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Abstract 

Effective In businesses, the planning, execution, and 

distribution of efficient and effective cold supply chain 

practices are vital components for reducing food losses and 

fulfilling customer orders on time. In this context, identifying 

the relevant barriers in businesses engaged in cold chain 

transportation is of significant importance to ensure the 

uninterrupted operation of the supply chain. Therefore, 

defining the challenges faced by businesses in cold chain 

transportation has become not an option, but a necessity. 

Moreover, a review of the existing literature reveals that 

cold supply chain challenges have been addressed only to a 

limited extent and have not been sufficiently emphasized. To 

fill this gap, supply chain barriers were ranked using the 

q-Rung Orthopair Fuzzy Subjective Weighting Approach. 

Within the scope of the study, “Time Constraint” was 

identified as the most significant barrier, whereas 

“Temperature-Controlled Vehicle Cost” was found to be the 

least important. 

 

Keywords: Supply Chain, Cold Supply Chain, Cold Supply 

Chain Barriers, q-Rung Orthopair Fuzzy Sets.  

1. INTRODUCTION 

In recent years, access to qualified and healthy food and the 

assurance of food security have become increasingly 

significant concerns. In addition to international organizations, 

governments, local authorities, and individuals have become 

seriously concerned about developments such as the rapid 

growth of the world population, accelerated urbanization, 

climate change, global warming, and environmental pollution 

over the past decades [1]. In particular, cold chain logistics 

plays a vital role in the economy. As a critical component of 

the supply chain, the cold chain must remain unbroken [2]. 

The cold chain includes storage, distribution, handling, 

transportation, and monitoring activities for temperature-

sensitive products. In addition, it is an integrated system 

consisting of records, procedures, and equipment such as cold 

rooms, refrigerators, transport containers, and vehicles [3]. 

The cold supply chain, on the other hand, refers to a type of 

supply chain that ensures the preservation of products that 

must be kept within a specific temperature range throughout 

the process from production to final delivery to the consumer. 

It encompasses maintaining and controlling proper 

temperature conditions during the production, storage, 

distribution, and consumption of frozen foods, fresh/green 

products, pharmaceuticals, and other perishable goods [4]. 

Another definition describes this concept as a process in which 

all activities, from raw material storage to final product 

distribution, are carried out under temperature-controlled 

conditions [5]. The cold supply chain is a continuous and 

uninterrupted process designed to preserve the freshness of 

products and ensure their safe delivery to end users. Alongside 

supply chain activities, the personnel and equipment involved 

in the process must be assigned and managed to maintain 

temperature control at every stage [6]. As the population 

increases, the demand for perishable goods also rises, 

necessitating the development of cold chain infrastructure 

such as packaging facilities, refrigerated transportation, and 

cold storage warehouses [7]. However, cold chain operations 

are more costly than other logistics activities and require 

significant energy consumption. Approximately 15% of 

global electricity use is dedicated to refrigeration processes 

within cold chain logistics [8]. 

Furthermore, in cold supply chains, products must be stored 

and transported at low temperatures close to or below the 

freezing point. This requires the use of refrigerated 

warehouses and trucks that consume large amounts of energy 

for cooling. Higher energy consumption is directly associated 

with increased carbon dioxide (CO₂) emissions from power 

generation facilities. Additionally, refrigeration systems 

utilize large quantities of hydrofluorocarbon (HFC) gases, 

which have high global warming potential and long 

atmospheric lifespans. Regular or catastrophic leaks of HFC 

gases from cold supply chains represent a significant 

contributor to global warming. Therefore, these gases must be 

carefully considered when designing and operating cold 

supply chains [9]. 

From this perspective, the challenges encountered in cold 

supply chains are not only operational issues for businesses 

but also multidimensional parameters affecting society as a 

whole. These challenges are directly related to food safety, 

public health, environmental sustainability, and economic 

stability. They also play a decisive role in critical areas such 

as sustainability, supply continuity, cost management, 

efficiency, competitiveness, performance, effectiveness, and 

customer satisfaction. Therefore, systematically identifying, 

analyzing, and prioritizing the challenges faced in cold supply 

chains is of critical importance for effective supply chain 

management. Determining these challenges represents a 

strategic necessity for businesses seeking to transform their 

processes into agile, flexible, and resilient structures. 

Minimizing disruptions in cold supply chains not only 

optimizes resource utilization but also ensures supply 

continuity, thereby creating economic and social benefits. 

In line with these considerations, this study aims to identify 

the challenges encountered in the cold supply chains of 
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corporate and specialized businesses operating in Ordu 

Province. Within the scope of the research, the identified 

challenges were evaluated using multi-criteria decision-

making (MCDM) methods and classified according to their 

level of importance. In addition, the study provides a 

comprehensive review of the theoretical background, 

concepts, and existing literature on cold supply chain 

applications. In the final section, the findings are presented, 

their potential implications for industry practice are discussed, 

and recommendations for future research are proposed. 

2. LITERATURE REVIEW 

Below are some of the national and international studies 

found in the literature regarding the cold supply chain: 

• James & James (2010) examined the practical and 

theoretical factors that food manufacturers and 

suppliers should consider when determining 

refrigeration systems for the food supply chain [10]. 

• Faisal (2011) conducted an extensive literature 

review on cold supply chains to formulate a 

hierarchical structure of agility in supply chains [11]. 

• Putri et al. (2012) compared the environmental 

impacts of traditional and cold chain management 

systems and made several recommendations for the 

distribution process [12]. 

• Laguerre et al. (2013) presented deterministic 

modeling in cold chain equipment and proposed the 

integration of deterministic and stochastic modeling 

for food processing and cold chain operations [13]. 

• Asadi & Hosseini (2014) examined the traceability 

and monitoring tools for ensuring the safety and 

quality of major agricultural products within the cold 

supply chain [14]. 

• Shashi & Singh (2015) reviewed previous research on 

all stages of agricultural product supply chains and 

provided several improvement suggestions [15]. 

• Xiao et al. (2016) developed a WSN-based 

Temperature Monitoring System for Frozen and 

Refrigerated Aquatic Products integrated with data 

compression transmission [16]. 

• Ashok et al. (2017) analyzed initiatives in ten 

countries aimed at improving vaccine cold chains and 

identified the root causes and potential solutions for 

three common issues limiting cold chain performance 

[17]. 

• Korucuk (2018) applied the Analytic Hierarchy 

Process (AHP) and Grey Relational Analysis (GRA) 

techniques to select third-party logistics (3PL) firms 

in cold chain transportation companies operating in 

Istanbul [18]. 

• Aygün & Çağıl (2019) addressed cold chain 

applications an important issue in the food industry 

by solving two different vehicle routing problems 

under specific vehicle and cost constraints[19]. 

• Babagolzadeh et al. (2020) investigated the impact of 

storage- and transportation-based carbon emissions in 

cold supply chains under carbon tax regulations and 

uncertain demand conditions [20]. 

• İpekçi & Tanyaş (2021) examined current cold chain 

practices worldwide and revealed the status of 

applications and the general situation of the sector in 

Turkey [21]. 

• Khan et al. (2022) conducted a comprehensive 

literature review and identified 40 distinct risks 

related to cold chains in a developing country 

context[22]. 

• Turgut (2023) provided an extensive discussion on 

the use of next-generation technologies in cold chain 

logistics [23]. 

• Bentyn & Konecka (2024) evaluated the adequacy of 

existing cold chain technologies under increasing 

temperatures, growing demand, and necessary 

environmental protection conditions [24]. 

• Fatorachian & Pawar (2025) analyzed the main 

determinants by forecasting demand trends in 

medium-scale cold chain operations [25]. 

After an extensive review of the literature, it was found that 

studies focusing specifically on barriers within the cold 

supply chain are quite limited. Most existing studies are 

confined to particular sectors or countries, lacking 

comprehensive analyses that examine the causes of these 

barriers, their interrelationships, and their overall impacts in 

depth. This observation highlights a significant gap in the 

literature. Therefore, a study of this nature could fill this gap 

by classifying and prioritizing the identified barriers and 

proposing solution strategies, thereby providing a valuable 

contribution to both academia and industry practice. 

3. METHODOLOGY 

This study employs a q-ROF subjective weighting approach. 

In this context, the prerequisites for q-ROFSs are given first. 

Assume tht X be a nonempty set. A q-ROFS A of X is given 

in Eq. (1), where 𝑎𝐴(x) is the membership degree and b(x) is 

the non-membership degree. 

𝐴 = {〈𝑥, (𝑎𝐴(x), 𝑏𝐴(x))〉|x ∈ X} (1) 

The conditions 𝑎𝐴(x) ∈ [0,1], 𝑏𝐴(𝑥) ∈ [0,1], 0 ≤ (𝑎𝐴(𝑥)𝑞 +
𝑏𝐴(x)𝑞) ≤ 1, (𝑞 ≥ 1) should be satisfied in q-ROFSs. The 

uncertainty membership degree is defined as 𝜋𝐴(x) =
(𝑎𝐴(𝑥)𝑞 + 𝑏𝐴(x)𝑞 − 𝑎𝐴(𝑥)𝑞𝑏𝐴(x)𝑞)1/𝑞.  

For convenience, let 𝑔1 = 〈𝑎1, 𝑏1〉 and 𝑔2 = 〈𝑎2, 𝑏2〉 be two 

q-ROF numbers (q-ROFNs). The fundamental operations, the 

score function ( 𝒮(𝑔1)), and the accuracy function ( 𝒜(𝑔1)) 

are presented in Eq.s (2)- (8) (Yager, 2016; Pinar and Boran, 

2020; Aytekin et al., 2025). 

𝑔1  ⨁ 𝑔1 = ( √(𝑎1)𝑞 + (𝑎2)𝑞 − (𝑎1)𝑞(𝑎2)𝑞𝑞
, 𝑏1𝑏2)   (2) 

𝑔1  ⨂ 𝑔2 = (𝑎1𝑎2, √(𝑏1)𝑞 + (𝑏2)𝑞 − (𝑏1)𝑞(𝑏2)𝑞𝑞
)  (3) 

𝜉𝑔1 = ( √1 − (1 − (𝑎1)𝑞)𝜉
𝑞

, (𝑏1)𝜉),𝜉 ≥ 0 (4) 

𝑔1
𝜉 = ((𝑎1)𝜉 , √1 − (1 − (𝑏1)𝑞)𝜉

𝑞
),𝜉 ≥ 0 (5) 

(𝑔1)𝑐 = (𝑏1, 𝑎1)  (6) 

𝒮(𝑔1) =
1

2
((𝑎1)𝑞 − (𝑏1)𝑞 + 1), 𝑆(𝑔1) ∈ [0,1] (7) 

𝒜(𝑔1) = (𝑎1)𝑞 + (𝑏1)𝑞 , 𝒜(𝑔1) ∈ [0,1] (8) 

Assume that 𝑔𝑗 = 〈𝑎𝑗 , 𝑏𝑗〉 is a collection of q-ROFNs, 

where 𝑗 = 1, … , n. The q-ROF weighted arithmetic average 

(q-ROFWAA)  operator and the q-ROF weighted geometric 

average (q- ROFWGA) operator  providen in Eq.s (9)-(10), 

respectively (Yager, 2016; Pinar and Boran, 2020; Aytekin et 

al., 2025). 
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q − ROFWAA(𝑔𝑗)

= 〈(1 − ∏(1 − 𝑎𝑗
𝑞

)
𝑤𝑗

𝑛

j=1

) , ∏ 𝑏
𝑗

𝑤𝑗

𝑛

j=1

〉 
(9) 

q − ROFWGA(𝑔𝑗)

= 〈∏ 𝑎
𝑖

𝑤𝑗

𝑛

j=1

, (1 − ∏(1 − 𝑏𝑗
𝑞

)
𝑤𝑗

𝑛

j=1

)〉 
(10) 

Here 𝑊 = (𝑤1, … , 𝑤𝑛)𝑇 is the weight vector, 0 ≤ 𝑤𝑗 ≤ 1, 

and ∑ 𝑤𝑖
𝑛
𝑗=n = 1. Following the clarification of the basic 

operations, the next part will outline the q-ROF-Subjective 

Weigting Approach (Aytekin et al., 2024). 

Step 1. The lists of criteria and experts are identified.  In this 

context, 𝐶 = {𝐶1, … , 𝐶𝑗 , … 𝐶𝑛} represents the list of criteria, 

while 𝐸 = {𝐸1, … , 𝐸𝑘 , … 𝐸𝑧} represents the list of experts. 

Step 2. The weight coefficient of each expert 𝜆𝑘 is determined, 

where 𝑘 = 1, … , 𝑧, 0 ≤ 𝜆𝑘 ≤ 1 and ∑ 𝜆𝑘 = 1𝑧
𝑘=1 . 

Step 3. The importance of criteria are evaluated by eperts 

using linguistic terms given in Table 1. 

Table 1. The linguistic terms and their corresponding q-

ROFNS equvalients. 

 

Linguistic 

Terms 

  

Notations 

q-ROFNs 

𝑎 𝑏 

Absolutely 

High 
AH 

0.99 0.20 

Very Very 

High 
VVH 

0.91 0.28 

Very High VH 0.83 0.36 

High H 
0.75 0.44 

Medium High MH 0.67 0.52 

Medium   M 0.60 0.60 

Medium Low ML 0.52 0.67 

Low L 0.44 0.75 

Very Low VL 0.36 0.83 

Very Very 

Low 
VVL 

0.28 0.91 

Absolutely 

Low 
AL 

0.20 0.99 

 

The importance ratings of k-th expert for j-th criterion is 

denoted as 𝜄𝑗
(𝑘)

= (𝑎𝑗
(𝑘)

, 𝑏𝑗
(𝑘)

).  

Step 4. The q-ROF integrated importance of j-th criterion 𝜄𝑗 is 

obtained via Eq. (9).   

Step 5. The score function given in Eq. (7) is applied to 

determine the crisp values of  𝜄𝑗.  

Step 6. The subjective weight coefficient of each criterion is 

calculated by applying Eq. (11). 

𝑤𝑗 =
𝒮(𝜄𝑗)

∑ 𝒮(𝜄𝑗)𝑛
𝑗=1

 (15) 

 

where 0 ≤ 𝑤𝑗 ≤ 1 and ∑ 𝑤𝑗 = 1𝑛
𝑗=1 .  

4. FINDINGS 

Six operations managers rated the importance of the criteria. 

These evaluations are shown in Table 2. 

Table 2. The List of Criteria. 

Criteria Source Notations 

Energy Costs [1] C1 

Lack of Infrastructure [26]  C2 

Inadequate Facilities [27] C3 

Lack of Effective Distribution 

Planning 
[28]  C4 

Temperature Controlled 

Vehicle Cost 
[27]. C5 

Time Constraint [16]  C6 

Humidity and pH [29]. C7 

Other Factors (packaging 

conditions, materials, and 

storage conditions) 

[1] and 

[19]. 
C8 

 

In this study, six experts having high knowledge and 

experience on the subject were consulted to solve the problem. 

The assessments provided by experts are displayed in Table 3. 

 

Table 3. The Linguistic Importance Assessments of Criteria 

Provided by Experts. 
 C1 C2 C3 C4 C5 C6 C7 C8 

E1 H H M M M M M M 

E2 H M H L L H M H 

E3 H H M H M H H M 

E4 H H M L L H H M 

E5 VL L L M M H H M 

E6 H H H M M VH H M 

 

The calculations regarding q-ROF-Subjective Weighting 

Approach was carried out, and the results given in Table 4 

were obtained. 

 

Table 4. The weighting results. 
 C1 C1 C2 C2 C3 C3 C4 C4 

 a B a b a b a b 

𝜄𝑗 
0.71

8 

0.4

89 

0.70

0 

0.5

06 

0.64

8 

0.5

61 

0.59

9 

0.6

13 

𝒮(𝜄𝑗) 
0.62

7 

 
0.60

6 

 
0.54

8 

 
0.49

2 

 

Ra

nk 

2 
 

4 
 

5 
 

7 
 

𝑤𝑗  
0.13

7 

 
0.13

3 

 
0.12

0 

 
0.10

8 

 

 C5 C5 C6 C6 C7 C7 C8 C8 

 a B a b a b a b 

𝜄𝑗 
0.55

8 

0.6

46 

0.74

9 

0.4

48 

0.71

1 

0.4

87 

0.63

4 

0.5

69 

𝒮(𝜄𝑗) 
0.45

2 

 
0.66

5 

 
0.62

2 

 
0.53

4 

 

Ra

nk 

8 
 

1 
 

3 
 

6 
 

𝑤𝑗  
0.09

94 

 
0.14

63 

 
0.13

67 

 
0.11

76 

 

 

The results in Table 4 indicate that the most important criterion 

is “C6- Time Constraint. 
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5. CONCLUSION 

Challenges in the supply chain can reduce business 

competitiveness and flexibility while limiting customer 

satisfaction. In cold supply chains, these challenges are 

particularly critical, as they increase operational costs and 

negatively impact efficiency. Maintaining products within 

specific temperature ranges is essential, and any disruption 

can directly affect product quality and consumer trust. 

Furthermore, cold chain inefficiencies have implications 

beyond individual businesses, potentially causing inventory 

disruptions, transportation delays, product losses, and 

financial damages. Such disruptions can hinder the supply of 

essential temperature-sensitive goods, including food and 

pharmaceuticals, leading to significant economic and social 

consequences.. 

In this context, the study aims to identify the existing barriers 

in cold supply chain businesses with corporate identity 

operating in Ordu Province. The research findings indicate 

that the most significant challenges in the cold supply chain 

are, in order of importance, “Time Constraint”, “Energy 

Costs”, and “Humidity and pH”. These factors are critical 

for both maintaining product quality and ensuring timely 

execution of operations. The study also found that the least 

significant barriers are “Temperature Controlled Vehicle 

Costs” and “Lack of Effective Distribution Planning”. These 

findings suggest that while these factors can be partially 

managed within current systems, they can still indirectly 

affect overall supply chain performance.Consequently, 

addressing these challenges in the cold supply chain is 

essential for businesses to regain competitiveness and 

enhance customer satisfaction. The adoption of energy-

efficient technologies, modernization of transportation 

vehicles, integration of digital solutions to improve process 

traceability, and providing technical training to personnel are 

effective measures to mitigate these barriers. Future research 

can further analyze the impact of these barriers on business 

performance using quantitative methods and offer strategic 

recommendations to ensure the sustainability of cold supply 

chain management. 

In this context, the study serves as a guide by identifying the 

challenges encountered in the cold supply chain, thereby 

filling a significant gap in the literature. The findings 

obtained from businesses operating in Ordu Province 

provide unique insights into cold chain management at a 

regional level. Future research could examine the topic using 

various multi-criteria decision-making (MCDM) methods. 

Furthermore, applying these methods under different fuzzy 

sets and comparing the results would allow for more reliable 

and comprehensive evaluations.It is also recommended that 

future studies expand the geographical scope, compare 

different sectors, and investigate the impact of digital 

technologies such as IoT, big data, and artificial intelligence. 

Such efforts could contribute to the development of a 

sustainable and efficiency-oriented cold supply chain 

structure. 
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