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ABSTRACT 

 

ARTICLE INFO 

The aim of the current research was to provide an intelligent 

model of the green supply chain of pharmaceutical products with 

the overlap of common customers. This research applies 

simulation to the proposed model of a pharmaceutical supply chain 

with smart and green conditions. The society under investigation is 

the environment of pharmaceutical companies, with its specific 

assumptions and goals. This model is simulated in the GAMZ 

software environment. The problem was examined from two 

perspectives: simultaneous production (coordination of drugs) and 

cooperative planning (coordination of suppliers). Additionally, in 

order to address the issue of vehicle routing under real conditions 

of limited capacity for delivery vehicles, the expiration date of the 

drug and time windows in orders were taken into consideration. 

The objective was to allocate orders to vehicles in a way that 

minimizes the total delivery time and reduces the amount of 

carbon dioxide produced. Based on the obtained results, this multi-

objective model aims to improve the performance of the 

pharmaceutical distribution network by addressing three main 

complexities: economic, environmental, and social. This approach 

provides a comprehensive and balanced solution for designing the 

drug distribution network. Its goal is to preserve the environment, 

improve social conditions, and maximize economic profit. 
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1. Introduction 

Supply chains are highly complex networks 

that connect suppliers, manufacturers, and 

customers to ensure the flow of raw 

materials, intermediate goods, and final 

products to customers (Cammarano et al., 

2023). They can be considered as the 

fundamental costs associated with creating a 

product and delivering it to the customer 

(Azevedo et al., 2021; Shao et al., 2021). 

The significant effects that digital and data 

era technologies and intelligence have had 

on efficiency and process improvement have 

made them key drivers of green supply 

chains. These technologies are useful for 

optimizing operations, reducing material and 

energy consumption, and shortening 

operational processes (Sun et al., 2022). 

Reducing demand forecasting errors leads to 

improved inventory control. Custom 

manufacturing systems offer several 

advantages, including reduced production 

costs, increased production flexibility, 

shorter lead times, improved capacity 

utilization, minimized supply and time risks, 

enhanced real-time inventory control, and 

improved coordination between nodes. The 

rise of smart technologies in supply chains 

has contributed to the convergence of 

environmental efficiency and profitability. 

However, despite both leading to improved 

output, they operate within distinct contexts 

and pursue different ultimate objectives (Pasi 

et al., 2020). The concept of the smart supply 

chain aims to achieve the ambitious 

objective of transforming the global 

economy for the betterment of all 

individuals, communities, and the 

environment. This is accomplished by 

minimizing the environmental impact of 

business operations, while also leveraging 

scientific and technological advancements 

that are fueled by both basic and applied 

research. Technology pathways that fuel 

economic growth. From this perspective, it 

appears that green supply chains and smart 

supply chains are propelled by contrasting 

forces. This is why the present study 

explores an intelligent model of green supply 

chain management (De Giovanni et al., 

2022; Su et al., 2020). 

The supply chain of the pharmaceutical 

industry is a complex system that 

encompasses various processes, operations, 

and organizations. It involves the entire 

journey of drug discovery, development, and 

production, ultimately ensuring that 

pharmaceutical products of the highest 

quality are delivered to end-users at the right 

place and time (Fu et al., 2019). Vehicle 

routing with common customers refers to a 

group of transport companies that are willing 

to collaborate with each other in order to 

minimize distribution costs (Zhu et al., 2008; 

Wu et al., 2011; Varriale et al., 2021). In this 

problem, we assume that certain customers 

are shared by multiple companies, meaning 

they have a demand from more than one 

company. A shared customer may refer to a 

group of individual customers who seek 

services from different companies but are 

situated in close proximity, allowing one 

company to serve them in a single stop on 

the delivery route. In this context, 

cooperation between companies means that 

each company is willing to transfer a portion 

of their demand to other companies. 

Customers will switch only if the switch 

reduces the overall cost of distribution 

(Oguntegbe et al., 2023). On the other hand, 

companies exchange or share customer 

orders or requests. Also, capacity sharing 

includes scenarios where companies may 

acquire the capacity of joint partners in order 

to meet their customers' demands. In this 

case, the partner companies do not divide the 

customer demand, and each company 

delivers its own set of orders. Finally, it can 

be said that in this issue, a consortium of 

pharmaceutical companies operating in a 

densely populated urban area has shown 

willingness to collaborate in order to lower 

distribution costs and minimize carbon 

dioxide emissions. These companies operate 

in a smart, pharmaceutical green supply 

chain (Siegel et al., 2022). 

In this research, a new model of 

cooperation in the smart green supply chain 

for pharmaceutical products has been 

presented. This model focuses on the 

collaboration between pharmaceutical 

companies and aims to optimize the potential 
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benefits of their cooperation, particularly 

with common customers. In this model, we 

consider several interconnected 

pharmaceutical companies operating in the 

same area. Each company serves its 

customers from its own warehouse using its 

fleet of vehicles. One of the unique aspects 

of the smart green supply chain model for 

pharmaceutical products, which involves 

collaboration among pharmaceutical 

companies and serves common customers, is 

the utilization of separate warehouses by 

different pharmaceutical companies. 

Additionally, not all customers can be shared 

among these companies. Furthermore, the 

subsets of companies that can serve a 

common customer are not fixed, depending 

on the customer. In general, the objective of 

implementing a smart green supply chain 

model for pharmaceutical products, 

involving joint customers and collaboration 

among pharmaceutical companies, is to 

leverage the advantages of companies 

offering or delivering products to joint 

customers on behalf of other companies. 

This model aims to reduce costs in the green 

pharmaceutical supply chain with joint 

customers. In this research, several factors 

are simultaneously considered to bring the 

problem of vehicle routing closer to real 

conditions. These factors include limited 

vehicle capacity, the perishability of certain 

drugs with a fixed lifespan, and the 

minimization of carbon dioxide emissions. 

This combination of factors has not been 

investigated in similar research before, 

which increases the complexity of the 

problem. Therefore, this research aims to 

answer the question: What is the optimal 

model for implementing a sustainable and 

efficient supply chain for pharmaceutical 

products, specifically focusing on common 

customers with overlapping needs? 

 

2. Literature Review 

The smart green supply chain model refers 

to a supply chain management system that 

utilizes intelligent and sustainable 

technologies to enhance supply chain 

performance and minimize environmental 

impacts (Sislian et al., 2022). This model is 

based on the concepts and principles of the 

green supply chain, which aims to reduce the 

consumption of natural resources, the 

emission of greenhouse gases, and promote 

sustainability (Hohn et al., 2021). Using 

smart technologies such as the Internet of 

Things (IoT), supercomputing, artificial 

intelligence, and data analysis, this model 

aims to optimize and enhance processes and 

performance across the supply chain (Nayal 

et al., 2022). An intelligent green supply 

chain model can simultaneously reduce 

distribution costs and carbon dioxide 

emissions. Using intelligent algorithms and 

optimization methods, the model can 

automatically plan transportation routes 

(Merminod et al., 2021). This allows supply 

chain managers to choose routes that can 

reduce distribution costs and select the most 

optimal routes for transporting products. By 

reducing transportation distances, fuel costs 

and transportation costs are reduced (Gong et 

al., 2022). In the following, research on the 

integration of intelligence and green supply 

chain criteria has been discussed. D'Angelo 

et al. (2023) conducted a study titled "Green 

Supply Chains and Digital Supply Chains: 

Identifying Overlap Areas." They performed 

a bibliometric analysis of the literature on 

green supply chain and digital supply chain, 

using bibliographic data from articles to 

examine the scientific and theoretical trends 

in these research areas. Analyzing 131 

studies from five different clusters where 

digital supply chains and green supply chains 

intersect, our findings revealed varying 

degrees of overlap within the identified 

clusters in the operational and environmental 

domains. Ali et al. (2022), in their research 

entitled "Mapping in Healthcare Operations 

and Supply Chain Management," showed 

that a significant reduction in operational 

costs and environmental damage can be 

achieved through the use of smart tools. 

Ahmad Amouei et al. (2023), in their 

research entitled "Presenting a Conceptual 

Model of a Sustainable Supply Chain in a 

Manufacturing Company," showed that it is 

possible to save time and money by 

considering digital and intelligent 

parameters, as well as reduce noise and air 

pollution. Zandieh et al. (2018), in their 

research titled "Sustainable Distribution 
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Network Design in the Pharmaceutical 

Supply Chain," demonstrated that companies 

in the global market must adopt sustainable 

practices to maintain their supply chain and 

remain competitive. This research presents a 

multi-objective model for designing a drug 

distribution network based on the key 

principles of sustainability, namely 

economic, environmental, and social factors. 

This model helps managers make strategic 

and technical decisions in the drug 

distribution network, including determining 

the capacity of the main and local 

distribution centers and managing the flow 

of drugs within the network. Minimizing 

costs and maximizing community welfare, 

while also minimizing adverse 

environmental impacts, is essential for 

making sustainable decisions. Asamoah et al. 

(2012) conducted a study on the 

pharmaceutical industry and proposed a 

robust methodology for assessing and 

choosing suppliers within a pharmaceutical 

company. The mentioned study specifically 

aimed to use the hierarchical analysis 

process method to select the most suitable 

suppliers of raw materials for antimalarial 

drugs as a case study. Meijboom and Obel 

(2007) conducted a study on the internal 

supply chain of an international 

pharmaceutical company. The company was 

characterized by a multi-stage and multi-

locational operations structure. They 

examined the issues at three levels: strategic, 

tactical, and operational. They focused on 

the tactical level, identifying a model that 

encompassed both strategic and tactical 

issues and linked the tactical issues to 

organizational issues. 

By applying intelligent techniques to 

manufacturing processes, significant 

improvements in energy and material 

efficiency can be achieved (Kumar et al., 

2023). These improvements can lead to 

decreased energy consumption, minimized 

material losses, and reduced production-

related carbon dioxide emissions. For 

example, automation and intelligent control 

of machinery, optimization of production 

and energy consumption in heating and 

lighting systems, and the utilization of 

intelligent algorithms to optimize production 

processes are among the potential solutions. 

Considering the importance of green 

suppliers and the utilization of renewable 

resources, the model can be influenced by 

this factor in the selection of suppliers as 

well as the appropriate transportation routes. 

This action can lead to a reduction in carbon 

dioxide emissions and a commitment to 

using more environmentally friendly 

resources. By utilizing sensors and 

intelligent monitoring systems, supply chain 

activities and processes can be monitored in 

real-time. This allows for the collection and 

analysis of data on energy consumption, 

costs, and greenhouse gas emissions. This 

information can help managers identify 

weaknesses and take appropriate actions to 

improve supply chain performance, reduce 

costs, and decrease carbon dioxide 

emissions. By employing intelligent 

algorithms, optimizing production and 

distribution processes, utilizing 

environmentally-friendly suppliers, and 

implementing smart monitoring systems, it is 

possible to simultaneously decrease 

distribution costs and carbon dioxide 

emissions in a sustainable green supply chain 

model. Therefore, it can be said that the 

smart model of the green supply chain 

focuses on the utilization of intelligent, 

optimized, and sustainable technologies 

across the entire supply chain to attain 

environmental and economic objectives 

associated with supply chain sustainability. 

 

3. Method 

This research applies simulation to the 

proposed model of a pharmaceutical supply 

chain with smart and green conditions. The 

society under investigation is the 

environment of pharmaceutical companies, 

with its specific assumptions and goals. This 

model is simulated in the GAMZ software 

environment. The problem was examined 

from two perspectives: simultaneous 

production (coordination of drugs) and 

cooperative planning (coordination of 

suppliers). Additionally, in order to address 

the issue of vehicle routing under real 

conditions of limited capacity for delivery 

vehicles, the expiration date of the drug and 

time windows in orders were taken into 
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consideration. The objective was to allocate 

orders to vehicles in a way that minimizes 

the total delivery time and reduces the 

amount of carbon dioxide produced. In the 

continuation of this research, the parameters, 

variables, and limitations of the proposed 

problem model have been introduced. The 

objectives considered in this problem are: 

minimizing the total transportation amount, 

maximizing the satisfaction of demand 

points by meeting the demand for different 

products or minimizing unmet demand. To 

combine these two goals into a single 

objective, they are included in a target 

function with a specific turnover coefficient. 

Other objectives include minimizing the 

amount of carbon dioxide produced and 

reducing the overall distribution cost, which 

encompasses the sustainable economic 

aspect. A new model is presented in this 

way. After examining various aspects of the 

model, we explored different methods for 

solving the mathematical model. 

Additionally, a case study will be conducted 

in the pharmaceutical industry to apply the 

problem-solving approach. For this reason, 

in this article, we have considered the above 

problem as having dual objectives. The first 

objective is to minimize costs (intelligence 

objective), while the second objective is to 

reduce pollutants (green objective function). 

 

 

4. Findings 

The vehicle routing network for the 

distribution of perishable products is defined 

in a complete graph G = (N, A), where N = 

C ∪ {0} and A = {(i, j) | i, j ∈ N}. The 

symbol "C" represents a set of customers, 

while "0" represents a warehouse. Each arc 

(i,j) ∈ A is two-sided and asymmetric, with a 

travel time that is determined by both the 

Euclidean distance and the time it takes to 

depart from the origin i. Typically, there is a 

limited inventory of similar vehicles 

available either in stock or at the production 

site. In addition to meeting vehicle capacity 

restrictions and customer time windows, it is 

essential that no delivered goods are 

damaged at the time of delivery and that all 

requirements of selected customers are met. 

Assumptions: Customer demand is 

somewhat uncertain. Products have a limited 

lifespan, so after the end of each product's 

life cycle, it becomes spoiled. The location 

of customers is already known and fixed. 

When a vehicle leaves the warehouse, the 

quality of its cargo deteriorates. However, if 

the shipping time is within the shelf life of 

the product, the quality still meets the 

customer's requirements. For each customer, 

there is a limited time window within which 

service must be provided. Different time 

shifts have been considered for employees 

who need to serve customers during their 

designated shifts. 

Validity and reliability of the data were 

based on the four criteria of trustworthiness, 

transferability, dependence and 

dependability and verifiability. Also, in 

simulation techniques, all environmental 

conditions are predicted with the assumption 

of uncertainty and relative stability, so 

validity and reliability are confirmed. 

 

Indexes: 
Point index (distribution base and customers, i=0 

is the distribution point)     i,j=0,1,2,...,N 

 

Index of vehicles                k=1,2,...,K 

Index of products               p=1, 2,...,P 

Time shift                          m=1, 2,...,M 

 

Parameters: 
Distance between points i and j        D_ij 

Fuel consumption of vehicle k to deliver product 

from location i to j (liters per kilometer)      ρ_ijk 

Average vehicle consumption while waiting  ρ_w 

Waiting time of vehicle k at customer     i W_ik 

Customer service time       i S_i 

The cost of using vehicle k to travel between two 

places i and j           CDijk 

Variable cost for vehicle k           CFk 

Fixed cost of using vehicle k       CGk 

Shipping cost per product unit p  CTp 

Emission rate when the vehicle is in motion CER 

Emission rate when the vehicle is waiting  RES 

Emissions when the vehicle is first started    CST 

Customer i's demand for product p    DMip 

A very large BN number 

The capacity of vehicle k to deliver the 

consignment to customers        CAPk 

Travel time by vehicle k from location i to j Tijm 

End of time shift m   TMm 

The earliest possible time to serve customer i 

in time shift m     ESTim 
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The latest possible service time for customer 

i in time shift m   LSTim 

The latest possible service time for customer 

i in time shift m LPp 

 

Variables 

Total amount of product p delivered to 

customer i    Qip 

Arrival time of vehicle k at location i in time 

shift m   Aikm 

Departure time of vehicle k to location i in 

time shift m Likm 

If vehicle k moves from location i to location 

j in time shift m Xijkm= {0,1} 

If vehicle k is used in time shift m, Zkm= 

{0,1} 

 

The objective function of the problem  

The proposed model includes two objective 

functions. The first objective function is the 

operating cost due to transportation, 

servicing and use of the vehicle. The second 

objective function is the environmental 

effects caused by fuel consumption for 

transportation, service and vehicle use. Both 

objective functions are minimization type. In 

fact, the first objective function includes the 

total cost of using the vehicle to move 

between two points, the cost of waiting for 

each customer, the cost of unloading, the 

fixed cost of using the vehicle and the cost of 

sending the product to customers: 

 

(1) 

 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 = ∑ ∑ ∑ ∑ ((𝐷𝑖𝑗 × 𝐶𝐷𝑖𝑗𝑘 + 𝑊𝑗𝑘 × 𝐶𝐹𝑘 + 𝑆𝑗 × 𝐶𝐹𝑘) × 𝑋𝑖𝑗𝑘𝑚)

𝑀

𝑚=1

𝐾

𝑘=1

𝑁

𝑗=0

𝑁

𝑖=0

+ ∑ ∑ 𝑍𝑘𝑚 × 𝐶𝐺𝑘

𝑀

𝑚=1

𝐾

𝑘=1

+ ∑ ∑ 𝑄𝑖𝑝 × 𝐶𝑇𝑝

𝑃

𝑝=1

𝑁

𝑖=1

 

 

Environmental function The environmental 

objective function is equal to the sum of 

pollutant gas emissions from transportation 

between two locations (from warehouse to 

customer, from one customer to another 

customer, from customer to warehouse), 

pollutant gas emissions from waiting for a 

customer, pollutant gas emissions from 

servicing, and fixed emissions from choosing 

a vehicle. Therefore, the environmental 

function is defined as the following equation: 

 

 

(2) 
𝐸𝑛𝑣𝑟𝑜𝑚𝑒𝑛𝑡𝑎𝑙 𝑖𝑚𝑝𝑎𝑐𝑡

= ∑ ∑ ∑ ∑ ((𝐷𝑖𝑗 × 𝜌𝑖𝑗𝑘 × 𝐶𝐸𝑅 + 𝑊𝑗𝑘 × 𝜌𝑤 × 𝑅𝐸𝑆 + 𝑆𝑗 × 𝜌𝑤 × 𝑅𝐸𝑆) × 𝑋𝑖𝑗𝑘𝑚)

𝑀

𝑚=1

𝐾

𝑘=1

𝑁

𝑗=0

𝑁

𝑖=0

+ ∑ ∑ 𝑍𝑘𝑚 × 𝐶𝑆𝑇

𝑀

𝑚=1

𝐾

𝑘=1

 

 

Limitations of the problem 

The limitations of this problem can also be 

placed in the following categories for further 

explanation:  

 

Customer restrictions 

Constraints (4) and (5) ensure that each 

customer is visited only once. 

 

(4) 

∑ ∑ ∑ 𝑋𝑖𝑗𝑘𝑚

𝑀

𝑚=1

𝐾

𝑘=1

𝑁

𝑗=1

= 1   ∀𝑖 ∈ 𝑁 

(5) 

∑ ∑ ∑ 𝑋𝑖𝑗𝑘𝑚

𝑀

𝑚=1

𝐾

𝑘=1

𝑁

𝑖=1

= 1   ∀𝑗 ∈ 𝑁 

 

Vehicle restrictions  

Constraint (6) guarantees that customers are 

visited by active vehicles. This equation is as 

follows. 
 

(6) 

𝑋𝑖𝑗𝑘𝑚 ≤ 𝑍𝑘𝑚       ∀𝑖،𝑗،𝑘،𝑚 

 

 

 

Local visit restrictions 

Limitation (7) shows that every vehicle must 

leave that place after visiting a place. 
 

(7) 

∑ 𝑋𝑖𝑗𝑘𝑚

𝑁

𝑖=1

− ∑ 𝑋𝑗𝑖𝑘𝑚

𝑁

𝑖=1

= 0        ∀𝑗, 𝑘, 𝑚 

 

Stock restrictions 

Constraints (8) and (9) ensure that the 

number of input and output devices to a 
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warehouse are equal in each time shift. 

These limits are defined as follows: 

 

(8) 

∑ 𝑋0𝑗𝑘𝑚

𝑁

𝑗=2

≤ 𝑍𝑘𝑚       ∀𝑘, 𝑚 

 

(9) 

∑ 𝑋𝑖0𝑘𝑚

𝑁

𝑖=2

≤ 𝑍𝑘𝑚       ∀𝑘, 𝑚 

Demand limit 

In this limit, it is ensured that the customer's 

demand is met. 

 

(10) 
𝑄𝑖𝑝 ≥ 𝐷𝑀𝑖𝑝        ∀𝑖،𝑝 

 

Vehicle capacity limitations:  

Limits (11) and (12) guarantee that the 

amount of products transported by each 

vehicle does not exceed the capacity of that 

vehicle. 

 

(11) 

𝑄𝑗𝑝 ≤ ∑ ∑ ∑ 𝑋𝑖𝑗𝑘𝑚 × 𝐵𝑁

𝑀

𝑚=1

𝐾

𝑘=1

𝑁

𝑖=0

       ∀𝑗،𝑝 

 

(12) 

∑ 𝑄𝑖𝑝

𝑝

𝑝=1

≤ 𝑍𝑘𝑚 × 𝐶𝐴𝑃𝑘       ∀𝑖،𝑘،𝑚 

 

Entry time limits 

Constraints (13) and (14) calculate the 

arrival time of vehicles to serve each 

customer. 

 

(13) 
𝐴𝑗𝑘𝑚 ≥ 𝐴𝑖𝑘𝑚 + 𝑇𝑖𝑗𝑚 − (1 − 𝑋𝑖𝑗𝑘𝑚) × 𝐵𝑁     ∀𝑖،𝑗،𝑘،𝑚 

 

(14) 
𝐴𝑗𝑘𝑚 ≤ 𝐴𝑖𝑘𝑚 + 𝑇𝑖𝑗𝑚 − (1 − 𝑋𝑖𝑗𝑘𝑚) × 𝐵𝑁     ∀𝑖, 𝑗, 𝑘, 𝑚 

 

Checkout Time Limits 

Constraint (15) calculates the departure time 

of each vehicle from each customer after 

entering and delivering the product. 

 

(15) 
𝐿𝑖𝑘𝑚 = 𝐴𝑖𝑘𝑚 + 𝑆𝑖      ∀𝑖،𝑘،𝑚 

 

Time window limitations  

Time window constraints ensure that each 

customer is served in his own time window 

 

(16) 
𝐴𝑖𝑘𝑚 ≥ 𝐸𝑆𝑇𝑖𝑚      ∀𝑖،𝑘،𝑚 

(17) 
𝐿𝑖𝑘𝑚 ≤ 𝐿𝑆𝑇𝑖𝑚      ∀𝑖،𝑘،𝑚 

 

Time limits for leaving the warehouse  

Constraint (18) states that the time each 

vehicle leaves the warehouse is equal to zero 

(the start of the time shift). 

 

(18) 
𝐿0𝑘𝑚 = 0     ∀𝑘،𝑚 

 

Time shift restrictions 

In this restriction, it is stated that the time of 

entering the warehouse must be before the 

end of the shift. 

 

(19) 
𝐴0𝑘𝑚 ≤ 𝑇𝑀𝑚     ∀𝑘،𝑚 

 

Product Lifetime Limits  

This limitation shows that the products sent 

to each customer must be delivered before 

the lifetime of the most critical product sent. 

This limit is defined as equation: 

 

(20) 
𝐴𝑗𝑘𝑚 + (𝑊𝑗𝑘 + 𝑆𝑗) × 𝑋𝑖𝑗𝑘𝑚 ≤ 𝐿𝑃𝑝     ∀𝑖،𝑗،𝑘،𝑚،𝑝 

 

Constraints on the sign of variables 

In this limit, the direction and value of the 

decision making variables are shown. 
 

(21) 
𝑄𝑖𝑝، 𝐴𝑗𝑘𝑚،𝐿𝑖𝑘𝑚 ≥ 0 ; 𝑋𝑖𝑗𝑘𝑚، 𝑍𝑘𝑚 = {0،1} 

 

The final model. In this model, the demand 

is considered uncertain. That is, either there 

is no accurate information available for the 

desired parameters, or the available 

information is insufficient to predict the 

future situation. For example, a new drug has 

been developed. There is no historical data 

available on the level of demand, and even 

the information on the actual and potential 

number of patients is insufficient to 

accurately predict the demand. In this 

research, the proposed model is developed 

based on the theory of belief uncertainty. 

Based on this theory, the demand parameter 

is represented as ξ_(DM_ip). To confirm the 
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proposed model, it is necessary to convert 

the non-deterministic model into a 

deterministic model in order to solve it. In 

this article, we simultaneously consider two 

methods, expected values and critical values 

(EV-CCM), to transform the model into a 

deterministic state. The demand equation is 

non-deterministic, and it is defined using the 

expected method and critical value as 

follows: 

 
(1) 

𝑀 {𝑄𝑖𝑝  ≥ 𝜉𝐷𝑀𝑖𝑝
} ≥ 𝛾𝑖،𝑝

1  

∀𝑖،𝑝 
Now, using the following theorem and 

inference, equation (1) becomes a definite 

equation. the case; Since the parameter 

𝜉𝐷𝑀𝑖𝑝
 is independent of other parameters of 

the model, then the parameter 𝜉𝐷𝑀𝑖𝑝
 has a 

regular distribution ∅𝐷𝑀𝑖𝑝
. In this case, 

equation (1) is rewritten as follows: 

 
(2) 

𝑄𝑖𝑝  ≥ 𝜑𝜉𝐷𝑀𝑖𝑝

−1 (𝛾𝑖،𝑝
1   )    

 

∀𝑖،𝑝 

 

Argument; Based on the above theorem, the 

demand limit, i.e. equation (45), is rewritten 

as follows: 
 

𝑀 {𝑄𝑖𝑝  ≥ 𝜉𝐷𝑀𝑖𝑝
} ≥ 𝛾𝑖،𝑝

1  ⇔ 𝑀 {𝑄𝑖𝑝 − 𝜉𝐷𝑀𝑖𝑝
≥ 0} ≥ 𝛾𝑖،𝑝

1

⇔ 𝑄𝑖𝑝 ≥ 𝜑𝜉𝐷𝑀𝑖𝑝

−1 (𝛾𝑖,𝑝
1   ) 

Therefore, the above theorem is deduced 

based on the mentioned proof. The first 

result; As stated, since the parameter 𝜉𝐷𝑀𝑖𝑝
 is 

independent, the demand parameter has a 

regular zigzag distribution Z(a,b,c). In this 

case, the possible limit for confidence value 

𝛾𝑖،𝑝
1

less than 0.5 is rewritten as follows: 

 

𝑄𝑖𝑝  ≥  (1 − 2𝛾𝑖،𝑝
1  )𝑎𝐷𝑀𝑖𝑝

+ 2𝛾𝑖،𝑝
1  𝑏𝐷𝑀𝑖𝑝

 

 

∀𝑖،𝑝 

The second result; As stated in the above 

theorem, since the parameter 𝜉𝐷𝑀𝑖𝑝
 is 

independent, the demand parameter has a 

regular zigzag distribution Z(a,b,c). In this 

case, the possible limit for the confidence 

value 𝛾𝑖،𝑝
1  equal to and greater than 0.5 is 

rewritten as follows: 

 
𝑄𝑖𝑝  ≥  (2 − 2𝛾𝑖،𝑝،𝑡

1  )𝑏𝐷𝑀𝑖𝑝
+ (2𝛾𝑖،𝑝

1 − 1)𝑐𝐷𝑀𝑖𝑝
 

 

∀𝑖،𝑝 

As stated, the uncertain demand equation 

(based on confidence values less than 50% 

and more than 50%) has been rewritten in 

the above form. Since this thesis is designed 

to respond to the distribution of 

pharmaceutical products. 

 
𝑀𝑖𝑛 𝑍1 = 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡

= ∑ ∑ ∑ ∑ ((𝐷𝑖𝑗 × 𝐶𝐷𝑖𝑗𝑘 + 𝑊𝑗𝑘

𝑀

𝑚=1

𝐾

𝑘=1

𝑁

𝑗=0

𝑁

𝑖=0

× 𝐶𝐹𝑘 + 𝑆𝑗 × 𝐶𝐹𝑘) × 𝑋𝑖𝑗𝑘𝑚)

+ ∑ ∑ 𝑍𝑘𝑚 × 𝐶𝐺𝑘

𝑀

𝑚=1

𝐾

𝑘=1

+ ∑ ∑ 𝑄𝑖𝑝 × 𝐶𝑇𝑝

𝑃

𝑝=1

𝑁

𝑖=1

 

 

𝑀𝑖𝑛 𝑍2 = 𝐸𝑛𝑣𝑟𝑜𝑚𝑒𝑛𝑡𝑎𝑙 𝑖𝑚𝑝𝑎𝑐𝑡

= ∑ ∑ ∑ ∑ ((𝐷𝑖𝑗 × 𝜌𝑖𝑗𝑘 × 𝐶𝐸𝑅

𝑀

𝑚=1

𝐾

𝑘=1

𝑁

𝑗=0

𝑁

𝑖=0

+ 𝑊𝑗𝑘 × 𝜌𝑤 × 𝑅𝐸𝑆 + 𝑆𝑗 × 𝜌𝑤 × 𝑅𝐸𝑆)

× 𝑋𝑖𝑗𝑘𝑚) + ∑ ∑ 𝑍𝑘𝑚 × 𝐶𝑆𝑇

𝑀

𝑚=1

𝐾

𝑘=1

 

 

ST: 

∑ ∑ ∑ 𝑋𝑖𝑗𝑘𝑚

𝑀

𝑚=1

𝐾

𝑘=1

𝑁

𝑗=1

= 1   ∀𝑖 ∈ 𝑁 

∑ ∑ ∑ 𝑋𝑖𝑗𝑘𝑚

𝑀

𝑚=1

𝐾

𝑘=1

𝑁

𝑖=1

= 1   ∀𝑗 ∈ 𝑁 

𝑋𝑖𝑗𝑘𝑚 ≤ 𝑍𝑘𝑚       ∀𝑖،𝑗،𝑘،𝑚 

∑ 𝑋0𝑗𝑘𝑚

𝑁

𝑗=2

≤ 𝑍𝑘𝑚       ∀𝑘, 𝑚 ∑ 𝑋𝑖𝑗𝑘𝑚

𝑁

𝑖=1

− ∑ 𝑋𝑗𝑖𝑘𝑚

𝑁

𝑖=1

= 0        ∀𝑗،𝑘،𝑚 

∑ 𝑋𝑖0𝑘𝑚

𝑁

𝑖=2

≤ 𝑍𝑘𝑚       ∀𝑘،𝑚 

𝑄𝑖𝑝  ≥  (1 − 2𝛾𝑖،𝑝
1  )𝑎𝐷𝑀𝑖𝑝

+ 2𝛾𝑖،𝑝
1  𝑏𝐷𝑀𝑖𝑝

       ∀𝑖،𝑝 

𝑄𝑗𝑝 ≤ ∑ ∑ ∑ 𝑋𝑖𝑗𝑘𝑚 × 𝐵𝑁

𝑀

𝑚=1

𝐾

𝑘=1

𝑁

𝑖=0

       ∀𝑗،𝑝 

∑ 𝑄𝑖𝑝

𝑝

𝑝=1

≤ 𝑍𝑘𝑚 × 𝐶𝐴𝑃𝑘       ∀𝑖،𝑘،𝑚 

𝐴𝑗𝑘𝑚 ≥ 𝐴𝑖𝑘𝑚 + 𝑇𝑖𝑗𝑚 − (1 − 𝑋𝑖𝑗𝑘𝑚) × 𝐵𝑁     ∀𝑖،𝑗،𝑘،𝑚 

𝐴𝑗𝑘𝑚 ≤ 𝐴𝑖𝑘𝑚 + 𝑇𝑖𝑗𝑚 − (1 − 𝑋𝑖𝑗𝑘𝑚) × 𝐵𝑁     ∀𝑖،𝑗،𝑘،𝑚 

𝐿𝑖𝑘𝑚 ≤ 𝐿𝑆𝑇𝑖𝑚     ∀𝑖،𝑘،𝑚 

𝐿0𝑘𝑚 = 0     ∀𝑘،𝑚 

𝐴0𝑘𝑚 ≤ 𝑇𝑀𝑚     ∀𝑘،𝑚 

𝐴𝑗𝑘𝑚 + (𝑊𝑗𝑘 + 𝑆𝑗) × 𝑋𝑖𝑗𝑘𝑚 ≤ 𝐿𝑃𝑝     ∀𝑖،𝑗،𝑘،𝑚،𝑝 

𝑄𝑖𝑝، 𝐴𝑗𝑘𝑚،𝐿𝑖𝑘𝑚 ≥ 0 ; 𝑋𝑖𝑗𝑘𝑚، 𝑍𝑘𝑚 = {0،1} 

 

Data simulation to test the effectiveness of 

the proposed model 
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Indices and sets 

Index of distribution base and customers 1 

and 2 = i  

Vehicle index 1 = k  

Index of products 1 = p  

Time shift 1 = m 

 

Parameters:  

Distance between points i and j = Dij 
 1 2 

1 150 250 

2 450 200 

Waiting time of vehicle k at customer j = wjk 
 1 

1 30 

2 45 

 

Fuel consumption of vehicle 1 to deliver 

product from location i to location j= upijk 

 
 1 

1.1 1700 

1.2 1500 

2.1 1400 

2.2 1800 

 

Si = Customer service time i   

S (i)=40                   S(2)=50 

 

The cost of using vehicle k to travel between 

location i and j       CD (k, j, & i)  

  
 1 

1.1 20 

1.2 15 

2.1 10 

 

Fixed cost of using = CG(k) 

vehicle k 800 = CG (1) 

Variable cost for vehicle k = CFK 

1100 = CF (1) = CFK 

Shipping cost per product unit CTP=1 

2800 = CT (1) 

 

Customer i's demand for product p = DMip 

which has a middle bound, an upper bound 

and a lower bound, because the demand of 

customers in different periods of time is not 

a constant value.  

LDM (p, i)     Lower bound 
 1 

1 100 

2 150 

 

gamma = MDM = Middle bound 

D(i,j) =    
 1 

1 200 

2 250 

uDM = upper bound 
 1 

1 300 

2 250 

Travel time by vehicle k from location i to 

location j in time shift m 

T(i,j,m)       
 1 

1.1 1000 

1.2 500 

2.1 400 

2.2 800 

Capacity of vehicle 1 for delivery to 

customers  Cap(k) 

Cap(1) =200 

TM(m)= TM(1) end of time shift m = 2300  

 

The earliest possible service time for ESTim 

customers      EST 
 1 

1 750 

2 600 

The latest possible service time for an ESTim 

customer i in time advance m      ESTim 
 1 

1 2000 

2 2500 

*The latest possible time to serve customer i 

in time shift M     LPp   

LP(1)=1500 

 

The emission rate of polluting gases when 

the vehicle is moving = CER 

CER=0.5 

BN=900000* 

 

Positive variables 

Departure time of vehicle k to place  

m = L(i,k,m) 

Arrival time of vehicle k to place i in  

m = A(I,k,m) 

The total amount of product P delivered to 

customer  

i = Q(i,p) 

 

The emission rate when the vehicle first 

starts CST = 3.0.    CST 

Emission rate of polluting gases = RES 

When the vehicle is waiting 4.0 = RES 
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UPW=10 maximum vehicle fuel 

consumption = UPW 

 

Binary variables: x(i,j,k,m) 

If vehicle K moves from location i to 

location j in time shift m. 

Operating cost objective function = Z1 

Environmental function = Z2 

Total objective function = ZT 

If vehicle k is used in time shift m = Zkm 

 

After placing the given hypothetical numbers 

in the designed model and solving the 

problem with the help of GAMZ software, 

the optimal values of the transportation 

model are obtained, which are specified 

below. 

Total amount of product P delivered to 

customer i 

 

Variable Q 
 1 

1 180 

2 230 

Departure time of vehicle k to location i in 

time shift m 

Variable L 
 1 

101 790 

102 1455 

 

The arrival time of vehicle k at location i in 

shift m 

Variable A 
 1 

101 750 

102 1405 

If vehicle k moves from location i to location 

j in time shift m 

Variable X 
1.1.1.1 0 3.3378E+5 

1.2.1.1 1 40.8175E+5 

2.1.1.1 1 7.0953E+5 

2.2.1.1 0 4.6738E+5 

 

 
If vehicle k is used in time shift m, Zkm 

Variable Z 

 
101 1 800 

 

The objective function value of operating 

cost obtained from the linear model of 

transportation 

 1COS  total 2335300.00= 1Z 
 

The environmental function value obtained 

from the linear transport model 

Z2=4785.300   environmental impact 

 

The value of the exponential objective 

function obtained from the linear transport 

model 

Zt=2340085.300 

 

5. Discussion 

This research discusses a multi-objective 

model for designing a pharmaceutical 

distribution network based on the main 

principles of sustainability, including 

economic, environmental, and social factors. 

The primary objective function was cost-

related, aiming to minimize transportation 

costs for products from production centers to 

distribution centers and from distribution 

centers to customers. The second goal was to 

reduce CO2 emissions from the distribution 

network. The third objective function was to 

maximize social welfare, specifically by 

increasing the employment rate, in the 

performance of the pharmaceutical 

distribution network. This research presents 

a multi-objective model for designing the 

pharmaceutical distribution network based 

on the three main concepts of sustainability: 

economic, environmental, and social (Mak et 

al., 2021). The primary objective of this 

research is to enhance the stability of the 

pharmaceutical distribution network. In the 

0.00E+00 2.00E+06 4.00E+06 6.00E+06

1.1.1.1
1.2.1.1
2.1.1.1
2.2.1.1

v

v
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first objective, the aim is to reduce product 

transportation costs in the pharmaceutical 

distribution network. By minimizing 

transportation costs (Yu et al., 2010; 

Vishwakarma et al., 2016), it is possible to 

facilitate and improve the process of drug 

distribution. This performance can lead to a 

reduction in the final costs of products for 

customers. In the second objective, the 

reduction of CO2 emissions from the 

pharmaceutical distribution network (Shah, 

2004) has been considered as a goal. 

According to global developments and 

environmental requirements, it is possible to 

reduce greenhouse gas emissions, such as 

CO2, by improving transportation methods 

and reducing fossil fuel consumption. This 

will help improve the quality of the 

environment and preserve natural resources. 

The third goal of this research is to maximize 

social welfare in the pharmaceutical 

distribution network's performance (Ahmadi 

et al., 2018; Holmström et al., 2019). By 

increasing the employment rate and creating 

job opportunities in the field of drug 

distribution, it is possible to have a positive 

effect on society and increase the level of 

social welfare. With its multi-objective 

model, this research aims to enhance the 

performance of the pharmaceutical 

distribution network by addressing three 

main complexities: economic, 

environmental, and social. This approach 

provides a comprehensive and balanced 

solution for designing the drug distribution 

network. Its goal is to preserve the 

environment, improve social conditions, and 

maximize economic profit. The intelligent 

model of the pharmaceutical green supply 

chain is a comprehensive and balanced 

solution for designing a pharmaceutical 

distribution network that prioritizes 

economic, environmental, and social 

sustainability. By utilizing the intelligent 

model of the pharmaceutical green supply 

chain, this study examines the potential to 

enhance the performance of the 

pharmaceutical distribution network across 

three key areas. First, by optimizing costs, it 

is possible to reduce the expenses associated 

with transporting products from production 

centers to distribution centers and 

subsequently from distribution centers to 

customers. This issue leads to a reduction in 

the final costs of products for customers. By 

implementing strategies and enhancing 

transportation processes, the emission of 

greenhouse gases, such as CO2, from the 

distribution network can be optimized. This 

work is accomplished by improving 

transportation methods, reducing the 

consumption of fossil fuels, and increasing 

the utilization of green and sustainable 

methods in the pharmaceutical distribution 

network. 

  

6.Conclusion  

The smart model of the pharmaceutical green 

supply chain maximizes efficiency and job 

opportunities in the field of drug distribution 

by emphasizing the improvement of social 

welfare. This helps to increase the 

employment rate and improve the social 

conditions of society. The intelligent model 

of the pharmaceutical green supply chain is a 

comprehensive and well-balanced solution 

that enhances the performance and 

sustainability of the pharmaceutical 

distribution network. It achieves this by 

optimizing costs, reducing CO2 emissions, 

and improving social welfare. This approach 

focuses on maximizing economic profit 

while also preserving the environment and 

creating social value at the same time. Based 

on the obtained results, the following 

practical suggestions are presented:  

- The intelligent model of pharmaceutical 

green supply chain can be used as a tool to 

improve the efficiency and plan the 

performance of the pharmaceutical 

distribution network. By optimizing 

processes, allocating resources and 

improving transportation methods, it is 

possible to reduce costs and increase the 

productivity of processes. - This model can 

promote the improvement of transportation 

methods and the use of green and sustainable 

methods in the pharmaceutical distribution 

network. By applying energy management 

strategies and reducing the consumption of 

fossil fuels, the emission of greenhouse 

gases such as CO2 will be significantly 

reduced.  
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- This model can help to maximize social 

welfare in the operation of pharmaceutical 

distribution network. By creating job 

opportunities and increasing the employment 

rate in the field of drug distribution, a 

positive impact on the society and increasing 

the level of social welfare is created.  

- By improving distribution processes and 

reducing shipping time, the intelligent green 

pharmaceutical supply chain model can 

provide improved quality and access to 

medicines. By optimizing routes and 

distributing medicines more effectively, it is 

possible to improve customer service and 

maintain the health of the community.  

- This model has the ability to evaluate and 

compare different scenarios. Using it, it is 

possible to analyze the advantages and 

disadvantages of different scenarios in terms 

of costs, CO2 emissions, and social welfare, 

and make the necessary improvements. 
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