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Abstract: In rapidly changing business conditions, it has become extremely important to ensure the 

sustainability of supply chains and further improve the resiliency to those events, that can cause 

unexpected disruptions in the value supply chain. Although glob- alized supply chains have already been 

criticized for lack of control over sustainability and resilience of supply chain operations, these issues 

have become more prevalent in the uncertain environment driven. The use of emerging technologies 

such as blockchain, Industry 4.0 analytics model and artificial intelligence driven methods are aimed at 

increasing the sustainability and resilience of supply chains, especially in an uncertain environment. In 

this context, this research aims to identify the problematic areas encountered in building a resilient and 

sustainable supply chain in the era and to offer solutions to those problematic areas tackled by an 

appropriate emerging technology. This research has been contextualized in the automotive industry; this 

industry has a complex supply chain structure and is one of the sectors most affected. Based on the 

findings. 
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1. Introduction 

          The supply chain (SC) is transforming into a more 

delicate and complex structure due to increasing 

competition, costs and rapid technological developments 

worldwide This drives supply chain management (SCM) 

toward achieving green growth, although this is challenging 

from the sustainability. It becomes difficult for these SSCs 

to be monitored, controlled and to be sustainable and 

resilient. Furthermore, being sustainable  and resilient has 

now emerged as the most important issue for companies 

throughout the world. 

Sustainable supply chain management (SSCM) is the 

management of supply chain oper- ations, resources, 

information and funds to maximize social welfare and 

supply chain profitability while minimizing environmental 

impacts. Moreover, SC resilience can be defined as the 

power of supply chains to cope with unexpected changes at 

the minimum level  to resist crises and to maintain their 

continuity despite changes in the market. Therefore, 

sustainability and resilience of SCs are concepts that affect 

each other. In order to build an effective sustainable SSCM 

concept and further increase its performance  and resilience, 

organizations can adopt emerging technologies such as 

blockchain, Industry 4.0 and artificial intelligence. Using 

these emerging technologies, especially artificial 

intelligence (AI), greatly benefits organizations to become 

more sustainable and resilient to cope with disruptions 

occurring in SSCs. 

AI is a branch of computer science, with a main goal of 

developing computer technology that can act and think like 

a human being. These thinking machines can then imitate, 

learn and eventually replace human intelligence. AI is a 

technology that can be used especially for SSC planning, 

demand forecasting and optimization  problematic areas 

arising in SSCM before and during COVID-19 are 

identified. In addition, these problematic areas related to 

sustainable and resilient supply chains pre-COVID-19 and 

during COVID-19 should be evaluated to rank the AI 

driven solutions according to their importance. In this 

study, the fuzzy DEMATEL method, one of the best multi-

criteria decision-making techniques, is used to analyse 
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cause and effect relations of the criteria them- selves. 

Moreover, to match problematic areas with AI 

technologies, the Delphi method, a structured 

communication technique developed as a systematic, 

interactive forecasting tool based on a panel of experts, is 

implemented towards the end of the study. 

Section 2 addresses the problematic areas encountered in 

resilience and SSCM in pre- COVID-19 times and during 

COVID-19; the importance of AI and its use in SSCM is 

also examined. Section 3 covers methodology with Sect. 4 

detailing the case study undertaken. Section 5 highlights the 

discussions that have emerged and the conclusions drawn 

 

2. Literature Review 

 

 (Maslaric et al., 2013). These demand fluctuations cause 

problems in the current inventory management of many 

companies (Klibi et al., 2018). Therefore, in order to 

increase resilience in SC, companies have to give 

importance to real- time inventory management, 

optimization of production and stocks by providing 

visibility, automation of replenishment strategies and safety 

stocks (Gunasekaran et al., 2015). For this reason, there is a 

need for the adoption of technologies such as AI. 

Optimization in Logistics Operations (C2): Problems 

arising from lack of optimization in logistics operations are 

experienced in complex and multi-supplier SSC structures  

 

(Foster & Rhoden, 2020) as they become more vulnerable 

to disruptions. Failure to achieve optimization in logistics 

operations in SCs harms resilience of the SC (Pavlov et al., 

2019). In logistics processes, the role of logistics facilities, 

warehouses, the geographical area where the facilities are 

located, the capacity of warehouses, information and 

technological infrastructures must all be fully planned  

 

(Kaur & Singh, 2019). Therefore, technologies that emerge 

as a result of AI are required to manage the SC as they 

minimize the errors that may occur in the logistics process 

and facilitate optimization in operations (Mouammine et al., 

2020). Purchasing Process Planning (C3): Increasing 

competition in the business environment requires 

companies to make better quality purchasing decisions with 

lower costs (Dumi- trascu et al., 2020; Min, 2010). 

Decisions made in the purchasing process are extremely 

difficult and strategic  

 

(Rodríguez-Espíndola et al., 2020). In order to ensure 

resilience and sustainability, especially in the face of 

unexpected situations (Pereira et al., 2020), compa- nies 

should also show alternative planning behaviors in their 

purchasing process planning (Ambulkar et al., 2015). For 

this reason, companies may need systems that include 

technolo- gies such as AI in their purchasing processes to 

determine alternative purchasing scenarios and to put them 

into operation (Allal-Chérif et al., 2021). Demand Planning 

and Production Management (C4): Demand planning and 

production management are the most important factors to 

determine the performance of SSCs 

 

 (Nguyen et al., 2018). Effective demand planning and 

production management ensure the correct functioning of 

operations in the SSC (Raut et al., 2019). Unexpected 

events may cause unex- pected fluctuations in demand and 

cost increases in SC; this affects production management 

(Nguyen et al., 2018). In unexpected crisis environments, it 

becomes difficult for companies to maintain resilience in 

their SCs. In other words, traditional demand and supply 

planning approaches are inadequate; sharp changes in 

market and commercial dynamics, pandemics or natural 

disasters can cause damage to the resilience of SCs  

 

(Purwaningsih & Hermawan, 2021). Therefore, in 

companies with high and increasing demand levels, the 

adoption of tech- nologies such as AI is necessary to 

balance supply and demand and to plan future production 

processes (Husna et al., 2020). 

SC Traceability (C5): Monitoring every stage in multi-

layered global SSCs makes it easier to take measures 

against unexpected problems (Kamble et al., 2020). The 

traceability of the SC helps to find instant solutions to the 

problems that arise in the SC, to eliminate problems 

without delay in the other processes and to ensure the 

resilience of the SC  

 

(Roy, 2021). An increase in efficiency is observed in the 

operations of a company with high SC traceability; the 

traceability of SSCs is possible with the implementation of 

digital technologies such as AI (Wu et al., 2021). Top 

Management Support (C6): Integration of digital 

technologies into operations in corpo- rate companies with 

a developed SSC structure is possible with high levels of 

management support. The use of digital technologies in 

SSC structures supported by management brings 

  

operations closer to perfection. Top management support 

acts as a decision-making mecha- nism in order to find 

solutions to problems that arise in SSCs and to increase the 

resilience and sustainability of SSCs 

 

 (Olaleye et al., 2021). Especially in disruptive times, it is 

necessary to adopt digital technologies such as AI. From 

the literature review, it can be seen that there is a research 

gap in defining which problems are encountered before and 

during COVID-19 and whether there is a difference in 
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importance of the problems. To sum up, emerging 

technologies provide increased resilience and sustainability 

in SCs  

 

(Ramirez Lopez & Grijalba Castro, 2021). AI is an 

emerging technology associated with the decision-making 

processes in companies; to a large extent, AI improves SSC 

tracking systems, tactical planning and execution, allowing 

managers to learn the complex patterns that lead to errors 

(Dauvergne, 2020). AI technology already plays an 

important role in advanced SSCM and logistics solutions, 

increasing efficiency and effectiveness, resilience and 

sustainability (Singh et al., 2020). Therefore, in the 

following section, the importance of AI and its use in SCM 

is explained. 

 

(Kaur et al., 2020). Therefore, many companies prefer to 

switch from remote monitoring to control, optimization 

(Notte et al., 2020) and advanced autonomous AI-based 

systems to improve resilience of their SSCs (Paschen et al., 

2020). Although AI technologies can be used in many areas 

such as marketing, logistics and production, they can also 

be used in almost all areas and sub-fields of SSCM, 

providing advantages such as high accuracy, solving 

problems with more inputs and producing high-speed 

solutions  

 

(Jones et al., 2020). Planning is one of the most important 

issues in SSCM. Problems such as errors made in the 

planning period, prolonged delivery times or fluctuations in 

the preparation times of products can be eliminated by AI 

technologies (Grover et al., 2020). In addition, problems 

that arise in manufacturing processes (machine failure, 

product related problems etc.) may cause delay in 

shipments and interruption to the SSC, threatening 

resilience in SSCs (Gunasekaran et al., 2015). AI 

technology provides real-time and continuous information 

about machine failures, thus improving the process  

 

(Grover et al., 2020). Methods such as genetic algorithms, 

ant colony optimization (Pedemonte & Cancela, 2010) 

machine learning, artificial neural networks and data 

clustering are sub-technologies of AI; these should be 

applied at different stages of SSCs as solutions to different 

problems (Dzalbs & Kalganova, 2020). AI in SCM 

provides improved SC automation through the use of 

virtual assistants, both in a specific organization and 

between SC members  

 

(Schniederjans et al., 2020). One AI technology, the genetic 

algorithm, is frequently used to solve complex problems 

that are difficult to decipher with traditional methods 

(Gholizadeh & Fazlollahtabar, 2020). The genetic 

algorithm makes the SSC more efficient by conducting 

surplus and deficiency analyses, especially in stock 

management, in order to minimize the costs arising in 

SSCM  

 

(Rostami et al., 2020). Ant colony optimization algorithms 

are derived from ants that leave a volatile substance called 

"pheromone" when searching for food (Pedemonte et al., 

2011; Vijayan et al., 2018). Ant colony optimization in 

SSCM aims to find optimal results with different algorithm 

options (Delgoshaei et al., 2019). For example, distribution 

time optimization in logistics operations, network 

optimization or ant colony optimization can be used to 

minimize losses (Zhang et al., 2019). 

 

3. Methods 
 

After determining the problematic areas with fuzzy 

DEMATEL, the opinions of the same expert group are 

taken in order to find solutions to these problems with AI 

technologies through the Delphi method. The 

implementation of the Delphi method consists of systematic 

stages—revealing the approaches and perspectives of the 

experts on the problem situation, examining them and 

reaching a consensus. Expert opinions are col- lected for six 

problematic areas separately, using the Delphi method. For 

example, experts evaluated the use of five different AI 

technologies; these are genetic algorithm, ant colony 

optimization, machine learning, artificial neural networks 

and data clustering for the inven- tory management (C1) 

problem. As a result of conducting the Delphi method, AI 

technologies recommended by each expert for each 

problem area are determined for the case study. 

The results from the Delphi study are combined with 

observations from literature to determine which AI 

technologies would be most beneficial to use for each of the 

problematic areas. Therefore, based on the results obtained 

from the Delphi method, AI sub-technologies that can be 

used in problematic areas encountered in SSCs are 

presented. According to the fuzzy DEMATEL results, the 

most important change is seen in the support of top 

management (C6). The support of top management was in 

the effect group before COVID-19; however, it became the 

most important in the cause group during COVID-19. Top 

management support becomes crucial to arrange funding, 

provide necessary support to the workforce and deal with 

the ongoing crisis. AI accelerates the decision-making 

process of top management in order to increase the 

resilience in SSCs during such disruptions (Rodríguez- 

Espíndola et al., 2020). Based on implementation of the 

Delphi study, it is seen that genetic algorithm, ant colony 

optimization, machine learning, artificial neural networks 
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and data clustering technologies are beneficial in supporting 

top management (C6). In the automotive industry, these 

technologies provide traceability, tracking and control of 

SC operations. 

  

4. Discussion 

This research examines the problematic areas encountered 

in SSCM before and during- COVID-19. The results of 

previous studies that deal with similar issues and methods 

are examined for more in-depth insights. Gultekin et al. 

(2022) listed the risks arising from COVID-19; they 

presented the risk of change in demand in the cause group, 

while in this study, demand planning and production 

management problems are seen in the effect group during 

the COVID-19 period. From Zhan et al. (2021)’s study, 

sales criteria is found to be the most important among the 

criteria they considered to measure resilience. Purchasing 

process planning is included in the cause group of problems 

listed in our study. These results show that the issue of 

purchasing process planning is extremely important with or 

without disruptions in SSCs. In contrast with this study, 

Jindal et al., (2021) focused on improving the agility of 

supply chains. Similar to our study, Finkenstadt and 

Handfield (2021) stated that SC traceability and visibility 

are crucial problematic areas in SC; they concluded that if 

you can’t trace, you can’t manage your SC operations. 

Gunessee and Subramanian (2020) and Hakovirta and 

Denuwara (2020) determined that demand management is 

one of the problems areas in SC before and during COVID-

19; this is in agreement with our study. They stated that 

problems occur when there are fluctuations in demand 

leading to failure in delivery times. This has increased due 

to COVID-19. Moreover, decreasing production capacity 

and workforce unavailability may cause production 

planning problems according to Lozano-Diez et al. (2020); 

this is also in agreement with our study. Lozano-Diez et al. 

(2020) stated that these problems occurring in SCs are 

among the major threats to resilience and sustainability of a 

SC. 
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