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Organizations rely on information technology to integrate internally and externally to create
process efficiency in increasing competitiveness. Information technology can support digitalization
in companies to maintain green supply chain management. Manufacturing companies are required
to be able to pay attention to the environment by maintaining the balance of nature. The object of
this research is manufacturing companies located in East Java. Data were collected from
respondents through questionnaires which were distributed using Google form. The results of the
questionnaire distribution were obtained from a total of 108 companies analyzed using the partial
least squares method. The analysis shows that digitalization affects supply chain integration, green
supply chain, and resilience. Digitalization in the supply chain can form a strong integration, energy
efficiency, and effectiveness to survive. Supply chain integration affects the green supply chain and
supply chain resilience. Integration in the supply chain system, able to overcome environmental

Firm competitive advantage problems and optimize resources. A green supply chain affects supply chain resilience. Supply

chain integration, green supply chain, and supply chain resilience affect a firm competitive
advantage. Practical research contributions for management to allocate budgets with the needs of
application development and supply chain systems within the company. Supply chain digitization
is a solid foundation for companies to have a competitive advantage against competitors.
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1. Introduction

The growth of information technology (IT) requires rapid adaptation from all parties, including manufacturing companies
(Suprapto et al., 2017). The old manufacturing companies that used to rely on human resources only are now forced to keep
up with the times by using IT in every process, starting from procurement of raw materials, production process until the
distribution process to remain competitive, facing a challenging business world (Ganbold et al., 2020). IT in companies is
advantageous to facilitate the integration of each process from upstream to downstream, from suppliers to customers (Cai et
al., 2016; Tarigan et al., 2019). With good integration among the stakeholders, each process will be more effective and efficient
(Zadeh et al., 2020). IT, also known as supply chain digitalization, is a tool companies use to achieve integration between
departments and accelerate the operational process (Huo et al., 2015; Yu et al., 2021). IT could impact supply chain integration
by providing good quality data (Ganbold et al., 2020; Cai et al., 2016; Huo et al., 2015; Han et al., 2017; Yu et al., 2015; Liu
et al., 2016). Using modern technology for sustainable production systems impacts efforts to become an environmentally
friendly company (Stock et al., 2018; Khan et al., 2020). IT development has significantly impacted efforts to become an
environmentally friendly company (Stock et al., 2018). The Internet of Things (IoT) can reduce harmful gas emissions as a
form of a green supply chain (Mastos et al., 2020). Ardanza et al. (2019) also stated that technology has a very important role
in manufacturing to improve the green environment. The same thing was stated by Weng et al. (2020) technology-based
manufacturing can improve green supply chains by reducing inventory levels and improving company performance. IT in
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companies with applications can link activities between departments to reduce unnecessary physical mobility. Tortorella et
al. (2020) show that IT contributes to providing stability for companies, especially in an environment that is not conducive.
IT can ensure good communication and collaboration within the company and externally to maintain the company's stability
(Verma & Bhattacharyya, 2017). Research from Liu & Lee (2018) shows that companies that use IT can integrate systems to
increase the supply chain's resilience.

As a form of business, organizations maintain business goals by paying attention to the environment through a balance of
economic, social, and environmental values (Xu et al., 2022; Stock et al., 2018; Novitasari & Tarigan, 2022). Green business
needs to involve the company's suppliers and customers to maintain balance and sustainability in the supply chain. Companies
can optimize green supply chain management by involving the entire internal company to communicate with upstream and
downstream parties (Basana et al., 2022b; Dong et al., 2021). Based on a literature study conducted by Tseng et al. (2019), it
was concluded that companies could reduce their production costs by involving their suppliers in several green initiatives, for
example, material recycling, green packaging, and efficient energy use. Green company internal factors are also needed to
build company competitiveness. According to Cankaya & Sezen (2019), green product development and production processes
can improve product quality, reduce production costs, and enhance a good image for the company. Green logistics factors
involving customers are also crucial for companies because business processes will become more efficient and quality (Laari
et al., 2016; Tarigan et al., 2018). This is because transportation costs will be reduced, and the product's quality will be in
accordance with customer wishes (Abdallah & Al-Ghwayeen, 2019). If green supply chain management is going well, the
company can carry out clean technology innovation, one of the focus areas in the Net Zero Industry and Innovation (Dong et
al., 2021).

Integration in every supply chain process cannot be done partially, there needs to be comprehensive integration from upstream
to downstream, starting from supplier integration, internal integration, and customer integration (Basana et al., 2022b; Tarigan
et al., 2019). If the company has limited resources, the company needs to integrate with suppliers to strengthen mutually
beneficial relationships between companies and suppliers (Khanuja & Jain, 2021). Siagian et al. (2020) on fast-moving
consumer goods companies show that internal integration also plays a role in integrating all functions within the company to
have better and faster communication in decision-making. To complete the integration process, companies must have
competitive advantages such as lower operating costs, faster delivery times, and better customer satisfaction (Kim & Chai,
2016; Yunus & Tadisina, 2016). Abeysekara et al. (2019) stated that solid supply chain management gives the company a
competitive advantage compared to competitors. The competitive advantage is the company's strategy to win the business
competition and survive in crises. One example of a competitive advantage that a company must have been the ability and
flexibility to estimate and measure supply chain performance (Yu et al., 2021). A resilient supply chain can also result from
good integration starting from suppliers, internal, and customers because every activity from upstream to downstream
becomes more flexible to the existing situation (Liu et al., 2018). Based on the review of previous studies by the researcher,
it was found that no research discussed the variables regarding supply chain digitalization, supply chain integration, green
supply chain, supply chain resilience, and firm competitive advantage simultaneously.

2. Literature Review
2.1. Supply Chain Digitalization (SCD)

IT, closely related to digitalization, can help companies gain a sustainable competitive advantage in the supply chain by
improving certain asset relationships, facilitating information exchange, and building long-term cooperative relationships as
a form of implemented Supply Chain Digitalization (Yu et al., 2021). IT can also indirectly improve company performance
by improving SCI by facilitating more efficient and automated information flows (Yu et al., 2017; Zhang et al., 2016). The
use of IT strengthens the exchange of information in buyer and supplier relationships through a more efficient process that
reduces waiting times (Vanpoucke et al., 2016). Chhabra et al. (2021) show that companies that use the internet to streamline
supply chain processes will benefit from reduced transaction costs, a smoother flow of information, and more responsiveness
to requests. The use of IT in supply chain management is closely related to changes that occur from the old system to the new
system in the digitalization era (Tarigan et al., 2019). Digitization in the supply chain is an exemplary process for increasing
visibility and transparency throughout the supply chain, as it will facilitate the rapid collection and sharing of information for
all stakeholders (Culot et al., 2020; Frank et al., 2019). With good visibility and transparency, companies can integrate
planning and innovation and provide better service to meet customer needs (Suprapto et al., 2017). Wamba et al. (2018) argue
that digitization in the supply chain can make a company's competitive level able to leap forward. In addition, digitizing the
supply chain can provide opportunities for companies to increase revenue or innovation rather than reduce costs through
operational efficiency (Bjorkdahl, 2020; Tarigan, 2018).

2.2. Supply Chain Integration (SCI)
Supply chain management is a key business process from consumers through suppliers who provide products, services, and

information that add value to customers and other stakeholders (Han & Huo, 2020; Jajja et al., 2018). The supply chain is a
series of connected activities related to the planning, coordinating, and controlling of materials, spare parts, and finished goods
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from the raw material stage to the end user (Tseng & Liao, 2015). Supply chain integration is a set of activities related to
coordinating product flows between supply chain partners, including transactions, material movement, procedures, customer
service, and optimization processes considering information flows (Basana et al., 2022b; Tseng & Liao, 2015). Developing
an integrated supply chain usually considers three perspectives: strategic, tactical, and operational (Tarigan et al., 2019). As
an effective method for supply chain management, SCI has become the key to improving performance and creating value
which is essential for the success of individual companies and the entire supply chain (Yu et al., 2021). SCI refers to how far
core producers collaborate strategically with supply chain partners and collaboratively manage processes within and outside
the organization (Wong et al., 2015). Supply chain integration can help companies manage supply chain flows and reduce the
adverse effects of the bullwhip effect (Vanpoucke et al., 2016). Supply chain integration is an integration that occurs between
internal companies together with external companies (Ganbold et al., 2020).

2.3. Green Supply Chain Management (GSC)

Green supply chain management is developing the concept of supply chain management to protect the environment and
maintain natural balance (Dong et al., 2021). Green supply chain management can be optimized with the company's internal
role balanced with external companies in protecting the environment. The green supply chain can be said to be use of materials
needed by the industry that is environmentally friendly and can be used or reprocessed according to organizational needs
(Nguyen & Le, 2020). Eco-procurement will establish a system, method, and process with full consideration of the
environmental impact, including selecting and evaluating suppliers, building long-term relationships with them, adopting eco-
friendly packaging, reprocessing resources, reducing energy wastage, and so on (Ghosh, 2019). Green manufacturing can be
defined as an efficient approach required in design and production activities, especially in developing new products that
minimize the environmental impact (Basana et al., 2022a). Green logistics opens up greater opportunities to meet customer
needs and generate profits (Liu & Ma, 2022). In line with the opinion of Liu & Ma (2022), environmentally friendly logistics
aims to reduce the logistics sector's environmental impact related to the greenhouse effect, noise, and incidents in logistics
operations. Several components in green logistics include procurement, production, packaging, transportation, and product
circulation until it finally reaches the customer (Liu & Ma, 2022).

2.4. Supply Chain Resilience (SCR)

Supply chain resilience is defined as the ability of a supply chain to survive disturbances and return to its original condition
quickly after the disturbance (Saenz et al., 2015). Recovery capacity is the ability of a supply chain to return to its normal
operating level after a disturbance to ensure stable supply chain performance (Ali & Golgeci, 2019; Cagliyan et al., 2022).
Supply chain resilience can be divided into internal and external. Internal resilience is a company's ability to warn, respond,
and adapt quickly and flexibly when disturbances occur (Siagian et al., 2021; Zhou et al., 2022). Meanwhile, external
resilience is the continuity of supply and demand between a company and its suppliers and customers (Wamba et al., 2018).
The development of alternative suppliers and the rapid flow of information leads to increased supply chain resilience
(Baryannis et al., 2019).

2.5. Firm Competitive Advantage (FCA)

The firm competitive advantage is the company's ability to create a defensive position against its competitors (Abeysekara et
al., 2019). It is the company's primary key in measuring and differentiating itself from competitors in terms of timely delivery,
competitive prices or costs, high quality, appropriate quantities, and flexibility which are essential components in the supply
chain (Abeysekara et al., 2019; Tarigan et al., 2018). One strategy to win the business competition is price competition through
operational effectiveness that impacts all supply chain processes (Hu et al., 2019; Tarigan, 2018). Another strategy is
differentiation which prioritizes quality and name. Many studies have been developed on competitive advantage variables
such as cost, growth, reliability, quality, new product launches, order fulfillment rates, order and delivery information,
customer service improvement, working capital efficiency, flexibility, and so on (Abeysekara et al., 2019).

2.6. Relations Between Research Concepts
2.6.1. Supply Chain Digitalization and Supply Chain Integration

The company can be considered a resource pool consisting of a series of company resources and capabilities. Among all
existing resources, supply chain digitization is considered one of the most important factors for companies (Huo et al., 2015).
Supply chain digitalization is also used to build unique capabilities such as supply chain integration (Yu et al., 2021). Rapid
changes in digitalization processes, such as the use of the internet, impact production and modes of operation within companies
and accelerate supply chain integration. In providing timely, accurate, and correct information for companies, digitalization
becomes an inseparable process for supply chain integration (Yu et al., 2021; Tarigan et al., 2019). Supply chain digitalization
in business applications can also increase data collection and information processing in a more structured manner, improving
planning accuracy.
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Previous studies have demonstrated the positive impact of digitalization and supply chain integration (Ganbold et al., 2020;
Cai et al., 2016; Huo et al., 2015; Han et al., 2017; Yu et al., 2015; Liu et al., 2016). Ganbold et al. (2020) on large
manufacturing companies listed on the Tokyo Stock Exchange, showing that e-business technology positively impacts the
integration of product information inside and outside the company. Cai et al. (2016) also surveyed 208 companies in China
and demonstrated a positive interaction effect between supply chain digitization capabilities and supply chain collaboration.
Yu et al. (2015) surveyed 214 manufacturing companies in China, showing a positive relationship between supply chain
digitization and the three dimensions of supply chain integration: customer, internal, and supplier integration. Based on this
explanation, the hypothesis can be determined as follows:

Hai: Supply chain digitalization affects supply chain integration.
2.6.2.  Supply Chain Digitalization and Green Supply Chain

The development of information technology has developed rapidly since the industrial revolution 4.0. The industrial
revolution 4.0 refers to integrating modern technology into sustainable production systems. The Internet of Things (IoT) can
facilitate green supply chain management by reducing harmful emission gases and increasing response times and resource
availability (Mastos et al., 2020). The use of technology can reduce residual production, increase resource use efficiency, and
exchange information related to green strategies (Khan et al., 2020). Using advanced technology, the interaction between
humans and machines can increase productivity without endangering workers. Weng et al. (2020) stated that Japan's small
and medium-sized manufacturing companies demonstrated that technology-based manufacturing could solve inventory
problems, reduce remaining production, and improve company performance. Information processing by collecting, storing,
and analyzing data that is useful for more effective and efficient planning, negotiating power, risk management, and supply
chain management (Zhang et al., 2017). Technology helps to implement green management (Basana et al., 2022a). Based on
this explanation, the hypothesis can be determined as follows:

Haz: Supply chain digitalization affects the green supply chain.
2.6.3. Supply Chain Digitalization and Supply Chain Resilience

Technology has shifted not only for the need to increase productivity but is also used to increase interaction with stakeholders.
Digital transformation changes things, bringing innovation to production processes using innovative products (Suprapto et
al., 2017). In addition, technology transformation improves performance significantly by providing new ideas and techniques
in the production process (Tarigan, 2018). The supply chain digitization process provides a solid foundation for companies
where they can use technology not only for company activities but also to meet customer demands and existing market changes
(Zhou et al., 2022). Research conducted by Tortorella et al. (2020) and Verma & Bhattacharyya (2017) show that supply chain
digitization contributes to providing stability for companies, especially in an environment that is not conducive, supply chain
digitization is very important to ensure good communication and collaboration between departments within the company and
from upstream until downstream to survive and overcome the crisis. Research from Liu & Lee (2018) on 161 logistics
companies in Taiwan also shows that companies that use digitalization in their supply chain systems can integrate systems to
increase the resilience of their supply chains. Based on this explanation, the hypothesis can be determined as follows:

Has: Supply chain digitalization affects supply chain resilience.
2.6.4. Supply Chain Integration and Green Supply Chain

The company strengthens cooperation with supply chain partners by combining its supply chain management and
environmental protection to achieve sustainable performance (Basana et al., 2022b). Supply chain integration emphasizes that
the relationship between suppliers, companies, and customers is an optimal combination (Yunus & Tadisina, 2016; Yu et al.,
2021; Yu et al., 2017). An integrated approach between green supply chain management and supply chain integration (Lo et
al., 2018; Wong et al., 2015). A survey conducted by Lo et al. (2018) against 285 companies in 10 countries shows a significant
relationship between the integration of suppliers and customers toward green supply chains. This research also shows the
combination and balance of supplier and customer competency development toward green supply chains. In line with a survey
conducted by Wong et al. (2015) conducted a literature study of 145 academic articles to determine the framework for
integrating supply chains and green supply chains. The study shows how stakeholder and resource theory can be used to
explain an integrated approach to green supply chain management.

Green supplier integration means sharing green business goals and visions between companies and suppliers to strengthen
cooperation, knowledge exchange, and the development of green initiatives in general (Zhang et al., 2020). Green internal
integration is related to interaction, knowledge exchange, collaboration between functions within the company, and
communication between departments (Han & Huo, 2020). Finally, green customer integration relates to how companies
manage their relationships with customers effectively and efficiently by setting common goals, making joint decisions, and
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resolving shared environmental problems (Xi et al., 2022). Based on this explanation, the hypothesis can be determined as
follows:

Ha: Supply chain integration affects the green supply chain.
2.6.5. Supply Chain Integration and Supply Chain Resilience

Supply chain integration is divided into three parts, namely supplier, internal, and customer integration. Supplier integration
helps resolve limited resources problems owned by companies by involving suppliers in the company's supply chain activities.
Good supplier integration will strengthen mutually beneficial relationships between companies and suppliers (Khanuja & Jain,
2021). Internal integration helps integrate all functions within the company to communicate better and make decisions faster
(Siagian et al., 2020). Customer integration is also needed to improve supply chain performance. Companies will better
understand customer needs and can serve customers more quickly (Lii & Kuo, 2016). Based on research conducted in Taiwan,
internal integration and customers significantly affect supply chain resilience (Liu & Lee., 2018). Liu et al. (2018) also
researched shipping companies in Taiwan and found that existing integration in the supply chain system plays a crucial role
in the supply chain's resilience. The overall integration of suppliers, internal, and customers will improve communication and
increase supply chain resilience to crises. Based on this explanation, the hypothesis can be determined as follows:

HS5: Supply chain integration affects supply chain resilience.

2.6.6. Green Supply Chain and Supply Chain Resilience

Reverse logistics as a form of the green supply chain in accommodating consumables and returns from customers can improve
economic and environmental performance to increase company sustainability, impacting supply chain resilience (Dev et al.,
2021). Green supply chain practices in manufacturing companies in Vietnam can impact company resilience by increasing
financial and non-financial performance by maintaining the company's reputation and environmental performance (Nguyen
& Le, 2020). The company's ability to build ecologically as a form of commitment to a green supply chain can impact supply
chain resilience in USA manufacturing companies (Eltantawy, 2016). Based on this explanation, the hypothesis can be
determined as follows:

He: Green supply chain affects supply chain resilience.
2.6.7.  Supply Chain Integration and Firm Competitive Advantage

Several previous studies have concluded that integration has a good impact by restructuring the upstream and downstream
parts of the supply chain. Supply chain integration results from the collaboration between parts of the supply chain that makes
companies more productive (Jajja et al., 2018). This study divides supply chain integration into three parts: supplier
integration, internal integration, and customer integration. Supply chain partners are essential to expanding a company's ability
to increase productivity (Shou et al., 2018; Khanuja & Jain, 2021). Good relationships with suppliers will result in production
planning capabilities, optimizing the procurement of raw materials, and synchronizing production processes to reduce
operational costs and create distinct benefits for the company (Kim & Chai, 2016). Internal integration can also help
companies achieve company performance criteria such as waiting time, fulfillment of needs, customer satisfaction, and so on
(Yunus & Tadisina, 2016). Lii & Kuo (2016) concluded that integration greatly influences company performance and provides
a competitive advantage. The role of customers in providing feedback for companies can also reduce product defects and
improve product design & quality (Khanuja & Jain, 2021). Based on this explanation, the hypothesis can be determined as
follows:

H7: Supply chain integration affects a firm competitive advantage.
2.6.8. Green Supply Chain and Firm Competitive Advantage

The company's ability to implement green purchasing management is a unique ability to improve company performance
(Basana et al., 2022a). Therefore, green supplier management can also be called green purchasing management, which impacts
various aspects of company performance (Xu et al., 2022; Famiyeh et al., 2018). For example, companies can reduce
production costs by involving their suppliers in several green initiatives, such as material recycling, environmentally friendly
packaging, and efficient energy use (Tseng et al., 2019). In addition to production costs, green supplier management also
impacts product quality because responsible green suppliers can help companies reduce the number of defective products and
increase product reliability and consistency.

Another advantage of green supplier management is that companies are better prepared to deal with market uncertainties by
collaborating with suppliers. The company's delivery performance is also affected by the existence of green supply chain
management (Novitasari & Tarigan, 2022). The concept of being green has spread to every process in supply chain
management, starting from raw materials, production, storage, packaging, shipping, and product distribution. Cankaya &



688

Sezen (2019) stated that green production and innovation processes would increase competitive advantage and provide a good
image for the company. Competitive advantages also include the quality of the production process that produces green
products (Siagian et al., 2022). By implementing a green production process, companies can reduce costs and improve
performance for the production process and the entire supply chain process (Siagian et al., 2022).

Green logistics management is inseparable from the customer. Based on the theory, green customer management can also be
considered a company's unique ability to obtain superior performance (Laari et al., 2016). Companies can obtain feedback
from customers and involve them in developing green products, innovating green manufacturing processes, and reprocessing
existing materials (Xu et al., 2022). Collaboration with customers will reduce fuel usage, improving the company's
performance (Abdallah & Al-Ghwayeen, 2019). Based on this explanation, the hypothesis can be determined as follows:

Hs: Green supply chain affects a firm competitive advantage.
2.6.9.  Supply Chain Resilience and Firm Competitive Advantage

Several existing studies show that a resilient company can be seen from its growth indicators, for example, the financial and
robustness of the company (Siagian et al., 2022). These various studies emphasize that it is essential to have a strong supply
chain to measure a company's competitive advantage (Cagliyan et al., 2022; Abeysekara et al., 2019). A company with high
supply chain resilience will become strong and grow significantly in the face of a crisis, thereby minimizing losses (Zhou et
al., 2022; Liu et al., 2018; Eltantawy, 2016). Furthermore, continuous innovation in business operations will help companies
win the competition through productivity and profits (Behl, 2022). Therefore, companies with good supply chain resilience
will have competitive advantages, so they can grow faster and win the competition from their competitors (Cagliyan et al.,
2022). Research conducted by Abeysekara et al. (2019) show that supply chain resilience affects companies' performance and
competitive advantage. Based on this explanation, the hypothesis can be determined as follows:

HO: Supply chain resilience affects a firm competitive advantage.

3. Research Methods

Quantitative research is a research method based on the positivism philosophy used to examine specific populations or
samples. The population used in this study are manufacturing companies in East Java with a medium and large scale with a
category of at least 20 employees. The collection of data used in this study is through the distribution of questionnaires. The
questionnaire is a data collection technique in which respondents fill out questions or statements that the researcher has
prepared, then return them to the researcher when they have been filled in completely. The results obtained from the
questionnaire will be processed to measure the relationship between the research variables and test the existing hypotheses.
The questionnaire in this study uses a Likert scale, where the Likert scale can be used to measure attitudes, opinions, and
perceptions of a person or group of people about existing social phenomena.

Supply chain digitalization is a system that promises to increase visibility and transparency throughout the supply chain
because it will facilitate the collection and sharing of information in a short time for all stakeholders by using applications as
one of the media used (Culot et al., 2020; Frank et al. al., 2019). The indicators used in supply chain digitalization variables
were adapted from research by Yu et al. (2021), Zadeh et al. (2020), and Ganbold et al. (2020): electronic applications for
coordinating with internal stakeholders, electronic applications for coordinating with external stakeholders, electronic
applications for processing administrative activities, electronic applications used are real-time, electronic applications used
are accurate, and electronic applications used are reliable.

Supply chain integration is an integration that occurs between internal companies together with external companies (Ganbold
et al., 2020). The indicators used in the variable supply chain integration were adapted from research by Ganbold et al. (2020)
and Yu et al. (2021): an integrated system between internal stakeholders, internal company stakeholders collaborating in
determining the company's strategic plan, sharing demand forecast information with external stakeholders, sharing production
planning information with external stakeholders, and sharing delivery schedule information with external stakeholders.

Green supply chain management is the development of the concept of supply chain management to protect the environment
and maintain natural balance (Dong et al., 2021). The indicators used in green supply chain variables were adapted from
research by Xi et al. (2022) and Cankaya & Sezen (2019): the company has an appropriate system related to green issues, the
company plans to purchase green raw materials, the company implements green production process, the company uses green
distribution system, and the company and external (suppliers and customers) jointly addressing environmental issues.

Supply chain resilience is defined as the ability of a supply chain to survive disturbances and return to its original condition
quickly after the disturbance (Saenz et al., 2015). The indicators used in supply chain resilience variables were adapted from
research by Zhou et al. (2022), Liu & Lee (2018), and Siagian et al. (2021): companies have systems that can quickly warn of
supply chain disruptions, companies have systems that can quickly respond or adapt to supply chain disruptions, companies
have systems that can restore operational conditions to normal after any supply chain disruptions quickly, and companies have
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sufficient resources to deal with supply chain disruptions. Firm competitive advantage is the company's ability to create a
defensive position against its competitors to win the business competition (Abeysekara et al., 2019). The indicators used in
the firm competitive advantage variable: lower production costs than competitors, lower distribution costs than competitors,
lower selling prices than competitors, better quality reputation than competitors, product uniqueness from a customer
perspective, loyal customers to products compared to competitors, and better delivery accuracy than competitors (Abeysekara
et al., 2019; Behl, 2022; Tarigan et al., 2018).

Data analysis is grouping data based on variables and types of respondents, tabulating data based on variables from all
respondents, presenting data for each variable studied, and performing calculations to answer the formulated problems or
hypotheses. This study uses the Structural Equation Modeling (SEM) data analysis method with Smart Partial Least Square
(SmartPLS) software for data processing and analysis.

4. Results and Discussion

Researchers spread the Google Form link via email and WhatsApp to employees who work in manufacturing companies. The
results of the distribution of respondents, which were shared via email and WhatsApp, got as many as 108 manufacturing
companies as respondents. The characteristics of the respondents were determined based on position, length of service,
department, number of employees, and type of company. The characteristics of research respondents were divided into four
positions: top management, manager, supervisor, and senior staff. Respondents with top management positions amounted to
9 respondents (8.33%), manager positions amounted to 26 respondents (24.07%), supervisor positions amounted to 45
respondents (41.67%), and senior staff positions amounted to 28 respondents (25.93%). This shows that most respondents are
in supervisory positions and are considered to know the company's condition both from a technical and strategic perspective.
Characteristics of respondents based on the length of work in the company divided as follows: 2-4 years are 26 respondents
(24.07%), 4-6 years are 22 respondents (20.37%), 6-8 years are 20 respondents (18.52%), and more than eight years are 40
respondents (37.04%). This shows that most respondents have worked for a long time and are considered to have a good
understanding of the company's condition. Characteristics of respondents based on the number of employees in the company
are as follows: medium-scale companies (20-100 employees) amounted to 79 companies (73.15%), while large-scale
companies (more than 100 employees) amounted to 29 companies (26.85%). This shows that the majority of the respondents
studied came from medium-scale manufacturing companies that were considered to have a fairly good operational system.
Respondent characteristics by the department are shown in Table 1.

Table 1
Respondent Characteristics by Department
Department Qty Percentage
Accounting/Finance 7 6.48%
Operational/Production 17 15.74%
Purchasing/Export-Import 8 7.41%
Engineering 2 1.85%
Planning Production Inventory Control 18 16.67%
Warehouse 16 14.81%
Sales & Marketing 40 37.04%
Total 108 100%

Measurement items for the five variables consisting of supply chain digitalization, supply chain integration, green supply
chain, supply chain resilience, and firm competitive advantage are described in Table 2.

Table 2 shows the loading value on the supply chain digitalization variable, the lowest value is obtained on the indicator of
using electronic applications to process administrative activities (SCD3) at 0.691, and the value is above 0.5; so it can be said
that all measurements items in the digitalization supply chain variable have met the validity requirements and are acceptable.
The second variable, namely supply chain integration, obtained the lowest score on the item measuring companies sharing
production planning information with external stakeholders (SCI4) at 0.587 and the value was above 0.5; so it can be said that
all measurement items in the supply chain integration variables have met the requirements and are acceptable. The third is the
green supply chain variable, which has the lowest value on the company measurement item using a green distribution system
(GSC4) at 0.825, and the value is above 0.5; so it can be said that all measurement items on the green supply chain variable
have met the requirements and are acceptable. The fourth variable, supply chain resilience, obtained the lowest value on the
indicator that the company has a system that can restore operational conditions to normal after a rapid supply chain disruption
(SCR3) at 0.890 and the value is above 0.5; so it can be said that all measurement items on supply chain resilience variables
have met the validity requirements and are acceptable. The fifth variable is firm competitive advantage, the lowest score is
obtained on the company indicator that has product uniqueness from a customer perspective (FCAS5) at 0.520, and the value
is above 0.5; so that it can be said that all measurement items on firm competitive advantage variables have met the validity
requirements and are acceptable.
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Table 2
Item Measurement Goodness of Fit

Loading - Cronbach

Measurement Items Factor Reliability Alpha Mean
Supply Chain Digitalization - 0.892 0.854 4.125
Electronic applications for coordinating with internal stakeholders (SCD1) 0.797 4.157
Electronic applications for coordinating with external stakeholders (SCD2) 0.764 3.972
Electronic applications for processing administrative activities (SCD3) 0.691 3.907
Electronic applications used are real-time (SCD4) 0.715 4.157
Electronic applications used are accurate (SCD5) 0.787 4.315
Electronic applications used are reliable (SCD6) 0.804 4.241
Supply Chain Integration - 0.851 0.787 4.015
An integrated system between internal stakeholders (SCI1) 0.806 4.167
Internal company stakeholders collaborating in determining the company's strategic plan
(SCI2) 0.85 4.056
Sharing demand forecast information with external stakeholders (SCI3) 0.681 3.898
Sharing production planning information with external stakeholders (SCI4) 0.587 3.639
Sharing delivery schedule information with external stakeholders (SCIS) 0.713 4.315
Green Supply Chain - 0.944 0.926 4.115
The company has an appropriate system related to green issues (GSC1) 0.885 4.185
The company plans to purchase green raw materials (GSC2) 0.884 4.13
The company implements a green production process (GSC3) 0.891 4.12
The company uses a green distribution system (GSC4) 0.825 4.065
The company and external (suppliers and customers) jointly addressing environmental issues
(GSC5) 0.908 4.074
Supply Chain Resilience - 0.945 0.922 3.995
Companies have systems that can quickly warn of supply chain disruptions (SCR1) 0.907 3.861
Companies have systems that can quickly respond or adapt to supply chain disruptions (SCR2) 0.898 4.009
Companies have systems that can restore operational conditions to normal after any supply 0.89 4019
chain disruptions quickly (SCR3) ’ :
Companies have sufficient resources to deal with supply chain disruptions (SCR4) 0.905 4.093
Firm Competitive Advantage - 0.884 0.848 4.197
Lower production costs than competitors (FCA1) 0.733 4.176
Lower distribution costs than competitors (FCA2) 0.719 3.991
Lower selling prices than competitors (FCA3) 0.676 4.083
Better quality reputation than competitors (FCA4) 0.752 4.417
Product uniqueness from a customer perspective (FCAS). 0.52 3.963
Loyal customers to products compared to competitors (FCA6). 0.778 4.333
Better delivery accuracy than competitors (FCA7). 0.85 4.417

The results of data processing to answer the research hypothesis are shown in the t-statistical value or p-value, and if the t-
statistical hypothesis testing value is above 1.96 or the significance value (p-value) is below 0.05 (5%, it is stated that the
hypothesis alternative accepted. The results of tests carried out with partial least squares (PLS) were obtained for the path
coefficient or inner model values, as shown in Fig. 1, and the results of the research hypothesis testing are shown in Table 3.
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Fig. 1. Path Coefficient Test Result
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Table 3
Direct Effect Hypothesis Test Result
Direct Coefficient Original Sample Sample Mean Standard Deviation T Statistics P Values

SCD > SCI 0.621 0.629 0.061 10.170 0.000
SCD - GSC 0.322 0314 0.123 2.619 0.009
SCD > SCR 0.284 0.274 0.093 3.065 0.002
SCI >GSC 0.315 0.326 0.123 2.553 0.011
SCI > SCR 0.281 0.288 0.099 2.845 0.005
GSC > SCR 0.277 0.282 0.090 3.065 0.002
SCI 2> FCA 0.288 0.284 0.097 2.973 0.003
GSC = FCA 0.324 0.332 0.108 3.001 0.003
SCR 2> FCA 0.249 0.250 0.085 2.946 0.003

Based on Fig. 1. and Table 3, it was found that the first hypothesis testing on the path coefficient value of the influence of
supply chain digitalization on supply chain integration at 0.621, which has a t-statistic of 10.170 exceeds the t-statistic at 1.96
and has P-value at 0.000 is below 0.05. Based on this information, it can be concluded that there is a significant influence
between supply chain digitalization and supply chain integration in manufacturing companies in East Java, with a significant
level of 5%. Supply chain digitalization, illustrated by two indicators with the highest loading factor, namely, the electronic
applications used by companies are reliable at 0.804, and the use of electronic applications to coordinate with internal
stakeholders at 0.797, can have an impact on supply chain integration. Companies with good supply chain integration can
form internal stakeholders to collaborate in determining the company's strategic plan at 0.850 and have an integrated system
with internal stakeholders at 0.806. This condition indicates that digitalization in the supply chain can increase integration in
the supply chain system to build better company competitiveness. Digitalization in the supply chain can form a strong
integration between internal and external companies to make effective and efficient decisions. For example, sharing
information related to demand planning, production planning, and delivery schedules through applications can improve
integration between internal and external parties of the company. This research is in line with research that states that supply
chain digitalization affect supply chain integration (Ganbold et al., 2020; Cai et al., 2016; Huo et al., 2015; Han et al., 2017;
Yu et al.,, 2015; Liu et al., 2016).

In the second hypothesis testing, the path coefficient value of the influence of supply chain digitalization on the green supply
chain was 0.322, which has a t-statistic of 2.619, exceeding the t-statistic of 1.96, and a P-value at 0.009 below 0.05. Based
on this information, it can be concluded that there is a significant influence between supply chain digitalization on green
supply chains in manufacturing companies in East Java with a significant level of 5%. Digitalization in the supply chain
system can make the company's goal to create a green supply chain system will be achieved more quickly. In addition,
digitalization in the supply chain through applications shared internally and externally with the company will increase energy
use efficiency and supply chain effectiveness. This research is in line with research that states that supply chain digitalization
affect green supply chains (Stock et al., 2018; Mastos et al., 2020; Weng et al., 2020).

In the third hypothesis testing, the path coefficient value of the effect of supply chain digitalization on supply chain resilience
was 0.284, which has a t-statistic of 3.065, exceeding the t-statistic of 1.96, and a P-value at 0.002 below 0.05. Based on this
information, it can be concluded that there is a significant influence between supply chain digitalization and supply chain
resilience in manufacturing companies in East Java, with a significant level of 5%. Digitalization in the supply chain system
can make the company more resilient if there is a supply chain disruption. The use of electronic applications that are real-
time, reliable, and accurate to coordinate both internally and externally makes the company more quickly get a warning if
there is a disruption to the supply chain. By getting a quicker warning, the company will be better prepared to deal with supply
chain disruptions by preparing resources well. This research is in line with research that states that digitalization affects supply
chain resilience (Zhou et al., 2022; Tortorella et al., 2020; Verma & Bhattacharyya, 2017; Liu & Lee, 2018).

In the fourth hypothesis testing, the path coefficient value of the influence of supply chain integration on the green supply
chain is 0.315, which has a t-statistic of 2.553, exceeding the t-statistic of 1.96, and has a P-value at 0.011, which is below
0.05. Based on this information, it can be concluded that there is a significant influence between supply chain integration on
the green supply chain in manufacturing companies in East Java with a significant level of 5%. Integration in the supply chain
system, a common goal between internal and external companies to address environmental problems, will be achieved more
quickly. All of the company's internal stakeholders collaborate in determining a strategic plan at 0.850, and the company has
an integrated system between internal stakeholders at 0.806, which can influence the green supply chain. While the green
supply chain makes companies and external (suppliers and customers) jointly address environmental problems at 0.908, one
of which is by implementing green production processes at 0.891. This condition indicates that with integration in the supply
chain system, a common goal between internal and external companies to address environmental problems will be achieved
more quickly. Good integration of supply chain systems will enable companies to better plan demand, production schedules,
and delivery plans to optimize existing resources to make them more efficient and environmentally friendly. This research is
in line with research that states that supply chain integration affect supply chain resilience (Xi et al., 2022; Zhang et al., 2020;
Wong et al., 2015; Han & Huo, 2020; Lo et al., 2018).
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In the fifth hypothesis testing, the path coefficient value of the influence of supply chain integration on supply chain resilience
is 0.281, which has a t-statistic of 2.845, exceeding the t-statistic of 1.96, and has a P-value at 0.005, which is below 0.05.
Based on this information, it can be concluded that there is a significant influence between supply chain integration and supply
chain resilience in manufacturing companies in East Java, with a significant level of 5%. With integration in the supply chain
system, coordination between departments will be better to assist companies in making strategic plans. Especially when there
is a disruption to the supply chain, the company will be quicker in anticipating problems and can prepare resources better.
This research is in line with research that states that supply chain integration affect supply chain resilience (Lii & Kuo, 2016;
Liu et al., 2018; Khanuja & Jain, 2021; Siagian et al., 2020).

In the sixth hypothesis testing, the path coefficient value of the influence of the green supply chain on supply chain resilience
is 0.277, which has a t-statistic of 3.065, exceeding the t-statistic of 1.96, and has a P-value of 0.002, which is below 0.05.
Based on this information, it can be concluded that there is a significant effect of a green supply chain on supply chain
resilience in manufacturing companies in East Java with a significant level of 5%. Cooperation between companies, suppliers,
and customers to address environmental problems will go well with an excellent green supply chain system. In addition,
companies can get warnings quickly through information from suppliers or customers in the event of a supply chain disruption.
Companies that have implemented green supply chains also have high efficiency, especially in the use of resources, so that in
the event of a supply chain disruption, the company will have adequate resources and can survive a crisis. This research is in
line with research that states green supply chain affects supply chain resilience (Dev et al., 2021; Nguyen & Le, 2020;
Eltantawy, 2016).

In the seventh hypothesis testing, the path coefficient value of the influence of supply chain integration on firm competitive
advantage is 0.288, which has a t-statistic 0f 2.973, exceeding the t-statistic of 1.96, and has a P-value at 0.003, which is below
0.05. Based on this information, it can be concluded that there is a significant influence between supply chain integration on
the firm competitive advantage in manufacturing companies in East Java with a significant level of 5%. Furthermore, two
indicators illustrate supply chain integration with the highest loading factor: all the company's internal stakeholders collaborate
in determining the company's strategic plan at 0.850, and the company has an integrated system between internal stakeholders
at 0.806, which can influence the firm competitive advantage. Furthermore, the company's competitive advantage, such as
better delivery accuracy than competitors at 0.850 and customers being loyal to the product compared to competitors at 0.778,
is a solid basis for companies to compete. This condition indicates that with integration in the supply chain system,
coordination between departments will be better in making strategic plans. In addition, coordination with external parties in
the form of demand plans, production schedules, and delivery schedules can improve the accuracy of delivery compared to
competitors so that customers become more loyal to the products produced by the company. This research is in line with
research that states that supply chain integration affects a firm competitive advantage (Lii & Kuo, 2016; Kim & Chai, 2016;
Yunus & Tadisina, 2016; Yu et al., 2021; Jajja et al., 2018; Shou et al., 2018).

In the eighth hypothesis testing, the path coefficient value of the influence of green supply chain on firm competitive advantage
is 0.324, which has a t-statistic of 3.001, exceeding the t-statistic of 1.96 and has a P-value at 0.003, which is below 0.05.
Based on this information, it can be concluded that there is a significant influence between the green supply chain on the firm
competitive advantage in manufacturing companies in East Java with a significant level of 5%. Therefore, the green supply
chain described can impact a firm's competitive advantage. Furthermore, the company's competitive advantage, such as having
better delivery accuracy than competitors and customers who are loyal to the product compared to competitors, is a strong
basis for the company to compete. This condition indicates that with an excellent green supply chain system, environmental
problems can be solved jointly by the company, suppliers, or customers. One of them is a green supply chain system that will
increase production efficiency so that the time and resources needed will be less. This efficiency can also reduce production
and distribution costs, so that product selling prices can be more competitive in the market. In addition, product delivery times
will be more precise so that customers will feel happy and customer loyalty will increase. This research is in line with research
that states that supply chain integration affect a firm competitive advantage (Xu et al., 2022; Tseng et al., 2019; Cankaya &
Sezen, 2019; Abdallah & Al-Ghwayeen, 2020; Famiyeh et al., 2018; Yang et al., 2022; Siagian et al., 2022).

In the ninth hypothesis testing, the path coefficient value of the effect of supply chain resilience on firm competitive advantage
is 0.249, which has a t-statistic of 2.946, exceeding the t-statistic of 1.96, and has a P-value of 0.003 which is below 0.05.
Based on this information, it can be concluded that supply chain resilience has a significant effect on the firm's competitive
advantage in manufacturing companies in East Java, with a significant level of 5%. With a resilient supply chain system,
companies will adapt more quickly to supply chain disruptions, so companies can immediately prepare resources to survive
and return to normal conditions. This also has a good impact on the company, where product delivery will always be correct
in terms of time and quantity even though supply chain disruptions occur, so that customer loyalty to the product and the
company can increase. This research is in line with research that states that supply chain resilience affects a firm competitive
advantage (Behl, 2022; Cagliyan et al., 2022; Abeysekara et al., 2019).

5. Conclusion

Based on the discussion on research on the importance of digitalization and green supply chain integration to build supply
chain resilience towards better firm competitive advantage, conclusions can be drawn as follow: supply chain digitalization
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affects supply chain integration, green supply chain, and supply chain resilience. This shows that digitalization in the supply
chain can increase integration in the supply chain system to build better company competitiveness. Digitalization in the supply
chain can form a strong integration within the internal and external companies concerned with making effective and efficient
decisions. As a result, a green supply chain system will be achieved more quickly. Digitalization in the supply chain through
applications that are shared internally and externally with the company will increase energy use efficiency and supply chain
effectiveness. The use of electronic applications that are real-time, reliable, and accurate to coordinate both internally and
externally makes the company more quickly get a warning if there is a disruption to the supply chain. By getting a quicker
warning, the company will be better prepared to deal with supply chain disruptions by preparing resources well in advance.

Supply chain integration affects the green supply chain and supply chain resilience. This shows that with integration in the
supply chain system, a common goal between internal and external companies to address environmental problems will be
achieved more quickly. Good integration of supply chain systems will enable companies better to plan requests, production
schedules, and delivery plans. They can optimize existing resources so that coordination between departments will be better
and assist companies in making strategic plans. Especially when there is a disruption to the supply chain, the company will
be quicker in anticipating problems and can prepare resources better.

A green supply chain affects supply chain resilience. This shows that cooperation between companies, suppliers, and
customers to address environmental problems will go well through an excellent green supply chain system. In addition,
companies can get warnings quickly through information from suppliers or customers in the event of a supply chain disruption.
Supply chain integration, green supply chain, and supply chain resilience affect a firm competitive advantage. Coordination
with external parties in the form of demand plans, production schedules, and delivery schedules can improve the accuracy of
delivery compared to competitors so that customers become more loyal to the products produced by the company.
Environmental problems can be solved jointly by the company and suppliers or customers. This efficiency can also reduce
production and distribution costs, so that product selling prices can be more competitive in the market. In addition, product
delivery times will be more precise so that customers will feel happy and customer loyalty will increase. Companies will adapt
more quickly to disruptions to the supply chain, so companies can immediately prepare resources to survive and return to
normal conditions. This also has a good impact on the company, where product delivery will always be correct in terms of
time and quantity even though supply chain disruptions occur, so that customer loyalty to the product and the company can
increase.

Based on the conclusions from the research results above, several practical contributions can be made. For example,
companies need to allocate a budget for application development needs and supply chain systems within the company. This
is because supply chain digitalization is a solid foundation for companies to have a competitive advantage against competitors.
Companies need to be able to improve their supply chain resilience so that they can survive a crisis and return to their original
condition quickly. Finally, companies need to maintain and increase their competitive advantage because most competitors
already know the importance of having a competitive advantage in running a business.
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