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Abstract

:

Recent research has placed greater emphasis on sustainable supply chain management (SSCM), specifically within the manufacturing sector. SSCM expands upon traditional supply chain management (SCM) by taking environmental and social considerations into account. Given the sustainability challenges facing the cement industry, SSCM has become a crucial topic for companies operating in this sector. Accordingly, the aim of this study is to identify and categorize SSCM practices based on the triple bottom line (TBL) dimensions of sustainability. Additionally, the study assesses the adoption of SSCM practices by Jordanian cement manufacturers according to the developed model. There is a lack of studies focused on creating a tailored and comprehensive SSCM conceptual model to evaluate sustainability practices within cement manufacturing. Therefore, this study attempted to develop a model for SSCM practices by incorporating 23 SSCM factors divided into three dimensions of sustainability: nine factors of environmental SSCM, seven factors of social SSCM, and seven factors of economic SSCM. The study employed a quantitative research approach, using a structured questionnaire to collect data from 41 cement company managers in Jordan and industry specialists. The proposed hypotheses were tested using SPSS software. The research findings revealed that the average level of implementation for all environmental factors was at a medium level within the Jordanian cement industry, the average level of implementation for all social factors was at a high level, and the average level of implementation for all economic factors was at a medium level. Overall, the implementation of SSCM practices was found to be at a moderate level. The study also provided a detailed level of implementation for each SSCM practice for each dimension of sustainability. By identifying and categorizing SSCM practices related to the cement industry, this study addresses a gap in the literature. It also highlights critical sustainability issues for decision-makers and academics, which can aid in the evaluation and improvement of SSCM practices in the cement industry. Future studies should aim to replicate this study with larger sample sizes and probability-sampling techniques to enhance the generalizability of the results.
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1. Introduction


Cement is a vital component of concrete, which is the most frequently used building material worldwide. However, its production significantly contributes to climate change [1,2]. The thermal and chemical combustion processes used to make clinker emit large amounts of carbon dioxide (CO2), making cement production responsible for more than 4 billion tons of CO2 emissions per year, accounting for 8% of all global CO2 emissions [3]. This is a major environmental concern, as the built environment has been recognized as a major contributor to the loss of biodiversity and should play a significant role in a sustainable world in which ecological values are enhanced [4,5]. Environmental concerns, such as global warming, and social concerns, such as health and safety, have compelled firms to consider environmental and economic concerns in supply chain decisions [6]. Recent research has focused on sustainable supply chain management (SSCM) practices that improve sustainability performance [5,7,8,9,10]. According to Cataldo et al. [5], sustainable supply chain management (SSCM) is an extension of traditional supply chain management (SCM) that takes into account environmental and social concerns. Growing environmental concerns, such as global warming, and social concerns, such as human rights and safety, have compelled many businesses to consider factors other than economics when making supply chain decisions [11]. As a result, SSCM has become an approach through which firms improve the sustainable dimension outcomes in their supply chains [2,7,12].



Sustainability is a widely recognized phenomenon, with businesses transforming themselves to be more sustainable through culture change. This enables these businesses to lead sustainability in all three dimensions: economic, environmental, and social [8,13], making SSCM vital for every business. In this case, firms plan to achieve balance among the SSCM processes and to be successful while considering SSCM dimensions. However, the implementation of SSCM is extremely challenging due to the complexity of the SSCM dimensions [14]. Firms of all sizes and industries have faced significant challenges in becoming more accountable to the environment and to society [6,15]. Similarly, striving for sustainability has been recognized as an effective strategy for dealing with some of the contemporary challenges faced by global supply chains [13]. In striving for sustainability, firms’ competitiveness and financial performance will be enhanced, which will generate more capital and mitigate potential noise risks [7,16]. Su et al. [17] mentioned that the competitive priorities in SSCM refer to the manufacturing units’ objectives. This allows firms to compete, obtain the capabilities determined for the activity, and strengthen the firms’ competitive advantage. Moreover, enterprises ensure the satisfaction of all supply chain parties, including shareholders, suppliers, customers, employees, and society [8,18]. Thus, many researchers have argued that sustainability is the future of SCM [6,7,8].



At present, there is a critical need for the manufacturing industry to preserve the environment without neglecting economic growth and social responsibility, and the cement industry is no exception [2,19,20]. The cement industry is confronted by many challenges, such as decreases in the availability of fossil fuel, a lack of raw materials, a continuously increasing need for cement, increasing environmental anxiety, and the weakness of the world economy [1]. On the other hand, the cement industry is recognized as the largest contributor to CO2 emissions among all industries worldwide. This industry consumes significant amounts of non-renewable energy and raw materials, resulting in high levels of CO2 production [21]. To mitigate the negative impact of its operations on the environment, the cement industry must adopt sustainable production practices, such as reducing energy consumption, reusing and recycling materials, and engaging in remanufacturing [21,22]. These measures can help to minimize CO2 emissions and promote a more sustainable future for the industry.



Therefore, sustainability in manufacturing, particularly in the cement industry, has received significant attention in recent years [2,5,6,8,9,10,13,20,23]. Cement manufacturing has been recognized as an intensive consumer of natural raw materials, fossil fuels, and energy, as well as a major source of multiple pollutants. In addition, cement producers are under massive pressure to reduce the environmental impacts of their products and operations; thus, the implementation of sustainability in the cement industry is critical [23,24]. Furthermore, cement is an essential commodity for economic growth, but its operations necessitate large amounts of energy and the use of natural raw materials and fossil fuels. This forces cement manufacturers to emit high levels of pollution while also facing challenges in implementing sustainable processes and manufacturing their products [2,9,23]. Recently, in Jordan, the industrial company Lafarge had to shut down the Alfuhais cement factory due to environmental violations, such as CO2 emissions and dust discharge causing air pollution. The company was also required to pay JOD 45 million in financial compensation to residents of the neighborhood after losing a lawsuit in the Jordanian court, which was submitted by the residents. Consequently, accumulating losses forced Lafarge Jordan to lay off 200 employees in order to continue their operations in Jordan [25]. Thus, evaluating the sustainability of manufacturing in this industry has become a necessity.



As the cement industry faces numerous social and environmental challenges, there is a growing need to examine its sustainability practices. However, there is a dearth of studies examining sustainable supply chain management (SSCM) practices in this sector [1,2,22,23], particularly in developing countries such as Jordan. Furthermore, there is a lack of comprehensive models that measure SSCM practices specifically designed for the cement industry. Therefore, this study aims to address this gap by developing a model for SSCM practices categorized by the TBL dimensions and evaluating their implementation among cement manufacturers in Jordan. The paper comprises several sections. First, a literature review was conducted, drawing from relevant studies that aligned with the objectives of this study. Next, the paper presents the hypothesis and conceptual model. The methodology is then comprehensively explained. The study’s findings are subsequently presented, followed by a discussion of the conclusions drawn and the limitations of the study.




2. Literature Review


The triple bottom line (TBL) is sustainability framework that includes bottom-line categories for social, environmental, and financial issues. Several companies have begun to understand the link between environmental health, social well-being, and an organization’s financial success and resilience as a result of TBL theory and practice [13].



2.1. Environmental Concerns


By addressing the environmental factor, environmental concerns have been incorporated into supply chain procedures and processes, such as product design, vendor selection, operations, and transportation, as well as the end-of-life management of used products [7,11]. The environment dimension is made up of a number of elements, some of which are discussed in depth, including alternative fuel, governmental rules and regulations, emission reduction, life cycle assessment, environmental certifications, noise and waste reduction, non-Portland cement, and recycling.



Fore et al. [26] explained that using alternative fuels to provide the high temperatures needed to facilitate calcination in the kiln would be ecologically friendly for the environment and would limit the exploitation of fossil fuel natural resources, such as coal. Moreover, waste from other industries, such as rubber production, timber saw milling, or even municipal trash, is regarded as a good alternative fuel; hence, this could result in an effective by-product synergy. Furthermore, decreasing the fossil fuel dependency by using an alternative fuel will result in decreasing CO2 emissions and production costs [21,27]. Increasing the use of alternative fuels instead of primary fuels in order to maintain the environment and control emissions is considered to be a pivotal action [14].



The government should be involved in the production of cement to ensure that the rules are followed during production to reduce environmental damage [6,28]. The government should similarly push cement producers to include corporate social responsibility and sustainable practices into their policies [28]. Sadly, emerging nations, including Jordan and the United Arab Emirates, have lagged behind in implementing clean production in their cement-manufacturing businesses. However, the USA and the UK have passed several environmental legislations, and there have been tremendous advancements in environmental quality theory and practice [26]. In reality, Pakistan must make substantial efforts in creating binding rules, regulations, and policies to forbid the creation of harmful types of pollution that could impair the environment, the economy, and the health of living things [28]. Additionally, the Chinese government is considering requiring Chinese cement firms to comply with environmental laws pertaining to the adoption of sustainable supply chain methods [29]. As a result, government regulations and legislation are critical for manufacturing companies to adopt green practices that lead to sustainability [6,30].



One of the most useful materials in the world for the construction sector is cement. Cement manufacturing releases a number of pollutants, including SO2, NOx, CO2, HF, and HCL, which have serious local and worldwide environmental consequences [26]. Therefore, lowering raw material and energy consumption is linked to limiting waste production. It can also boost productivity, which would benefit businesses financially [26,27].



According to Shrivastava et al. [21], a life cycle assessment (LCA) is an essential tool for understanding overall energy consumption, identifying opportunities for energy savings, and educating decision-makers about policies and energy-efficient investments [31]. It also aids in understanding the contained energy, environmental effects, and potential energy savings of manufactured products. Moreover, the ISO has created LCA standards including ISO 14040:2006, ISO 14044:2006, and ISO/TR 14048:2002 [21]. From the same perspective, Jayal et al. [32] stated that “LCA attempts to quantify the overall environmental and economic impact in terms of material and energy consumption and carbon footprint over the entire life cycle of a product, from material extraction to eventual disposal at the end of life”. As per Barve et al. [33], every stage of a product’s life cycle, from resource extraction through manufacturing to the disposal or recycling of the final product, has the possibility of having an effect on the ecosystem within its supply chain. In a similar vein, various environmental management practices have been adopted by various industries, including ISO 14001 certification and cleaner production throughout the entire supply chain, in an effort to reduce energy emissions and various hazardous wastes, chemical wastes, and solid wastes.



Various types of environmental management systems (EMSs) have been adopted by international and local businesses to manage the environmental impact of commercial, industrial, and service operations [34]. This is confirmed by more small and large businesses becoming aware of the benefits of EMSs for their operations in the long term, resulting in the use of EMSs to improve environmental performance, enhance compliance with environmental rules and regulations, and increase plant operational efficiency [34]. This is evident for one of the EMS standards, ISO 14001, which has been used globally [13,34,35]. Furthermore, ISO 14001-certified cement plants outperformed non-certified cement plants in both operational environmental practices [13,34,35].



Noise is thought to contribute significantly to environmental pollution and has a negative impact on society’s quality of life [27,36]. As per Vladimir and Madalina [37], after water pollution and exhaust emissions pollution, noise pollution was considered the most dangerous cause for environmental pollution. Moreover, noise has a detrimental effect on human function, leading to socioeconomic issues, psychiatric diseases, and job discontent. Therefore, regulations have been established regarding the limitation of noise exposure for industrial workers: noise levels equivalent to or less than 85 dBA are considered safe for workers. The cement industry must therefore concentrate on types of environmental pollution such as noise, which is primarily relevant as a hazardous working condition in factories [36,37].



Considerations for sustainable manufacturing operations include minimizing waste during production and utilizing inputs such as air and water at their lowest possible levels [19,38,39]. In addition, the increase in waste production and environmental contamination is mostly a result of industrialization and urbanization. Chemical discharge from industrial sources could be harmful to human health. In addition, improper waste disposal will lead to water and land contamination, aggravating the issue of industrial discharge into rivers and other waterways, which also degrades the local natural environment. In addition, society can implement waste management programs in a variety of methods, depending on the physical and chemical characteristics of the discharge [21]. Lakhani [40] argued that this makes the issue of a negative consequence vital while pursuing a zero-waste aim, including waste avoidance and limitation through clean production, as cost might be a deterrent to adopting greener methods.



One of the key processes increasing the risk of global warming is the production of Portland cement, which emits significant amounts of carbon dioxide. Therefore, cement producers must provide an ecologically friendly alternative cement with strong mechanical qualities, such as a non-Portland cement or an alkali-activated slag cement, which is thought to be a more affordable and environmentally friendly cement [41]. According to Shehab et al. [42], the most commonly used cement in daily concrete production is Portland cement, and the Portland-cement-manufacturing processes require large amounts of energy, resulting in high levels of CO2 emissions. Shehab et al. [42] stated that slag cement is an alternative product that can assist cement manufacturers in reducing the amount of Portland cement they use. As a result, it can replace a significant amount of Portland cement.



Recycling is one of the most effective waste-reduction strategies; however, it cannot be successful without the involvement and cooperation of all stakeholders. In addition to providing numerous benefits to society, recycling activities create new jobs, raise wages, and increase tax revenues for countries [43]. Similarly, industries that are highly productive and can efficiently use raw material resources benefit society, are economically competitive, contribute to national development, and protect the environment [43]. According to new research, recycling waste from cement manufacturing is, to a limited extent, highly desirable for reducing cement producers’ negative environmental impact and converting wastes into sustainable products [44].




2.2. Social Concerns


Social sustainability is the advancement of the moral and ethical principles that are pertinent to a company’s operations [45]. Social sustainability enables organizations to conduct their operations and economic activities in an ethical manner [46]. According to Carter et al. [47], social sustainability also promotes equality of opportunity and protects the needs of the community and labor force. Additionally, according to Jum’a et al. [13], social sustainability frequently includes societal pursuits, including quality of life, community development, social support, labor rights, social equity, and corporate social responsibility (CSR). Furthermore, with respect to social performance, organizations must be sustainable and should provide a healthy environment for employees, offering social obligations, local community involvement, and a variety of education and training courses, as well as employee engagement in organizational development [48]. Consequently, social sustainability can be enhanced by implementing social factors that can improve a firm’s social reputation and corporate image [13,49].



The social dimension consists of several factors. Some of these important social factors will be explored, such as workforce training, local community involvement, employee satisfaction, health and safety, sustainable product design, corporate governance, the Ministry of Labor, and job creation.



Programs for employee learning and development are a smart way to reduce work difficulties [50]. A competent workforce will be easier to recruit and maintain the introduction of improved information distribution within the business, increased workforce diversity, equitable employment opportunities for all, job security, comparable remuneration, and the career development of the employees [50,51]. The importance of human capital in training people, highlighting the value of CSR, and determining the best way to apply it makes it a criterion of organizational success. In this regard, firms must be aware that effective CSR implementation increases employees’ sense of belonging in their organizations and in society by demonstrating respect for various cultural developments and sensitivity to ideas, values, and beliefs [2,18].



The active participation of key stakeholders, such as local communities and lobbying groups, is critical to resolving environmental issues [21]. Furthermore, increased collaboration among industries and stakeholders may encourage the development of environmental and social practices that will lead to pollution reduction and community support [21]. In the same vein, the UN Global Compact emphasized the importance of stakeholder engagement, community involvement, public participation, and conservation efforts as essential components of a sustainable strategy [52].



Due to their importance in gauging an organization’s overall development, occupational health and safety are key components of social responsibility. Legislation and national law are the primary means through which health and safety regulations are enforced, and these laws directly affect the workers’ effectiveness and productivity [21]. For example, a research study by the European Agency for Health and Safety at Work revealed that increased occupational health and safety results in increased productivity and lower employment costs [21].



One of the key strategies for achieving sustainability has been thought to be sustainable product design [53]. A company must frequently cope with certain challenging technical trade-offs between conventional and environmental features that call for new design concepts and engineering requirements in order to improve the environmental performance of a product through product design [53,54]. Likewise, both the public and business sectors around the world have paid significant attention to contemporary sustainable product design [54,55]. According to the most recent Green Brand Survey conducted in 2010, which included 9000 respondents from a variety of nations, including Australia, Brazil, China, France, Germany, India, the United States, and the United Kingdom, more than 60% of respondents reported that they preferred to patronize environmentally conscious businesses [54]. Offering good value was still viewed as a key factor in making purchasing decisions by 72% of respondents, but environmental consciousness was also viewed as a significant factor by 50% of respondents [54].



A company’s management, board, shareholders, and other stakeholders are said to be involved in a complex of interactions known as corporate governance [56]. The company’s stakeholders, which include its owners, creditors, management, employees, customers, and the general public, can formulate and address issues as they arise through the use of corporate governance. Additionally, it is believed that the establishment of sound corporate governance is essential for the development of a competitive market [56,57]. In reality, good capital markets are stabilized and strengthened by good corporate governance standards, and investors are protected [57]. Moreover, corporate governance enables businesses to achieve their goals, attract investment, and protect shareholder rights in addition to assisting businesses in improving performance [56].



Labor law is responsible for improving jobs and job providers and offers an opportunity to improve the skills of the laborers. It also aids in making decisions in labor injustice cases and governs laborers’ rights in the labor market. Furthermore, in developing countries, the labor law is regulated in terms of worker protection from the different problems faced by laborers, such as an imbalance of power between employers and employees, the payment of wages, and sex discrimination [58]. Moreover, Koberg et al. [59] indicated that to be socially responsible, organizations must take into consideration local labor laws and adopt social standards such as the ISO 26000 [59].



The social sector is linked to the other sub-systems of manufacturing profit. In fact, when production costs decrease, the manufacturer’s income increases, and the willingness to invest in expansions in the cement sector increases; therefore, job opportunities also increase. In addition to the government regulation needed to support emission reduction policies that can play a positive role in creating environmental sustainability, there is a need to create more job vacancies [60]. From the same perspective, the government must encourage cement manufacturers to invest in cement substitution, which would aid in the reduction of environmental pollution and create more jobs [60].




2.3. Economic Concerns


The economic dimension focuses on a firm’s ability to effectively use both tangible and intangible assets, as well as profit and financial gain [61]. Additionally, the economic dimension is seen as a long-term objective, one which aims to ensure a company’s continued existence by meeting the needs of its stakeholders and enabling it to generate a cash flow that ensures enough liquidity to safeguard the company’s future development [62]. Economic sustainability aims to address conventional economic goals while taking into account their societal and environmental consequences [47,55]. Moreover, metrics including sales, earnings, ROIs, cash flows, taxes paid, personal income, jobs generated, and the cost of underemployment can be used to determine an organization’s commitment to economic sustainability [63]. In a similar vein, a company’s ability to operate well in terms of both the environment and society depends on its ability to survive in the long run [64].



In developing counties, consumer awareness regarding the fairness of employee working conditions has forced companies to acknowledge their responsibility in providing employees with good working conditions [64]. The economic dimension consists of several factors, some of which are important economic factors that will be explored, such as risk management, improving employee skills, sustainable energy, innovation, branding, tax regulation, and transportation.



A supply chain risk is any potential threat facing any part of the supply chain, beginning with the supply of raw materials, information, operations, and processes and ending with the delivery of the end product to the consumer [1,65,66].



In their discussion of supply chain risks, Rostamzadeh et al. [67] distinguished between internal and external risks. Internal risks are disruptions to a firm’s operations and its established policies. External risks are logistical challenges, supplier issues, and risks resulting from governmental actions. Each unfavorable activity poses a danger to the SCM since organizational sustainability, social responsibility, and environmental sustainability are interrelated [67]. Companies are advised to act quickly in response to both internal and external threats in order to maintain company activity, productivity, and profitability [65,68]. The supply chain must also be flexible in its reactivity, efficiency, and dependability should any disruptions or unforeseen circumstances arise [66,67]. In addition, managers of supply chains must take responsibility for decisions involving asset recovery, relationship management, sustainable sourcing and the creation of local content in order to avoid sustainability-related risks and cut costs [67]. In most cases, seriously misleading information can result from conducting a risk analysis without considering impreciseness and uncertainty; therefore, a valid risk management analysis should be considered [66,69].



Top management can encourage their employees by providing financial support, encouraging a positive attitude, and empowering their employees in rethinking the traditional manufacturing operations or processes with consideration for sustainable practices [55]. Comparatively, a company sharing values with its employees reaps valuable financial and non-financial benefits that increase employee productivity and loyalty to achieve the firm’s objectives with the lowest possible risk [70]. Wolf [71] emphasized that better sustainability practices can be achieved by adopting advanced skills and experience, such as product life cycle and product design. Wolf [71] also added that organizations’ investments in employee skills, qualifications, and training will develop the workforce’s capabilities in using sustainable techniques and tools. Such investments will generate sustainable knowledge and skills that will, in turn, enable the firm to acquire a sustainable competitive advantage [72].



As a result, a company’s ability to integrate its employees into structural changes that will improve its sustainability, economic benefits, and performance will have an impact on the firm’s sustainability performance [71,72]. Strong staff motivation and loyalty, which lead to employee commitment and increased labor productivity, are other significant advantages of adopting environmental management systems, according to Wolf [71].



The availability of energy has a significant impact on the expansion of human civilization, including the economy, living standards, and population; these characteristics are connected to modifications in our capacity to obtain and transform energy for beneficial purposes [6,21,27]. In fact, energy is crucial to achieving all SDGs, including those related to industrialization, water supply, health, and education, as well as battling climate change. As a result, energy plays a vital role in sustainable development. Sustainable energy typically produces and uses energy that can meet society’s present and future needs for the least amount of money and with the least negative effects on the environment, the economy, and society [13,21,27,30].



In contrast to Pitak et al. [27], Mirzakhani et al. [73] mentioned that the cement industry consumes a massive amount of energy during the production processes due to the operation of the pyro-process unit. Indeed, the cost of sustainable technologies such as wind and solar energy has largely declined as a result of increased production volumes, unit sizes, and economies of scale. This has led to a reduction in manufacturing costs due to lower energy consumption, which is important for a circular economy because it reduces the demand for resources, materials, and production parts that rely on fossil fuel-based energy, thereby lowering the carbon footprint [21,27].



Green design, green manufacturing processes, and green packaging are indicators of advanced applications and innovations in which the advancement of ICT leads to improved operations, safety, and traceability [29,74]. An innovation culture, as opposed to a bureaucratic culture, usually motivates individuals to reflect, advance knowledge and communication, and adopt novel ideas [74]. In particular, innovation is a major source of technological advancement and economic expansion, with radical innovation resulting in major shifts in product lines and processes or the development of entirely new goods and incremental innovation resulting in continuous improvements in the manufacturing process. Overall, both radical and incremental innovations improve quality and help a company maintain its leadership position in its industry [30,70,74].



When companies combine sustainability and branding, they appeal to customers who are concerned about the environment, providing the company with a competitive advantage. As a consequence, stakeholders’ perceptions of product evaluations and customer satisfaction will improve, and talented employees will be attracted [75,76]. Furthermore, sustainability initiatives, which may include social or environmental practices, can have an impact on the corporate brand by creating sustainability associations, which are typically related to values such as responsibility, social and environmental stewardship, and morality, and become part of their brand image [75]. According to Suryakumar and Ramesh [77]), cement has evolved into more than a grey powder sold in paper or plastic bags: it has evolved into a brand as a result of the decisions made by consumers and decision-makers when purchasing cement. Cement branding is critical to creating appropriate product appeal: a good image of cement is strongly related to being first-class, and quality is related to power.



Jordanian policymakers are interested in establishing a link between the tax system and economic expansion. Therefore, Jordan’s economy has grown more slowly than it did in previous years, and policymakers are still unsure of the influence of taxation on economic growth in Jordan [78]. Bani-Khalid et al. [78] underline that attaining economic growth largely depends on the type and structure of tax financing. Moreover, Bani-Khalid et al. [78] concluded that paying attention to the taxation system is necessary for ensuring sustained economic growth and that various taxes, including income and personal taxes, have a detrimental impact on Jordanian economic growth.



The supply chain largely depends on logistics. In addition to logistics, cost plays a crucial role as an economic factor in supply chain efficiency. Transportation and logistics are two factors that enable a world-class supply chain for the company [79,80]. Additionally, transportation costs represent an essential element of the supply chain in which logistics costs include transportation, warehousing, administration, and inventory holding [81]. In the cement industry, the improvement of transportation is a significant approach to energy consumption in the cement industry [80,82]. In fact, as cement is a bulky product, the logistics costs for the cement company are crucial: a 25% higher cost of beverage goods, sold as a result of optimizing transportation costs, would be critical for the cement company [83].



The SSCM were identified and categorized based on TBL dimensions as shown in Table 1.



Therefore, this study attempted to develop a model for SSCM practices by incorporating 23 SSCM factors divided into three dimensions of sustainability, including nine factors of environmental SSCM, seven factors of social SSCM, and seven factors of economic SSCM.




2.4. The Relationship between SSCM Practices Based on TBL and SDGs


The study covers several sustainable development goals (SDGs) that are connected to the three TBL dimensions.



Regarding the environmental dimension, SDG12, “Ensure sustainable consumption and production patterns”, suggests that to achieve the social and economic objectives of the global community, a significant amount of chemical use is required, and this use can be achieved with a high level of safety when best practices are followed [84,85,86]. Two of the main issues identified, especially in developing nations, are a lack of resources for assessing chemicals for which data are available and a lack of adequate scientific information for risk assessment [86]. Moreover, in addition to eradicating poverty and managing natural resources to promote economic and social development, sustainable consumption and production has been chosen as one of the three overarching goals of and prerequisites for sustainable development [86]. Therefore, this study focuses on changing unsustainable consumption and production patterns that should be a priority for the private sector and all main groups. Furthermore, SDG15, “Protect, restore and promote sustainable use of terrestrial ecosystems”, suggests that a substantial reduction in the loss of biodiversity at the global, regional, and national levels is critical in order to help end poverty and globally benefit all life [84,85,87]. Thus, this study attempts to encourage cement manufacturers to adopt more recycling activities, quality certificates related to the environment, emission reduction initiatives, the production of environmentally friendly products, noise control, and waste reduction.



Regarding the social dimension, SDG3, “Ensure healthy lives and promote well-being for all at all ages”, suggests it is critical to ensure universal access to national health care and lower the number of illnesses and fatalities caused by pollution and hazardous chemicals [84,85,88]. It has been recognized that the objectives of sustainable development can only be met in the absence of a high prevalence of crippling diseases and while achieving health improvements for the entire population, recalling that human beings have a right to a healthy and productive existence in harmony with nature [84,85,88]. Thus, this study attempts to encourage and ensure that cement manufacturers are providing health and safety programs for their employees, activities for the local community, workforce training programs, and are alignment with laws and regulations from the Ministry of Labor.



Regarding the economic dimension, SDG8, “Promote sustained, inclusive and sustainable economic growth, full and productive employment and decent work for all”, suggests that the new 2030 agenda for sustainable development includes essential components related to social protection and dialogue through employment and decent work [84,85,89]. Additionally, many of the other goals’ targets can be found in important parts of decent work. This can be achieved by aiding in the expansion of employment possibilities, generating income [84,85,89]. The foundations of long-term economic development, the eradication of poverty, and the creation of jobs are a better infrastructure and sound economic policies tailored to the needs of the people [89]. Thus, this study attempts to ensure that cement manufacturers provide a risk management framework for critical decisions, improve the employees’ skills, use efficient energy and transportation modes for their operations, improve business and products, and have reasonable taxes imposed upon them by the government.




2.5. SSCM Practices and Development of Hypotheses


The developed framework presents the following SSCM practices in the cement industry in Jordan. The practices are classified based on the three pillars of sustainability, as shown in Table 1.



Based on Table 1, the following hypotheses have been formulated:



Hypothesis 1 (H1).

The mean of the overall implementation of environmental SSCM factors is significant at the α < 0.05 level.





Hypothesis 2 (H2).

The mean of the overall implementation of social SSCM factors is significant at the α < 0.05 level.





Hypothesis 3 (H3).

The mean of the overall implementation of economic SSCM factors is significant at the α < 0.05 level.





Hypothesis 4 (H4).

The mean of the overall implementation of SSCM dimensions is significant at the α < 0.05 level.







3. Materials and Methods


3.1. Sampling and Data Collection


Participants in this study were Jordanian industry experts or managers holding various positions in Jordanian cement manufacturing companies. The sample respondents provided primary data via a structured questionnaire, and the samples were chosen using a purposive sampling strategy. Using a non-probability sampling strategy known as “purposive sampling”, we aimed to find participants in the population who were the most likely to have cement industry experience and were willing to share their experiences in the study. We chose the respondents who best matched our study by selecting a sample of a relatively small number of respondents [90]. Table 1 lists the scale items used in this study, which were adapted from previous studies. Using a 5-point Likert scale, the respondents were asked to indicate how much they agreed or disagreed with statements about the three types of SSCM practices. The final sample included 41 cement company managers in Jordan as well as industry specialists who were qualified and willing to evaluate SSCM practices in the industry.




3.2. Sample Profile


This section of the study provides the percentages and frequencies of the study respondents based on their demographic characteristics.



According to Table 2, the majority of respondents (90.2%) were male, and 51.2% had 5–10 years of experience. The majority of respondents had a Bachelor’s degree, and the majority (82.9%) were top-level managers.





4. Results


4.1. Descriptive Analysis


The descriptive statistics included the mean, standard deviation, and implementation level. Furthermore, the level of implementation was based on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). Cumulative values were classified into three categories: low (1–2.33), moderate (2.34–3.67), and high (3.68–5). The evaluation of the SSCM practices was based on three levels: low, medium, and high. The equation for calculating the length of the interval for the levels is: interval length for level = (maximum value of the scale − minimum value of the scale)/(Number of levels). These three intervals were used by many studies in the literature, such as the study by Mutamimah et al. [91].



4.1.1. Environmental Dimension


The mean, standard deviation, level of implementation, and rank according to the mean score of each SSCM practices related to the environmental dimension of sustainability are shown in Table 3.



Table 3 indicates that the overall implementation of environmental practices was at a medium level, with a mean of 3.26. More specifically, the lowest applied practice in Jordan’s cement factories was “Government rules and regulations support the company’s environmental practices” with a mean of 2.24, indicating that its implementation was low. The highest applied practice was “The company controls the level of noise in all operations” which had an average of 4.22, indicating that it was widely used.




4.1.2. Social Dimension


Table 4 shows the mean, standard deviation, level of implementation, and rank according to the mean score of each SSCM practice related the social dimension of sustainability.



Table 4 shows that the overall implementation of social practices was at a high level, with an overall mean of 3.89. The highest applied practices were “The company is committed to Ministry of Labor laws and regulations”, with an average of 4.41, followed by “The company has a health and safety program for its employees”, with an average of 4.37. The table also revealed that the factor with the lowest level of implementation was “The company has sustainable product designs”, with an average of 2.90.




4.1.3. Economic Dimension


Table 5 shows the mean, standard deviation, level of implementation, and rank according to the mean score of each SSCM practice related the economic dimension of sustainability.



Table 5 demonstrates that the overall implementation of economic practices was at a high level, with an overall mean of 3.37. According to Table 5, the most widely used economic practice was “The company has a risk management framework for critical decisions”, which had a high level of implementation, with an average of 3.98. The practice with the lowest level of implementation was “Tax rate imposed by the government is reasonable”, with an average of 2.00.




4.1.4. Overall Implementation of the Sustainability Dimensions


Table 6 shows the mean, standard deviation, level of implementation, and rank according to the mean score of the SSCM practices related to each dimension of sustainability.



Table 6 shows the averages of the overall implementation SSCM practices, with the social dimension having the highest average (3.89), the economic dimension having the second highest average (3.37), and the environmental dimension having the lowest average (3.26). Furthermore, the table shows that the mean of the overall sustainability indicators was 3.51, indicating that the overall implementation of sustainability factors in Jordanian cement factories was moderate.





4.2. Hypotheses Testing Results


The study tested the hypotheses using a t-tests analysis in which a test value was considered significant at mean = 3 [92].



Table 7 shows that the statistical significance (p-value) of the t-test is less than 0.05 for all SSCM dimensions [92]. As a result, the means of the SSCM practices are statistically significant. Thus, we accept all the study’s hypotheses.





5. Discussion and Conclusions


This study attempted to develop a model for SSCM practices employing 23 SSCM factors divided into three dimensions of sustainability, namely, 9 factors of environmental SSCM, 7 factors of social SSCM, and 7 factors of economic SSCM. The model, in combination with its classification of SSCM according to the TBL dimensions, aids in the explanation and expansion of knowledge regarding the adoption of SSCM in the cement industry. On the other hand, practice is built upon the combination of theory and research. Theory aids in bridging the gap between the conceptual and the practical, leading to actions and directions that can be used by cement manufacturers.



The study revealed that the overall implementation of environmental sustainability indicators was at a medium level. The findings revealed that the level of implementation for the factor of government rules and regulations in Jordan was low. Zeb et al. [28] concluded that government rules and regulations are important in the cement industry manufacturing processes, where they should be applied to ensure manufacturing regulations are followed to minimize environmental pollution. Moving on to the medium implementation of environmental SSCM, we can see that life cycle assessment (LCA) practice was implemented at a medium level in Jordan. Shrivastava et al. [21] considered LCA a critical tool for reducing total energy consumption and identifying energy-saving opportunities. Additionally, ISO industries should have established LCA standards through the ISO environment. The recycling factor had a medium implementation. Cho (2019) [43] concluded that recycling is one of the most effective strategies for reducing the negative impact of waste on the environment, and it cannot be successful without the involvement and cooperation of stakeholders. The result for non-Portland cement showed a medium implementation. Abdel-Gawwad et al. [41] concluded that non-Portland cement is one of the main factors concerning the cement industry’s contribution to the global warming potential as cement manufacturing produces high levels of carbon emissions. Cement manufacturers must also develop an eco-friendly alternative cement. International and local firms have embraced a variety of environmental management systems to control the environmental impact of their commercial, industrial, and service operations [34]. This is supported by the fact that more small and large enterprises are becoming aware of the advantages of EMSs for their long-term operations, leading to the use of EMSs to enhance environmental compliance, improve environmental performance, and boost plant operational efficiency [34]. This is particularly true with the ISO 14001, one of the EMS standards that has gained widespread adoption [13,34,35,93]. Additionally, cement factories with ISO 14001 certification outperformed cement plants without certification in terms of both operational and environmental practices [13,34,35]. Additionally, the alternative fuel factor had a medium level of implementation. Cankaya et al. [14] concluded that increasing the use of alternative fuels rather than polluting fuels such as coal helps to preserve the environment and reduce emissions. Finally, it is believed that noise severely degrades the quality of life in society and contributes to environmental damage [27,36]. Noise exposure is a hazard for industrial workers, for whom 85 dBA or less is considered a safe limit. As a result, the cement sector must focus on environmental pollution, particularly noise, which is a dangerous working environment in factories [36,37].



The study revealed that the overall implementation of social sustainability indicators was at a high level. Reducing job challenges through employee learning and development programs is a wise approach [50]. The value of human capital in developing employees, highlighting the importance of CSR, and figuring out the best approach to implement it makes it a success factor for firms. Firms must be aware that by exhibiting respect for various cultural trends and sensitivity to ideas, values, and beliefs, good CSR implementation promotes employees’ sense of belonging within their enterprises and in society [18,51]. Moreover, the resolution of environmental challenges depends on the active involvement of important stakeholders, including local communities and lobbying organizations [21]. Additionally, enhanced cooperation between sectors and stakeholders may promote the formation of social and environmental norms that result in pollution reduction and community support [21]. Occupational health and safety are essential elements of social responsibility due to their significance in assessing an organization’s overall progress. Legislation and national law serve as the main tools for enforcing health and safety rules, and these laws have a direct impact on the productivity and effectiveness of the workforce [21]. Sustainable product design is one of the main tactics for achieving sustainability, according to some experts [53]. In order to increase the environmental performance of a product through product design, a corporation must frequently cope with certain difficult technical trade-offs between conventional and environmental aspects that necessitate new design concepts and engineering requirements [53,54]. Likewise, current sustainable product design has received considerable attention from both the public and private sectors worldwide [54,55]. Furthermore, it is thought that the establishment of good corporate governance is necessary for the growth of a competitive market [56,57]. In reality, sound corporate governance practices help to stabilize and improve capital markets while safeguarding investors [58]. Additionally, labor law governs workers’ rights in the labor market, improves jobs and job providers, and provides an opportunity for workers to develop their talents. It also renders judgments in cases of labor injustice. Moreover, Koberg et al. [59] pointed out that in order for organizations to be socially responsible, they are required to implement social standards such as the ISO 26000 and to consider local labor regulations. The government must also persuade cement producers to invest in cement substitutes in order to reduce environmental pollution and increase employment [60].



This study revealed that the overall implementation of economic sustainability indicators was at a medium level. To preserve business activity, productivity, and profitability, companies are encouraged to respond swiftly to both internal and external dangers [68]. A genuine risk management analysis should be taken into consideration because, in the majority of circumstances, performing a risk analysis without taking imprecision and uncertainty into account can lead to seriously misleading information [66,69]. Wolf [71] stressed that applying advanced knowledge and expertise, such as product lifecycle and product design, can lead to better sustainability practices. By using sustainable methods and resources, firms will increase the workforce’s capabilities through investing in employee skills, credentials, and training. Such investments will provide long-lasting knowledge and abilities which allow the company to gain a long-lasting competitive advantage [72]. As a result, a company’s capacity to include its personnel in structural modifications that enhance its performance, economic advantages, and sustainability will have an effect on the firm’s sustainability performance [71,72]. Furthermore, sustainable energy usually generates and consumes energy that can satisfy society’s present and future demands for the least amount of money and with the least detrimental consequences for the environment, the economy, and society [13,21,27,30]. In contrast to Pitak et al. [27], Mirzakhani et al. [73] noted that the operation of the pyro-process unit causes the cement industry to expend a significant amount of energy during the production operations. Indeed, as a result of greater production volumes, larger unit sizes, and economies of scale, the cost of sustainable technologies such as wind and solar energy has significantly decreased [21,27]. The growth of ICT results in improved operations, safety, and traceability, as evidenced by green design, green manufacturing processes and green packaging [29,74]. As a result, innovations enhance quality and assist a business in maintaining a top spot in its sector [30,70,74]. Moreover, cement firms mix sustainability and branding to attract clients who are environmentally conscious, giving the business a competitive advantage [75,76]. Moreover, logistics costs, which include transportation, warehousing, management, and keeping an inventory, are a crucial component of the supply chain [81]. One of the most important means of reducing energy usage in the cement business is to enhance transportation [80,82]. Finally, the tax regulations factor demonstrated a low implementation level, which was consistent with the conclusions of Bani-Khalid et al. [78] that different types of taxes, such as income and personal, have a negative impact on Jordanian economic growth and that paying attention to the taxation system is important for providing sustained economic growth.



As Jordan took initiatives to join international environmental agreements in order to gain knowledge on incorporating sustainability dimensions in various industrial domains, the cement industry has faced numerous challenges in recent years as a result of economic recession, rising energy costs, and a decline in cement exports. Similarly, cement manufacturers are confronted with critical issues such as overcapacity in cement production. As a result, SSCM practices are challenging for this industry. The study developed a model for assessing and empirically testing the SSCM factors that influence the cement industry. Jordan’s cement industry is vital to the Jordanian industrial economy. As a result, the aim of this research was to identify and categorize sustainable supply chain practices based on triple bottom line dimensions and evaluate the implementation of practices in the cement industry. The SSCM factors were included in the comprehensive framework after reviewing the relevant SSCM literature, and 23 SSCM factors, divided into three dimensions of sustainability, namely the environment, social, and economic dimensions, were included.



According to the study results, the average level of implementation for all environmental factors in the Jordanian cement industry was 3.26 out of 5, indicating a medium level of SSCM implementation, whereas the average level of implementation for all social factors was 3.89 out of 5, indicating a high level of related SSCM implementation. In the Jordanian cement industry, the average level of implementation for all economic factors was 3.37 out of 5, which is considered a medium level of implementation. Figure 1 summarizes the evaluation of the cement industry’s implementation of SSCM practices in Jordan.



5.1. Theoretical and Practical Contribution


This study adds to the SSCM literature by developing a comprehensive framework for evaluating SSCM practices related to the three dimensions of sustainability. This comprehensive framework identified SSCM practices to be used for identifying and evaluating industry-specific sustainability factors.



Furthermore, this framework assists managers and decision-makers in identifying practices that will improve sustainability performance, such as increasing non-Portland cement products, improving life cycle assessments, increasing energy savings, increasing branding, improving process sustainability, and developing recycling practices in their factories. This study’s comprehensive framework can be used as a reference by Jordan’s policymakers, government officials, and cement manufacturers to implement a new strategy that incorporates sustainability into their future strategic development. The study discovered that the current taxation system gas a negative impact on the development of the cement industry’s sustainable supply chain, emphasizing cement manufacturers’ requests to reform the taxation system in order to reduce the obstacles and barriers that the industry faces. This framework also raises awareness of SSCM practices and encourages cement manufacturers to adopt global sustainability standards in their performance. As a result, this framework will help top managers in the cement industry become aware of any new sustainability rules and regulations, which will assist them in improving sustainability performance. Furthermore, middle management, supervisors, team leaders, and on-the-floor operators in the cement industry should receive sustainability-related training to support the implementation of SSCM.



Based on the findings of this study, recommendations for SSCM practices in the cement industry within the Jordanian context are as follows: because the average implementation of the tax regulations factor was low, Jordanian cement manufacturers and the government should work together more to implement a progressive taxation program to reduce the tax burdens faced by cement companies. The implementation of the innovation center practice was moderate, indicating that more efforts are required in the Jordanian cement industry to achieve more powerful innovation, not only in the areas of resource conservation, energy and environmental management, and waste utilization but also in developing cements with lower Portland materials and making newer cement product types, such as slag cement and blended cement. Furthermore, the average implementation of branding practice was at a medium level, indicating that Jordanian cement producers should put more effort into branding projects by improving their brand reputation among consumers and providing high-quality products at reasonable prices. Similarly, cement companies must develop niche products for the market by offering new cement solutions to consumers. The Jordanian government should encourage cement companies to design and develop green products because the average implementation of product design practice was assessed as medium. Furthermore, the average level of recycling practice was medium, indicating that the Jordanian government, in collaboration with the Ministries of Municipalities and Environment, must develop a comprehensive plan for recycling waste in a way that achieves environmental, economic, and social benefits. Furthermore, the average implementation of environmental certification practices was at a medium level, implying that the Jordanian government should encourage the cement industry to obtain relevant environmental certification, such as the ISO-14001. Moreover, the average implementation of non-Portland cement production was at a medium level, indicating that Jordanian cement producers should initiate expansion plans to produce a substitute cement for various implementations such as tile plaster, grouting, and construction solutions. The average use of alternative fuel was medium, indicating that the Jordanian government should encourage cement manufacturing companies to use natural gas to replace the use of fossil fuel in their manufacturing processes. Furthermore, the average implementation of governmental rules and regulations that support the environment factor was low, indicating that Jordanian regulatory bodies and authorities should be especially concerned with establishing policies and rules related to environmental regulation that are effective and convenient for the cement industries. Finally, the average implementation of sustainable energy to reduce energy consumption costs practice was medium, indicating that the Jordanian cement industry must use renewable energy resources to improve efficiency and energy savings during manufacturing processes, thereby sustaining energy for longer and lowering operational costs.




5.2. Limitations and Direction for Future Research


The framework was developed with a primary focus on Jordanian cement manufacturing, and no consideration was given to other types of manufacturing. To generalize results, it is also recommended to use a larger sample size and probability-sampling techniques. Future research can validate the framework in other countries. Furthermore, the framework can be tested and validated in other types of manufacturing sectors and geographical contexts. Finally, it is worthwhile to compare SSCM practices in developing and developed countries to see if there are any noticeable differences in sustainability practices.
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Figure 1. Summary of the status of SSCM practice implementation in Jordan’s cement industry (Level of Implementation. H: High, M: Medium, L: Low). 
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Table 1. Summary of reviewed studies on SSCM (“•”The reference of SSCM practice).
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Table 2. Demographic profile of respondents.
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Question

	
Options

	
Frequency

	
Percentage %






	
Gender

	
Male

	
37

	
90.2%




	
Female

	
4

	
9.8%




	
Age

	
18–24 years old

	
1

	
2.4%




	
25–39 years old

	
25

	
61.0%




	
40–60 years old

	
12

	
29.3%




	
>60

	
3

	
7.3%




	
Years of experience

	
<5 years

	
4

	
9.8%




	
5–10 years

	
21

	
51.2%




	
>10

	
16

	
39.0%




	
Education level

	
Bachelor’s
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3

	
7.3%
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4
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34
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Table 3. Descriptive statistics for environmental SSCM practices.
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	Factors
	Mean
	Standard

Deviation
	Level of

Implementation
	Rank





	The company has recycling activities for its products
	2.39
	1.36
	Medium
	8



	The company plans for the life-cycle assessment
	2.63
	1.41
	Medium
	7



	Government rules and regulations support the environmental practices of the company
	2.24
	1.34
	Low
	9



	The company has quality certificate/s related to the environment
	3.10
	1.41
	Medium
	6



	The company has emission reduction initiatives (CO2, NOx, dust, etc.)
	3.88
	1.47
	High
	2



	The company uses alternative fuel in its production such as biomass fuel, or natural gas
	3.56
	1.48
	Medium
	4



	The percentage of non-Portland cement production is high
	3.46
	1.36
	Medium
	5



	The company has waste reduction practices in use in the factory
	3.85
	1.15
	High
	3



	The company controls the level of noise in all operations
	4.22
	1.13
	High
	1



	Overall implementation of environmental sustainability indicators
	3.26
	0.86
	Medium
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Table 4. Descriptive statistics for social SSCM practices.
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	Factors
	Mean
	Standard Deviation
	Level of

Implementation
	Rank





	The company has a program of health and safety for its employees
	4.37
	1.28
	High
	2



	The company has support activities for the local community
	4.15
	1.28
	High
	3



	The company has significant job creation and employee satisfaction
	4.02
	1.25
	High
	5



	The company has sustainable product designs
	2.90
	1.39
	Medium
	7



	The company has workforce training programs
	4.07
	1.17
	High
	4



	The company has a clear corporate governance structure
	3.32
	1.21
	Medium
	6



	The company is committed to laws and regulations by the Ministry of Labor
	4.41
	1.22
	High
	1



	Overall implementation of social sustainability indicators
	3.89
	0.98
	High
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Table 5. Descriptive statistics for economic SSCM practices.
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	Factors
	Mean
	Standard

Deviation
	Level of

Implementation
	Rank





	The company has a risk management framework for critical decisions
	3.98
	1.17
	High
	1



	The company is improving the employees’ skills
	3.56
	1.29
	Medium
	4



	The company uses sustainable energy to reduce energy consumption costs
	3.46
	1.19
	Medium
	5



	The company has a business innovation center
	3.29
	1.25
	Medium
	6



	The company uses the most efficient transportation mode for inbound/outbound logistics
	3.68
	1.08
	High
	2



	Tax regulation imposed by the government is reasonable
	2.00
	1.40
	Low
	7



	The company has branding
	3.63
	1.46
	Medium
	3



	Overall implementation of the economic sustainability indicators
	3.37
	0.91
	Medium
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Table 6. Descriptive statistics for SSCM practices by sustainability dimensions.
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	Factor
	Mean
	Standard Deviation
	Level of

Implementation
	Rank





	Overall implementation of environmental sustainability indicators
	3.26
	0.86
	Medium
	3



	Overall implementation of social sustainability indicators
	3.89
	0.90
	High
	1



	Overall implementation of economic sustainability indicators
	3.37
	0.90
	Medium
	2



	Overall implementation of sustainability indicators
	3.51
	0.79
	Medium
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Table 7. Hypotheses testing results.
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	SSCM Dimensions
	Test
	Mean
	t-Value
	p-Value
	Result





	H1
	Environmental
	t-test
	3.26
	1.929
	0.061
	Accepted



	H2
	Social
	t-test
	3.89
	5.823
	0.000
	Accepted



	H3
	Economic
	t-test
	3.37
	2.634
	0.012
	Accepted



	H4
	Overall
	t-test
	3.51
	4.057
	0.002
	Accepted
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