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Abstract: Today’s export-based manufacturers face the need to implement green supply chains 

more efficiently in order to overcome environmental barriers in increasingly competitive export 

markets and to improve export performance. This study examines the structural relationship 

between environmental collaboration, green innovation capacity, and performance based on the 

findings of previous studies in order to identify the factors affecting the green supply chain 

management (GSCM) performance of Korean export-based manufacturers. The study finds that 

environmental collaboration in the green supply chain environment is an important driver of 

green innovation capacity for export-based Korean manufacturers. It also finds that green 

innovation capacity has a positive effect on export performance through environmental 

performance. This study establishes a theoretical basis for the systematic study of the structural 

mechanisms of green supply chains and suggests strategic directions for export-based 

manufacturing firms’ successful GSCM implementation. 

Keywords: Sustainability, SMEs, Supply Chain Collaboration, Supply Chain Visibility, Supply 
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1. Introduction 

Both international environmental conventions and environmental regulations are being 

strengthened in line with changes in the global environment as a way to reduce greenhouse gas 

emissions and environmental pollution. It is becoming increasingly important to address 

environmental issues in order to foster sustainable management [1,2]. In these circumstances, export 

manufacturers are finding it impossible to meet the increasing environmental demands on their 

own. Facilitating environmental collaboration by establishing a green supply chain is proving an 

effective countermeasure [3,4]. 

However, small Korean export manufacturers are finding it difficult to efficiently conduct 

environmental management or construct environment green supply chains, for a variety of reasons. 

First, converting directly to a green supply chain system is costly. Second, the current level of 

environmental awareness is inadequate. Third, even firms that have an environmental management 

system may lack practical evidence about how they can benefit from it [5]. 

The research on supply chains indicates that environmental issues will be important for 

manufacturers in Asia over the next few decades. Most Korean firms strive to implement GSCM or 

integrated environmental management because of external pressures such as environmental 

concerns and regulations or green growth policies. For example, Korea’s R&D policy focuses on 

green growth, and international regulations governing environmental protection such as the 

Restriction of Hazardous Substances Directive (RoHS) and the Waste Electrical and Electronic 

Equipment (WEEE) encourage governments and businesses to establish environmental strategies 

and implement GSCM [2]. Thus, Korea’s export manufacturers are experiencing an increasing need 
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to build green supply chains more efficiently in order to overcome the environmental barriers they 

face in export markets and improve their export performance [5]. 

In today’s business environment, which requires the pursuit of both economic and 

environmental performance, conducting GSCM activities is considered a very important success 

factor in firms’ continuous growth and development [6]. The practice of GSCM is based on the 

literature on environmental management and SCM. GSCM involves adding a “green” dimension 

(i.e., environmental factors) to supply chain management (SCM) in order to deal with the 

relationship between SCM and the natural environment, as well as the influence of those two factors 

[7]. GSCM not only promotes collaboration, efficiency, and synergy among business partners, but 

also helps to increase firms’ environmental performance, minimize their waste, and reduce their 

costs [4]. To achieve sustainable development, firms must redesign their products and adopt new 

technologies for processes, even if the business model of SCM changes [8]. Many researchers have 

striven to understand the strategic implications of GSCM [9]. 

GSCM has recently evolved as a process involving the internal organization and management 

of partner firms in upstream and downstream supply chains, which can minimize the overall 

environmental impacts of forward and reverse flows [10]. SCM activities cannot contribute to the 

effective integration of the entire supply chain if conducted independently.  Suppliers, 

manufacturers, and customers must be integrated in order to implement GSCM practices. 

Nevertheless, previous studies on environmental initiatives have focused on selected functional 

areas [11]. Fully understanding GSCM requires that we focus on supply chain processes from 

upstream and downstream. Achieving sustainable organizational performance requires the 

integration of cross-functional integration within the enterprise and an implementation of 

environmental management practices with suppliers or customers [10]. In the GSCM context, 

internal environmental collaboration is defined as the implementation of environmental 

management practices within a manufacturing firm. To eliminate stakeholder concerns about 

environmental issues, manufacturers have adopted a variety of strategies focusing on internal 

GSCM, such as environmental management systems (EMS) and certification (e.g., 

ISO14000/ISO14001 accreditation) and cross-functional collaboration for environmental 

improvement [11,12]. External environmental collaboration in the GSCM context is the process 

wherein organizations and customers jointly plan GSCM initiatives and environmental management 

practices. For manufacturers, external environmental collaboration requires varying degrees of 

integration with supply chain partners, such as upstream integration with suppliers and 

downstream integration with customers [2,11]. 

Green management requires a consideration of how green practices affect the company’s 

competitiveness and profitability. As consumers’ environmental concerns increase, green innovation 

and environmental innovation can be seen as a business opportunity. Advanced firms are pursuing 

GSCM sustainable competition strategies by using the environmental improvement of green 

logistics and supply chains as a strategic weapon, and are striving to meet environmental goals 

through green management innovation such as green product and green process innovation [13,14]. 

Although research interest in green innovation (as opposed to traditional innovation) has 

increased over the past few years, research on green innovation is still new. While traditional 

innovation involves the development of new products, materials, processes, services, or 

organizational forms to gain competitive advantage, green innovation is the development of a new 

idea, good, service, process, or management that can be used to deal with environmental problems 

[15]. 

Green innovation modifies both green product design and existing product design to reduce 

negative impacts on the environment at all stages of the product’s life cycle. Green innovation uses 

strategies to mitigate or recapture the environmental impacts of pollution-producers or resource 

users, or to reduce resource use by anticipating adverse environmental impacts. Manufacturers can 

develop green innovations to address environmental concerns among stakeholders and reduce the 

environmental impacts of their production and service activities [13]. Manufacturing firms can also 

reduce their production costs and improve their economic efficiency by following environmental 
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practices such as reducing energy consumption, reusing materials, and redefining operations and 

production processes. In other words, green innovation gives firms an opportunity to improve their 

business performance and competitive advantage, as well as to enhance their reputation [14. 

Most of the initial research on GSCM focuses on firms’ environmental performance [16]. 

However, later studies show that GSCM performance is multidimensional, encompassing not only 

environmental performance but also operational, social, and economic performance 

[17,7,10,11,14,18]. The GSCM research has so far focused on the relationship between green 

innovation and performance or that between environmental collaboration and performance in a 

fragmentary way. Few studies have sought to identify the structural mechanism leading to GSCM 

performance. 

This study analyzes whether export-based manufacturing firms achieve strong organizational 

performance by implementing environmental collaboration and green innovation as a strategic 

dimension of GSCM. Specifically, we seek to clarify how environmental collaboration in the supply 

chain affects environmental innovation capability and environmental performance in terms of 

supply chain collaboration. The study finds a direct effect of environmental collaboration on 

environmental innovation capacity and environmental performance in the green supply chain of 

Korean export-based manufacturing firms. This study also finds that environmental collaboration 

affects export performance through environmental innovation capacity and environmental   

performance. 

2. Theoretical Background 

2.1. GSCM 

GSCM is a management strategy and philosophy that considers the impact of the entire supply 

chain on environmental protection and economic development [19]. It combines environmental 

issues and to ensure environmental compliance and to promote the environmental capability of the 

entire supply chain [4]. 

In the past, firms could achieve competitive advantages such as cost reduction, quality 

improvement, and flexibility and speed improvements through efficient supply chain 

implementation. Today, however, due to the pressure exerted by customers’ increasing 

environmental awareness, firms’ supply chains must be integrated with environmental 

management. An organization that can eliminate environmental issues by implementing an 

appropriate environmental management system can create business opportunities unavailable to its 

competitors [6]. 

GSCM crosses various boundaries of SCM and highlights environmental issues for upstream 

and downstream business entities in the supply chain [20]. For example, GSCM cannot be 

implemented successfully in purchasing, product design and development, production, 

transportation, packaging, storage, disposal, or end-of-product-lifecycle management activities 

unless environmental issues are addressed first [21,22]. GSCM leverages the ability to integrate the 

process, technology, and environmental issues of supply chain partners to enhance their competitive 

advantage [23]. 

Zhu et al. (2008) [7] claim that GSCM involves the integrated lifecycle management of supply 

chains, environment-friendly products, packaging and process design, the environmental 

management of upstream and downstream supply chains, and closed-loop supply chains. The 

authors also state that integrating and measuring green practices within and between organizations 

can lead to sustainable competitive advantage. Wu et al. (2012) [24] posit that GSCM activities 

include supplier evaluation, internal environmental management, design, green supply chain 

integration, and environmental collaboration. Caniato et al. (2012) [25] show that firms should 

consider taking GSCM measures such as reducing packaging and waste, designing more 

environmentally friendly products, reducing carbon emissions during product production and 

distribution, cooperating with suppliers, and reverse logistics systems.  
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GSCM is an important new way to obtain profits and market share while lowering firms’ 

environmental risks and impacts. Many researchers have argued that GSCM is an important success 

factor for firms' sustainable development. While economic performance must be considered as well 

as environmental performance, GSCM is considered a very important success factor in firms’ 

sustainable growth and development [24]. 

GSCM is being studied not only by academia but also by industry. Concerns about regulations, 

globalization, and corporate reputation, as well as pressure from customers, competitors, and 

environmental groups, are among the driving forces behind the implementation of GSCM practices 

[6]. Understanding and implementing GSCM are essential not only for enhancing profitability but 

also for securing and maintaining a competitive global position. To achieve sustainable 

development, firms are redesigning their products and adopting new technologies for processes, 

even when the SCM business model changes [1]. 

2.2. Environmental Collaboration 

The green supply chain has attracted attention because of the new emphasis on corporate 

responsibility for climate change, but it is difficult for environment-friendly countermeasures to 

cope with that challenge. Environmental collaboration between firms in the supply chain must be 

smooth, so that the environmental quality of the product at the final supply chain stage can be 

assured. It is necessary to establish a high level of environmental collaboration among partner firms 

in the green supply chain. Smooth environmental collaboration can enhance organizational 

performance via information exchange and joint technological innovation between member firms 

[27]. 

Vachon and Klassen (2008) [28] point out that environmental collaboration in the green supply 

chain is a joint planning and participation activity through which suppliers and customers can solve 

environmental problems. In other words, environmental collaboration constitutes a collaborative 

relationship wherein a manufacturer shares its environmental vision and goals with its suppliers in 

the supply chain and tries to solve supply chain problems together to achieve these goals. 

Huang and Li (2017) [14] argue that conducting effective green management requires firms to 

develop coordination capabilities and establish a vision based on strong integration among 

organizational members. This coordination ability involves not only sharing and disseminating 

market knowledge but also promoting the integration of market knowledge into products and 

processes for improvement. In other words, environmental collaboration among partners in the 

green supply chain is key to enhancing its performance. The research shows that manufacturers 

engaged in environmental collaboration with suppliers and customers can develop their 

organizational competencies, which in turn improves environmental performance as well as other 

factors, such as cost and quality. Therefore, firms need to collaborate and coordinate among 

members performing various functions to implement green practices such as life cycle analysis and 

environmental activity design [29]. 

Collaborative relationships can be divided into two types: internal, comprising 

interorganizational functional collaboration; and external, comprising collaboration between partner 

firms. To improve environmental sustainability, manufacturers must implement internal 

environmental management practices and collaborate with external suppliers and customers [10]. 

The scope of GSCM practices ranges from green purchasing and dealing with suppliers, 

manufacturers, customers, and reverse logistics to the fully integrated supply chain. Firms seeking 

to gain the greatest benefit from environmental management processes should integrate their 

interdepartmental efforts and other supply chain members (such as suppliers and customers) into 

these processes [11]. 

Internal collaboration comprises the activities within the enterprise required to meet customer 

requirements [30]. Coordination among functional departments along with the entire supply chain is 

the most important factor in improving environmental management [7]. Much of the research on 

firms’ environmental issues has examined firms’ internal operations, such as environmental product 

labeling, departmental environmental audits, EMS, environmental reports for internal evaluation, 
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and ISO 14001 certification [11]. Internal GSCM implementation is recognized as a systematic and 

comprehensive internal mechanism for achieving superior performance [19]. 

External collaboration is the extent to which a firm collaborates with external partner firms [30]. 

Barratt (2004) [31] states that external activities for the downstream chain include customer 

relationship management, collaborative demand planning, demand replenishment, and shared 

distribution, while external activities for the upstream chain include supplier relationship 

management, supplier planning and production schedules, collaborative design, and collaborative 

transportation. Establishing a close and long-term business relationship with suppliers and 

customers is critical to the success of GSCM implementation [10]. 

Manufacturers manage suppliers' environmental performance to ensure that their materials 

and equipment are produced through green processes. Suppliers are considered important partners 

in the supply chain because they can help support the organization’s environmental initiatives and 

improve the environmental performance of the overall supply chain [11]. Businesses also need to 

integrate ecological aspects into product and process design to meet customer needs [32]. As 

customers’ environmental pressures grow, it becomes increasingly important to collaborate with 

them on green packaging, achieve environmental goals jointly, and establish joint environmental 

plans [11]. 

2.3. Green Innovation Capacity 

The importance of green innovation as part of firms’ innovation capacity has recently increased, 

along with the emergence of sustainability management as a vital issue. Innovation is an important 

mechanism for enhancing the ability of a company to maintain its competitive advantage. Green 

innovation capacity plays an important role in creating an enterprise’s competitive advantage in the 

era of environmental protection [14]. Since the early 2000s, global interest in ecological environment 

has led to green innovation, represented by green products and processes. Firms now recognize 

eco-innovation as a source of competitive advantage. To meet eco product criteria and satisfy their 

customers’ quality requirements, they must develop sustainable green innovation capabilities rather 

than pursue temporary green innovation [18]. 

Green innovation is an improvement in products or processes that reduces environmental 

burdens or achieves sustainability goals. Green innovation posits that firms can reduce their 

environmental impacts to achieve environmental goals and integrate the resultant environmental 

benefits. Green innovation aims to systematically coordinate and implement these strategies across 

the supply chain, from new product and service development to consumption [33]. Firms improve 

their economic and environmental performance through green innovation by increasing operational 

efficiency, reducing costs, and meeting the needs of environmentally conscious customers [34. Green 

innovation not only reduces negative environmental impacts, but also increases firms’ economic and 

social performance through waste and cost reduction [18]. Therefore, green innovation capability is 

a firm-specific capability that can minimize the environmental impacts of all firm activities based on 

the knowledge gained from inside and outside the firm [35]. 

Green innovation has three main categories: green product innovation, green process 

innovation, and green management innovation [13]. Green product innovation is introduction of 

new or significantly improved products in response to environmental problems. Firms implement 

green product innovation to improve their market standing, identify brand names, leap ahead, 

create breakthroughs, and attract new customers [18]. In other words, green product innovation 

seeks to improve the quality and safety of products by promoting sustainability and environmental 

solutions, thereby securing competitive advantage and increasing profits [34]. Product-centered 

green innovation seeks to reduce environmental burdens by using fewer hazardous and 

non-renewable materials in product development, taking into account the environmental impacts on 

product design, packaging, and material use [36]. 

In addition, firms implement green process innovation in their manufacturing processes to 

shorten production times and reduce costs. Green process innovation seeks to modify 

manufacturing processes and systems to produce eco-products that meet green targets such as 
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energy conservation, pollution prevention, and waste recycling [18]. Implementing green process 

innovation allows firms to store raw materials, recycle waste, reduce resource use, lower costs, and 

improve overall resource productivity [36].  

2.4. GSCM Performance 

Measuring performance is important for firms seeking to identify problems and sustain 

customer satisfaction, and thus succeed in a competitive environment. Luthra et al. (2016) [37] divide 

GSCM performance into two dimensions: environmental performance and economic performance. 

Environmental performance is the degree to which GSCM introduction and implementation 

produce results such as the reduction of air pollutants or harmful substances. Environmental 

performance can be measured by assessing waste emissions, pollutant emissions, and recycling rates 

[13]. The research suggests that the most direct result of green product innovation using eco-raw 

materials is the firm’s environmental performance [38]. Developing green products not only 

improves the product but also reduces the amount of waste generated during product 

manufacturing [28]. Firms with eco-product innovation capabilities also reduce pollutant emissions 

from the beginning of product design through product lifecycle analysis [39]. 

 Economic performance concerns firm outcomes or perceived success in achieving goals related 

to revenue growth, profit growth, market share gains, and operational efficiency [6]. The research 

indicates that implementing GSCM can increase the economic performance of new market entry 

opportunities, product prices, profits, market share, and sales. Thus, GSCM practices have become 

an important strategy by which business organizations can enhance profits and increase market 

share [37]. 

3. Research Model and Hypothesis 

3.1. Research Model 

This study proposes a model reflecting the structural relationship between environmental 

collaboration, green innovation capacity, and GSCM performance based on previous studies in 

order to identify the factors affecting export manufacturers’ performance from the green supply 

chain perspective. 

 

Figure 1 Proposed conceptual model 
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3.2. Hypothesis Development 

Internal collaboration in the supply chain is the foundation upon which firms can absorb, 

interpret, and apply external information more quickly [40]. It is difficult to achieve a high level of 

integration with external suppliers and customers if strategic collaboration or alliances do not 

interact with one another to ensure consistency among goals and practices across the firms’ 

functional units [41]. Inadequate internal collaboration can lead to weaker processes or disconnects 

in the firm, resulting in an inability to resolve potential conflicts, set up synchronized processes, or 

facilitate operations with external partners [11]. 

Studies on SCM have suggested internal GSCM activities as the leading factors in external 

GSCM activities. Koufteros et al. (2005) [42] find that internal collaboration in product development 

activities such as product design, process design, and manufacturing activities directly strengthen 

collaboration with suppliers and customers. Zhao et al. (2011) [40] argue that firms with high levels 

of internal communication and coordination capabilities are highly likely to achieve high levels of 

external collaboration. Yang et al. (2013) [43] report that internal GSCM activities have a positive 

effect on external GSCM activities.  Zhu et al. (2013) [44] suggest that internal GSCM activities in 

internal environmental management and green purchasing have positive effects on external GSCM 

activities such as green purchasing, customer collaboration, and investment return. Finally, Laari et 

al. (2016) [45] argue that internal GSCM activities have a positive effect on environmental 

collaboration with suppliers and customers. Therefore, the following hypothesis is proposed: 

 

Hypothesis 1. Internal collaboration has a positive effect on external collaboration.  

 

As concerns about environmental issues and regulations grow, customers and buyers are 

increasingly asking their suppliers to provide products and materials that take environmental 

issues into account. Therefore, it is necessary to work closely with suppliers at the beginning of the 

product development process to reduce the materials and packaging that can adversely affect the 

environment [13]. 

Manufacturers and supply chain partners strive to achieve common environmental goals [19]. 

During green management, powerful social networks motivate partners to relocate and exchange 

knowledge. Manufacturers develop the new knowledge and skills that are the foundation of green 

innovation by increasing collaborative problem solving through social interaction in the network. 

They can thus improve their ability to manage risk, innovate, and adapt to change [14]. 

Green innovation initiatives rely on the knowledge, expertise, and commitment of its members 

in the value creation process [46]. Firms require coordination capabilities to integrate members 

serving different functions into the innovation process. Coordination capabilities allow the 

organization to blur the boundaries between units and create common interests that support the 

sharing and application of the required knowledge within the organization. Organizational 

members can develop the trust and collaborative effort required to coordinate green innovation 

practices such as life cycle analysis and design for environmental activities. Therefore, coordination 

capabilities enable firms to integrate environmental issues into strategic planning and advance new 

green product innovation [14]. 

Vachon and Klassen (2008) [28] suggest that environmental collaboration with key suppliers 

and customers is positively associated with new technology and logistics practices. The 

sustainability research has suggested that external organizational clusters can enhance green 

innovation practices by promoting knowledge transfer and skill-outs to integrate various types of 

innovation [47]. Likewise, Yu et al. (2014) [11] suggest that internal GSCM plays an important role 

in reducing production costs and improving product quality by promoting information sharing 

among functional areas, thereby simultaneously improving green operation and process design. 

The willingness of supply chain members to share knowledge of inter- and intra-organizational 

environmental operations and strategies formally and voluntarily helps to improve sustainable 

operations and environmentally oriented products and services [48]. Therefore, the following 

hypothesis is proposed: 
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Hypothesis 2a. Internal collaboration has a positive effect on product innovation. 

Hypothesis 2b. External collaboration has a positive effect on product innovation. 

Hypothesis 3a. Internal collaboration has a positive effect on process innovation. 

Hypothesis 3b. External collaboration has a positive effect on process innovation. 

 

A recent study on supply chains lists environmental collaboration as a key factor in securing 

competitive advantage and sustainable development for manufacturing firms. Vachon and Klassen 

(2008) [28] find that collaboration with research suppliers positively affects operational performance, 

such as delivery quality, as well as environmental performance. Green et al. (2012) [10] find that 

green purchasing, collaboration with customers, green design, and producer responsibilities have 

positive impacts on environmental and operational performance. Paulraj et al. (2014) [49] suggest 

that firms need to have a process mechanism for environmental collaboration that can realize 

excellent environmental performance via environmental collaboration in the supply chain. Yu et al. 

(2014) [11] reveal that green supply chain integration with suppliers and customers can enable 

manufacturers to achieve high levels of operational performance. Luzzini et al. (2015) [12] argue 

that commitment to sustainability in procurement and supply management enhances collaboration 

within and between firms, leading to improved performance. Therefore, the following hypothesis is 

proposed: 

 

Hypothesis 4. External collaboration has a positive effect on environmental performance. 

 

Green innovation in products and processes not only reduces negative impacts on the 

environment, but also increases firms’ competitive advantage [35,13,14]. Green product innovation 

enables firms to respond to market needs and governments’ environmental requirements, while 

also enhancing the resource effects needed to optimize environmental benefits in the product 

lifecycle. Green process innovation requires firms to reduce their clean production costs and 

pollutant emissions to meet the requirements of environmental regulations [13,50]. Firms that 

invest significantly in green innovation efforts can recoup their environmental costs by minimizing 

production wastage and increasing productivity [46,13]. Green innovation can help firms meet their 

environmental protection obligations and avoid public protests and penalties from government 

regulators [14]. 

Chiou et al. (2011) [13] analyze the relationship between green innovation, environmental 

performance, and competitive advantage for 124 Taiwanese firms. They find that product and 

process innovation have positive effects on environmental performance and that a firm’s green 

innovation is strongly associated with its competitive advantage. Thus, green product and process 

innovation are positively associated with environmental performance. Therefore, the following 

hypotheses are proposed: 

 

Hypothesis 5a. Product innovation has a positive effect on environmental performance. 

Hypothesis 5b. Process innovation has a positive effect on environmental performance. 

 

Firms adopt green innovation strategies to integrate environmental protection goals with 

economic performance goals [19]. The research suggests that investment in green innovation 

improves firms’ economic performance [39,13,46]. Chen (2008) [39] finds that green innovation 

pioneers have a first-mover advantage and impose relatively high prices on their green products. 

Green innovation also improves corporate image. Huang and Wu (2010) reveal that high-tech firms 

can positively impact their financial performance if they develop green products and make 

processes more environmentally efficient. Chiou et al. (2011) [13] point out that green innovation 

can improve a firm's environmental performance and enhance its competitive advantage. They also 

suggest that green product innovation and green process innovation have positive relationships 

with organizational performance. Therefore, the following hypotheses are proposed. 
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Hypothesis 6a. Product innovation has a positive effect on export performance. 

Hypothesis 6b. Process innovation has a positive effect on export performance. 

 

Improving efficiency through collaborative SCM enhances performance, such as in cost 

reduction, new product development, and customer satisfaction improvement. It can also enhance 

the export performance of a manufacturing enterprise [51]. For resource-based theory, 

environmental performance and organizational performance are related because they are both 

based on firms’ strategic resources. The environmental benefits of improving environmental 

performance lead to organizational performance enhancements such as reduced inventory levels, 

improved product quality, improved customer service excellence, and strengthened customer 

relationships[52]. Purba (2002) [17] found that the higher the level of GSCM implementation, the 

greater the firm’s environmental performance, and the stronger the positive effect of environmental 

performance on economic performance. Purba (2002) [17] suggests that the environmental 

performance of the GSCM implementation of export manufacturing enterprises should have a 

positive relationship with export performance. Therefore, the following hypothesis is proposed. 

 

Hypothesis 7. Environmental performance has a positive effect on export performance. 

4. Research Method 

4.1. Data Collection and Sample 

This study seeks to clarify the structural relationship between environmental collaboration, 

green innovation capacity, and GSCM performance in order to identify the factors affecting GSCM 

performance. For that purpose, this study collected data on Korean exporting manufacturing firms 

to set up its research model. Questionnaires were distributed from September to December 2018. 

Overall, 345 copies were collected (for a 34.5% recovery rate), and 327 cases were selected as valid 

samples. 

Industries that are heavily influenced by international environmental regulations account for a 

large portion of the sample: 18.1% of the sample firms are in the mechanical, steel, and metal 

industries; 36.2% are in the electrical, electronics, and telecommunications industries; and 16.8% are 

in the petroleum, chemical, and plastics industries. The sample characteristics are summarized in 

Table 1. 

Table 1. Sample Characteristics (n = 315) 

Category and Items Sample Size Ratio (%) 

Operating  

Years 

Less than 5 years 38 11.6 

5–10 years 76 23.1 

10–20 years 130 39.5 

20–30 years 48 14.6 

More than 30 years 37 11.2 

Annual  

Sales 

Less than $10 M 26 7.9 

$10–$30 M 41 12.5 

$30–$50 M 100 30.4 

$50–$100 M 107 32.5 

More than $100 M 55 16.7 

Industry Textile/Clothing 27 8.2 
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Machinery/Steel/Metal 60 18.2 

Petroleum/Chemical/Plastics 54 16.4 

Electric/Electronic/Communication 119 36.2 

Bio/Medical 46 14.0 

Other 23 7.0 

 

4.2. Measures 

To ensure the reliability and validity of our measurement tools, we used measurement items 

verified in prior studies, modified and supplemented as needed to suit the purpose of this study. 

First, the items reflecting internal and external collaboration (in terms of environmental 

collaboration) were developed by referring to Zhu and Sarkis (2004) [53], Zhu et al. (2010) [54], and 

Yu et al. (2014) [11]. Internal collaboration was measured using four items: “cross-functional 

collaboration for environmental improvements,” “environmental compliance and auditing 

programs,” “environmental management certification (e.g., ISO14000/ISO14001 certification), and 

“environmental management systems operation.” External collaboration was measured using four 

items: “collaborate with suppliers for environmental objectives,” “environmental audit for 

suppliers’ internal management,” “collaborate with customers for eco design,” and “collaborate 

with customers for cleaner production.” Second, product and process innovation capabilities (in 

terms of innovation capacities) were developed by referring to Chen et al. (2008) [39], Chiou et al. 

(2011) [13], and Huang and Li (2017) [14]. Product innovation capability was measured using four 

items: “environmentally friendly material,” “environmentally friendly packaging,” “recovery of 

products and recycling,” and “eco-labeling.” Process innovation capability was measured using four 

items: “energy savings,” “pollution prevention,” “waste recycling,” and “less toxicity.” Third, the 

environmental performance item was developed by referring to Zhu and Sarkis (2004) [53], Chiou et 

al. (2011) [13], and Huang and Li (2017) [14]. Environmental performance was measured using four 

items: “reduction of air emissions,” “reduction of waste water,” “reduction of solid wastes,” and 

“reduction of hazardous/harmful/toxic materials consumption.” Fourth, the export performance 

item was developed by referring to Purba (2002) [17], Cao and Zhang (2011) [55], and Patel et al. 

(2013) [51]. Export performance was measured using four items: “(Last 3 years) satisfaction with 

increase in export sales,” (last 3 years) satisfaction with increase in export rate,” “(last 3 years) 

satisfaction with the increase in export market share,” and “(last 3 years) overall satisfaction with 

export performance.” 

 

5. Research Method 

5.1. Analysis Method 

This study’s hypotheses were tested by analyzing the proposed structural equation model 

using Amos 20.0. The analysis of the structural equation model was performed by first estimating 

the measurement model and then applying the two-step approach and the maximum likelihood 

(HD) method to estimate the structural model. 

5.2. Measurement Model 

This study conducted confirmatory factor analysis to ensure the content validity of the 

measurement tool. For this purpose, χ2, standard χ2(χ2/df), RMSEA, GFI, CFI, and TLI were used to 

check the goodness of fit. The initial model did not exceed the standard fitness threshold, so a 

modified indices analysis was conducted [56], and measurement items that impede unidimensional 
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value were removed (EVP3 and EPP4). In a confirmatory factor analysis of the modified 

measurement model (χ2 = 375.119 (P = .000), χ2/df = 1.934, RMSEA = .057, GFI = .908, CFI = .950, TLI 

= .940), all the indices suggested the fitness of the measurement model. After the measurement 

model’s fitness was verified, we analyzed its reliability and validity. For convergent validity to be 

confirmed, construct reliability (C.R.) should exceed 0.7, and the average variance extracted (AVE) 

should exceed 0.5. Discriminatory validity is judged to be valid if the square of the correlation 

coefficient between the two potential factors is lower than the AVE. The results of this study’s tests 

of convergent validity and discriminatory validity are presented in Tables 2 and 3, respectively. 

 

Table 2. Confirmatory factor analysis based on reliability 

Measurement Item Factor L.D. C.R. AVE Crb. Alpha 

Internal  

Collaboration 

EIC1 .763 

.902 .697 .856 
EIC2 .781 

EIC3 .796 

EIC4 .756 

External 

Collaboration 

EEC1 .714 

.887 .664 .794 
EEC2 .696 

EEC3 .704 

EEC4 .686 

Product 

Innovation 

PDI1 .751 

.931 .773 .863 
PDI2 .770 

PDI3 .858 

PDI4 .822 

Process 

Innovation 

PCI1 .746 

.924 .754 .876 
PCI2 .773 

PCI3 .832 

PCI4 .779 

Environmental 

Performance 

EVP1 .692 

.890 .730 .772 EVP2 .815 

EVP4 .687 

Export 

Performance 

EPP1 .844 

.916 .788 .821 EPP2 .877 

EPP3 .641 
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Table 3. Discriminant Validity 

Variable 1 2 3 4 5 6 

1. Internal 

Collaboration 
.697**           

2. External 

Collaboration 
.464* .664**         

3. Product 

Innovation 
.326* .434* .773**       

4. Process 

Innovation 
.386* .473* .416* .754**     

5. Environmental 

Performance 
.377* .288* .316* .349* .730**   

6. Export 

Performance 
.246* .294* .386* .325* .324* .788** 

Note: *squared value of correlation (∅2); **AVE (average variance extracted) 

5.3. Structural Model 

Then, structural model analysis was conducted to verify the research hypotheses. In the test 

results (χ2 = 404.465 [P = .000], χ2/df = 2.043, RMSEA = .043, GFI = .901, CFI =.943, TLI = .933), all the 

indices suggested that the structural model was fit. 

5.4. Hypotheses Test 

After structural model’s fitness was confirmed, research hypotheses were tested. As a result, first, 

concerning the structural relationships in environmental collaboration, internal collaboration 

appeared to have an effect on external collaboration (β = .609; C.R. = 9.202, p = .000); therefore, H1 

was supported. Second, regarding the relationship between environmental collaboration and 

product innovation, both internal collaboration (β = .176; C.R. = 2.321, p = .020) and external 

collaboration (β = .562; C.R. = 5.776, p = .000) had positive effects on product innovation; therefore, 

H2a and H2b were supported. Third, for the relationship between environmental collaboration and 

process innovation, both internal collaboration (β = .234; C.R. = 3.118, p = .002) and external 

collaboration (β = .567; C.R. = 5.891, p = .000) had positive effects on process innovation; therefore, 

H3a and H3b were supported. Fourth, regarding the relationship between external collaboration 

and environmental performance, external collaboration appeared to have an effect on environmental 

performance (β = .143; C.R. = 1.453, p = .146); therefore, H4 was not supported. Fifth, concerning the 

relationship between green innovation capacity and environmental performance, both product 

innovation (β = .188; C.R. = 2.633, p = .008) and process innovation (β = .237; C.R. = 3.238, p = .001) had 

positive effects on environmental performance; therefore, H5a and H5b were supported. Sixth, 

regarding the relationship between green innovation capacity and export performance, both product 

innovation (β = .370; C.R. = 4.991, p = .000) and process innovation (β = .203; C.R. = 2.831, p = .005) had 

positive effects on export performance, therefore, H6a and H6b were supported. Finally, for the 

relationship between environmental performance and export performance, environmental 
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performance appeared to have an effect on export performance (β = .326; C.R. = 3.091, p = .002); 

therefore, H7 was supported. The results of the hypothesis tests are summarized in Table 4 and 

Figure 2. 

 

Table 4. Hypotheses and results 

Hypothesis Path 
Estimate 

(β) 

C.R.  

(t) 
Results 

H1 Internal Collaboration → External Collaboration .609 9.202** Supported 

H2a Internal Collaboration → Product Innovation .176 2.321* Supported 

H2b External Collaboration → Product Innovation .562 5.776** Supported 

H3a Internal Collaboration → Process Innovation .234 3.118** Supported 

H3b External Collaboration → Process Innovation .567 5.891** Supported 

H4 External Collaboration → Environmental Performance .143 1.453 Not Supported 

H5a Product Innovation → Environmental Performance .188 2.633** Supported 

H5b Process Innovation→ Environmental Performance .237 3.238** Supported 

H6a Product Innovation → Export Performance .370 4.991** Supported 

H6b Process Innovation→ Export Performance .203 2.831** Supported 

H7 Environmental Performance → Export Performance .326 3.091** Supported 

Note : *p<.05, **p<.01, ***<.001 

 

 

 

 

Note : *p<.05, **p<.01; ns = insignificant at the 0.05 level 

Figure 2. Research model and path efficiency 

Internal  

Collaboration 

External  

Collaboration 

Environmental  

Performance 

Export 

Performance 

Product 

Innovation 

Process  

Innovation 

.609** 
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.562** 

.567** 

.14

.188** 
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.203** 

.370** 

.326** 
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6. Conclusions 

6.1. Discussion of Results 

In recent years, understanding and implementing GSCM has been recognized as indispensable 

not only for enhancing profitability but also for securing and maintaining global competitive 

advantage. Firms can create more business opportunities if they can solve environmental problems 

through their GSCM capabilities [6]. Therefore, this study aims to identify the factors affecting the 

performance of Korean export-based manufacturers from the perspective of the green supply chain. 

The structural relationships between environmental collaboration, innovation capacity, and GSCM 

performance were empirically identified through a literature review, and the subsequent analysis 

produced the following results. 

First, internal collaboration has a positive effect on external collaboration in the structural 

relationship between the sub-dimensions of environmental collaboration. Firms with a high level of 

internal communication and coordination capabilities in the supply chain are more likely to achieve 

a high level of external collaboration, whereas it is difficult to achieve high levels of integration with 

internal suppliers and customers [41,40,11]. A number of studies on GSCM have suggested internal 

GSCM as an antecedent factor of external GSCM [10,43,44,45]. This study confirmed that 

collaboration between the functions and operations of an environmental management system 

seeking to improve the environment has a direct effect on collaboration with suppliers and 

customers designed to achieve environmental goals. 

Second, internal and external collaboration have positive effects on product innovation and 

process innovation in the relationship between environmental collaboration and green innovation 

capacity. Green innovation seeks to systematically coordinate and implement these strategies across 

the supply chain, from new product and service development to consumption [33]. Green 

innovation requires that suppliers and customers work closely early on in the product development 

process to reduce materials and packaging that can negatively impact the environment [13]. In the 

supply chain, environmental collaboration can improve both product design and process design, 

thereby allowing firms to attain their environmental goals and improve their economic performance. 

Therefore, this study has confirmed that a high level of collaboration with internal organizations and 

partner firms in the supply chain has a direct impact on green innovation capacity. 

Third, external collaboration did not have a significant effect on environmental performance. 

This study found that environmental collaboration in the green supply chain positively affects green 

innovation capacity but does not directly affect environmental performance. Green supply chain 

integration is the driving force for firms’ achievement of high levels of operational performance. 

Firms should establish a mechanism for environmental collaboration in order to realize strong 

environmental performance [49]. Therefore, environmental performance can be achieved only when 

firms’ green innovation capability is implemented based on environmental collaboration in the 

green supply chain [13]. 

Fourth, product innovation and process innovation have positive effects on environmental 

performance in the relationship between innovation capability and environmental performance. 

Green innovation aims to systematically adjust and implement green improvements throughout the 

supply chain, from new product and service development to consumption, in order to achieve 

environmental goals [33]. Green innovation not only reduces negative impacts on the environment, 

but also increases firms’ competitive advantage [35,13,14]. This study confirmed that product 

innovation capacities such as eco materials and packaging, product recovery, and recycling, as well 

as process innovation capacities such as energy conservation, pollution prevention, and waste 

recycling, have direct effects on environmental performance 

Fifth, product innovation and process innovation have positive effects on export performance 

in relation to innovation capability and export performance. Green innovation leads to economic 

improvement and profitability for firms [39,13,46]. In other words, green products created through 

green product innovation and process innovation strengthen the firm’s market position by 

enhancing the brand, increasing competitiveness, making breakthroughs, and attracting new 
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customers [18]. Therefore, developing more green products and building more efficient processes 

have positive effects on economic performance [46]. 

Finally, environmental performance has a positive effect on export performance. The 

introduction and implementation of GSCM improves the economic performance of new market 

entry opportunities, product prices, profits, market share, and sales [37]. Therefore, GSCM is an 

important strategy for achieving economic performance and sustainable management in the market. 

6.2. Implications and limitations 

This study examined the influence of environmental collaboration on corporate performance 

through environmental innovation capacity from the viewpoint of the green supply chain. This 

study extends the GSCM literature by proposing GSCM as an integrated framework of 

environmental collaboration, approached from the perspective of environmental collaboration. Most 

previous GSCM studies have discussed environmental collaboration in terms of external 

collaboration, such as collaboration with supplier firms or environmental collaboration with 

customers. This study has proposed an integrated framework that considers environmental 

collaboration simultaneously with internal collaboration and external collaboration. In addition, this 

study has enhanced the scholarly understanding of GSCM by demonstrating that the path to 

achievement proceeds through the green innovation capacity of environmental collaboration. 

Previous studies have attempted to identify the factors affecting GSCM by considering only the 

direct relationship between environmental collaboration and performance, or between green 

innovation capacity and performance. However, this study has shown that environmental 

collaboration in the green supply chain environment positively affects green innovation capacity but 

does not directly affect environmental performance. Therefore, this study has presented a new 

research model by which to understand the GSCM mechanism, demonstrating the structural 

relationship between environmental collaboration, green innovation capability, and performance. 

The results of this study offer implications that firm management can use to develop more 

effective GSCM strategies. The results clearly show that it is important to consider internal and 

external GSCM simultaneously when seeking sustainability in the supply chain. Export-based 

manufacturing firms will be able to contribute to environmental performance and business 

performance by developing more effective environmental strategies if they promote integrated 

environmental collaboration in GSCM. Therefore, the integrated environmental collaboration model 

proposed in this study provides more specific directions for export-based manufacturers who want 

to expand their environmental practices throughout the supply chain. As eco management emerges 

as a new management trend in the 21st century, firms will require sustainability management in 

order to survive in the top tier, and business management should move toward maximizing firm 

value. Implementing GSCM successfully requires key changes, such as conducting innovation 

activities from a long-term perspective rather than shaping the firm’s image in order to satisfy 

internal and external stakeholders and show short-term results. In other words, firms must no 

longer simply adhere to external pressures when addressing environmental issues such as customer 

demands and production efficiency for green products and services; they must also gain sustainable 

competitive advantage. GSCM activities should thus be approached in a long-term, strategic way. 

The data used in this study are based on export-based manufacturing firms in Korea. Focusing 

on a single country may limit the generalizability of the results. Testing the proposed model for 

other countries and comparing the results with those of this study would generate more advanced 

research results. In addition, as mentioned in previous studies, the effect of GSCM on firm 

performance may differ depending on the size of the firm and the time when GSCM was introduced. 

Future studies would provide more abundant implications for the green SCM management system 

by addressing these limitations. 
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