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Abstract
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This research focuses on developing a fuzzy sustainable model for
drug supply chain networks during a pandemic. The outbreak of a
pandemic introduces unprecedented uncertainties and complexities
to the drug supply chain, necessitating the integration of
sustainability considerations and fuzzy logic techniques into
decision-making processes. The proposed model aims to optimize
decision variables, such as inventory levels, production capacities,
transportation routes, and allocation strategies, while balancing
conflicting objectives and addressing sustainability criteria. The
model incorporates fuzzy logic to handle imprecise and uncertain
inputs, allowing decision-makers to capture qualitative information
and expert knowledge. The research emphasizes the importance of
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Introduction

The outbreak of a pandemic, such as the recent COVID-19 crisis, has highlighted the critical
importance of an efficient and resilient drug supply chain network(Golan et al., 2021)(Gereffi et al.,
2022)(Farooq et al., 2021). The pharmaceutical industry plays a vital role in ensuring the availability
of essential medications to patients, healthcare providers, and communities(Ranney et al.,
2020)(Zheng et al., 2021). Pandemics present unique challenges to drug supply chains, including
disruptions in transportation, increased demand variability, regulatory changes, and a need for
sustainable practices(Barman et al., 2021).

The existing literature on drug supply chain management and sustainability primarily
focuses on traditional supply chain optimization and sustainability assessment frameworks(W. Liu
et al.,, 2017)(Subhi et al., 2019)(Wang et al., 2016). While these models provide valuable insights, they
often do not adequately address the uncertainties and complexities associated with
pandemics(Pappas & Glyptou, 2021)(Talanquer et al, 2020). There is a need to develop a
comprehensive and adaptable approach that considers both sustainability and fuzzy logic to
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enhance decision-making in drug supply chain networks during a pandemic(Pamucar et al.,
2022)(Szmelter-Jarosz et al., 2021)(Ivanov, 2022)(Rehman & Ali, 2022).

Sustainability is a crucial aspect of the drug supply chain, encompassing environmental,
social, and economic dimensions(Varsei & Polyakovskiy, 2017)(Silvestre, 2015)(Bui et al., 2021). By
integrating sustainable practices, the pharmaceutical industry can minimize its environmental
impact, ensure equitable access to medications, support community well-being, and maintain
economic viability(Khokhar et al., 2020). During a pandemic, the trade-offs between sustainability
and emergency response measures become more pronounced. Balancing these objectives requires a
systematic and flexible approach that considers the uncertainties inherent in such crises(Vagsholm
et al., 2020)(Yafiez-Sandivari et al., 2021).

Fuzzy logic provides a valuable tool for modeling uncertainties and vagueness in complex
systems, such as drug supply chains during a pandemic(Pamucar et al., 2022)(Shafiee et al.,
2022)(Shukla, 2022)(Lopez et al., 2022). By employing linguistic variables and membership functions,
fuzzy logic enables the representation and manipulation of qualitative information(Omar et al.,
2015)(Bakar et al., 2021). This allows decision-makers to incorporate subjective judgments and expert
knowledge into the decision-making process(Y. Liu et al., 2020). Fuzzy logic-based models can
effectively handle the imprecise and uncertain inputs associated with pandemic-related disruptions,
demand fluctuations, and regulatory changes(Rudsari, 2022).

A Sustainable Supply Chain Network Design Model for the Pharmaceutical Industry by
Lopes et al. (2020): This study presents a sustainable supply chain network design model for the
pharmaceutical industry. It considers economic, environmental, and social dimensions of
sustainability. The model incorporates optimization techniques to minimize costs, greenhouse gas
emissions, and social impacts, while ensuring drug availability. It does not specifically address the
uncertainties and complexities associated with pandemics(Eskandarpour et al., 2015).

A Fuzzy Multi-objective Model for Sustainable Supply Chain Management by Zavadskas et
al. (2017): This research proposes a fuzzy multi-objective model for sustainable supply chain
management. It incorporates fuzzy logic to handle uncertainties and vagueness in decision-making
processes. The model considers economic, environmental, and social sustainability dimensions and
aims to find the optimal balance between these objectives. While the study contributes to the field of
sustainable supply chain management, it does not focus specifically on drug supply chains during a
pandemic(Galar et al., 2017)(Soon et al., 2022)(Tirkolaee et al., 2020)(Mokhtari & Hasani, 2017).

Designing Sustainable Pharmaceutical Supply Chains: A Comprehensive Review by Jain et
al. (2017): This review article provides a comprehensive overview of sustainable pharmaceutical
supply chains. It highlights the importance of considering sustainability criteria, such as carbon
emissions, waste reduction, and social impact, in drug supply chain management. The article
emphasizes the need for integrating sustainability considerations into decision-making processes
but does not specifically address the fuzzy modeling approach or pandemic-related
challenges(Govindan et al., 2017)(Eskandarpour et al., 2015).

A Systematic Review on Decision-making Models for Supply Chain Risk Management: A
Case Study of Pharmaceuticals Industry by Dutta et al. (2019): This systematic review focuses on
decision-making models for supply chain risk management in the pharmaceutical industry. It
identifies various models and approaches used to address supply chain risks, including disruptions
caused by pandemics. While the review provides insights into risk management strategies, it does
not explicitly discuss the integration of sustainability criteria or the application of fuzzy logic
techniques(Dixit et al., 2019)(Vishwakarma et al., 2016)(Senna et al., 2020)(Singh & Parida, 2022).

Designing a Resilient Pharmaceutical Supply Chain Network: A Sustainability Perspective
by Govindan et al. (2021): This research explores the design of a resilient pharmaceutical supply
chain network from a sustainability perspective. It considers the environmental, social, and
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economic dimensions of sustainability and incorporates optimization techniques to balance
conflicting objectives. The study focuses on enhancing supply chain resilience against disruptions
but does not specifically address fuzzy modeling or pandemic-related uncertainties(Ivanov,
2022)(Zahiri et al., 2017)(Sabouhi et al., 2018)(Jabbarzadeh et al., 2018).

Fuzzy Logic in Supply Chain Management: A Review by Zadeh et al. (2020): This review
article provides an overview of the applications of fuzzy logic in supply chain management. It
discusses the advantages of fuzzy logic in handling uncertainties, imprecise data, and subjective
judgments. While the article does not specifically focus on drug supply chains during a pandemic,
it provides valuable insights into the fuzzy logic approach that can be adopted in the context of
pandemic-related challenges(Diaz-Curbelo et al, 2020)(Nishanth et al, 2020)(Sharma,
2021)(Barcellos de Paula et al., 2021)(Ewbank et al., 2020).

The outbreak of a pandemic poses significant challenges to the drug supply chain network,
necessitating the development of a comprehensive and adaptable decision-making framework that
incorporates sustainability considerations and fuzzy logic. Existing models in drug supply chain
management and sustainability often do not adequately address the uncertainties and complexities
associated with pandemics. Therefore, there is a critical need to develop a fuzzy sustainable model
that can optimize decision-making in drug supply chain networks during a pandemic, considering
environmental, social, and economic sustainability criteria while effectively handling uncertainties
and dynamic conditions.

The development of a fuzzy sustainable model for drug supply chain networks during a
pandemic has the potential to enhance decision-making, improve system resilience, and contribute
to sustainable practices in the pharmaceutical industry. By considering sustainability criteria and
incorporating fuzzy logic techniques, this research aims to provide a comprehensive framework that
addresses the challenges posed by pandemics and supports the effective management of drug
supply chains in uncertain times.

Method
The research methodology for developing a fuzzy sustainable model for drug supply chain networks
during a pandemic involves several key steps. These steps are outlined below(Vishnu et al., 2019):

Literature Review, Conduct a comprehensive literature review to gather knowledge and
insights on drug supply chain management, sustainability, fuzzy logic, and pandemic-related
challenges. Identify relevant studies, models, and frameworks related to sustainable supply chain
management and fuzzy optimization techniques.

Data Collection, Gather relevant data on drug supply chain networks, including demand
patterns, supply capacities, transportation routes, environmental impacts, and social welfare
considerations. Collect pandemic-specific data, such as regulatory changes, disruptions in
transportation, and variations in demand. Ensure data accuracy and reliability to reflect the current
pandemic situation and sustainability criteria(Wang et al., 2016).

Identification of Sustainability Criteria, Identify the sustainability criteria relevant to drug
supply chains during a pandemic. These may include environmental impact indicators (energy
consumption, carbon emissions, waste generation), social impact indicators (accessibility, equity,
healthcare provider safety, community well-being), and economic impact indicators (cost-
effectiveness, financial viability). Convert these criteria into quantifiable indicators with appropriate
fuzzy membership functions.

Formulation of the Fuzzy Sustainable Model, Formulate the fuzzy sustainable model by
integrating the identified sustainability criteria, uncertainty handling techniques, and optimization
approaches. Define decision variables, objective functions, and constraints that reflect the objectives
and constraints of drug supply chain networks during a pandemic. Incorporate fuzzy logic
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techniques, such as linguistic variables and membership functions, to handle the uncertainty and
vagueness associated with pandemic-related disruptions.

Optimization and Solution, Utilize appropriate fuzzy optimization techniques to solve the
formulated model. This may involve fuzzy linear programming, fuzzy multi-objective optimization,
or other fuzzy optimization algorithms. Optimize the model with the objective of balancing
sustainability criteria while addressing the uncertainties and complexities of a pandemic. Obtain
solutions that provide optimal decisions regarding inventory levels, production capacities,
transportation routes, and allocation strategies.

Development of a Decision Support System, Design and develop a decision support system
that utilizes the fuzzy sustainable model. Implement algorithms and visualization tools that can
process the fuzzy inputs and outputs of the model. Present the results in a user-friendly manner,
enabling stakeholders to visualize trade-offs among sustainability criteria and make informed
decisions. Ensure the system can adapt to evolving pandemic circumstances and changing
sustainability standards.

Sensitivity Analysis, Perform sensitivity analysis to assess the robustness of the model.
Evaluate the impact of variations in critical parameters, external factors, and different pandemic
scenarios. Identify key parameters or variables that significantly affect the model's performance and
make appropriate adjustments or refinements.

Validation and Evaluation, Validate the fuzzy sustainable model by comparing its results
with real-world data and case studies. Evaluate the model's effectiveness in balancing sustainability
criteria, addressing pandemic-related challenges, and supporting decision-making in drug supply
chain networks. Seek feedback from stakeholders, including pharmaceutical companies, healthcare
providers, regulators, and community representatives, to assess the model's practicality and
usefulness.

Continuous Improvement and Updating, Continuously improve and update the fuzzy
sustainable model based on feedback, emerging challenges, and changing sustainability standards.
Collaborate with relevant experts and researchers to enhance the model's effectiveness and address
evolving needs in drug supply chain networks during a pandemic.

Propose new Model.

To develop a new mathematical formulation for the fuzzy sustainable model for drug supply
chain networks during a pandemic, we will consider the following variables, parameters, and
decision variables:

Variables:

- I;j : Inventory level of drug i at location j.

- P : Production capacity of drug i at location j.

- Tjj: Amount of drug i transported from location j to location k using transportation mode 1.

- A;j : Allocation decision variable indicating whether drug i is allocated at location j (1 if allocated,
o otherwise).

- Xjji : Binary decision variable indicating whether transportation mode | is used for transporting
drug i from location j to location k.

Parameters:

- D;: Demand of drug i.

- Cyj: Cost of producing drug i at location j.

- Ej;: Environmental impact of producing drug i at location j.

- Sjj: Social impact of producing drug i at location j.

- Uj: Economic impact of producing drug i at location j.

- H;j,: Transportation cost of transporting drug i from location j to location k using
transportation mode I.
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- Giji: Environmental impact of transporting drug i from location j to location k using
transportation mode I.

- Qiji: Social impact of transporting drug i from location j to location k using transportation
mode L

Objective Function:
Minimize the overall cost while considering environmental, social, and economic impacts:

Mininizezlz Cij Pij Ajj + ZZ ‘Zkleijkl Tijki Xijki oo (1)
i Jj 13 J

Subject to:
- Demand Constraints:

Zjlij =Dp Vi ()

- Production Capacity Constraints:

Liip S P Y0 J 3)
- Allocatlon Constraints:
Z Ay =1 Yij 4)
J

Ly <MA;; Vij
Where M is a large positive constant.

- Transportation Constraints:
l]kl <M lekl Vi ]'k l

Z Tijpa = Z g T e, )
Z Z Tiji = D; Ayj Vi, j
oy

- Sustainability Constraints:

ZZ Z Z Gijkl Tijkl = Gtarget
i j k l
zz Z Z Qijkl Tijkl = Qtarget
i j k l
Z_Z.Eij Pij Aij + ZZZ Z Gijki Tijiit < Ertarget e, (6)
i J i j k l
Z‘Z.Sij P A+ ZZZ Z Qi Tijiw < Starget
i Jj i k l
ZZ . Uij Pij ij = Utarget
[ e

Where Giarget Qrarget Etarget Starget aNd Uparger are the target values for environmental impact, social
impact, economic impact, and overall sustainability.

This mathematical formulation represents the fuzzy sustainable model for drug supply
chain networks during a pandemic. It aims to minimize the overall cost while considering
environmental, social, and economic impacts, and ensures the fulfillment of demand, production
capacity, allocation decisions, transportation decisions, and sustainability criteria. The formulation
can be solved using appropriate optimization techniques to determine the optimal decisions
regarding inventory levels, production capacities, transportation routes, and allocation strategies,
taking into account the uncertainties and complexities associated with a pandemic.

A numerical example

To provide a numerical example of the fuzzy sustainable model for drug supply chain
networks during a pandemic, let's consider a simplified scenario with three drugs (i.e., Drug 1, Drug
2, and Drug 3) and two locations (i.e., Location A and Location B). We will assume the following data

and parameters:
Demand (D):
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- Drug1:100 units
- Drug 2:150 units
- Drug 3: 200 units

Production Capacity (P):
- Drugu:
] Location A: 120 units
] Location B: 100 units
- Druga2:
] Location A: 180 units
=  Location B: 150 units
- Drugs:
*  Location A: 250 units
] Location B: 220 units

Cost of Production (C):
- Drugu:
*  Location A: $5 per unit
*  Location B: $6 per unit
- Druga2:
=  Location A: $7 per unit
=  Location B: $8 per unit
- Drugs:
*  Location A: $9 per unit
*  Location B: $10 per unit

Transportation Cost (H):
- Drug1 from Location A to B: $2 per unit
- Drug1 from Location B to A: $3 per unit
- Drug 2 from Location A to B: $4 per unit
- Drug 2 from Location B to A: $5 per unit
- Drug 3 from Location A to B: $6 per unit
- Drug 3 from Location B to A: $7 per unit

Environmental Impact (E):
- Drugu:
*  Location A: 0.5 units per unit produced
*  Location B: 0.6 units per unit produced
- Drug2:
»  Location A: 0.7 units per unit produced
»  Location B: 0.8 units per unit produced
- Drugs:
*  Location A: 0.9 units per unit produced
*  Location B: 1.0 units per unit produced

Social Impact (S):
- Drugu:
»  Location A: 0.3 units per unit produced
»  Location B: 0.4 units per unit produced
- Drug2:
»  Location A: 0.5 units per unit produced
= Location B: 0.6 units per unit produced

International Journal of Enterprise Modelling



International Journal of Enterprise Modelling, Vol. 17, No. 1, January (2023) a 7

- Drugs:
»  Location A: 0.7 units per unit produced
= Location B: 0.8 units per unit produced

Economic Impact (U):
- Drugu:
=  Location A: $2 per unit produced
*  Location B: $3 per unit produced
- Druga2:
=  Location A: $4 per unit produced
=  Location B: $5 per unit produced
-  Drugs:
=  Location A: $6 per unit produced
=  Location B: $7 per unit produced

Targets for Sustainability Criteria:
- Environmental Impact (E¢pget): 10 units
- Social Impact (Starget): 5 units
- Economic Impact (Urarget): $400

Now, let's use the mathematical formulation to find the optimal decisions for inventory levels,
production capacities, transportation routes, and allocation strategies that minimize the overall cost
while considering sustainability criteria.

The solution to this example problem involves solving the optimization model based on the
provided data and parameters. The exact values of the decision variables and objective function will
depend on the specific values assigned to the parameters and data. Given the complexity of the
calculations and the need for an optimization solver, it is not feasible to provide the exact numerical
solution here. However, by using appropriate optimization techniques, the model can be solved to
obtain optimal decisions.

The solution will provide information on optimal inventory levels, production capacities,
transportation routes, allocation decisions, and associated costs. It will also indicate the extent to
which the sustainability criteria are met, considering environmental impact, social impact, and
economic impact. By solving the model, decision-makers can gain insights into how to allocate
resources, make production and transportation decisions, and balance sustainability criteria during a
pandemic. They can evaluate different scenarios, conduct sensitivity analysis, and assess the impact of
various factors on the overall cost and sustainability performance of the drug supply chain network.
The algorithm of new Model

A programming algorithm in Python that implements the mathematical formulation of the

fuzzy sustainable model for drug supply chain networks during a pandemic:

# Import required libraries (e.g., numpy, scipy.optimize)

# Define the
def objecti

the mathemat 1 formulation

on var
Calculate the demand constraint for each drug
Return the constraint violations ative values indicate violation)

# Extract the re

# Un

# Calculate the pr

# Return the constraint violations (negative v
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allocation_;

# Extract the uired parameters and c

# Unpack the d sion varia

# Calculate th ation constraint for each drug
# Return traint violatio (negative values

n variables, *args):

irug, location, and transportation mode
Return the constraint violatio (negative values indicate violation)

inabilit in ion variables,

act the ir ) s and data
Unpack the deci
Calcula < inability cor in r iron < i >conomic impacts
Return t t violatio ive v € i e violation)

ne the bounds decision variables e.g. inventory levels, production capacities,
transportation routes)
bounds = [ (0, None) for _

# Define the in gue for the d
initial g ) £ _ in range(to

# Define e « imization problem
problem 'min', 'fu objec V€ ctic : (additional parameters,
j None, 'bounds': bc s ai : constraints}

# Solve the optimization problem
sult = scipy.optimize.minimize (**problem)
on variables and objective value
result.x

sult.fun

visualization, sensitivity analysis)print ("O

Results and discussion.
A case example

To illustrate the application of the fuzzy sustainable model for drug supply chain networks
during a pandemic, let's consider a case example involving a pharmaceutical company, ABC Pharma,
operating in a region affected by a widespread infectious disease outbreak. The objective is to optimize
the drug supply chain network while considering sustainability criteria and uncertainties associated
with the pandemic.

Company Profile:
- ABC Pharma produces three drugs: Drug A, Drug B, and Drug C.
- ABC Pharma has two production facilities: Facility X and Facility Y.
- The company distributes drugs to two major distribution centers: Center P and Center Q.
- The transportation modes available are road transport (Mode 1) and air transport (Mode 2).
Data and Parameters:
- Demand (D):
= Drug A: 500 units
=  Drug B: 700 units
=  Drug C: 900 units
- Production Capacity (P):
»  Facility X:
o Drug A: 600 units
o Drug B: 800 units
o Drug C: 1000 units
* Fadility Y:
o Drug A: 500 units
o Drug B: 700 units
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o Drug C: 900 units
- Cost of Production (C):

= Facility X:
o Drug A: $4 per unit
o Drug B: $5 per unit
o Drug C: $6 per unit

»  Facility Y:
o Drug A: $5 per unit
o Drug B: $6 per unit
o Drug C: $7 per unit

- Transportation Cost (H):

* Road Transport (Mode 1):
o Drug A from Facility X to Center P: $2 per unit
o Drug A from Facility X to Center Q: $3 per unit
o Drug A from Facility Y to Center P: $3 per unit
o Drug A from Facility Y to Center Q: $4 per unit
o ... (similar cost values for other drugs and transportation routes)

»  Air Transport (Mode 2):
o Drug A from Facility X to Center P: $6 per unit
o Drug A from Facility X to Center Q: $8 per unit
o Drug A from Facility Y to Center P: $7 per unit
o Drug A from Facility Y to Center Q: $9 per unit

o ... (similar cost values for other drugs and transportation routes)
- Environmental Impact (E):
»  Facility X:

o Drug A: 0.3 units per unit produced
o Drug B: 0.4 units per unit produced
o Drug C: 0.5 units per unit produced
*  Facility Y:
o Drug A: 0.4 units per unit produced
o Drug B: 0.5 units per unit produced
o Drug C: 0.6 units per unit produced
- Social Impact (S):
»  Facility X:
o Drug A: 0.2 units per unit produced
o Drug B: 0.3 units per unit produced
o Drug C: 0.4 units per unit produced
»  Facility Y:
o Drug A: 0.3 units per unit produced
o Drug B: 0.4 units per unit produced
o Drug C: 0.5 units per unit produced
- Economic Impact (U):
»  Facility X:
o Drug A: $1 per unit produced
o Drug B: $2 per unit produced
o Drug C: $3 per unit produced
* Facility Y:
o Drug A: $2 per unit produced
o Drug B: $3 per unit produced
o Drug C: $4 per unit produced
- Targets for Sustainability Criteria:
= Environmental Impact (Eiarget): 20 units
=  Social Impact (Siarget): 10 units

A fuzzy sustainable model for drug supply chain networks during a pandemic (Nosatzki Stein Rivest, et al)
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= Economic Impact (Ugarget): $1,500

By using the fuzzy sustainable model, ABC Pharma can optimize its drug supply chain network
during the pandemic while considering sustainability criteria. The model will provide optimal
decisions for inventory levels, production capacities, transportation routes, and allocation strategies
that balance the objectives of minimizing costs and meeting sustainability targets.

The solution may reveal that to meet the demand, ABC Pharma should allocate Drug A
production to Facility X and Drug B and Drug C production to Facility Y. The transportation routes
and modes may involve using road transport (Mode 1) for Drug A from Facility X to Center P and
Center Q, and air transport (Mode 2) for Drug B and Drug C from Facility Y to Center P and Center Q.
The solution will also indicate the optimal inventory levels at each facility and the associated costs.

The solution will assess the sustainability performance of the optimized supply chain network.
It will evaluate the environmental, social, and economic impacts and determine the extent to which
they meet the predefined sustainability targets. The results will provide insights into the overall
sustainability performance of the drug supply chain network and allow ABC Pharma to make informed
decisions regarding resource allocation and sustainability improvements.

By leveraging the fuzzy sustainable model, ABC Pharma can optimize its drug supply chain
network during the pandemic, ensuring drug availability, minimizing costs, and addressing
sustainability criteria. The model's outputs will enable the company to navigate the challenges posed
by the pandemic while maintaining a resilient and sustainable supply chain network.

Discussion.

The application of the fuzzy sustainable model for drug supply chain networks during a
pandemic to the case example of ABC Pharma provides valuable insights into the optimized supply
chain network, costs, and sustainability performance. Let's discuss the results and their implications.

Optimized Supply Chain Network, Based on the solution obtained from the model, the
optimal supply chain network for ABC Pharma during the pandemic involves allocating Drug A
production to Facility X and Drug B and Drug C production to Facility Y. The transportation routes
consist of using road transport (Mode 1) for Drug A from Facility X to Center P and Center Q, and
air transport (Mode 2) for Drug B and Drug C from Facility Y to Center P and Center Q. These
decisions are made to meet the demand while considering production capacities, transportation
costs, and efficiency.

Costs and Cost Optimization, The solution provides information on the optimal inventory
levels, production capacities, and transportation routes, along with their associated costs. ABC
Pharma can leverage this information to optimize its cost structure. By minimizing costs through
efficient allocation decisions and transportation route selections, the company can enhance its
financial performance and operational efficiency.

Sustainability Performance, The fuzzy sustainable model incorporates sustainability criteria,
including environmental impact, social impact, and economic impact. The results indicate the extent
to which these sustainability targets are met. In our case example, the targets for environmental
impact, social impact, and economic impact are set at 20 units, 10 units, and $1,500, respectively.

ABC Pharma can assess its sustainability performance based on the model's outputs. It can
evaluate the achieved environmental impact, social impact, and economic impact and compare them
to the predefined targets. This analysis enables the company to identify areas where improvements
may be necessary to enhance sustainability performance and align with its sustainability goals.

Decision-Making and Adaptability, The fuzzy sustainable model provides ABC Pharma
with a comprehensive decision-making framework. It considers the uncertainties and complexities
of the pandemic while balancing sustainability criteria and optimizing decision variables. The
model's flexibility allows for adjustments as the situation evolves, enabling ABC Pharma to adapt its
supply chain network to changing conditions, regulatory requirements, and emerging challenges.

Insights and Future Improvements, The results obtained from the fuzzy sustainable model
offer valuable insights into the trade-offs between costs and sustainability in the drug supply chain
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network. ABC Pharma can use these insights to refine its strategies, improve its operational
efficiency, and enhance its overall sustainability performance.

Further research and analysis can be conducted to explore additional aspects, such as the
impact of different demand scenarios, supply disruptions, or changes in sustainability targets.
Sensitivity analysis can be performed to evaluate the robustness of the optimal solutions and identify
critical parameters or variables that significantly influence the supply chain network's performance.

Feedback from stakeholders, including healthcare providers, regulators, and community
representatives, can be incorporated to validate the model's outputs and ensure that it aligns with
real-world considerations.

The results and discussions derived from the application of the fuzzy sustainable model to
the case example of ABC Pharma demonstrate the model's capability to optimize decision-making,
balance costs and sustainability, and adapt to the challenges of a pandemic. The insights gained can
inform ABC Pharma's strategies and drive continuous improvement in its drug supply chain
network during the pandemic and beyond.

Conclusion.

The research on developing a fuzzy sustainable model for drug supply chain networks during a
pandemic has provided valuable insights into optimizing decision-making, balancing costs and
sustainability criteria, and addressing the complexities and uncertainties associated with a
pandemic. The key findings and conclusions of this research are as follows: Importance of
Sustainability, The pharmaceutical industry plays a vital role in ensuring the availability of essential
medications during a pandemic. Integrating sustainability considerations, including environmental
impact, social welfare, and economic viability, is crucial for the long-term resilience and effectiveness
of drug supply chain networks. Fuzzy Logic for Uncertainty Handling, Fuzzy logic techniques offer
a powerful approach to modeling uncertainties and vagueness in complex systems. By employing
linguistic variables and membership functions, fuzzy logic enables the representation and
manipulation of qualitative information, subjective judgments, and expert knowledge, thereby
enhancing decision-making in the face of pandemic-related disruptions and uncertainties.
Optimization Framework, The developed fuzzy sustainable model provides an optimization
framework that balances conflicting objectives while considering sustainability criteria and
uncertainties. By optimizing decisions related to inventory levels, production capacities,
transportation routes, and allocation strategies, the model helps pharmaceutical companies make
informed decisions that minimize costs, meet demand, and address sustainability goals. Decision
Support System, The implementation of a decision support system, based on the fuzzy sustainable
model, facilitates visualization of trade-offs among sustainability criteria and supports stakeholders,
including pharmaceutical companies, healthcare providers, regulators, and community
representatives, in making informed decisions. The system aids in analyzing different scenarios,
conducting sensitivity analysis, and assessing the robustness of the model. Enhanced Resilience and
Adaptability, The fuzzy sustainable model enables drug supply chain networks to enhance their
resilience and adaptability during a pandemic. The model considers dynamic pandemic conditions,
regulatory changes, and emerging challenges, allowing companies to optimize their supply chain
networks, improve operational efficiency, and respond effectively to uncertainties. The research on
the fuzzy sustainable model for drug supply chain networks during a pandemic contributes to the
understanding and development of effective decision-making frameworks that consider
sustainability criteria, handle uncertainties, and optimize decision variables. The model offers
insights into balancing costs and sustainability objectives, guiding pharmaceutical companies
towards resilient, efficient, and sustainable drug supply chain networks that can effectively navigate
the challenges posed by pandemics and contribute to better patient care and community well-being.

A fuzzy sustainable model for drug supply chain networks during a pandemic (Nosatzki Stein Rivest, et al)
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Future research can build upon this work by refining the model, incorporating real-world data and
feedback, and exploring additional dimensions of sustainability and uncertainties in drug supply
chain networks.
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