thus, the BWM method 
was used by targeting three experts in the field of sustainability, and a questionnaire was 
given to experts to determine the best and worst criteria. In addition, expert opinions were 
obtained and applied, as shown in Fig. 3.

Table 1  Convergent tests Variables Items Loading factor CA CR AVE

Circular economy ce1 0.851 0.751 0.858 0.668
ce2 0.817
ce3 0.783

Crisis management cr1 0.783 0.738 0.800 0.571
cr2 0.741
cr3 0.741

Decision-making dm1 0.711 0.764 0.815 0.596
dm3 0.771
dm4 0.829

Eco-innovation eco1 0.766 0.921 0.933 0.558
eco11 0.728
eco12 0.754
eco13 0.758
eco14 0.734
eco2 0.750
eco3 0.762
eco4 0.752
eco6 0.734
eco7 0.762
eco8 0.714

Risk-taking rt1 0.832 0.739 0.852 0.657
rt2 0.803
rt3 0.797

Sustainability sus1 0.750 0.940 0.948 0.564
sus11 0.701
sus12 0.764
sus13 0.749
sus14 0.704
sus17 0.775
sus18 0.760
sus19 0.805
sus2 0.724
sus22 0.785
sus23 0.726
sus24 0.777
sus3 0.783
sus9 0.703
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For the first expert, the most important criterion was sustainability, and the worst was 
crisis management. For the second expert, the best criterion was eco-innovation and sus-
tainability, and the worst was crisis management. For the third expert, the best criterion 
was eco-innovation, and the worst was crisis management. In conclusion, experts agree 
that eco-innovation and sustainability are essential to achieving a circular economy in the 
energy sector.

To benchmark the energy sector companies, the VIKOR method was adopted. The rank-
ing of companies in the electric power industry adopting a circular economy is based on 
the weight of criteria presented by three experts. In addition, benchmarking was used based 
on individual and group decision-making. Table 5. displays the ranking of the energy sec-
tor companies according to the assigned weight of three experts. 

According to each expert’s Q and Order, Company 2, Company 4, and Company 3 got 
the highest rank. Company 11, Company 15, and Company 14 got the worst rank, respec-
tively, for the first and second experts. Company 4, Company 2, and Company 3 got the 
best rank for the third expert. Company 11, Company 15, and Company 14 got the worst 
rank. Based on the matching of 68.75%. Based on matching among experts for the rank-
ing of electric power companies according to a circular economy, there is 32% matching 
among experts in the ranking of companies. However, about 68.75% of the rankings do not 
match. To this end, the rank according to the internal and external groups is an urgent need. 
Table 6. shows the ranking of companies according to the circular economy based on the 
decision-making group.

For the internal group, Company 6, Company 15, and Company 13 got the best rank. 
Company 7, Company 9, and Company 11 got the worst rank. For the external group, 
Company 4, Company 2, and Company 3 got the best rank. Company 11, Company 15, 
and Company 14 got the worst rank. Validation is an urgent need to deal with issues of 
the generalizability of results. The process consists of objective validation, subject vali-
dation, sensitivity analysis, Spearman’s rank correlation, and comparative analysis. This 
study adopted an objective validation method to ensure that the ranking of the energy sec-
tor companies is subject to a systematic classification.

The objective validation method has been widely used in the context of MCDM. The 
objective validation method includes compiling an opinion matrix to produce a uni-
fied opinion matrix and ranking the energy sector companies within the unified opinion 
matrix. The energy sector companies are separated into three groups. Hence, the mean of 
each group is obtained. Based on the results of the comparison, the results of the arithme-
tic mean of the first group should be less than or equal to the mean of the second group. 
Similarly, the results of the second group must be less than or equal to the results of the 

Table 2  Discriminant validity

These values should be more than the subcorrelations also we men-
tioned that in your paper

Variables 1 2 3 4 5 6

1. Circular economy 0.817
2. Crisis management 0.617 0.756
3. Decision-making 0.597 0.701 0.772
4. Eco-innovation 0.729 0.673 0.650 0.747
5. Risk-taking 0.670 0.660 0.668 0.734 0.811
6. Sustainability 0.724 0.685 0.614 0.683 0.731 0.751
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arithmetic mean of the third group. Validation was tested based on the internal group. 
Table 7. Illustrated the validation results.

Regarding the results of validating the group decision-making of companies in the 
energy sector, the arithmetic mean in the first group is lower than the arithmetic mean 
in the second group. The arithmetic mean in the second group was lower than the arith-
metic mean in the third group. Accordingly, the first group has a lower value than the 
second group, and the second group has a lower value than the third group of companies 

Fig. 2  Hypotheses test

Table 4  Comparison to 
determine the most and least 
important criteria

Main criteria Most important Least important

Decision-making
Crisis management
Risk-taking
Eco-innovation
Sustainability
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in the energy sector. Moreover, the ranks are valid and subject to the standard classifica-
tion of the energy sector companies.

Fig. 3  The results of the BWM method for weight criteria

Table 5  Ranking results based 
on the three experts’ weights

Companies Expert 1 Expert 2 Expert 3

Q Order Q Order Q Order

Company 1 0.284 4 0.278 4 0.277 7
Company 2 0.022 1 0.015 1 0.032 2
Company 3 0.085 3 0.079 3 0.074 3
Company 4 0.030 2 0.029 2 0.000 1
Company 5 0.313 6 0.301 5 0.212 5
Company 6 0.388 8 0.425 8 0.434 8
Company 7 0.544 13 0.542 13 0.496 12
Company 8 0.493 9 0.489 9 0.444 10
Company 9 0.511 11 0.521 11 0.518 13
Company 10 0.303 5 0.301 6 0.270 6
Company 11 0.707 14 0.711 14 0.668 14
Company 12 0.510 10 0.515 10 0.471 11
Company 13 0.517 12 0.529 12 0.442 9
Company 14 1.000 16 0.992 16 0.983 16
Company 15 0.812 15 0.900 15 0.887 15
Company 16 0.365 7 0.380 7 0.168 4
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6  Discussion

The results of the current study confirmed crisis management behavior has a positive and 
significant impact on eco-innovation behavior. The findings of the eco-innovation studies 
show a significant relationship between crisis management and eco-innovation behaviors. 
Hence, the findings of this study are consistent with previous literature indicating that there 
are interactions between crisis management factors and eco-innovation (Bryksina et  al., 
2018; Fernández-Mesa & Alegre, 2015). In this context, electricity companies must focus 
on their crisis management to move toward eco-innovation. Previous studies indicated 
the importance of the role of crisis management in increasing eco-innovation activities. 
Most governments tend to establish crisis management teams aligned with corporate poli-
cies to mitigate high-cost risks and overcome the challenges of exploring and exploiting 
environmentally friendly products. Therefore, the results of this study confirm that electric 
power companies include a crisis management policy in their organizational strategy. In 
addition, the current study claims interesting results by emphasizing the vital role of deci-
sion-making in achieving eco-innovation. Hence, there is a significant relationship between 
decision-making and eco-innovation. Decision-making is considered the critical concept 
of eco-innovation because decisions can create opportunities and new ideas that increase 

Table 6  Ranking results based on 
the internal and external group

Companies Internal group External group

Q Order Q Order

Company 1 0.384 6 0.280 5
Company 2 0.535 9 0.023 2
Company 3 0.341 5 0.079 3
Company 4 0.685 13 0.020 1
Company 5 0.637 11 0.275 4
Company 6 0.000 1 0.416 8
Company 7 0.765 14 0.527 13
Company 8 0.419 7 0.475 9
Company 9 0.793 15 0.517 12
Company 10 0.420 8 0.291 6
Company 11 1.000 16 0.695 14
Company 12 0.559 10 0.499 11
Company 13 0.198 3 0.496 10
Company 14 0.313 4 0.992 16
Company 15 0.110 2 0.866 15
Company 16 0.684 12 0.304 7

Table 7  Validation results of 
group decision-making rank

Internal

Group Arithmetic mean

Group 1 0.022
Group 2 0.070
Group 3 0.120
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learning and differentiation for companies. The process of eco-innovation increases 
organizational openness to adopt environmental ideas. Therefore, the energy companies’ 
decision-making processes for this study are of high quality because such firms focus on 
environment-friendly products and services. The results of this study are consistent with 
previous literature (e.g., Ali et al., 2020). According to previous studies, flexibility in deci-
sion-making is also essential to increasing environmental innovation (Chen & Tjosvold, 
2006; Scott-Ladd & Chan, 2004).

As mentioned previously, many companies and governments realize risk-taking must 
be given the highest priority due to increased competitive and regulatory pressures (Oliva 
et al., 2022). The results demonstrated a significant relationship between risk-taking and 
eco-innovation. Firms face diverse and ferocious competitive and regulatory forces. Organ-
izations pursue to enhance competitiveness and control the activities of competitors to 
restrict and prevent new firms from entering the competitive field. Therefore, risk-taking 
is a critical factor in maintaining a competitive position. The results of this study indi-
cate that energy companies focus on creating high environmental opportunities to prevent 
competitors from entering the market. Previous literature supports such arguments (e.g., 
Carvalho & Sugano 2016). Therefore, compared to the literature, the results confirmed that 
risk-taking influences eco-innovation in the energy industry. The empirical findings align 
with previous research by confirming that the positive perceptions of managers toward 
risks increase the development of environmental innovation and performance improvement 
(Brunswicker & Chesbrough, 2018).

Additionally, eco-innovation has a positive and significant relationship with the circu-
lar economy. This result is consistent with previous studies (e.g., De Jesus &  Mendonça, 
2018). Effective management of electricity companies can provide environmental-friendly 
products and services by reducing risk and waste. Likewise, providing products and ser-
vices with the least required sustainability enables companies to achieve competitive pri-
orities in terms of circular economy and sustainability. Eco-innovation activities help elec-
tricity companies to reduce production costs and increase competitive strategy.

Furthermore, the energy sector embraces a circular economy behavior and satisfies 
consumers’ desires. This result is consistent with the literature (e.g., Geissdoerfer et  al., 
2017). The application of eco-innovation has increased the circular economy. Adopting a 
circular economy strategy is the first step to long-term survival. Eco-innovation behavior 
is mediating the relationship between crisis management factors (i.e., crisis management, 
decision-making, and risk-taking behaviors) and circular economy behavior. This result 
is consistent with the previous literature (Dubey et al., 2017). Crisis management factors 
and eco-innovation have been instrumental in business practices. The empirical evidence 
of previous studies supports the argument that eco-innovation is essential to the circular 
economy because business success is linked to sustainability (Bolton & Foxon, 2015). The 
current study showed interesting results: eco-innovation behavior mediates the relation-
ships between crisis management and environmental performance factors.

Moreover, eco-innovation is a base source of sustainability. The fact that electricity 
companies support this argument is looking for new ideas and products and emphasizing 
innovation. Therefore, adopting and implementing eco-innovation enhances the circular 
economy of electricity companies. To overcome fierce competition, electricity compa-
nies need to constantly adapt strategies based on exploring and exploiting environmental 
ideas for products and services. This result is in line with the previous literature (Carrillo-
Hermosilla et  al., 2010). Therefore, eco-innovation is mediating in improving electricity 
companies’ sustainability and circular economy. Businesses are turning and engaging in 
novel ecological production methods to improve sustainability and the circular economy 
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(Carrillo-Hermosilla et  al., 2010). Getting highly sustainable products is attractive to 
many beneficiaries. Thus, consumers prefer sustainable products and services over cost. 
Companies are using new ecological production to enhance sustainability and the circular 
economy. According to Ramkumar et  al. (2022), eco-innovation plays a substantial role 
in achieving sustainable competitive advantage by improving decision-making processes, 
managing crises and hazards and mitigating risks. The literature indicates that eco-innova-
tion drives companies to increase economic, social, and environmental activities (Hannen 
et al., 2019; Zaidan et al., 2022). The result indicated that energy companies had supported 
the practice of eco-innovation.

6.1  Theoretical implications

This study presents several vital theoretical implications for literature and academics. 
Firstly, the literature should investigate the barriers that hinder the practice of environmen-
tal innovation activities. Companies face many barriers that reduce sustainability, such as 
crisis management factors. Crisis management factors include internal and external barri-
ers. External barriers relate to high fuel and raw materials costs, insufficient regulation of 
electric companies, and insufficient production. Managers face a variety of internal and 
external barriers. This study demonstrated that such obstacles prevent companies from 
adopting environmental innovation. Therefore, future literature can explore more barri-
ers. Academics should focus on exploring additional barriers that can hinder adopting and 
using eco-innovation, sustainability, and the circular economy. Secondly, most of the lit-
erature has focused on exploring the role of sustainability in performance. In addition, the 
sustainability content has been defined by circular economy and eco-innovation (Karakaya 
et al., 2014; Kesidou & Demirel, 2012). The empirical findings in this research shed light 
on the environmental innovation of energy companies in Iraq. We introduce a new theo-
retical perspective to environmental innovation by integrating concepts of environmental 
innovation, sustainability, circular economy, and crisis management variables (crisis man-
agement, decision-making, and risk-taking). Likewise, a hybrid approach was applied to 
explore linear relationships based on PLS-SEM and provide insight to determine the best 
and worst company based on the circular economy according to MCDM methods. Adopt-
ing a dual-stage PLS-SEM and MCDM approach enables a deep insight into how energy 
companies are concerned with the circular economy and sustainability.

In line with previous studies in the field of eco-innovation (Halila & Rundquist, 2011), 
the findings of this paper indicate crisis management factors influence the sustainability of 
companies in the energy sector. In addition, this study expands the scope of the determi-
nants of circular economy and sustainability by empirically examining the impact of crisis 
management factors on circular economy and eco-innovation. Previous findings under-
score the importance of crisis management factors for eco-innovation (Pieroni et al., 2019; 
Sariatli, 2017). Accordingly, there are claims that environmental innovation is essential 
in companies’ decisions to implement circular economy activities and increase financial 
performance. Therefore, this study contributes to the literature by extending the applica-
tion mechanism to include linear and nonlinear methods. Thus, this study complements the 
results of the previous literature and claims the vital role of eco-innovation in the circular 
economy.
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6.2  Practical implications

The practical implications involve many vital phases. Moreover, this study focuses on rais-
ing the awareness of managers and heads of departments in the energy sector to improve 
the crisis management process by increasing opportunities for the exploitation and explora-
tion of environmental ideas. Practitioners should explore opportunities that increase eco-
innovation among corporate activities, lower costs, and increase renewable energy produc-
tion. To this end, practitioners and policymakers must combine the advantages of learning 
and efficiency. However, the results of this study confirm that crisis management factors 
(crisis management, decision-making, and risk-taking) are determinants of the circular 
economy and the adoption of environmental products. Therefore, practitioners should be 
concerned with increasing the quality of decisions, managing crises wisely and reducing 
risks by including eco-innovation processes in the organizational strategy. Eco-innovation 
will help companies facilitate the creation of new ideas about sustainability and the adop-
tion of a circular economy. Besides, managers can provide financial and non-financial 
rewards and incentives for environmental ideas for products.

The management of electricity companies can create a favorable context for environ-
mental openness, such as encouraging the sustainability of the services and products and 
creating more opportunities for human resources to participate in the decision-making pro-
cess. Policymakers in electricity companies must create a culture and code of ethics that 
focus on sustainability. Moreover, an organizational culture that stimulates environmental 
innovation and sustainability would encourage human resources to adopt a circular econ-
omy. Electricity company managers must wisely analyze environmental barriers, regula-
tory resources, and crisis management factors to develop eco-innovations. Managers must 
understand that having organizational resources and capabilities may not lead to superior 
financial performance when neglecting sustainability programs. Policymakers should 
incentivize firms with high circular economy activities according to the MCDM classifi-
cation by offering incentives and rewards. In addition, practitioners can impose govern-
ment sanctions and regulations on companies with inadequate ranking. Thus, governments 
reduce the problems of environmental pollution and gas emissions from the combustion 
of fossil fuels used in the production of electric power. The government and responsible 
authorities should provide resources and support to electric power companies, which will 
significantly support the activities of the circular economy—the results guide practition-
ers and developers in understanding the factors that need improvement. In Iraq, organiza-
tions still use conventional techniques and technologies in their energy industry activities, 
such as processing, production, distribution, etc. This research presents several significant 
implications for sustainability orientation in the energy sector. Lack of technology and 
innovation and poor government policies are the two most significant issues in the effec-
tive adoption of a circular economy and sustainability in the energy industry in Iraq. From 
an organizational context, the advancement of technologies and innovation helps reduce 
energy wastage and improve the overall production and distribution quality.
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7  Conclusion

This study examined the impact of crisis management factors (crisis management, deci-
sion-making, and risk-taking behaviors) on achieving sustainability and circular economy 
goals through the mediating role of eco-innovation. Crisis management, decision-making, 
and risk-taking behaviors were considered independent variables, eco-innovation behavior 
as a mediating variable and sustainability and circular economy behaviors were dependent 
variables. This study used a dual-stage PLS-SEM and MCDM approach based on data col-
lected from 384 heads of departments and senior managers of energy companies in Iraq. 
The results indicate that crisis management, decision-making and risk-taking behaviors 
are linked significantly and positively to eco-innovation behavior. This study confirms the 
significant and positive impact of eco-innovation behavior on sustainability and circular 
economy behaviors. Likewise, eco-innovation is fully mediated in the relationship between 
crisis management, decision-making and risk-taking behaviors, and sustainability and cir-
cular economy behaviors.

Furthermore, crisis management factors have a critical role in activating sustainability 
and the circular economy throughout eco-innovation. Ranking energy companies accord-
ing to the circular economy can support policymakers’ decisions to renew contracts with 
the best companies in the ranking. Practitioners can also impose government regulations 
on companies that rank worst in sustainability. Thus, governments reduce the problems of 
environmental pollution and emissions of greenhouse gases.
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