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ARTICLE INFO ABSTRACT

Received: 16 Jun 2024 Business-to-business (B2B) companies had a harder time keeping their supply chains
running smoothly and being flexible in a time when the environment was unclear, the
world was unstable, and the markets were unpredictable. This study looked into how
design methods based on sustainability principles could be used to make supply chains
more resilient on purpose. The study looked at the link between the complexity of supply
chain design, the integration of sustainability, and the consequences of resilience using
a combination of questionnaires from 50 companies and case studies of 5 industry
leaders. Quantitative analysis showed a substantial positive link between resilience
ratings and sustainable practices. Qualitative findings, on the other hand, focused on
strategic initiatives like modular logistics, digital traceability, and using renewable
energy. Companies who built sustainability into their supply chain design reported
being more flexible, recovering faster, and lowering risks over the long term, even
though they had to deal with initial investment problems. The results show that
designing a supply chain that is environmentally friendly is not only good for the
environment, but also necessary for making B2B operations strong in a complicated
global economy.
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INTRODUCTION

Business-to-business (B2B) companies have been under more and more pressure to strengthen their supply chains
against a wide range of disruptions, from geopolitical wars and pandemics to environmental disasters and shortages of
raw materials. This is happening in a global economy that is becoming more unstable and interconnected. Traditional
supply chain models focused on efficiency and cutting costs, but they often weren't flexible or strong enough to handle
these new problems. Because of this, the idea of supply chain resilience, which is the ability to foresee, shocked, absorb
it, Humans, and recover from it, has become more important as a strategic goal.

At the same time, more and more people are realizing that resilience isn't enough if it doesn't fit with bigger social and
environmental goals. More and more, stakeholders are asking for supply chains that are not just strong, but also long-
lasting. These supply chains should include policies that protect the environment, encourage social responsibility, and
make sure that the economy stays strong in the long run. Because of this double demand, B2B companies are looking
into design-led methods that purposefully include sustainability ideas in the way supply chains are built.

This study looked at how B2B companies planned their supply chains to make them more resilient while still meeting
their sustainability goals. The study tried to find out how to make networks more resilient and sustainable at the same
time by carefully designing them to include things like supplier diversity, digital integration, low-carbon logistics, and
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circularity. The study's goal was to help people better comprehend how companies could turn supply chains from
reactive systems into proactive, long-lasting networks that could do well in uncertain situations.

LITERATURE REVIEW

Rahman et al. (2023) looked into how B2B companies used a resilience approach to keep their supply chains running
smoothly. Their research focused on the importance of proactive risk management and flexible sourcing strategies. They
suggested that companies that built resilience into their operations had better economic and environmental results. The
study showed how resilience drivers including agility, redundancy, and collaboration are linked to long-term goals for
sustainability.

Holloway (2024) provided qualitative information about how brand communication may help create value in B2B
supply chains. The study was mostly about marketing, but it also showed that value co-creation often affected logistics
and procurement decisions, which in turn affected how people thought about and put into practice resilience and
sustainability. The report said that people in B2B supply chains put a lot of value on openness and working together,
which helped make sustainability a part of their business.

Krimi, Bahou, and Al-Aomar (2024) did a thorough analysis of the literature on how to make B2B chemical supply
chains more resilient and sustainable as they grow. Their assessment found that there is a rising focus on digitalization,
following environmental rules, and planning for different scenarios to protect against supply shocks. The results made
it clear that supply chain architecture needed to change from linear efficiency models to dynamic, modular frameworks
that could handle both environmental requirements and the risks of disruptions at the same time.

Cooper (2024) looked at strategic procurement strategies in global supply chains, focusing on how complexity affects
decision-making. The study revealed that businesses in unstable markets commonly used tiered supplier networks, dual
sourcing techniques, and real-time data analytics to lower the level of uncertainty. These buying habits were found to be
closely linked to resilience, especially when they were combined with concepts of the circular economy and assessments
of supplier sustainability.

Guerrero-Sanchez et al. (2023) looked into how computer science and supply chain sustainability may work
together in a complicated enterprise. The conference papers talked on new technologies like artificial intelligence,
blockchain, and the Internet of Things (IoT) as important tools for making things more resilient and sustainable. They
said that digital solutions made it easier for B2B companies to forecast problems, keep track of environmental
compliance, and rebuild supply networks to be more flexible and better for the environment.

RESEARCH METHODOLOGY
1.1. Research Design

The study used a mixed-methods exploratory research design. This method made it possible to combine numerical data
from a wide range of companies with in-depth information from a small number of case studies. Quantitative data gave
us a big-picture view of trends in the market, while qualitative data gave us a lot of information on how companies put
design into practice for resilience and sustainability.

1.2.Population and Sample

The study looked at mid- to large-sized B2B companies in Asia and Europe that worked in fields like manufacturing,
automotive, and pharmaceuticals. We utilized a purposive sampling method to make sure that companies that were
actively working on sustainability projects were included. The final sample had 50 companies for the survey phase and
5 companies for the case study phase. We chose the case study companies because they had shown that they were
committed to sustainable supply chain procedures.
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1.3.Data Collection Methods

We used both quantitative and qualitative methods to gather data. During the quantitative phase, supply chain managers
were given a standardized questionnaire. The main topics of this questionnaire were supply chain design criteria,
resilience measures, and sustainability activities.

We did semi-structured interviews with top executives, operations managers, and sustainability officers for the
qualitative phase. Internal documents including sustainability reports, risk mitigation strategies, and supply chain
designs were also used to gather further information. Using data from multiple sources helped to make the data more
reliable and in-depth.

1.4.Variables and Indicators

The study specified and measured a number of variables. The Supply Chain Resilience Index (SCRI) measured how
quickly things could be done, how many backups there were, and how flexible the system was. The Sustainability
Integration Score (SIS) showed how well companies used renewable materials, tried to make less waste, and set goals
for cutting carbon emissions. The Design Complexity Factor (DCF) was predicated on things like having a variety of
suppliers, using digital tools, and having suppliers in different parts of the world.

1.5.Data Analysis Techniques

We used descriptive statistics to characterize trends in the quantitative data and correlation analysis to find connections
between important variables. We utilized regression models to look at how the complexity of a design and the inclusion
of sustainability affected the outcomes of supply chain resilience.

Thematic coding in NVivo was used to look at qualitative data. We looked for patterns and insights in interviews and
documentation, concentrating on how design decisions were made and carried out. Putting together the qualitative and
quantitative results gave us a better overall picture of the research problem.

1.6.Validity and Reliability

Data triangulation was used to make sure the results were valid by comparing results from surveys, interviews, and
documents. We did a pilot study with five B2B companies to see if the survey tool was clear and useful. A Cronbach's
alpha score of 0.87 showed that the survey items were consistent with each other, which means they were very reliable.

1.7.Limitations

The study has a few problems. It used data that people reported themselves, which could be biased. Because the study
was cross-sectional, it couldn't look at the long-term effects of design changes. Some companies also didn't want to
submit extensive supply chain data because they were worried about privacy, which made some case studies less in-
depth.

RESULTS AND DISCUSSION

This part shows and explains the results of the quantitative survey of 50 B2B companies and the qualitative case studies
of 5 chosen companies. The goal was to see how design-led supply chain topologies affected resilience, especially when
they were in line with sustainability goals. There is a full conversation because there are both quantitative and qualitative
case-based findings. All of the results are based on the indicators that were set up before and the data that was collected
during the study period.

1.8.  Supply Chain Resilience Index (SCRI) Scores

Quantitative analysis revealed that firms with design-oriented supply chains, especially those embedding sustainability
elements, reported significantly higher Supply Chain Resilience Index (SCRI) scores.
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Table 1: SCRI Scores by Design and Sustainability Integration Level
Category No. of Firms (n) | Average SCRI Score (0-100)
Low design orientation 12 52.3
Moderate design, low sustainability | 14 65.4
High design, moderate sustainability | 16 78.1
High design, high sustainability 8 89.6
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Figure 1: SCRI Scores by Design and Sustainability Integration Level

Table 1 showed a clear and growing link between supply chain design orientation, sustainability integration, and
resilience performance across B2B companies. Companies that didn't focus on design had the lowest average Supply
Chain Resilience Index (SCRI) score of 52.3, which means they weren't very good at handling and bouncing back from
problems. Those who had moderate design but poor sustainability integration had better resilience, with an average
SCRI score of 65.4. This suggests that design features alone helped make the supply chain more robust. Companies that
had a strong focus on design and a modest focus on sustainability had a far higher average SCRI score of 78.1. This shows
that combining good design with some level of sustainability made companies much more resilient. The group with the
best performance, which included companies that had both high design and high sustainability integration, got an SCRI
score of 89.6. This clearly shows that a well-designed supply chain with full sustainability integration is the most
resilient.

These results showed that the best supply chain systems are those that use a synergistic approach, where strategic design
and sustainability work together.

1.9.Correlation between Sustainability Integration and Resilience

Pearson correlation analysis demonstrated a strong positive relationship between the Sustainability Integration Score
(SIS) and the SCRI.
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Table 2: Correlation Coefficient between SIS and SCRI

Variable Pair | Pearson’s r | Significance (p-value)
SIS vs. SCRI 0.81 0.000

The Pearson's correlation value (r) of 0.81 showed that there was a substantial positive association between the
Sustainability Integration Score (SIS) and the Supply Chain Resilience Index (SCRI). This number shows that B2B
companies' supply networks became much more resilient as they become more sustainable. The p-value of 0.000
showed that the association was statistically significant at the 1% level. This means that there was less than a 0.1% chance
that this link happened by coincidence. These results suggested that companies who actively used environmentally
friendly methods like analyzing their carbon footprint, buying green products, and cutting down on waste were better
able to deal with and react to problems. In short, sustainability was not only a moral or legal issue, but also a practical
way to make operations stronger. This supports the premise that resilient supply chains are often designed to be
sustainable.

1.10. Impact of Design Complexity on Responsiveness

We used a regression study to see how the Design Complexity Factor (DCF) affected responsiveness, which is a part of
SCRI. The regression model showed that moderate design complexity made things more responsive, but too much
complexity made things less responsive.

Table 3: Regression Output — DCF Impact on Responsiveness

Design Complexity Level | Responsiveness Score (0—100)
Low 48.6
Moderate 73.4
High 76.1
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Figure 2: Regression Output — DCF Impact on Responsiveness
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The information on Design Complexity Level and Responsiveness Score showed a clear link between how well supply
networks are built and how well they can handle interruptions. Companies with minimal design complexity, which
means they had fewer supplier nodes and less routing flexibility, had the lowest responsiveness score at 48.6. This means
they took longer to respond and were less able to adjust when there were problems in the supply chain. On the other
hand, companies with a moderate level of design complexity—those that have a variety of suppliers, regional distribution
centers, and digital tools for coordinating work—got a far higher responsiveness score of 73.4. This means that a well-
balanced supply chain structure made the system more responsive without making it too hard to coordinate. It's
interesting that companies with more complex designs only saw a small increase in responsiveness, rating 76.1. This
suggests that responsiveness decreases as complexity increases. More complex networks may give you more alternatives,
but they can also make it harder to plan and communicate, which can cancel out the possible benefits of being more
flexible. Overall, the results backed up the idea that a supply chain architecture with moderate complexity was the best
way to reconcile structural resilience and operational agility.

1.11. Case Study Insights: Strategic Design for Resilience
From the five case studies, several strategic patterns emerged:

e Case Firm A (Automotive) implemented modular supply hubs and diversified raw material sources. This
reduced lead time variability by 36% during COVID-19.

¢ Case Firm C (Pharmaceuticals) used blockchain to trace supplier performance and environmental compliance,
enabling predictive rerouting and inventory rebalancing.

e Case Firm E (Machinery) integrated solar-powered cold storage into its logistics chain, reducing fuel
dependency and improving resilience during oil price shocks.

These findings illustrated how sustainable design mechanisms could function as built-in shock absorbers rather than
post-crisis adjustments.

1.12. Trade-offs and Challenges

Despite the benefits, the study also identified critical trade-offs. Firms noted that:

o Initial capital investment in sustainable supply chain infrastructure was 18—25% higher.
e Lead times were slightly longer (by 1—3 days) when shifting to local or certified suppliers.

e Internal resistance to process redesign emerged as a common challenge, particularly in firms with rigid procurement
policies.

However, over the long term, firms reported cost stabilization and improved brand equity.

The study showed that supply chain resilience wasn't only about having backups or becoming digital; it was also heavily
influenced by design that focused on strategy and sustainability. Resilience became a systemic trait because of the way
design complexity, environmental integration, and responsiveness worked together. Companies who understood how
to deal with complexity and made their networks more sustainable were better able to adapt, recover, and thrive during
shocks.

CONCLUSION

The study found that B2B companies who proactively built their supply chains with sustainability as a fundamental
value were much better able to handle interruptions. These companies were able to improve responsiveness, lower risk,
and achieve long-term operational stability by adding sustainable practices like supplier diversity, low-carbon logistics,
and digital transparency to their supply chain architecture. The first change needed more money and changes to the
structure, but the long-term gains in terms of reducing risk, increasing flexibility, and increasing stakeholder value
substantially surpassed the expenditures. In the end, resilience by design, when combined with sustainability, became
not only a way to defend yourself but also a strategic advantage in dealing with the intricacies of modern supply chains.
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