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when ¢ is nothing, just the amount of time when the buyer is

ready to wait.

XViil




Qi1 Represents the order quantity within (i+1)" cycle at time ti
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b, The lot size for the i-th delivery of products from the supplier
to the retailer is measured in units.
Ip,, (t) | The inventory level of the manufactured products for period t
in the (i+1) cycle.
P The efficiency of manufacturing is expressed as units
produced per unit of time.
Q. (r,t) | The total quantity produced for the first r cycles after the
initial n-r deliveries.
Q,(t) | The total quantity produced at time t.
Q,(r, t) | The total quantity consumed in the last n-r cycles.
Q,(t) | The total quantity consumed after time t.
A Advertising and marketing frequency
\4 marketing and advertising demand function fluctuation
Emission-related variables:
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c’ Fixed amount of carbon emission.
)2 The quantity of carbon emissions generated as a result of
placing an order is expressed as $ per ton of CO2 per unit.
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p Demand depends upon the amount of carbon emission.
T Tax paid to slow the rate of emitting per unit of carbon.
($/ton Co2/unit).
h, The quantity of carbon emissions due to holding stock in
refrigeration is expressed as $ per ton of CO2 per unit.
Co, The total amount of carbon dioxide emitted is expressed as
units per unit of time per ton.
d, The total amount of carbon per unit due to product
deterioration is expressed in tons of CO2 per unit.
B The amount of carbon emissions produced due to the act of

placing an order by a retailer. (unit/time/ton)
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H, The quantity of carbon emissions produced because of the
retailer's inventory holding. (unit/time/ton)

P, The amount of carbon emissions produced due to the act of
placing an order from the supplier site. (unit/time/ton)

H, The quantity of carbon emissions produced because of the
supplier's inventory holding. (unit/time/ton)

Transportation variables:

Ve The variable cost of fuel consumed by the retailer during
transportation depends upon the fuel consumption. ($/litre)

e, The carbon emissions cost associated with transporting a
single unit of an item by retailers, particularly considering
refrigeration. ($/unit/km)

e, Charge of carbon dioxide emissions from retail transportation
($/km)

Cq Fuel usage of a retailer's vehicle when it has been empty (litres
per kilometre)

C, Retailer's additional (refrigeration and vehicle services)
transportation energy consumption for every per ton of
payload (litre/km/ton)

d The distance travelled between the supplier and the retailer
(km)

F. The fixed cost of transportation incurred by the retailer upon
placing an order ($)

Below are the decision variables:
Ti+1 The length of the (i+1)™ replenishment cycle (time/ unit).
th
] The time throughout the i replenishment cycle whenever the

stock level reaches zero.1=0,1, 2, ..., n - 1. where to= 0 and

t» = H (time unit). A predetermined time interval (4 years).
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t; The time throughout the i™" replenishment cycle whenever the
stock level reaches zero. i = 0,1, 2, ..., ny — 1, assuming.
t;=0andt,=H

Si The time for i replenishing cycle is when inventory levels
approach insufficiency or shortage. i =0,1... ..., n1 — 1.

ni Represents the total number of replenishing stock rounds
when there is no collaboration between supplier and retailer.

n2 Represents n; the total number of replenishing stock rounds in

the case of collaboration.
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Abstract

It is monitored to ensure that it does not exceed the requirements and that
occasional stock-outs may occur. Excess inventory is a point of anxiety for
management since it ties up capital and can limit the company’s ability to generate
revenue. Therefore, inventory should be carefully maintained to align with market
demand and supply. There are some products in the market that produce a huge amount
of carbon and may harm demand. Hence, demand can be assumed to be influenced by
mainly carbon emissions, time as well, and pricing, which are always critical
components in determining demand. A situation like this is more likely to occur with
consumer goods inventory. Therefore, Inventory-managed approaches for decaying
goods with carbon emission-dependent, Time-sensitive, and Price-related demand rates
should be developed and studied. The suggested study aims to create some
mathematical models that will reduce the annual total cost of inventory and carbon
emissions (i.e., the total cost function is a convex function) under FPH (finite planning
horizon). An optimization model is also discussed in Chapter 5 with three payment

options- preliminary, post, and credit payment options in a finite planning horizon. The

The model's primary purpose is to identify the most efficient inventory level and
the corresponding total cost that optimizes the overall inventory management. By
utilizing this model, companies can make well-informed decisions regarding the total
cost and inventory levels, enhancing profitability while also satisfying customer

demand.

In this dissertation, our investigation focused on examining a three-echelon
supply chain system comprising a single supplier, retailer, and manufacturer. The
system's demand is influenced by several factors, including time, inventory,
advertising, and carbon. Our analysis primarily aimed to determine the optimality or

convexity of the cost function.

The focus of this research dissertation is on two important aspects of supply
chain management: deterioration and carbon emission policies within a finite planning
horizon. With the growing importance of timely delivery in today's highly competitive

environment, we have assumed zero lead time in our study. Our research examines the
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effects of investing in preservation or green technology to mitigate carbon emissions
and deterioration. We also explore how changes in production rates can impact product

quality.

Carbon emissions are a critical factor in supply chain management performance.
A sustainable supply chain system should address economic, social, and environmental
concerns comprehensively. Our study integrates the supply chain model with carbon
emission regulations such as carbon tax and cap, providing an exciting opportunity to
make a significant impact on society. In Chapter 9, we discuss the rework process in

the production. The key points of each chapter are summarized below.
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A Brief Summary of Thesis Chapters

In Chapter 1 of this thesis/dissertation, we provide an introduction to the study.
This section covers the basics of operations research, the different components of
operations research, inventory supply chain management, and the several parameters
that impact the performance of the supply chain process and its participants. We also
discuss the importance of inventory in every business operation, along with the
associated costs, demand, deterioration, and other components related to supply chain

management and carbon emissions.

In Chapter 2, we presented a literature review of remarkable research work by the
researcher that has been conducted in the field. We identified and discussed the gaps in
the existing literature through a comprehensive study. Furthermore, we explained the
software, relevant mathematical concepts, and methodology used to analyze the

proposed research project. Finally, we introduced the objectives of the study.

Chapter 3. describes a finite horizon inventory model for supplier-retailer
coordination of declining items in quality over time and a demand that is influenced by
both their price and carbon emissions within a finite horizon. The model is designed for
businesses that face the challenge of reducing carbon emissions while maintaining
profitability. We first developed a theoretical model and constructed a mathematical
formulation to optimize the overall cost of the retailer and supplier. An algorithm was
then created, and numerical iterative approaches were used to solve the optimization
problem. Sensitivity analysis was conducted using Mathematica software version 12,
and graphical and tabular representations were used to analyze the changing behaviour
of various parameters. The proof that the retailer's total cost is positive definite is also
presented as a theorem. We compared our results with Wu and Zhao et al. (2014) and
found that our model outperformed their model. The study concludes by highlighting
the optimal cost and inventory levels determined by the model, as well as the

coordinating effect on both the retailer and supplier.
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In Chapter 4, we constructed a supply chain inventory model to analyze the
coordination effect on the total cost for retailers and suppliers with three payment
options for deteriorating items. We also considered carbon emissions and price-sensitive
demand in this model, intending to address the problem faced by a retail-supplier
business. To validate our model, we cited numerical examples for the three payment
options and solved the numerical problem using a numerical iterative method based on
an algorithm. We also considered three payment options - advance payment, cash
payment, and credit payment - along with a carbon tax and cap policy. To examine the
impact of changes in various parameter systems, we presented sensitivity analysis using

Mathematica version-12 and used graphical and tabular forms for the analysis.

A lengthier/extended version of Chapter 3 could be discussed in Chapter 5,
incorporating quadratic time and inventory-dependent demand under a finite planning
horizon with a carbon tax policy and shortages in all cycles. The model has been
developed theoretically and mathematically to provide the optimal solution to the
problem. A numerical example and comparative evaluation are presented, along with a
sensitivity analysis of each parameter. The sensitivity analysis is graphically and
tabularly represented using Mathematica version 12. Carbon emissions occurring during

transportation are also calculated.

As per my next objective, | have formulated an inventory model for a three-level
refrigeration inventory supply chain approach in Chapter 6, taking into account carbon
emission-dependent demand for temperature-sensitive items and the implementation of
a carbon emission regulation and tax to reduce emissions. First, a theoretical model was
constructed and a mathematical formulation was developed to solve the optimization
model. An algorithm was created, and a numerical iterative approach was used to tackle
the numerical problem. The sensitivity analysis of all parameters was verified using
Mathematica software version 12, with graphical and tabular representations used for

the analysis.

Chapter 7 deals with a research study that investigates a Mathematical inventory
management approach with time, advertising, and inventory-dependent demand
patterns. With collaboration and without collaboration, two cases are discussed in this

proposed model. Within the first case, retailers and suppliers are not regarded as
XXXil



collaborators, whereas in the second case, collaboration is recognized. The optimality
of the planned inventory management model is explained mathematically and
theoretically in both situations. The algorithm of the mathematical solution was also
properly discussed and the effects of altering various parameters were numerically
studied to conduct a sensitivity analysis with the help of Mathematica software version-
12. To demonstrate this model, a mathematical illustration, and a tabular and graphical
representation, have been also provided. Ultimately, this model reaches a flourishing

managerial suggestion and conclusion.

Chapter 8 includes a supply chain inventory model developed for a finite planning
horizon. The research study examines the impact of investing in green and preservation
technologies. To increase profit and reduce total cost and carbon emissions the impact
of the trade credit duration granted by suppliers to retailers is also addressed. Time
affects the demand rate in this scenario. To identify the most appropriate solution, a
computational approach/algorithm was developed for the supply chain inventory
control and management challenge. The optimality and uniqueness of the parameters of
the proposed research study are demonstrated through theoretical, mathematical,

tabular, and pictorial analysis. Managerial implications are also provided.

In Chapter 9, we focus on sustainable supply chain management for a production
system subject to a carbon cap. We also consider time-dependent demand for a rework
process of defective production under a finite planning horizon model. We conduct
sensitivity analysis using Mathematica software version-12 and discuss an algorithm for
solving the optimization problem. Additionally, we prove a theorem which verifies the

convexity of the total cost function.

Last but not least, Chapter 10 provides information about the conclusion of the

thesis and suggestions for future work.
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Chapter 1: Introduction

1.1. Operations research:

Every systematic scientific research requires the implementation of a mathematical
model. The mathematical model consists of a set of mathematical and logical
relationships that explains the mathematical situation of the real-world phenomenon
under investigation. Mathematical Models show the link between system parameters
and objective functions to determine possible solutions under some constraints. A
model is a simplified version of a real-world situation. It is like an abstract that leaves
this information out, a researcher can always hope that the model's solution will include
values that are relevant to the original problem. Mathematical models must always be
solved and represent the original situation accurately. To explain a system, a
mathematical model uses mathematical terminology. Many fields such as biology,
economics, earth science, political science, meteorology, engineering, psychology,
sociology all can benefit from mathematical models. Mathematical models are widely
utilized in economics, physics, engineering sciences, and some other fields. Dynamical
systems, Abstract algebra, operations research, statistical models, real analysis,
differential equations, complex analysis, game-theoretic models, and some other types
of mathematical models are only a few examples. Numerical iteration, Markov decision
processes, Monte Carlo simulation, dynamic programming, probability theory, queuing
and other stochastic-process models, linear and nonlinear programming data
envelopment analysis, econometric methods, expert systems, analytic hierarchy, and
the decision analysis process are just a few of the techniques that can be used. Almost
all of these methods entail the creation of a mathematical model that describes the area
under investigation (Gupta and Hira 1995) and (Taha 2013).

The development and implementation of quantitative research to the solution of
real-world issues is the focus of Operations Research. Operational research is
concerned with a certain type of military and industrial challenge. The situation in the
military and industry is always changing. During World War Il, the first formal action
of operation research was launched in England when a group of British scientists

planned to make more scientific decisions about the optimal use of defence equipment.
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Then after that, it is established in many countries. Operational research was founded
in India in 1949 with the establishment of a research laboratory in Hyderabad. After
that, these ideas developed in the public sector to improve efficiency and productivity.
If we consider the problem of industry, where the reality is that every deal with
production and supply chain processes is changing due to new technology and
competition from other rivals, the issue is how to make a policy that optimizes the entire
cost of the system. Operation research is generated from the operation and research of
the terms, in which operation keeps referring to business activity. On the other side,
research is the activity of analysis and verification that is distinguished by scientific
methods. As a result, the term " Operation research" is referred to as scientific decision-
making or operations analysis, which is a subfield of applied mathematics concerned
with problem-solving (Taha 2013).

Operations research is a field that helps individuals solve problems in the real
world. There are numerous problem-solving models in operations research for diverse
situations. So, the challenge of supply chain management has been successfully solved
by a relatively new development in this domain. The problem is first formulated, and
then the solution is determined using one of the many approaches available. One
approach is to use optimization models, where decision variables are assigned values
that maximize or minimize the objective functions while adhering to the given

constraints.

1.1.1. Mathematical general methods for solving operations research problem:

To optimize a real-world issue using modelling simulation, many optimization

techniques are used. Here are a few examples:

I.  Manufacturing Optimization

Ii. Optimization of Transportation

iii. Optimization of the Supply Chain Scheduling
iv. Optimization of the Network

V. Cold chain Optimization

Vvi. Carbon emission supply optimization

The following are some of the applications that were used:
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i. Numerical iteration
ii. probability theory

iii. Monte Carlo approaches

1.2. Inventory:

It translates to "stocks". Inventory can be described as a collection of resources or
items which have not been sold. Inventory is widely used in a variety of ways in many
industries, such as supply chain management and manufacturing. Inventory is generally
stock that is available in any company or organization at a particular point in time for
future resale or manufacture. Material inventory is an ideal product, but it is not created
for instantaneous use. Warehousing, holding, insurance, deterioration, equipment, and
employees are the cost of capital engaged in financing inventory. There is a paradox
that says, “Inventory is a necessary evil”. This is because maintaining the inventory
is not only desirable but also both retailers and suppliers are unable to function without
it. Inventory is also described as “The necessary but idle resource having the
economic value”. Inventory theory came into focus in this form in the middle of the

twentieth century, when mathematical models for inventory control were developed.

1.1.2.Various forms of inventory:

There are various kinds of inventories. Listed below are a few examples: -

Producers, distributors, and dealers may keep inventory at various levels and
stages. Different kinds of organizations keep various forms of inventory, such as
varieties of items in a shopping mall; blood is the inventory in blood banks; books and
infrastructures are inventory in schools or colleges; beds, medicines, and other faculty
are the inventory in hospitals. Materials, money equipment, and even human beings are
examples of inventory. Inventory also known as stock, is kept in a storage facility by a
company or other organization. In the case of manufacturing firms, Inventory can be
mainly divided into three categories: raw inventory, work in progress, and finished
inventory, commonly known as product. The following is a useful taxonomy of

inventory three types for business purposes:



Raw material

Q \ J

f '

Work in process

In the business
sense, inventory

has three types R )
L / Finished goods

o

o A

Figure 1.1 Various kinds of inventories

i. Raw material:

Raw materials are materials that are used to produce goods or products and have not
yet undergone any processing or transformation. They are typically used as inventory
items in production or manufacturing businesses, and examples include steel, rubber,
timber, tin, copper, lead, and cotton, among others. Raw materials are typically not
found in trade businesses since these businesses are involved in buying and selling
finished goods rather than manufacturing them. Sugarcane is an example of the raw
material in its natural state utilized for the manufacturing of sugar (Plinere and Borisov
2015).

ii. Work in process:

The conversion of raw materials into final goods involves several stages of production,
including processing, assembly, and finishing. The work in progress section refers to
goods that have been partially produced or are in the process of being produced but are
not yet ready for sale. For example, in the production of sugar, the sugar may have been
processed, but it may not yet be packaged and ready for sale. This sugar would be
considered a work in progress and would not be included in the finished goods

inventory until it is fully packaged and ready for sale (Plinere and Borisov 2015).



iii. Finished goods:

Finished goods are Inventory that is ready to move to the customer. In the example of
a sugar factory, the finished goods would be the final packets of sugar that have passed
quality inspections and are ready for sale in the market. The inventory is useful in
several industrial, business, public sector, trade, banking sector, college-school, and
engineering sectors and useful for the transport networks, the construction sectors,
control of production, agriculture, networking, etc. Inventory allows these sectors to
maintain sufficient stock levels to meet demand and ensure that they can operate
efficiently (Plinere and Borisov 2015).

1.2. Management and control of the inventory:

Manufacturing, supply chain management, and other industries all depend on proper
inventory control and management. The goal of inventory management is to achieve
the most beneficial outcome from the least quantity of inventory. In brief, inventory
control and management involve keeping the appropriate amount of stock in such a way
that the company can satisfy the greatest number of customers at the lowest possible
cost. Inventory management and control means keeping the right amount of stock with
optimized total inventory-related costs to meet consumer demand. There are mainly
two important costs involved in managing and controlling inventory (Gupta and Hira
1995).

i. ordering and

ii. holding costs.

1.3.  Why do we need inventory control?

We often encounter problems when inventory is not properly handled in businesses,

which can lead to losses for customers, vendors, suppliers, manufacturers, and others.

To avoid these situations and reduce losses while generating profits, inventory levels

must be carefully monitored. Inventory refers to unused resources that are stored for

future use. Although idle, it is necessary for the smooth operation of any organization.

Effective inventory management is critical for any organization; good management can
5



protect the organization from large losses and lead to profits. Inventory management is
also essential for limiting demand fluctuations and reducing waste. Given the rapid pace
of global industrialization, effective inventory management has become more critical

than ever before.

Inventory management has become an important issue among them. Every industry is
supposed to run smoothly, hence efficient management of existing resources is

necessary for each business organization.

I.  To reduce Order Costs:

Ordering costs do include the cost of order placement, as well as inspection,
documentation, and other expenses related to a supplier's order process. These costs are
accrued with each order placement, regardless of the order size. Therefore, having

inventory becomes essential to reduce ordering costs.

I1. Demand:

It is not always possible to accurately predict demand over a long period or planning
horizon of several years. A company's ability to satisfy customer demand on time is
essential to its success and meeting its needs. If a customer is satisfied with your service,
they are likely to return, and may even recommend your business to others.
Additionally, greater demand usually translates to a higher inventory requirement.

I1l.  Effectively utilize the capital:

The inventory is mostly stored for transactional purposes. Without a sufficient range of
inventory, a company cannot sustain a certain level of sales. An enterprise cannot
ensure smooth operation in the field of production unless it maintains an appropriate
inventory of raw materials. Stocks of inventory can be maintained, but they must be

well handled. Then, an enterprise can effectively utilize capital.
IV. Time-saving:

Proper inventory management can help reduce transportation costs and associated

emissions by optimizing the storage and distribution of inventory, reducing the need
6



for frequent transportation of goods. This, in turn, saves time and resources for the

organization while also promoting sustainability.

V. Efficient running of the business:

Proper inventory management is required for a business to succeed. Inventory control
is required to enhance the proper performance of every organization, and therefore
inventory control and inventory management are also important. The very rapid pace
of industrialization has created lots of management issues. Inventory management is
one of the most serious challenges that every industrialist faces. Every industry is
expected to run efficiently, hence effective management of available resources is
necessary for each business organization. On one side, industries are dealing with rising
input costs, but on the other, due to competition, they are limited in their ability to raise
the price of finished goods. So, management members in the business sector must
effectively manage their resources. A lack of inventory can lead to stockouts, bringing
manufacturing operations to a halt, and on another side, a large inventory can result in
higher production costs due to the high cost of carrying inventory. So, the inventory

management system should ensure that inventories are neither too high nor too low.

VI. Lead time:

lead time refers to the time interval between when we place an order and when the order
is received (the time between initiation and completion). Most of the model considers
lead time as zero, but in reality, lead time cannot be ignored as it can significantly
impact inventory management. The existence of lead time makes it essential to have an

inventory to meet customer demand during the lead time and avoid stockouts.

VII. To reduce lost sales:

A lost sale is a loss of earnings, sale or profit. A lost sale occurs when a customer wants
to buy something but there is not sufficient stock to fulfil their demand and the customer

doesn’t want to put a backorder. To avoid lost sales, inventory should be kept.



VIIl. Economic service to customers:

Market demand and supply have an impact on the inventory held by the company.
Due to excess market demand, issues such as shortages and backorders have occurred.
If market demand falls, the company's goods will remain unsold and may even expire.
As a result, the company's inventory should be managed according to market demand.
Similarly, supply has an impact on inventories. Supply should also be available when

and where it is needed. As a result, inventory control and management are essential.

IX.  Price variations and unpredictability:

When the prices of raw materials are very low, companies often purchase them in bulk
to keep their operations running smoothly. By lowering the cost of raw materials and
obtaining higher prices for their products, companies can optimize their profits. Other
factors that can lead to bulk purchasing include quantity discounts, the short shelf life

of goods, and the risk of decay or deterioration of stock in inventory.

1.4. Basic terminology used in inventory management/concepts:

I. Demand:

A product's demand refers to the number of units needed to fulfil a business's
requirements. The amount of inventory that needs to be maintained is determined by

the consumption or usage rate of the product. There are two types of it.

i. Deterministic demand

ii. Non-deterministic demand

The quantity required over repeated periods is known with certainty in a deterministic
demand pattern, while in a non-deterministic, probabilistic demand pattern, the demand
required over a given period is not known with certainty. Different mathematical

methods can be used to classify demand into various categories:



i. Constant demand:

Constant demand refers to a situation where the demand for a product remains constant

over a given period and is not affected by external factors such as market demand and

supply.

ii. Time-dependent demand:

Demand is considered time-dependent when the quantity demanded for a product
fluctuates over time. For instance, the demand for Rooh-Afza Sharbat increases during

the summer season but decreases in winter.

iii. Price-dependent demand:

Price is an important component of any product, and when demand fluctuates
according to price, this is referred to as price-dependent demand. The relationship
between price and demand is an important factor to consider in inventory management

and pricing strategies.

iv. Inventory and carbon-price-dependent demand:

Inventory and carbon-price-dependent demand are major and important elements of
every business's operation. It is controlled and managed to ensure that it does not exceed
the requirement and along with, there is no shortage occur. Excess inventory causes
worry for management. Additionally, it may be helpful to clarify that excess inventory
not only prevents the company from making a profit but also ties up capital that could
be used for other business operations- to enhance customer demands. However
numerous research studies have traditionally held that product demand is stable or
driven only by price, and the impact of carbon emissions cannot be neglected. Several
researchers, like those by (Huang 2016) and (Aliabadi, Yazdanparast, and Nasiri 2019)
have found a link between the number of carbon emissions connected with a product
and its demand. It is well known that consumer awareness of environmental issues may

have a major impact on purchasing behaviour within a particular market, i.e., demand
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may rise or fall as on-hand inventory levels rise or fall. In addition, pricing is always a
critical demand factor. A situation like this is more probable to appear with consumer
goods inventory. As a result, models for managing inventory of deteriorating items with
the demand that is influenced by both carbon emissions and price should be explored.
The suggested study's purpose is to create some mathematical models that will
contribute to minimizing the overall inventory cost while simultaneously maximizing

profits.

v. Advertisement-dependent demand:

(Asoke Kumar Bhunia and Shaikh 2014) and (Khan et al. 2020) investigated that the
advertisement of an item is directly associated with demand. Therefore, advertisements
will increase the product demand and the product will sell out very soon. For retailers
and suppliers to enhance customer demands is a challenging feat. That idea would be
great in the case of items that have a short duration of use, their life span is short or will
soon reach their deadline for expiring. Due to carbon emissions and advertisements,
demand for products will undoubtedly be influenced. Advertisement is one of the most
effective promotional approaches to raise awareness about a product's popularity
among all classes of consumers. Manufacturers, retailers, or suppliers need to publish
advertising in mass media such as print media, visual media, and other advanced
technology to stimulate a larger group of customers to buy their products. So, the
retailer, supplier, and manufacturer must determine the advertisement process before

the sales period.

Il.  Deteriorating rate:

Deterioration generally refers to the process of decay in which an object gradually
becomes ruined or unusable. Every natural thing alters its nature as it progresses
through time. The rate of deterioration for any inventory management and control has
become a critical concern. Deterioration usually means quality deficiency or utility
deficiency. (Ghare and Schrader 1963) were two authors who introduced deterioration
in inventory control and management. Everything goes on to deteriorate with time. The

depletion of both inventory and manufacturing systems is the most unexpected. The
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terms broken, evaporated, spoiled, dried out, and damaged are all examples of words
that describe the deterioration of objects. There are mainly two types of deteriorating
items. The first type of deteriorating items is those which include all items that are
destroyed over time such as fruits, flowers, drugs, vegetables, and evaporating liquids
such as Perfumes, alcohol, gasoline, and some others depleted over time. Fruits,
vegetables, and cereals are declining as a result of direct decaying in storage. The
second kind of deteriorating item identifies those items which reduce their value due to
technological changes such as computers and mobile phones. Electronic products,
photographic film, chemicals, medications, and other items gradually lose their
potential or utility over time as well due to technological changes (Jain, Singh, and
Singh 2011). Hence, many scholars have made great attention to degradation inventory
schemes in the previous few years. The study on decaying stock control & management
has grown to be much more extensive. Several publications based on deteriorating items
have already been published. Since it is very common to have deterioration of inventory
in our everyday life, we should not ignore deterioration in inventory control. The
deterioration rate is mostly of two types:

I. Constant deterioration

Ii. Time-dependent deterioration

I1l.  Cost function:

The amount of money we spend on items is referred to as cost. Costs come in a variety
of forms, based on various mathematical circumstances.
i. Carrying cost or holding cost:

The carrying or holding cost is the cost associated with storing or holding inventory in
a warehouse or store. It depends upon quantity and time. As quantity and time increase
cost also increases and vice versa. It includes the investment for
deterioration, warehouse costs, preserving costs, taxes, stock risk costs, and
maintenance costs. It helps us for calculating the estimated profit or forecasting
the strategic planning of whether the level of the stock increases or decreases in the
store or warehouse.

ii. Cost of shortage or cost of stock-out:

11



These costs are related to either a delay in satisfying demand or a failure to meet
demand at all. Shortage costs occur when the stock of any supplier goes out of stock

or diminishes.

iii. Back ordering cost or lost sale cost:

The cost incurred by an organization when it is unable to fulfill an order promptly and
informs the customer that it will be delivered at a later time is known as the
backordering cost. It can be direct, indirect, or uncertain, and usually depends on the
enterprise and the time required for order completion. When a buyer places an order,
they are typically charged in advance, and the enterprise notifies the buyer when the

item will be received. If the buyer is not willing to wait, the sale is considered lost.

iv. Costs of Depreciation, Depreciation, and Obsolescence:

Depreciation or Obsolescence costs arise when products become out-of-fashion or
outdated, and retailers are unable to sell them at their original price. They may need

to sell them at a discount or dispose of them, which results in a loss for the business.

V. Cost per unit:

The cost incurred for each unit. is the total cost associated with producing or purchasing
that unit, which may include direct costs such as material and labour costs, as well as

indirect costs such as overhead expenses?

vi. Set up cost:

Setup costs are the expenses related to setting up the facility to produce goods. This
cost includes expenses for the place to set up a system of production as well as the costs
of the raw materials, equipment, arrangements, paperwork, and labour. It is a one-time
cost and is incurred when a new product is introduced or when changes are made to an

existing production process.

vii. Ordering cost:
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The cost of placing an order is calculated by multiplying the per-order cost by the
total number of orders placed within a given timeframe (e.g., a year or a month). The
time when the order is placed may affect the cost if there are seasonal variations or
other factors that affect the per-order cost, but it is not a direct factor in the calculation

of the ordering cost.

viii. Transportation cost:

A manufacturer must pay moving expenses when transferring its stock or other
resources to another venue. Therefore, it is necessary to incorporate these tasks into a
system of product movement to save money and give customers the most
optimized services possible. By having a well-planned and organized system for
moving products, a manufacturer can minimize the time and resources required for
transportation, reduce the risk of damage or loss, and ensure that products are delivered
to customers on time and in good condition. This can ultimately lead to greater customer

satisfaction and loyalty, as well as improved profitability for the manufacturer.

iX. Manufacturing or producing cost:

The costs associated with producing a product or item from start to finish can be
divided into fixed and variable costs. When production is dependent on demand, it is
referred to as a variable, on the other side, it’s not dependent on demand and is called
fixed.

X. Rework cost:

The cost of reworking a thing is the amount of money used to repair or modify or
reconstruct it so that it can be sold as a perfect or acceptable item. It is determined
during the process of conducting inspections after the final phases of manufacturing.
Rework cost is determined by the number of defective goods, which can be an
exponential, constant, or proportional proportion of the entire production.
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IV. Lead time:

Lead time refers to the time interval between when an order is placed and when the
order is received (the time between initiation and completion). The majority of the
model is built on the assumption that lead times are zero. sometimes lead time is
undoubtedly in inventory control, which we ignore. The uncertainty in a supplier's lead
time is a naturally occurring phenomenon. Mostly every supplier suffers such
a situation at a certain point within their commercial dealings. Even now, scholars
haven't explored deeply enough into this particular issue. (Jain, Singh, and Singh
2011)scenario addresses the realities of real-world business, since the supplier's lead

time, which is a random variable, has been observed.

V. Payment options:

(Shi et al. 2021) and (C. Wu and Zhao 2014) explained the role of advance payment
in the relationship between distributors and buyers, particularly for high-demand
products. Advance payment can be beneficial for products that have a short shelf life,
are perishable, or are close to their expiration duration. In a situation that is both very
competitive and uncertain and to ensure timely delivery, suppliers often request a
particular part of payment in advance from their clients. Customers can benefit from
advance payment by securing a lower price for their orders. However, advance
payment can also lead to a large carbon footprint due to increased production and
carbon emissions. To enhance liquidity, industries have implemented a strategy of
providing price discounts to customers who pay in advance. This allows the seller to
earn more interest on the liquidity, which in turn stimulates the production of more
goods and results in higher carbon emissions. Therefore, making a payment in advance

can have a noteworthy effect on both carbon emissions and production.

VI.  Rework process:

(B. Sarkar et al. 2015); (B. Sarkar et al. 2018); (B. Sarkar 2019) and (Tiwari, Daryanto,
et al. 2018) have proposed models that show the rework process is beneficial for

minimizing both carbon emissions and total cost of deterioration. In multi-stage
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manufacturing processes, the reprocessing of scrapped products is a common problem

for production industries.

To ensure customers receive only non-defective products, the purchaser inspects all
items delivered and returns any defective ones to the supplier for rework. Reworking
scrapped materials in every cycle can reduce unexpected defective items, total cost,
and carbon emissions during the production process.

Supply chain management:

The supply chain covers the entire process of producing and selling essential goods.
Manufacturers, suppliers, transports, warehouses, retailers, and customers are all part
of the supply chain. A process by which natural resources or raw materials are turned

into finished items and then sold to end-user or customers.

Inventory Supply chain management

Inventory flow ——
\Payment flow *

& Supplier

VY Ep =
N

materials
[ Raw material ] [Work in process

—

Finished goods ]

Figure 1.2 Process of supply chain management.

Supply chain management must go through various stages of centralization,
decentralization, and a combination of both strategic actions. The followings are the
main components of the supply chain process:

i.  Planning and forecasting

ii. Procurement and sourcing

iii. Production and operations

iv. Inventory management
15



V. Warehousing and storage
vi. Transportation and distribution
vii. Customer service and support
viii. Effective management of these components can help optimize the supply chain,
reduce costs, improve customer satisfaction, and enhance overall business

performance.

The followings are the four main pillars of the supply chain process. They have a crucial

role to play in effective inventory management:

producer

our pillars of th
supply chain model
(SCM)

e ———

Supplier Retailer

customer

Figure 1.3 Four Pillars of supply chain management

Most of the traditional models considered only the supply chain model without
coordination. But supply chain members such as suppliers, retailers, and manufacturers
are affected by each other. Collaboration amongst supply chain management is
important for efficient supply chain management. In today's global world, an
institution's or business owner's primary aim is to optimize overall value simultaneously

and emphasize carbon emission reduction that can be achieved by coordinating
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different strategies among supply chain participants. To extend the entire supply chain,
a lot of work has been conducted. Multiple parameters are used to enhance the
efficiency of inventory supply. The management of deteriorating goods in the supply
chain is currently one of the most critical challenges.

Table 1.1 Comparison between centralized/coordination and decentralized/without
collaboration supply chain

Comparison Basis Centralized supply chain Decentralized supply

chain
Applying field Applicable for small-sized Applicable for large-
businesses. sized businesses.

Economically benefit | Comparatively beneficial for | Not as beneficial

business purposes

Communication flow | Vertical Open and Free
Productivity Increase Decrease
Decision-planning/ Fast and quick Comparatively slow

Administration

Cost/profit Minimum/Maximum Maximum/ Minimum

I.  Manufacturer:
A manufacturer is also called a producer. a person who creates a product through a
process is known as a manufacturer. A manufacturer, whether an individual or a
company, engages in the process of transforming raw materials into finished products
using a diverse range of tools, technology, and production methods. Subsequently,
these completed items are delivered to customers.

Il.  Retailers:
A retailer is a person who sells goods to individual customers. A retailer is a person
who buys things from producers or whole sellers and sells them to the end user at a
market rate. Retailers keep goods in-store and sell them in small to the general

customers.
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1. Sellers:

A supplier is a person, organization, or institution that sells or supplies something to

consumers, such as commaodities or services.
1.4. Carbon emission:

The emission of carbon has been causing global warming for many years. Global
warming has been receiving attention over the last few years. The condition that is
created due to greenhouse gases (GHG) and some human activity is called global
warming. Global warming has been receiving attention over the last few years. Carbon
emission gases like methane and carbon dioxide increase the temperature of our Earth
and cause global warming (Cause of Climate Change 2022). Global warming causes
severe damage to our Earth, as it has destructive, widespread, and long-lasting effects.
It rapidly destroys the biodiversity of our world, causing the disappearance of many
species of plants and animals. Sea level rise, ozone layer depletion, rising temperatures
of the Earth, intensified stormy conditions, droughts, and floods are all effects of global
warming. Many studies have shown that the majority of carbon emissions come from
the manufacturing of goods. Managing the supply chain for goods that deteriorate is
challenging and risky because the usefulness of products that deteriorate can decline
due to spoilage, damage, or degradation during storage or transport. Therefore, some
countries are now focusing their efforts on reducing carbon emissions to combat global
warming.

A group of researchers is currently focusing on reducing their carbon footprint. For
example, (Toptal, Ozli, and Konur 2014) also explained that the Kyoto Protocol is a
global agreement connected to the UN Framework Convention on Climate Change. The
UNFCCC (the United Nations Framework Convention on Climate Change) came into
effect on March 21, 1994. On December 11, 1997, The Kyoto Protocol was signed by
37 industrialized countries. India also ratified the Kyoto Protocol in 2002. The United
Nations Climate Change holds a yearly conference in a different country, which is
called the COP. Encourage the business sector and developing economies to engage in
the effort to reduce carbon emissions. The government of any country and some

regulatory agencies considered carbon emission schemes to decrease carbon emissions.
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For instance, carbon tax and cap, carbon tax, carbon credit, and carbon offset, etc are

the main regulation policies.

i. Carbon tax:

(U. Mishra et al. 2021) and (Xi Chen et al. 2013) explained carbon tax in their research
articles, stating that a carbon tax is levied (imposed) by some government agencies on
business firms or industries that produce carbon dioxide during their work process and
leading to environmental pollution. The main objective of the government agencies
behind the imposition of tax is to control global warming and protect the environment.
A carbon tax is levied (imposed) by some government agencies on those business firms
or industries that produce carbon dioxide during their work process and lead to
environmental pollution. The main objective of the government agencies behind the
imposition of tax is to control global warming and protect the environment. In other
words, the carbon tax is also a fee is imposed on companies that use the environment-
polluting raw material, such as fossil fuels, in their processes, contributing to global

warming.

ii. Carbon cap and tax:

The carbon cap is slightly different from the carbon tax. A government agency or
regulatory authority imposes a carbon cap on the firm. If the firm emits more carbon

than this carbon cap, then it is taxed; otherwise, it is not taxed.

iii. Carbon cap and trade:

(Benjaafar, Li, and Daskin 2013); and (Qin, Ren, and Xia 2017) defined carbon cap
and trade term as a cap-and-trade scheme, in which a government or regulatory body
sets an aggregate legal limit on emissions (the cap) for a specified period and a cap-
and-trade policy has its own set of advantages, in that emissions credits can be
distributed to reduce the policy's adverse effects on industry and predict emissions
discharge. A carbon credit is a permit given by a government or regulatory agency for
a specific time that allows a company to produce a specific amount of carbon emission.
When an organization emits excess carbon over a limit, it is taxed and at the same time,

it has to reduce the carbon emission for which it can purchase credit from those

19



organizations that emit less amount from that limit. Less carbon-emitted industries can
sell their credit to other organizations that are emitting higher amounts of carbon. One

carbon credit equals one ton of carbon emissions.

IV. Carbon offset:

(Benjaafar, Li, and Daskin 2013); (Xi Chen et al. 2013); (Toptal, Ozlii, and Konur
2014); and (Dye and Yang 2015) explained that carbon offset is a project-based
mechanism that includes a financial investment towards emission reductions. A higher
carbon-emitting nation can fund a project in a developed or developing country in
exchange for a carbon credit, which goes to the developing country. A carbon cap is a
permit given by a government or regulatory agency for a specific time that allows a
company to produce a specific amount of carbon emissions. When an organization
emits excess carbon over a limit, it is taxed, and at the same time, it has to reduce the
carbon emissions, for which it can purchase credits from those organizations that emit
a lesser amount within that limit. The credits can be bought and sold on carbon markets,
and companies can use them to offset their emissions or to comply with regulations that
require them to reduce their emissions. It is a tradable permit that represents a reduction
of one ton of carbon dioxide (or equivalent greenhouse gas) emissions. Less carbon-
emitting industries can sell their credits to other organizations that are emitting higher

amounts of carbon. One carbon credit equals one ton of carbon fuel.
1.5. Cold and refrigerated supply chain:

The demand for refrigeration services to maintain the freshness of products is also
experiencing rapid growth. (Hariga, As’ad, and Shamayleh 2017) explained that
manufactured cooling is referred to as refrigeration. Energy is transported from a low-
temperature resource to a high-temperature resource in the form of heat. Refrigeration
and the cold chain have a significant impact on manufacturing, storage facilities, and
the supply chain as preservation technologies. There are many technical similarities
between space cooling and refrigeration, but refrigeration services commonly provided
substantially lower temperatures for the conservation of commodities. Another side, a
cold chain refers to cooling facilities that consistently maintain an optimum

temperature-controlled environment across an entire supply chain. Certain goods, such
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as pharmaceuticals product, Frozen Foods, ice cream, Fruits, vegetables, Seafood,
Flowers, meat, all dairy items, and Beverage products such as wines and spirits, require
an uninterrupted cold chain to save them. Therefore, supply chains must be equipped
with facilities, such as refrigerated warehouses and refrigerated trucks so that efficient
storage and transportation of temperature-sensitive goods. To reduce degradation, the
cold chain is also vital for maintaining the shelf life and quality of the products of
perishable foods and temperature-sensitive products.

Many environmental implications are caused by refrigeration and cooling technology,
especially in terms of overall contribution to GHG emissions. GHG emissions arise
because of liquid refrigerant and emissions from the provision of electricity needed to
keep supplying the freezing facility. It has been postulated that some businesses provide
refrigerated delivery services to other business owners, such as Walmart and
Americold. Manufacturing industries, as well as inventory control and management
practices, contribute to situations like global warming. Our cold supply chain represents
a large portion of the overall global carbon footprint. (Xi Chen et al. 2013) introduced
that in 2016, Walmart has made a new commitment to reduce carbon emissions from
the global supply chain by 1 billion metric tons by 2030 to achieve this goal Project
Gigaton was launched to address the fact that almost all emissions in the retail sector
occurred in product supply chains and transportation rather than stores and distribution
centres. The following are websites: (Walmart Sustainability. 2022), (Project Gigaton
Accounting Methodology. 2022), and (Glob. Cold Chain Alliance.2023) for more

information regarding this.
1.6. Kaya identity:

Global temperature rise is the effect of greenhouse gas emissions and even some
living beings. Additionally, the role of individual identity has gained significant
attention in the context of climate change in recent years. A worldwide awareness for
environmental conservation and protection is encouraging many more researchers,
organizations, and other government agencies to create and maintain an eco-friendly as

well as a negligible emission management system for supply chains.
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I.  Gross domestic product (GDP):

The entire value of all products and services generated in a country in a given year is
known as the gross domestic product (GDP). Gross domestic product measures the
monetary worth of final goods and services produced in a country over a specified
duration, whether it is quarterly or yearly. These products are then purchased by the end
users. GDP consists of commodities and services produced for market sale, as well as
certain non-monetary production, such as education services, government-provided
defence, and security. However, it's important to note that GDP does not encompass all
productive activity. For further details, please consult the following source:

(International monetary fund. 2023)

Il.  Energy:

According to (Quaglini et al. 2022), the term "energy" (E) refers to the amount of
fossil energy measured in joules (J). All fuels and electricity are assumed to be derived
from fossil energy. To access additional information, kindly consult the provided
source: (Cause of Climate Change. 2022) and (Final energy consumption. 2014)

Everyday activities such as heating, cooling, electricity supply, and transportation are
all dependent on reliable and efficient energy services. Energy is essential for the
proper and effective functioning of all economic sectors, spanning from business and
industry to agriculture. Energy intensity is a ratio of the volume of energy required to
produce one unit of GDP and can be used to estimate a country's energy efficiency.
The total energy consumed by end-users, such as households and businesses, industry,
and modern agriculture, is referred to as final energy consumption. The energy

consumed by the end-user, except for energy used by the energy sector.

1.7.  Planning horizon:

In general, the inventory management approach can be categorized into two major
cases built upon their time horizons: finite and infinite planning horizons. It depends

on the nature of demand and coordination between two organizations whether it is
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finite or infinite. The time horizon is the amount of time during which every firm or
organization engages in prospective analysis to envision and anticipate future
conditions as part of the formulation of a strategic plan. The time horizon refers to the
length of time that the inventory level will be monitored. Infinite horizon planning
refers to replenishment cycles that remain constant, whereas a finite planning horizon
indicates variability in replenishment cycles that is dependent upon various factors,
including demand, lead times, and supply chain coordination. Therefore, the time it

takes to replenish stocks can fluctuate from time to time.

'y
Order [ i ([)
(uantity /
_ ™
= QI ™
= -
9 ™
7
¥ ' =
n
7
= T1+l
]
w
v Replenishmept time
| — |

b 4 b o /’ L b by =T
4
Replehishment cycle length  Finite planning horizon

Figure 1.4 Finite planning horizon graph
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Table 1.2 Comparison between Finite and Infinite Planning horizons in a supply chain

Comparison Basis

Infinite Planning horizon

Finite Planning horizon

Simulations Steady Terminating
Possibility of| High Low
becoming obsolete

and wastefulness

Ending time or| Not defined well Defined well
condition

Overstocking hazard

The tendency for ordering a
greater amount of stock than
required leads to overstocking.

Reduces the danger of

overstocking.

Replenishment  cycle| Repeating only Repeating or non-
time repeating
Cycle length Usually, equal May be equal or
unequal
Increased  holding  costs Minimizi
i mnimizing €XCess
Holding  costs  of including  insurance, and .
. supply along with
inventory

opportunity storage costs due to

excess inventory holding

related holding costs.
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Chapter 2: Literature Review

2.1. Literature review:

In today's fast-changing economic world, becoming more stable is essential. The
existing literature on different carbon emission policy supply chain inventory models
(B. Sarkar et al. 2021); (U. Mishra et al. 2021); (Shi et al. 2019); (Shi et al. 2021) and
others reveal that with some carbon emission policies relations between retailers,
manufacturers, and suppliers are becoming more stable in today's fast-changing
economic world. However, coordination between retailers, suppliers, and
manufacturers depends on factors such as the types of goods, their demand, their
deterioration, and certain carbon emission policies. Many scholars have paid great
attention to degradation inventory schemes in the last few years. Indeed, due to the
deterioration, the inventory of the commodity continues to decline. It is necessary to
focus on the deteriorating product that is produced and delivered. Deterioration of
inventory is a common occurrence in our everyday lives, so we should not overlook it
in inventory control. In recent years, governments and some national or international
carbon emissions regulatory agencies are heading towards a way that the product and
its inventory management should be free from environmental impacts. This is
particularly relevant for items that are prone to deterioration. Several publications
focusing on deteriorating items have already been released.

For instance, both (Ghare and Schrader 1963) were the first to study the deterioration
rate for inventory lot-sizing problems with a constant deterioration rate and constant
demand rate. Afterwards, (Covert, Philip, and Philip 1973) enhanced Ghare and
Schrader’s study by considering two parameters of Weibull distribution for
deteriorating items. (Misra 1975) produced the first concept of output lot size for both
the constant and variable deterioration rate. (Tadikamalla 1978) made slight changes to
their model. They consider a variable deterioration rate instead of a constant one.
(Goyal 1985) Goyal (1985) studied the EOQ model while considering the permitted

extension in payment, for the fixed time. (Aggarwal and Jaggi 1995) prolonged Goyal’s
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(1985) work by considering an extra parameter deterioration. (Benkherouf 1995)
eliminated the assumption of decreasing time-dependent demand and constant
deterioration rate for an inventory model under a shortage. (Hariga 1996) studied the
lot-size problem for deterioration with shortage and time-varying demand. Many
researchers, including (Chakrabarti and Chaudhuri 1997); (Giri and Chaudhuri 1997);
(Ghosh et al. 2006); (Sabahno 2008); (Sett, Sarkar, and Goswami 2012); (Yadav and
Vats 2014); (Santhi and Karthikeyan 2015); (Chowdhury et al. 2017); (P. N. Singh et
al. 2017) and some others, have studied in this area. Additionally, this study examines
how the demand rate is affected by both the available stock and the selling price. Full
and partial shortages are permitted. Investing in preservation lead to a decrease in the
deterioration process. The research study by (U. Mishra et al. 2018) investigates the
replenishment strategy of a retailer for items that are prone to deterioration in the
context of a trade credit policy. Also, this study explores the investment in preservation
technologies to lower the pace of deterioration. (Sepehri et al. 2021) present a price-
dependent demand for deteriorated goods, with permitted late payments which enable
the buyer to control or manage the inventory and generate demand. Moreover, a carbon
cap and trade are also considered. It has been noted that there is a trade-off between
investing in carbon emission reduction technologies and the profit derived from

emission reduction.

Supply chain management for deteriorated products has become one of the most well-
known pressing issues today. Supplier-retailer relation goes through various stages,
including with coordination or without coordination, and a combination of both
strategic actions. Most traditional models consider only supply chain models without
coordination. Since supply chain members, such as suppliers and retailers, mutually
influence each other, it is necessary to develop a system that enhances collaboration
among supply chain management. Models have been developed by several researchers
to enhance the relationship between suppliers & retailers. For some illustration, the
work of (Banerjee 1986); (Goyal 1988); (Wee, Wee, and Wee 1998); (Chu et al. 1998);
(Chung 2000); (Liao, Tsai, and Su 2000); (Yang and Wee 2000); (Teng and Chang
2005); have presented deterioration model in a Supplier-retailer coordination system

with two levels. (Wahab et al. 2011) studied three distinct situations: a national, and
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international supplier-retailer coordination system that considers environmental impact
in its decisions. They proposed two-level coordinated supplier-retailer models to find
the Policy for optimized production—supply. (Kim and Sarkar 2017) developed a two-
level supplier-retailer model that assumes a trade credit scheme and transport
concessions. This model provides a system for coordination between transport
concessions, trade finance, the number of deliveries, the increase of quality goods, and
minimal operating costs, in order to minimize the total cost of the system. In this
research approach, the seller provides the trade credit duration to the customer.
(Barman, Das, and De 2020) presented a multi-decision-making approach to address a
supplier-retailer model for the decaying items. Additionally, demand is influenced by
the price of sale, item stock, and time under a finite time horizon. Furthermore, this
study addresses the shortages of inventory along with a time-dependent backlogging

rate.

For retailers and suppliers, developing the business to enhance customer demands is a
challenging feat. In recent years, many researchers have focussed on the field of carbon
emission-dependent demand. Some of the related articles have explored the supply
chain, including the topics such as the deterioration of items and carbon emission-

dependent demand.

(Hovelaque and Bironneau 2015) investigated a unique model that considers the
connection between an inventory model (EOQ), total greenhouse gas emissions, and
demand that is both price and environmentally dependent. (Huang 2016) developed a
two-level inventory supply decision model for only one product that includes a retailer
and a producer that is dealing with selling price-and-carbon dependent demand. Product
carbon emissions have an impact on both demand and manufacturing costs. When a
manufacturer's carbon emissions decrease, demand for the goods rises, and the cost
rises. On the other hand, when the product's carbon emissions increase, demand for the
product begins to fall, and the cost also starts to decrease. The EOQ model created by
(Aliabadi, Yazdanparast, and Nasiri 2019) aims to minimize emissions by
implementing a carbon tax policy, while also mitigating default risk. The study takes
into account factors such as the demand rate for degradable goods, credit terms, and

selling price, with a particular focus on trade credit, along with backlogging. (V. Singh
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et al. 2019) develops a supply chain coordination inventory model with deterioration

for finite horizon planning.

So far, the previously surveyed literature reveals that carbon emissions have been used
in a supply chain coordination model with deterioration and several parameters.
However, all parameters under infinite or finite horizon planning have been studied
only for a single length of a cycle. It seems there are a handful (few) studies that
specifically address emissions-dependent demand in inventory and supplier-retailer
inventory models with carbon emission and deterioration items. There has been no
study before it with deterioration and carbon emission demand in the supply chain

inventory model under finite horizon planning for a single length of the cycle.

(Benjaafar, Li, and Daskin 2013) suggest that, in some circumstances, simple
operational modifications might result in considerable emission reductions without
major cost increases. Furthermore, the study examined how coordination between
different entities within a single supply chain affects both costs and carbon emissions.
Moreover, the research offers several observations: it is difficult to measure the
complete impact of various regulatory policies without considering the operational
changes that organizations may make in response to the regulation. Additionally,
operational models are valuable tools for assessing the effects of different regulatory
policies and the benefits of investing in low-carbon-emitting technologies. (Xi Chen et
al. 2013) proposes a requirement in the EOQ model under which emissions can be

decreased by adjusting order inventory.

Carbon emissions Regulatory laws were also studied, such as a tight cap-and-trade
system, carbon taxes, cap-and-price mechanism, and carbon caps. (U. Mishra, Wu, and
Sarkar 2020) explored a sustainable economic production quantity (SEPQ) approach
with the carbon tax and the cap under distinct situations with and without shortages by
investing in green technologies, which can help reduce carbon emissions. (Q. Zhang,
Tsao, and Chen 2014); (U. Mishra, Wu, and Sarkar 2020); (U. Mishra, Wu, and Sarkar
2021); and some other researchers also considered carbon tax and cap in their models.

28



A supplier-retailer inventory model assumes that full or partial advance payment must
be made by the buyer/retailer or customer before the retailer receives the goods from
the supplier. The following is a list of related articles that discuss advance payment and
the deterioration of items. (Hsu et al. 2006) conducted a research study that explored a
stock maintenance approach for degrading goods with an expiration date, which was
based on advance payment. (Hariga, As’ad, and Shamayleh 2017) examine an
inventory supply network where the supplier offers a complete trade credit option for
payments to the retailer, while the retailer provides their customers with only a partial
trade credit period. Some retailers offer a price reduction if you pay in advance. The
prepaid payment method is an effective way to reduce demand estimation risk and boost
sales volume. (Lashgari, Taleizadeh, and Ahmadi 2016) are researchers who investigate
an inventory issue in supplier-retailer coordination, including a retailer, a supplier, and
several consumers with partial payment delay and partially prepaid. (Teng et al. 2016)
addressed advance payments in EOQ models, in which a supplier often demands a
buyer to pay a proportion of the acquisition cost in advance as a guarantee. (J. Wu,
Teng, and Chan 2018) in this model, for essential commodities, the seller usually also
requires advance payment. (Shi et al. 2019) have proposed an EOQ inventory
coordination model that takes into account a carbon taxation policy aimed at reducing
carbon emissions. In this model, the supplier offers three different payment choices to
the retailer, namely advance, cash, and instalment payment, as well as credit options
for payment. (U. Mishra, Wu, and Sarkar 2021) researchers introduce an inventory
control model with deterioration and carbon emission rate that can be controlled under
carbon emission planning including a carbon tax and carbon cap with advance payment.
(He et al. 2015) also described advance payment in their model. (Marchi and Zanoni
2023) provided this study. Beatrice Marchi and Simone Zanoni 2023 extend a previous
model developed by Huang et al. (2020) to investigate how carbon regulations and
green technology affect integrated inventory management in a supply chain. For
analysis, three carbon emission strategies are considered: carbon emissions, carbon

taxes, and cap-and-trade.

The three-level supply chain covers the entire process of producing, holding,

transporting, and selling essential goods. Manufacturers, suppliers, retailers, transports,
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warehouses, and consumers are all part of the inventory supply chain. A process by
which natural resources or raw materials are turned into finished items and then sold to
end-users or customers after transportation. The researcher (He et al. 2015) discuss a
firm's production lot-sizing problems within the cap-and-trade mechanism and tax
approach. (B. Sarkar et al. 2016) explored a three-echelon supply coordination model
in which the supplier manufactures semi-finished goods and transports them to the other
manufacturer for finished goods. The model's objective is to decrease supply chain
costs by including variable transportation and carbon emissions costs from many
deliveries. According to (Daryanto et al. 2019), emitting carbon from warehousing and
transportation and the disposal of decayed goods are all part of a three-level supply

chain.

(S. Wang et al. 2017) focused on the optimization of the Transportation Problem (VRP)
with service times to maintain the cold-supply chain in China's carbon tax-based supply
networks to minimize the cost pressure on freezing supply chains carried on by the
carbon tax policy. Researchers developed a low-cost, low-carbon cold supply chain
distribution route for optimization. Additionally, there are fixed costs associated with
the vehicle's distribution process, such as damage costs, transportation costs, associated
with fresh goods produced by agriculture, the cost of carbon emissions, and freezing
costs, to consider. In their study, (Hariga, As’ad, and Shamayleh 2017) examined a
multi-stage supplier-retailer chain model consisting of a factory, a distribution centre,
a storage facility, and a retailer. The researcher introduces a capital expenditure
minimization model, a composite economic and environmental risks reduction model,
and a carbon emissions minimization model, all of which aim to determine the best
order size and shipping volumes, including the number of vehicles that will be used in
supply management, directions and the number of refrigerated units to be used during
the entire process and reducing carbon footprint through the use of carbon tax policy.
(M. Wang et al. 2018) the research investigates a carbon trading framework in a fresh
food supply that uses refrigerated delivery service with the carbon cap-and-trade
regulation. It also examines the relationship between refrigerated shipping services and
carbon trading, as well as their combined impact on the collaboration between suppliers

and retailers. (Hu et al. 2021) used a Model for reducing carbon footprint, the
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relationship between the expected rate of freshness, the frequency of the refrigerated
truck, carbon emission, and the distance coefficient are discussed in this chapter. This
study hopefully finds a way to reduce the total cost of a business, control carbon
emissions, and benefit the development of the cold chain industry by studying the
relationship between such main factors and carbon emissions and overall cost.

(Dye 2013) and (Dye and Yang 2015) considered greenhouse gas strategy tax, a cap-
and-trade system, and carbon offsets in their study.

(Asoke Kumar Bhunia and Shaikh 2014) formed a supplier-retailer coordination
planning for items that are prone to deterioration with fluctuating demand that is
affected by both the selling price and terms of advertising. Shortages are not permitted
in the first model but are allowed in the second. The deterioration rate in both models
follows a three-parameter Weibull distribution model. (Khan et al. 2020), state that
demand is affected by both the price of sale and the advertisement.

Some of the related research work with a three-level supply chain that considers the
deterioration of items and rework process can be found in (B. Sarkar et al. 2015); (B.
Sarkar 2019); and (B. Sarkar 2019). The study by (Tiwari, Daryanto, et al. 2018)
presents an inventory model that integrated a supply chain consisting of a single
supplier and a single retailer with decaying goods of inferior quality, considering carbon
emissions. The objective of this approach is to reduce overall inventory costs as well as
carbon emissions costs. (B. Sarkar 2019) found that the vendor’s setup value is variable
and delivery inventory levels are different and unpredictable. After collecting the lot,
the customer performs an observation of the delivered products, and if imperfect goods
are found, they are returned to the supplier for the rework process. The major objective
of considering this model is to show how to reduce the expansion of carbon pollution
for the retailer and buyer model. The major purpose of (Tiwari, Daryanto, et al. 2018)
in this analysis was the optimization of green production lots or backed-up goods in
keeping with trade credit policies to reduce total annual costs. At the end of every
sustainable manufacturing cycle, the rework aims to reduce environmental damage by
preventing the retailer from passing on defective items. Trade credit policies can act as
a source of stock reduction and sales growth. (Rout et al. 2020) look at a supplier-

retailer integrated model for a single retailer- single buyer production stock, taking into
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consideration imperfect items for the rework process, different regulatory policies for
emission reduction such as carbon tax, and deterioration. (B. Sarkar et al. 2021)
developed a plan that included a three-level supply network approach that includes only
one supplier, one producer, and several retailers. The main objective of this plan was to
consider coordinated sustainable supply chain management to lower total supply chain
costs. Simultaneously, the intention was to control deterioration and reduce emissions.
To avoid excessive holding expenditures, the retailer keeps the order according to
customer requirements. The demand is considered to be constant throughout the supply
chain and the majority of a retailer's expenditure is spent on ordering and holding
inventory. (De-la-Cruz-Marquez et al. 2021) provide a supplier and retailer inventory
framework for growing low-grade commaodities when the demand for products is price
dependent, relating to carbon emissions. The impact of a carbon tax, as well as the
amount of carbon footprint, is analysed. After the screening procedure, all objects of
poor quality are sold in a single collection. In supply chain management, (Ahmed et al.
2022) propose mending defective products locally to save resources and decrease the
environmental effect. By merging product repair and multi-trade credit rules, it offers
a multi-trade credit period for global purchasing and produces an inventory model to
optimise supply chain profit. Sensitivity assessments evaluate the model under various
supply chain characteristics. (Maheshwari et al. 2023) develops a resource-efficient
rework and remanufacturing model to solve the matter of decreasing supply chain costs
and impact on the environment in the three-layered supply chain. Using Lingo and
Mathematica software, analytical optimisation techniques are used to minimise system
costs across the most efficient planning horizon. The determination of parameters to

the objective function is investigated via sensitivity analysis.
2.2. Motivation and background (research gap):

Numerous academics, scientists, and researchers have made significant contributions
to the field of supply chain inventory models. The majority of research in this area has
focused on developing models for either infinite planning horizons or finite planning

horizons with equal cycle lengths.
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As far as we know, no researchers have yet created a model for inventory management
of items experiencing degradation with associated demand dependent on price or
emissions, specifically designed for supplier-retailer scenarios under a finite planning

horizon.

Additionally, no research has been conducted on the coordination of supplier-retailer
inventory management in the context of carbon emission policies, such as carbon taxes
or caps, for deteriorating products with the demand that depends on both time and
carbon emissions and may involve partial or full advance payment under finite planning
horizon. This represents a significant research gap, and the proposed work is unique in

that it considers issues that are relevant to both economic and environmental concerns.

Another gap in current research is the absence of any discussion by researchers on a
three-level supply network for managing inventory of items that are subject to
deterioration with refrigeration, carbon emissions dependent demand, and subject to

carbon tax regulations, all within a finite planning horizon.

Numerous authors have delved into various aspects of inventory management, ranging
from carbon emissions and advertising to defective items, rework processes, carbon
offsets, and inspections. However, to date, no literature has explored the cumulative
impact of carbon and advertisement-dependent demand, defective items, rework
processes, and carbon offset regulations on a supply network model operating within a

finite planning horizon.

After conducting a thorough literature review, | have identified four main objectives

that | propose to pursue in my research.

In supply chain control and management with carbon emission under a finite planning
horizon, the optimal cycle length dependent on total cost is nowhere to be found in the
academic literature review. Therefore, based on the research gap, this study tries to
focus on the parameters such as two-level and three-level supply chains, management
with deterioration items, advance payment, refrigeration, carbon emission, and
advertisement-dependent demand and rework parameters. some carbon emission

policies will be used to show how these policies affect carbon emission and supply
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chain management. The supplier-retailer inventory for deterioration items with
different carbon emission planning such as the carbon cap, carbon offset, carbon tax,

and cap credit, can be modelled in a finite planning horizon.

Nowadays, the world economic scenario has turned up with one highly essential aspect:
trying to minimize carbon emissions. Organizations or industries all over the entire
globe are now expected to attain their long-term or sustainable (economic,
environmental, and social) targets. They have to maintain a balance between
profitability and long-term growth. Therefore, this research study is motivated by the
idea of establishing a carbon-reduction environment under finite planning while

keeping all sustainable targets.

To our knowledge, this is the first study that takes into account inventory control with
different policies of carbon emission under finite planning. Therefore, the proposed
research topic is “Supply chain inventory models for different carbon emission policies

”

under finite planning horizon”.

Deterioration

‘ Supply chain

‘ Carbon policies ‘

Carbon emission

dependent Finite
— . Planning
Horizon

Refrigeration | )

Advance payment

Advertisement
demand )

Rework process J

e,

Figure 2.1 Problem Identify.
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2.3. Research objectives of the proposed research study:

The following are the objectives of this study:

I. A supplier-retailer inventory coordination model for deteriorating items with
price and carbon emission-dependent demand in a finite horizon would be
examined.

Ii. A supply chain inventory model for deteriorating items with carbon emission-
dependent demand and advanced payment including a carbon tax and cap policy
will be studied.

iii. To analyze a three-level refrigeration supply chain model including carbon
emission-dependent demand for temperature-sensitive items considering
carbon tax regulations.

iv. To analyze carbon offset for a production system with carbon emission
dependent and advertisement dependent demand for rework process of

defective production under a sustainable supply chain management.

2.4. Proposed methodology:

As part of the proposed research, a mathematical model was developed through a
planned methodology to determine the optimal level of costs and inventory based on
the literature review. The resulting model directly incorporates factors such as time,
costs, and optimal profit or cost within the firm.

The issue of carbon emission in inventory control and management has become an
important and current topic of discussion among researchers and scientists. Its potential
applications are wide-ranging, spanning fields such as marketing and management,
economics, geography, biology, physics, finance, and chemistry.

In this study, numerical iterative methods are described to check the correctness and
truthfulness of the mathematical model. | am using Mathematica software which helps
me to solve numerical calculation work. Mathematica is the most widely used software
for research. Mathematica software is very helpful to solve mathematics problems and

is time-saving too.
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Few Mathematica commands such as _Find Root[ {f1,f2,...},{{x,x0},{y,y0},...}] seek
to find a numerical solution to the set of simultaneous equations.
Several steps were used to develop a better understanding of the information
requirements to develop a model for inventory management. These steps include:

e A literature reviews.

e Development of a theoretical model mathematically.

e The model analysis.

e A numerical example and Theorems were also developed after the theoretical

model has been created.
e A sensitivity analysis has been done along with graphical representation and

even in tabular form.

comparative study of the model results with existing literature.

A mathematical model was also derived from the reviewing of the literature by using
planned Methodology to identify the optimal level of cost and inventory. Within the
firm, the model directly reflects the time, various costs, amount of carbon emission and

the optimal profit or cost.

3 Theoretical i
S st S, |
review ;
(through LR) formulation research problem)

4

Under carbon

Numerical &

Sensitivity Analysis of emission
the model( By
Mathematica software)
Solution by suitable

iterative Methods

Figure 2.2 Research Methodology
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I.  Differential equations:

Now, consider a D(t) demand over the time interval t; < t < t;,4 given by D(t) =
a+ bt, where a and b are positive or zero and 6 the rate of deterioration of inventory.
level the inventory level at any time t is given by differential equation.

dlp, (t)
I;Lt ==D(t) =0 *1,,(1) where t; < t < tj44 (2.1)

The inventory level is given by the
I, (t) = e~% [ (a + bu)e?** dt (2.2)

The order quantity for ith cycles

Qiv1 = Ip,(t;) = fttiﬂ (a + bt)e®=1) dt (2.3)

i

Il.  Optimization:

i. Extreme value theorem:

In the Mathematical Optimization Model, the Extreme Value theorem is used to show the G(x)
real continuous function obtained maximum or minimum value within any interval. Let G(x) be
a continuous function with the interval [a,b] and then the graphical representation of

extremal values.
ii. Hessian matrix definition:

Now, let a G(x) be a function in n variables. The hessian matrix of G is square and consists of the
second order partially derivative w.r.t to independent variables. Function G(x) is a convex function if
the Hessian matrix is positive definite. Moreover, the Hessian matrix had to be positive definite since

it contains positive diagonal members and has strictly diagonal dominating features as shown below.

The fact that the Hessian matrix of G(t) is positive definite is sufficient for G(t) to be

minimal\maximum or Optimum (Mishra et al. (2012) and Sarkar et al. (2012)).
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I11.  Use of computers Mathematica software version 12.0:

Following an algorithm and writing a program for the software Mathematica version
12.0 to calculate the optimal total cost for the retailer as well as supplier and order
quantity, replenishment time, and replenishment cycles can be obtained which is in the
table below. Mathematica software is very helpful to solve mathematics problems and
is time-saving too. Few Mathematica commands such as.

1. Find Root[{f1, f2, ...},{{x,x0},{y,y0},...}], which seeks to find a numerical
solution to the set of simultaneous equations.

2. tjy1 = tjy1/.FindRoot[EQ12, {t;,4, 0}, AccuracyGoal — 4, PrecisionGoal — 4];

3. Print[MatrixForm[Tabforti,];

See appendix B for the Mathematica program.

Table 2.1 Total cost of the retailer, supplier, order quantity, replenishment time and
replenishment cycle in a supply chain system

a ;» to n t2 t3 ta ts n TRet Tsup Qnt
i

0.001 |0 142 20827 26329 3.1244 4 5 30942.0 15428.31 18092.29
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2.5. Areas of application:

Vi.

This study aims to offer organizations guidance on making inventory decisions
that align with various environmental requirements while effectively utilizing

technologies.

. By providing more flexibility across the production process, this study can

enable better resource utilization, potentially leading to increased profits.
This study has been conducted that may offer insights for governments and
regulatory agencies to create policies that promote economic growth while
reducing carbon emissions.

The study could provide valuable information for businesses seeking to
forecast demand.

This research study must be available to optimize supply chain management
in real time, which can help control inventory and increase working capacity.
It also suggests that industry collaboration can help support firms in reducing
costs using this information.

Proposed research outcomes contribute significantly to creating a more
sustainable environment by reducing carbon emissions from production
processes, supply chains, or services. This research study suggests that this
reduction will be achieved by using carbon footprint information and

identifiable analysis.

2.6. Sources of data collection:

Primary Data: | have planned to use Primary data which consists mainly of
personal interaction &Telephonic, data analysis, field visits (visits to the
industry), photocopies, and inspections are utilized as required.

Secondary Data: secondary information is also used in addition to primary
sources. Externally and internally secondary data sources can be used. Data
and activities mentioned in Annual reports, as well as the sample's sites on the
internet, are used as internal sources. Data from publications and research

papers can be used in external.
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Table 2.2 Methods of Data Collection

S.No. Primary Data

Secondary Data

research methods.

1. Fetched data directly from

sources through specific

Fetched data from existing sources
that were collected by other
researchers for different analysis

objectives.

2. Survey:
a. Interview.

b. Observations.

Internal Sources:
a. Annual Reports.

b. Authentic Websites.

3. Field Visit.
Data Analysis.

External Sources:
a. Published Research,

b. Journals.

2.7. Industrial visit report:

Visit Sugar Factory: Kaithal Cooperative Sugar Mill

Sugar industry E-mail ID: ktlsugar@gmail.com

Date & Time of Visit: 12TH August- 2021

Duration: 1 Day

Kaithal Cooperative Sugar Industries

Kaithal Cooperative Sugar Industries is registered under, the Haryana State

Federation of Coop. Sugar Mills Ltd., Panchkula. it was established in 1991. It is one
largest sugar industries in Haryana. The sugar plant has a capacity of 25,00 TCD (ton

cane per day).

Working process:

On the 12th of August 2021, we went to Kaithal Cooperative Sugar Mill. First, we
went to the Sugar Industry. we arrived at Sugar Industries at 9.15 am. First of all, we

met Mr. Sumit Kumar, a general worker of a sugar mill who guides me on where we



mailto:ktlsugar@gmail.com

should go, to get proper information about the working process. After that, we went to
the Chief.

Engr. A.A.Siddiqui office and Chief Chemist K.K.Tiwari introduces my working
process. Then | visited the whole industry with Chief Chemist K.K. Tiwari. Sugar is
produced using the Double Sulphitation Process, and a Sugar Syrup Clarification
System has been built in the facility to meet international standards. The

manufacturing process follows three steps.

e SUGAR
e BAGASSE
e MOLASSES

The Bagasse is left after crushing the sugarcane, that is used to produce energy. after

producing energy only 3-4% of Bagasse is left that later sell to other industries.

Chief Chemist told me about their warehouse. they had four warehouses and also
talked about their transportation system. The retailer has a transportation system
during the supply of sugar. The industry just hires transportation to purchase raw

materials.

The supply process is done online only. Online porter has been provided by the

government and a website https://etenders.hry.nic.in has been provided on which the

employees of sugar mills put their daily sugar rates, according to which the retailer
will place their demand. After that, The Ch. chemist took us to the sugar sale manager
Mr Jagdish Chander who gave me information about the tax. He said that within the
states 5% GST on sugar with which 2.5% CGST and 2.5% SGST. Out of state only

5% IGST. He also said that the tax imposed on Molasses is 28% and 5% at Bagasse.

After getting all the tax information, we went to Mr. Balwan Singh the accountant of
the Sugar mill who provided me with all the working process data. He provided me
with a manufacturing and trading report, a profit and loss report, a report of the cost

of sugar production, and a balance sheet for the financial year 2019-20.

Summary:
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The visit was aimed to enhance knowledge about the working process, to understand
the operations that are used in the SUGAR INDUSTRY, Kaithal, and to understand
the different processes implemented to prepare sugar from sugarcane. At Industry we
were able to see and understand different mechanical operations carried out in the
industry for instance cutting, shredding, screening, centrifuging, etc. The aim of the
visit was fulfilled at the end of the “SUGAR INDUSTRY” visit and last, we came
back to my home.

Some pictures were taken during the industry visit.

Bagasse used to produce energy Boiler house
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Chapter 3: An Inventory Model for the Association Between
Retailer and Supplier for a Finite Planning Horizon with
Carbon Emission-Dependent Demand.

3.1. Abstract:

As people's concern about environmental issues grows, the influence of emissions on
demand becomes increasingly evident in the field of biomaterials engineering and the
manufacturing of other materials. Due to carbon emissions and some other factors some
of the items may deteriorate. develop. In both the centralized and decentralized cases,
we are solving the model. This study supports retailers and suppliers in reducing total
inventory costs and carbon emissions by computing the optimal amount of the order
and optimal order interval. Finally, we are presenting numerical examples of the
suggested method and its optimal results. A sensitivity analysis has also been conducted
with the help of Mathematica version-12. In addition, several managerial insights are
also highlighted. Further, this chapter is extended with the carbon tax and advance

payment in the next chapter.

3.2. Introduction:

Deterioration for inventory control and management, the rate of deterioration has
become a big issue. Inventory deterioration is a very common occurrence in our daily
lives. Everything continues to deteriorate with carbon emissions and price-dependent
demand. Deterioration is represented by the term’s dryness, brokenness, evaporation,
rotting,spoilage, and damage. There are many types of deteriorating items. The first type
of deteriorating items is those whichinclude all items that are destroyed with time, price,
and due to carbon emissions like vegetables, flowers fruit, Biomaterials (drugs and
pharmaceuticals), and so on. The second category of deteriorating items refers to those
goods which fall their value due to technological changes such as computers and mobile
phones. Due to the increasing recognition of the impact of deterioration on inventory
control and management, scholars have dedicated significant attention to studying

degradation inventory schemes in recent years. So, the research study on decaying
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inventory control and management has grown to be much more extensive. Several
publications such as (Ghare and Schrader 1963) and (Covert, Philip, and Philip 1973)
based on deteriorating items have already beenpublished. Recognizing the importance
of environmental considerations, governments and some national or international
carbon emissions regulatory agenciesare heading toward a way that the product and its
inventory management should be free from environmental impacts.

A critical aspect of the inventory supply chain system is stock management
and controlof deteriorated goods. Management of the supply network for deteriorated
products becomes one of the most well-known pressing issues today. Supplier-retailer
coordination has to go through various stages with coordination or without
coordination, and a combination of both strategic actions. Most traditional models are
considered only supplychain models without coordination. But supply chain members
such as suppliers and retailers, affect each other, making it necessary to develop a
system that enhances collaboration among supply chain management with carbon

emission regulation.

3.3. Literature review:

Deterioration has become a significant concern in inventory control and management.
To draw attention to this type of phenomenon, (Ghare and Schrader 1963) the first two
famous authors looked at the deterioration rate with a constant demand rate and a
constant degradation rate for inventory control and management. Further, (Covert,
Philip, and Philip 1973) extended the model byconsidering two parameters of Weibull
distribution for deteriorating items. (Misra 1975) developed the first model of out-put
lot size for both the variable and constant deterioration rate. (Tadikamalla 1978)
modified the conceptual framework of (Ghare and Schrader 1963) with a few changes.
Who took a variable deterioration rate instead of a constant. (Goyal 1985) studied the
EOQ model considering the sufficient amount of time for payment. Goyal’s work was
advanced by (Aggarwal and Jaggi 1995) by considering an extra parameter
deterioration. Various other researchers such as (Hariga 1996)6); (Giri and Chaudhuri
1997); (Chakrabarti and Chaudhuri 1997); (Ghosh et al. 2006); (Sabahno 2008); (Sett,
Sarkar, and Goswami 2012); (Yadav and vats 2014); (Santhi and Karthikeyan 2015);
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(Chowdhury et al. 2017); (V. Singh et al. 2017) and (V. Singh et al. 2018) and some
others also have considered deterioration in their research work. (U. Mishra et al. 2017)
considered the demand rate as a function of selling price and stock, allowing for full and
partial Shortage. Investing in preservation was found to slow down the deterioration
process. (U. Mishra et al. 2018) considers a retailer’s Credit policy for items that are
degrading and invest in preservation technologies to slow down the deterioration
process. (Sepehri et al. 2021) presented a model for deterioration commodities,
considering price dependent demand, with permitted late payments for the customers to
manage the inventory and generate demand, as well as a carbon cap and trade, is also
considered. It is noteworthy that there must be a trade-off between the investment in
carbon emission reduction technologies and the profit derived from reducing emissions.

Models have been developed by several researchers to enhance the relationship
(Haleem et al. 2021); (Wee, Wee, and Wee 1998); (Chu et al. 1998); (Chung 2000);
(Liao, Tsai, and Su 2000); (Yang and Wee 2000); (Teng and Chang 2005) work has
been presented deterioration model and Supplier-retailer coordination system. (Wahab
et al. 2011) Studied three distinct situations: a national, and international supplier-
retailer coordination system that considers environmental impact in its decisions, and
two-level coordinated supplier-retailer models are proposed to find the policy for
optimized production and supply. (Kim and Sarkar 2017) a two-level supplier-retailer
model, assuming a trade credit scheme, and transport concessions to provide such a
system for coordination between transport concessions, trade finance, the number of
deliveries, the increase of qualitygoods, and minimal operating costs. The objective was
to bring the minimum level of the total cost, where the seller provides the customer trade
credit duration. (Barman, Das, and De 2020) presented a multi-decision-making
approach for deteriorating items with shortages. A supplier-retailer model is used, where
demand is determined by the price of sale, item stock, and time under a finite time
horizon. Shortages of inventory are addressed along with a time-dependent backlogging
rate.Enhancing customer demands is a challenging feat for retailers and suppliers in
today's competitive market. The selling price of an item is one of the most essential
elements in choosing any product. It is usually observed that demand falls as a result of

a slightly higher price, while a lower selling price has the opposite impact. Besides
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pricing, another commercial factor that influences demand is carbon emission. Climate
change has become increasingly dangerous in recent time, leading people to purchase
more eco-conscious items as a result of this idea. This indicates that the demand for
some particular item will be affected by environmental issues. The purpose of this type
of demand is to decrease carbon emissions and result in increased demand for the
product. Therefore, it can be stated that an item’s demand is a function of carbon
emissions and its selling price. In the last few years, many researchers have focused on
the field of carbon emission-dependent demand. Some of the related study on a supply
chain include the deterioration of item/s and carbon emission-dependent demand. These
findings were also supported by several studies. For instance, (Hovelaque and
Bironneau 2015) investigated a unique model that considers the connection between an
inventory model, total greenhouse emissions, and demand that is both environmentally
and price interdependent. (Huang 2016) developed a two-level supply decision model
based on a particular product that includes a producer and a retailer that is dealing with
selling price-and-carbon dependent demand. Product carbon emissions have an impact
on both demand and manufacturing costs. When a manufacturer’s carbon emissions are
decreased, demand for the goods rises, and the cost rises as well. On the other hand, when
the product’s carbon emissionsare increased, demand for the product begins to fall, and
the cost also starts to decrease. (Aliabadi, Yazdanparast, and Nasiri 2019) developed an
EXQinventory model to reduce emissions through a policy that is a carbon tax, lowering
the hazard of default. The demand rate is influenced by greenhouse emissions, credit
term, as well as selling price. (Li 2016) investigates the impact of carbon emissions and
price on-demand, as well as the coordination between supplier and retailer. From the
above literature review, it is evident that very few publications in existing research took
greenhouse gas emissions-dependent demand. None of the authors reviewed have
considered carbon and price-dependent demand for deteriorating items under a finite
planning horizon. Therefore, we are considering all these parameters in this chapter.
The main purpose of this research work is to lower carbon emissions and achieve a
lower total cost through coordination compared to without coordination. Furthermore,
to investigate the supply chain, we consider demand dependent on greenhouse gas

emissions under a finite planning horizon in this chapter.
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3.4. Assumptions:

In this chapter, we have taken the following assumptions and applied some additional

assumptions and ratings as appropriate.

1. The effects of carbon emissions on demand are expressed in the form: D (p, G)

a > DN

Retailer System

To

= a-b p-c G. The firm’s per-unit pricing is p, and the quantity of emissions
produced per unit of product is G in this function. if the initial demandof the
market is a market demand depends upon price will be b, and c is the consumer’s
sensitivity to carbon emissions per unit. That is, when the price rises by one unit,
demand falls by b, and when carbon emissions perunit product rise by one unit,
demand falls by c.

There is no lead time.

It will not be allowed to have any shortages in this model.

The time horizon for planning is finite.

The quantity of replenishment is not constant but instantaneous.

A
Order ILH](t)
Quantity /
Qi+1
Tin
Replenishmept time
- / R
51 6] ti+1 / fi li=1 o1t =
4

Replehishment cycle length Finite planning horizon

Figure 3.1 Inventory level graph
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3.5. Mathematical formulation and analysis of the model:

3.5.1. Decentralized Strategy:

Model of decentralized strategic planning under finite planning horizon: - Assume that
H is the planning period that is partitioned into m equal parts Hi = H/n1 segments. As
a result, across the planning horizon T, the ordering times are J. At to = 0, the initial
replenishment quantity size of Q;,; has been finished. According to the definition, the

Stock levels are declining due to demand alone within the period [0, t].

carbon emissions put an effect on demand that can be represented in the way: D (P, G)
=a-h*P—c*G. The firm’s per-unit pricing is p, and the quantity of emissions produced
per unit of product is G in this function. if the initial demand of the market is a market
demand depends upon price will be b, and ¢ is the consumer’s sensitivity to carbon
emissions per unit. That is, when the price rises by one unit, demand falls by b, and
when carbon emissions per unit product rise by one unit, demand falls by c. Therefore,

the Stock level is represented by using a mathematical differential equation is:

L1 = —D(P,G) = OlLyys (1) t <t <t (3.1)
ILisy () = 7% [ D(P,6)e®" du (3.2)
ILiyq (tiv1) =0  and  [ILjyq (t) = Qi (3.3)
ILisy () = [["* D(P,6)e®® du (3.4)

)ee(u—t)]ti+1
t

D(P,G
iy (1) = [ 2292

D(p,g) e(tir1—t)_q
L (= 22l (35)
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The order quantity for i cycles

p(p,g){eftir1=t) 1
Qis1 =1Ly, (&) = { P } (3.6)

Retailer’s overall cost

Total cost =Ordering cost + Inventory cost + purchasing cost + Deteriorating cost

TRetIND =n, *0, + an ! h, ftm ILiy, (t) dt + an ‘wos Qiy1 +

Titg de %0 [ Ly (B) de (3.7)

Tret 0 = ny * O, + an ‘W Qiy1+ an 1{d *0 + h }ftm ILiyq (t) dt

(3.8)
p(p,g){efti+1—t) _1
Tret "0 = ny * 0, + X1t Hd, *6+h}ft‘“ role - } dt +
D(p, 0(tiv1-ti) 1
D 1 @o)le — ) (3.9)

Tpot P =y * O, + {d, * 6 + h,} fttiiﬂ%ﬂ) (2= — 1} dt+ W «
Ji£ D(@,g) (2Ci0) de+{dy * 0 + hy} [ ZBL (e0Cina=0 — 1) de+ W »

ftt.i+1 D(p,g) (ee(t—ti)) dt + - (3.10)

Where i=1,2,3............ n,-1

IND ‘
a(T;;e; ) _ {% + dr} (D(p,9) {aiti ftil_l(ee(ti—t) ~1) dt} +W + (D(p,g)) *
{6tl fstll 1( eft=si—1) _ 1) dt} + {% + dr} {% fttl-Hl(D(Png)) (BB(ti+1—t) _ 1) dt} n

W * {661' f ‘“D(p g) (e9¢-) dt} (3.11)
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IND .
O{Tree "} = {% + dr} (D(p,g) * 6 {fttl . efti=t) qt + {1 — ee(ti+1_ti)}} + W *

at; i—

(D(p, g)) {efCi~ti-0 —1} — {9 [l (efe-t) dt} (3.12)
Min (Tree™") {n1, to, t1 woe vee vee cee oo £ —1 } @t the optimal solution
{1 80" e e e 1)

Again, the second time derivative of Eqn (3.12) w.r.t ¢ ;.

Pz )~ {1 4,1 (D(p,g) » {021 ePCD dtt 14625 ofltimatd | 4
W (D(p, ) {eftit-v) {92 [l (efemt) dt}+9 (3.13)

Second-time derivative of Eqn. (3.12) w. r. t. t;_4.

aZ{TR—EtIND} [ E B(ti—ti_ ) _ B(ti_ti— )
e g (%t a4, 0, g) {20} — 0 W (D(p, g 7t
(3.14)

aZ{TRetIND} B

sy - 0 {Z+d, + W)@ g){ ettt} (3.15)

Again second — time Differentiate of Equ. (3.12) w.r.t to t;,; then we have

U g {E + dr} (D(p,g) { = } — 62 W (D(p, g){ eCirr~t0 }
9(t)(tiv1) 0

+62W (D(p,9) (3.16)
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aZ{TRetIND} B

9(t)(tny) (317)

For all n is different from i-1, i+1 and i. The fact that the Hessian matrix of Tg,.'""
is positive definite is sufficient for a total cost to be minimal. (T. Sarkar et al. 2012)
and (V. Singh et al. 2017)

2 IND =2 IND
d TRet d TRer

0 00 0 0 0
8[% 8r18r2
aZTRHIND aZTRﬂIND BZTRHIND 0 00 0 0 0
ﬁ!zﬁﬁ 51% 6]‘36]‘3
0 SETRHIND aZTRHIND BZTRﬂIND 00 0 0 0
dnot o At
VQTR{;'IIND — 372 3 3V
0 0 0 0 00 0 0 0
0 0 0 0 0 azTmeD BETREJWD BETR“!ND
atn] —la}‘nl—l d ny-1 6r}i1—la{ﬂ|
0 0 0 0 00 62TR9!IND 62TR9!.’ND
Oty Oty 01y

Hl

Figure 3.2 Hessian matrix

Condition to check positive definite: -

02Tper ™ (N1, tos 1 wov vve v vve e )
at;’
R el (VI S RO
B a(t)(ti-1)
Pl (P S
a(t)(tir1)
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(3.18)

02T Ret! NP (n1,t0,t1 ooy ) _ 02T Ret NP (1,0t 1 orvrrvrrrrren tny)
t;? () (1) B
02TRet! NP (n1,t0, b1 ooty ) >0
ot (tiy1)
(3.19)
Z+d,}O@g) {07 [F D dt+1+62 Ot 4w
g T dry(D(p.g b, € e
.t t; —t: hy
(DG, ) { et} {02 [[+1(e0Ct) dt} + 6 — 0 {Z +d, +
4t hy N
wlO@ g) {0} - 02 {2+ d,} (D(p, g) {2t } -
62 W(D(p, g){ e+~ } + 02 W (D(p,g) = O (3.20)
3.1. Theorem: - If tj satisfies the inequations
(I) aZTRetIND(nl'z?Z’tl._............--tnl) 2 O
.e aZTRetIND(nl,to,tl................tnl) azTRetIND(nl,to,tl ................ tnl)
(if) t;? = a(t)(ti—1) +
62TRetIND(n1,to,t1................tnl)
o(t)(tiy1)
Foralli=1,2,3,.............. n, — 1. Then V2 Tg,,V? is positive and definite.

In the absence of collaboration, the supplier's overall costs are determined by the
retailer’s replenishment schedule. As a result, during the planning horizon T, the

supplier’s total costs consist of set-up and manufacturing costs.

Supplier total cost:

mi—1

Tsup IND — ny *Ss + Zi:o B * Q;+1 (3.21)

Furthermore, throughout the T planning horizon, the optimum order quantity is
determined by
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Qs = XM PO, (3.22)

3.5.2. Centralized Strategy:

Model of centralized strategic planning under finite planning horizon: - The supplier
initiates the coordination process intending to reduce the overall cost of the inventory
supply chain process. Collaboration and coordination between the supplier and the
retailer are crucial to achieving this objective. The supplier and the retailer work
together as a single entity to optimize the cost of the entire inventory supply chain
process, which is typically achieved through supply chain collaboration and
coordination, taking into account factors such as the type of goods, their deterioration,
and their demand. The business needs a Collaboration to strike a balance between cost
and environmental effects. It is possible to optimize replenishment schedules to reduce
total expenses while considering environmental issues. The objective of the
centralized inventory decision model in a two-echelon inventory supply chain process
is to reduce the overall cost and carbon emissions across the inventory supply chain
process. The unit product carbon emissions (g) and the sales price (p) must be
determined to achieve this objective. As a result, the overall supply chain cost function

is influenced by a centralized system.

Toup’" =My %S+ 1y % 0p + X727 {d, x 0 + R }fsf“ ILj,q (D)t + 7274w +

B).}Qjy1 — Min Tge, ™ (3.23)

Top’" = 1485 + 0,3 + 272 {d, % 6 + b, } fS]“IL v (Ddt +XT27W
Qi1 +ZJZ P)* Qg — Min Tee™ (3.249)

Witht,=0and t, =T

Na-1

53



Min Toup’ " {n2, £6, 1 wvv oo e oo e by, gy} @t the optimal solution

P 7S > A

- ]T - -
Min Tg,, " {ny, to, t1 v v v vty -1} @t the optimal solution
LT 7RIS S

Furthermore, throughout the H planning horizon, the optimum order quantity is

determined.
Qis1 =212 Qe (3.25)

Toup”" = Mz % Op + 720" W % Qjyq + X720 {dy + 0 + H) ffj“ ILiyy () dt

(3.26)

ftj+1 D(p,g){ea(si+1‘t)—1}

5 - dt +

Tsup]T =N, * 0, + Z;Zgl{dr *6 +h.}

D(p'g){e e(ti+1_ti) — 1}
0

YiZe W

The cost of the system has been reduced, and in the association scenario, the retailer
and supplier share the profits earned from shorter replenishment cycles instead of the

disassociation scenario.

P = {{TRetIND + TsupIND} - {TRet]T - Tsup]T}}

TRetIND(n1) } % P
TRet' NP (M+Tsup IND ()

. . p
Gained Retailer’s cost Tre!' = {TRetIND (ny) —

TsupIND (n41) }

; A jTP _ IND _
Gained Supplier’s cost Tg,,” = {Tsup (ny) Tre ™ () 7Ty ™0 ()

P

JT
Now percentage gain in the Retailer’s cost = —E&=— x 100
TRet (ny)
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jTP

Now percentage gain in Supplier’s cost = w100

Tsup IND (ny)

3.6. Algorithm and procedures for resolving the problem:

1. First of all, constant values to all given parameters; W,; B-;dr; O,; a; b; ¢c; 0, G.

2. To find the optimal ordering pattern in a decentralized situation.

a.

If we will set, n;, =1 thent, =0 andt; = H.

If we take n; = 2, then by initializing the value of t, =0 and ¢, =H.

After that, we can calculate t; by using eq.(3.12).
From eq.12, find t, using the calculated values of ¢, in the previous step.

Again, taking the values of t,, «calculate t; from equation (3.12).

Continuing in the same way till ¢, _; is obtained.

Having the values of t, _; nearly equal to H (horizon planning), and the

values of t; is satisfying the theorem of the Hessian matrix.

For each n,=1; 2; 3; :::: We will calculate the unique and optimal values of

t; .

By using equation (3.10), Tge: " " (ny) is obtained to determine the optimal
value of the total cost of the retailer Tre: " (ny) by using the following

conditions:

If n;=1, then Tree' "2 (ny) =Tret (1) and stop. For n; = 2, and if
Tret' (1) S Tpe (M1 —1) and Tpe' " (n1) < Thet' " (nq +1) then
Tree P (M) = optimal T, and stop otherwise go to the previous step.

Similarly, T,,,"™ " (n1) and Q41 (ny) system by using eq. (3.21) and (3.22).
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3. To find the optimality for the association case.
a. After that, with new replenishment n, we can find ¢;
b. Again,Setn, = 1; t, = 0;t; = H.
c. Thentake n, > 2, Calculate t; from equation (3.24).

d.  Calculate Ts,' (), Tre! (n2), and (Q*,,,) () for the centralized

case. from equation (3.24) to (3.26).

4. Now, also calculate profit, gained retailer cost and gained supplier cost.
3.7. Numerical illustration for the proposed model:

All d'the different parameters and replacement cycles, i.e., forn; —1 =1, 2, 3, and so
on. Numerical data illustration: - This section gives a piece of information about
numerical data; we’ll look at numerical data toillustrate how various factors affect the
overall cost of retailers and suppliers. Let a=0.15, h, =12, d; = 10, a = 0.15, b =
0.000001, Wy = 4, B.=50, 0, =2, Ss =1, 6=0.1, p=5, G=1, ¢ = 0.00001, H=4 with
the appropriate units. We will use Mathematica software (version 12) to solve Non-
linear Equations (3.10) and (3.12). wecan see tabulation and graphical presentation of

the overall cost of suppliers and retailers and optimal quantity.

3.8. Sensitivity analysis and findings:

This section uses reliable information to present numerical examples for performing
sensitivity analysis. The goal is to understand the effects of variations in the main
parameter on other parameters in the proposed model, which can provide valuable
managerial information. Sensitivity analysis measures the impact by modifying each
of the elements: G, a, ¢, and b. Only one element is modified at a time while the others
remain constant. By adjusting various parameters, numerical data is used to explain
the sensitivity of the aforementioned parameters. Based on these criteria, certain
important findings have been mentioned. Sensitivity analysis leads to the following

conclusions: the initial demand of the market (a), price-consciousness in the market
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(b), the amount of carbon (G), and customer responsiveness to carbon emissions per
unit (c) all have an effect on the ideal order quantity, overall retailer and supplier costs.
The optimal overall cost, retailer, supplier, and quantity are all affected by these
parameters. These parameters also impact the demand. In summary, the initial demand
(@), price consciousness in the market (b), the amount of carbon, and consumer
environmental consciousness (¢) influence the demand. Therefore, this study considers
the price and carbon-dependent demand.

Following are the effects of all these parameters.

1. The parameters ‘a’ have a significant impact on both TRetIND (total cost of the
retailer without collaboration). Table [1] and Figure [3] demonstrate that
TRetIND is very sensitive to changes in 'a,' and their values increase with an
increase in the value of 'a.' The optimal total cost for the retailer occurs at the
4™ replenishment cycle. Conversely, a decrease in 'a' results in a decrease in
Qiv1(ny) .

Tables [2] demonstrate that there are no changes in the optimal cycle time with
increases or decreases in 'a'. As a result, the optimal order point is not influenced

by the parameter a.

IND (total cost of the supplier without collaboration) in Tables [3]

The values of T,
increase with an increase in 'a' and decrease with a decrease in 'a. The optimal

supplier cost is obtained at the 1 replenishment cycle for all values, and there is a
IND

positive relationship between T, ~and 'a’

2. In Tables [4], the Optimal order quantity is dramatically increased or decreased
by some increases or decrease parameter changes a”’. Replenishment quantity

is also sensitive to parameter a.

Moreover, In Table [5] and Figure [4] the total cost of Tsup/T increases with an increase

in 'a' and vice versa.

IND - . . . .
The values of T, in Tables [6] increase with an increase in 'a' and decrease

with a decrease in 'a.' The optimal supplier cost is obtained at the 1%
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replenishment cycle for all values, and there is a positive relationship between

T SupIND and 'a'.

In Table [7] and Figure [5] values of Tree " increase when 'b' decreases and
vice versa. The optimal total cost for the retailer occurs at the 2™ and last
replenishment cycle values for 'b'. However, there is a negative relationship

IND
between Tg.; and'b'.

Also, the optimal order time in Table [8], is not significantly change in the
optimal cycle time with increases or decreases in 'b'. As a result, the optimal

order point is not influenced by the parameter a.

In Tables [9] Ty, " decreases with an increase in 'b' and increases with a
decrease in 'b'. whereas the optimal order quantity in Table [10] is significantly
oppositely affected by a certain decrease or increase in the parameter b'.
Replenishment quantity is low sensitive to the parameters b.

Also, Tsup” in Table [11] is significantly oppositely affected by certain
decreases or increases in the parameter 'b'. Replenishment quantity is also
sensitive to the parameters b. The optimal supplier cost is obtained at the 1%
replenishment cycle for all values, and there is an opposite relationship between

Toup’ " and'b'.

Table [12] and Figure [7] demonstrate a clear pattern: as the value of 'c'
increases, the values of TRetINDincrease, and vice versa. The optimal total cost
for the retailer is observed during the 6 replenishment cycle values of 'c'. There

. .. . . IND
exists a positive relationship between Tg.; ~ and 'c'.

Table [13] demonstrates that there are no changes in the optimal cycle time with
increases or decreases in 'c'. As a result, the optimal order point is not influenced

by the parameter ‘c'.

The optimal order quantity in Tables [14], is significantly oppositely affected
by certain decreases or increases in the parameter ‘c'. Replenishment quantity
is also sensitive to the parameters c.
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Table [15] demonstrates a consistent trend: as the value of 'c' increases,

ND

T - decreases, and conversely, as 'c' decreases, Ty, "~ increases. The

optimal supplier cost is obtained during the 1% replenishment cycle for all values

of 'c". There exists an inverse relationship between Ty,,,"¥ and 'c

Moreover, In Table [16] and Figure [8] the total cost of Tsup] T increases with an

increase in 'c' and vice versa.

5. The variable 'G' greatly influences the total cost of the retailer without

collaboration, as shown in Table [17] and Figure [9]. It is evident that TRetIND

(total cost of the retailer without collaboration) is highly responsive to
variations in 'G,' with its values decreasing as 'G' increases. The optimal total
cost for the retailer is observed during the 6th replenishment cycle.

According to Table [18], it is evident that the optimal cycle time remains
constant regardless of changes in the parameter 'G." As a result, the optimal
order point is not influenced by this parameter ‘G’. However, replenishment

quantity is also sensitive to the parameter G.

3.9. Tables and Graphical Formulation:

Table 3.1. Total cost for the retailer when not in coordination with five different values

ofa

l-n; |1 2 3 4 5 6

a

0.072 22309217 | 21.362434 | 20.595100 | 20.522287 | 20.968959 | 21.775582
0.0735 22732414 | 21.724227 | 20.899228 | 20.783223 | 21.197527 | 21.979282
0.075 23.155611 | 22.086020 | 21.203356 | 21.044158 | 21.426094 | 22.182983
0.0765 23.578808 | 22.447813 | 21.507484 | 21.305094 | 21.654662 | 22.386683
0.078 24.00200 | 22.809605 | 21.811612 | 21.566029 | 21.8832 22.590384
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Table 3.2. Lowest total cost for the retailer and optimal number of replenishment

cycles when not in coordination

a ny | to| t5 | t5 | t5 | t; |t ]|t T Retl ND
0072 |4 |0 |08]16|24]32]|- |- |20.522287
007354 |0 |08]16|24]32]|- |- |20.783223
0075 |4 |0 (08|16 |24 |32]|- |- |21.044158
007654 |0 |08]16|24|32|- |- |21.305094
0078 |4 |0 |08|16|24|32]|- |- |21.305094

Table 3.3. Total cost for a supplier when not in coordination for five different values

ofa

IND

Tsup
0.072 49.146117
0.0735 50.170208
0.075 51.194299
0.0765 52.218390
0.078 53.242481

Table 3.4. Optimal replenishment quantity when not in coordination

a Quantity
0.072 0.289095
0.0735 0.295119
0.075 0.301143
0.0765 0.307167
0.078 0.313191

Table 3.5. Total cost for supplier with coordination for five different values of a

é —ny 1 2 3 4 5 6
0.072 1.690419 | 3.463660 | 5852332 | 8486184 | 11.242357 | 14.068326
0.0735 1.829831 | 3577510 | 5053444 | 8579666 | 11.330757 | 14.153100
0.075 1.969244 | 3.691360 | 6.054555 | 8.673148 | 11.419158 | 14.237875
0.0765 2.108657 | 3.805210 | 6.155666 | 8.766629 | 11.507559 | 14.322649
0.078 224807 | 3.91906 | 6.25678 | 8.86011 11.59 14.4074
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Table 3.6. Optimal replenishment quantity when retailer and supplier are in
Co-ordination for a

a Quantity
0.072 0.290839
0.0735 0.296899
0.075 0.302959
0.0765 0.309020
0.078 0.315080

Table 3.7. Total cost for the retailer when not in coordination for five different values
of b

!
b
48 % 1077 | 11.731999 | 11.277049 | 12.053669 | 13.320944 | 14.833003 | 16.484740
49 % 107 | 11.731995 | 11.277046 | 12.053667 | 13.320942 | 14.833002 | 16.484738
5.% 107 | 11.731992 | 11.277044 | 12.053665 | 13.320940 | 14.833000 | 16.484737
5.1% 107 | 11.731989 | 11.277042 | 12.053663 | 13.320939 | 14.832999 | 16.484735
52 % 107 | 11.731986 | 11.277039 | 12.053661 | 13.320937 | 14.832997 | 16.484734

~ny |1 2 3 4 5 6

Table 3.8. Optimal no of replenishment cycle and minimum total cost for retailer
and supplier whan not in coordination for different values of b

b n |t ty t; 5| G |6 6]| Tp™?
48%107 |2 |0 |1.33333|266667 | - | -|- |- |20.522287
49%107 |2 |0 |1.33333|266667 | -| -|- |- |20.783223
5,107 |2 |0 |1.33333|266667 | -| -|- |- |21.044158
51%107 |2 |0 ]1.33333|2.66667 | - | -|- |- |21.305094
52%107 |2 |0 ]1.33333 266667 | -| -|- |- |21.305094
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Table 3.9. Total cost forsupplier for b when not in coordination for five different
values of b

IND
Tsup

4.8%1077 50.330644

4.9%1077 50.330627
5.0%1077 50.330610
5.1%1077 50.330594
521077 50.330577
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Table 3.10. optimal replenishment quantity for bwhen not in coordination

b TsuplND
4.8%1077 0.603968
4.9%1077 0.603968
5.0%1077 0.603967
5.1%1077 0.603967
5.2%1077 0.603967

Table 3.11. Total cost for supplier and optimal quantity with coordination for five

different wvalues of b

Tl2=1

n2=2

n2=3

n2=4

n2=5

n2=6

Q;+:0JT)

4.8
* 1077

1.754454

32.198386

33.924627

36.161723

38.653684

41.291074

0.605990

49
* 1077

31.754444

32.198376

33.924617

36.161713

38.653675

41.291065

0.605989

5.0
x* 1077

31.754433

32.198366

33.924608

36.161704

38.653665

41.291056

0.605989

5.1
x* 1077

31.75442

32.198356

33.924598

36.161694

38.653656

41.291047

0.605989

5.2
* 1077

31.754411

32.198346

33.924588

36.161685

38.653647

41.291038

0.605989

Table 3.12. Total cost for the retailer when not in coordination with five different

values of ¢

0.072

45.556357

41.822656

38.258508

36.060324

34.904130

34.474901

0.0735

45.556359

41.822658

38.258510

36.060325

34.904131

34.474902

0.075

45.556362

41.822660

38.258512

36.060327

34.904133

34.474904

0.0765

45.556364

41.822662

38.258513

36.060328

34.904134

34.474905

0.078

45.556366

41.822663

38.258515

36.060330

34.904135

34.474906
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Table 3.13. Retailer total overall costs when not in coordination for five different

values of ¢
c ni | to ty t; t3 ts ts te Tr et’ ND
0.072 6 0 | 0571428 | 1.14286 | 1.71429 2.28571 | 2.28571 | 3.42857 | 34.474901
00735 (6 |0 | — - _ - R R 34.474902
0075 |6 [0 | - - - - - - 34.474904
00765 | |0 | - — _ - - - 34.474905
0078 |6 |0 | — - _ - - - 34.474906

Table 3.14. Optimal replenishment quantity When retailer andsupplier are not in co-
ordination for c.

c Quantity
0.072 | 0.312873
0.0735 | 0.306855
0.075 | 0.300838
0.0765 | 0.294821
0.078 | 0.288804

Table 3.15. The total costof supplier when re-tailer and supplier are not in
coordination forc.

c T IND
sup

0.072 | 2.234862

0.0735 | 2.191884

0.075 | 2.148905

0.0765 | 2.105926

0.078 | 2.062948

Table 3.16. Total cost for supplier with coordination for five different values of ¢

c—m 1 2 3 4 5 6

0.072 8.560008 | 9.003722 | 10.729854 | 12.966885 | 15.458803 | 18.096163
0.0735 8.560009 | 9.003723 | 10.729855 | 12.966886 | 15.458804 | 18.096163
0.075 8.560009 | 9.003723 | 10.729856 | 12.966886 | 15.458804 | 18.096164
0.0765 8.560010 | 9.003724 | 10.729856 | 12.966887 | 15.458805 | 18.096165
0.078 8.560011 | 9.003725 | 10.729857 | 12.966888 | 15.458806 | 18.096165
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Table 3.17. Total cost for the retailer when not in coordination for five different

values of g

1G — 1 2 3 4 5 6

ny

0.48 39.450838 | 37.751187 | 34.897364 | 33.027623 | 32.049753 | 31.728021
0.49 39.450813 | 37.751165 | 34.897345 | 33.027607 | 32.049738 | 31.728008
0.50 39.450788 | 37.751142 | 34.897326 | 33.027590 | 32.049723 | 31.727995
0.51 39.450763 | 37.751120 | 34.897306 | 33.027573 | 32.049709 | 31.727981
0.52 39.450738 | 37.751097 | 34.897287 | 33.027557 | 32.049694 | 31.727968

Table 3.18. Retailer total overall costs when not in coordination with five different

values of G
G |ni|to ti t t3 ty ts te T Ret’ ND
048 | 6 | 0 | 0571428 | 1.14286 | 1.71429 | 2.28571 | 2.28571 | 3.42857 | 31.728021
0496 |0 - - - - - - 31.728008
0506 |0 - - - - - - 31.727995
0516 |0 - - - - - - 31.727981
05216 |0 - - - - - - 31.727968

Table [19] illustrates the total cost incurred by the retailer and supplier, taking into
account factors such as the order quantity, and number of replenishment cycles, for
both coordination and non-coordination scenarios. Additionally, Table [20] shows the

percentage of improvement achieved through coordination between the retailer and

supplier.
Table 3.19. Percentage gain for five different values of a
T T —

a TRetIND TsuplND nq Qi TRet] Tsup] ny Q1
0.072 | 20.522287 | 49.146117 | 4 | 0.289095 | 6.67077 | 1.690419 | 1 0.290839
0.0735 | 20.783223 | 50.170208 | 4 | 0.295119 | 6.7681 | 1.829831 | 1 0.0.296899
0.075 | 21.044158 | 51.194299 | 4 | 0.301143 | 6.86543 | 1.969244 | 1 0.302959
0.0765 | 21.305094 | 52.218390 | 4 | 0.307167 | 6.96276 | 2.108657 | 1 0.309020
0.078 | 21.566029 | 53.242481 | 4 | 0.313191 | 7.06008 | 2.24807 1 0.315080
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Table 3.20. Percentage gain for retailer and supplier

The overallgain T jTP T jTP | Percentagegain Percentagegain
inteost of Ret sup in retailer’scost | in supplier’scost
supply chain
61.3072 2.46296 | 5.89823 12.0014 12.0014
62.3555 2.51845 | 6.07948 12.1177 12.1177
63.4038 2.57367 | 6.26100 12.2299 12.2299
64.4521 2.62865 | 6.44277 12.3381 12.3381
65.5004 2.68338 | 6.62477 12.4426 12.4426
Figure Formulation:
Convexity of Tcr for varied a values
2
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i
o
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&
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Figure 3.3 Total retailer cost graph for different values of a
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Figure 3. 4 Total supplier cost graphs for different values of a
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Figure 3.5 Total retailer cost graph for the values of b
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Figure 3.6 Total supplier cost graph for the values ofb
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Figure 3.7 Total retailer cost graph for the values of c
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Total cost of supplier for c
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Figure 3.8 Total supplier cost graph for the values of ¢
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Figure 3.9 Total retailer cost graph for the values of g
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3.10. Comparative Study:

This work has led Wu and Zhao’s model by looking at the impact of new characteristics
like carbon-dependentand price demand, as well as deterioration, on the relationship
between retailer and supplier over a finite planning horizon. An analytical solution to
the problem has been studied for two cases: | where the supplier follows the retailer’s
optimal replenishment schedule (de-association system) and (ii) where the retailer
follows the supplier’s optimal replacement schedule (association system). Suppliers
and retailers are motivated by cost savings and profit sharing in a centralized system.
A brand-new algorithm has been proposed. To compare the proposed model toWu
and Zhao’s a situation is explored in which the parameter values are the same as in
Example 1 of their model. Furthermore, all of the new parameters introduced in this
model have values p=0.4, G=16, and c=6. The cost savings achieved by both the
retailer and the supplier as a result of the suggested algorithm are listed in Table 3.20.
As aresult, the present approach is more effective for both retailers and suppliers under

profit strategies.

Table 3.21. Comparison Chart

Paramet | g b c|C |P |O|S I |d | O |he |WI|T|G|p |% %
ers h Cost | Cost
- savin | savin
g of g of
retail | suppli
er er
Wuand | 500|100 |- | O 1. |5 |15 |1]- 0.10. |3 |1|- |- 2.92 5.41
Zhao 0 4 |2 |0 |0 1 1|6
(1), 150 | O o|lo |o |o|o o|lo |o |o|o|o|lo|o |153 |3.14
model 0
250 | O o| o | o | o o|o O O O o|Oo | O 1.19 2.53
0
Propose [ 500 | 100 {6]0. | 1. {5 (15|11 |0.]0.|3 |11 0. ]99.6 |99.66
d model 0 4 |2 |00 3 1|6 6 |4 |6
150 | o o| o | o | o o|o O o |o |o|lo|o |98.4 | 98.40
0 0
250 | O o| o | o | o o|o O O O o|oO | O 98.3 98.38
0 8
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Note: -

o: The box indicates the same values have been considered as in the immediate
cell above.

— . Parameters are not considered by (C. Wu and Zhao 2014).

3.11. Conclusion and future study of proposed work:

With the growing popularity of living a green lifestyle, there is a higher need for
carbon-free products. In line with this perspective, we focus on developing a two-
echelon inventory model for coordination that considers carbon emissions and
deteriorating items in this research study. It is an inventory model that allows people to
make informed decisions on whichproduct to manufacture, sell or purchase. Moreover,
the supplier-retailers are encouraged to select products with a low rate/amount of carbon
emissions to optimise the overall cost of the supply chain. We have discussed the selection
of optimum order quantity and the optimal total cost by using advanced software
Mathematica, algorithm,and numerical examples. In addition, a comparative study was
conducted concerning the main parameters, providingimportant managerial insights.
Graphical representations are also provided to easily understand the model. The
presented model encompasses realistic scenarios that are relevant to specific types of
inventories. The approach proves particularly beneficial in supplier retailer businesses
dealing with household items, electronic equipment,bio-materials such as drugs and
pharmaceuticals (Amato 2015) fashionable garments, and for few other goods that are

available for sale. Furthermore, there is potential for extending this study in the future.

3.11.1. Future study:

This chapter is further explored in the next chapter 4. Moreover, this planned research
could be expanded in the future to include advanced payment, fuzzy, and carbon
emission tax and cap. It’s also possible to add criteria like trade creditand demand based
on pricing and advertisement-dependent demand. This work can be also extended for

multipleretailers (Nandra, Majumder, and Mishra 2020).
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3.12. Recommendations for stakeholders:

To minimize total costs, managers and stakeholders prioritize the reduction of both the
deterioration rate and carbon emissions. The constraint should be kept as low as
possible to avoid deterioration. Many companies, as well as real-life circumstances,
would benefit from a thorough focus on the deteriorating rate and carbon emissions.
By adopting this approach, any company can effectively lower its total cost and
increase profit in the supply chain process.

This approach is particularly advantageous and beneficial for supplier-retailer
businesses, dealing with household items, electronic equipment, fashionable garments,
environmental-friendly products (organic and sustainable food items, energy-efficient
appliances, eco-friendly cleaning products, renewable energy systems, and recycled)

and other available goods for sale.
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Chapter 4: A supply chain inventory model for deteriorating
products with carbon emission-dependent demand and
advanced payment that incorporates a carbon tax and cap
policy

4.1. Abstract:

Climate change is predominantly driven by emissions, making them a significant factor
of concern. Several countries have shifted their attention towards reducing carbon
emissions, employing carbon taxes and caps as primary mechanisms to accomplish this
objective. The majority of inventory retailer-supplier models assume that the retailer's
order cost should be paid to the supplier when they receive the order. In practical
scenarios, certain suppliers may require retailers to make a full or partial payment of
the total cost in advance, while others may offer the option of prepayment in multiple
equal instalments. The option of advance payment provides customers with the lowest
price for their order; however, it also leads to the largest carbon footprint, significantly
affecting both carbon emissions and the overall production process. Therefore, this
study examines a carbon tax and cap supply chain inventory model for deterioration
with carbon emission-dependent demand, considering three payment options:
preliminary, cash, and post-payment. Finally, we present numerical examples of the
proposed approach and its outcomes, as well as a sensitivity analysis using Mathematica

version 12.

4.2. Introduction:

The phenomenon known as global warming is the result of greenhouse gases (GHG)
and certain human activities. The emission of carbon has been causing global warming
for many years, and it has been receiving attention over the last few years. Carbon
emission gases like methane and carbon dioxide increase the temperature of our Earth
leading to global warming. Global warming causes severe damage to our planet, with
destructive, widespread, and long-term effects. The rising global temperature rapidly
destroys the biodiversity of our world leading to the disappearance of many species of

plants and animals. Natural phenomena such as sea-level rise, ozone layer depletion,
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rising earth temperatures, intensively stormy conditions, dryness, and flooded
conditions are all effects of global warming. Today, global warming has become a
significant challenge, greatly affecting the living beings around us. Reducing and
lowering carbon emissions is a worldwide issue. Several countries and regulatory
agencies are currently focusing their efforts on reducing their carbon footprints, such as
(Toptal, Ozli, and Konur 2014) and (Rout et al. 2020) have also explained that the
Kyoto Protocol is a global agreement connected to the UN Framework Convention on
Climate Change. The UNFCCC came into effect on March 21, 1994. On December 11,
1997, the Kyoto Protocol was signed by 37 industrialized countries. India also ratified
the Kyoto Protocol in 2002. The United Nations Climate Change holds a yearly
conference in a different country called the COP. It encourages the business sector and
developing economies to engage in reducing carbon emissions. Our supply chain plays
a significant role in the global carbon footprint. Manufacturing fields, as well as
inventory control and management, contribute to situations such as global warming. (Xi
Chen et al. 2013) introduced that in 2016, Walmart decided to avoid 1 billion metric
tons of carbon emissions from the global supply chain by 2030. To achieve this goal,
(Project Gigaton Accounting Methodology. 2022) was launched. It aims to address the
fact that almost all emissions in the retail sector occurred in product supply chains and
transportation rather than stores and distribution centres. Furthermore, one of the most
significant economic benefits of reducing carbon emissions and deterioration is the
reduction of carbon emissions during the entire supply chain process. Carbon emissions
and deterioration from economic sectors are causing serious rising temperatures. One
of the most pressing issues today is supply chain management for deteriorating goods
with carbon reduction regulations, which is becoming a serious concern for urban areas.
Consequently, some national or international agencies, governments, and businesses are
facing increasing pressure to reduce carbon emissions. Manufacturers can lower their
carbon footprint by using modern carbon-reducing techniques. For instance, carbon tax
and cap are the main regulation policies. The first phase focuses on carbon emissions.
(Xu Chen and Hao 2015) and (U. Mishra, Wu, and Sarkar 2021) explained carbon tax
in their study as a levy imposed by some government agencies on those business firms
or industries that produce carbon dioxide during their work process leading to
environmental pollution. The main objective of the government agencies behind the
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imposition of tax is to control global warming and protect the environment. In other
words, the carbon tax is also a fee that is imposed on those companies that utilize
environment-polluting raw material (fossil fuels) during their working process, thereby

contributing to global warming.

(Benjaafar, Li, and Daskin 2013) and (Qin, Ren, and Xia 2017) defined the term
"carbon cap and trade" as a scheme in which a government or regulatory body sets an
aggregate legal limit on emissions (the cap) for a specified period. A cap-and-trade
policy has its own set of advantages, in that emissions credits can be distributed to
reduce the policy's adverse effects on industry and predict emissions discharges. A
carbon credit is a permit issued by a government or regulatory agency for a specific time
that allows a company to produce a specific amount of carbon emissions. When an
organization exceeds the designated carbon limit, it incurs taxes and must
simultaneously reduce carbon emissions. To compensate, organizations can purchase
credits from those organizations that emit less than the limit. Less carbon-emitting
industries can sell their credits to other organizations that emit higher amounts of

carbon. One carbon credit equals one ton of carbon fuel.

Every natural thing change as time progresses. The rate of deterioration for
inventory management and control has become a critical concern. Deterioration usually
implies a deficiency in quality or utility. Inventory deterioration is a common
occurrence in our daily lives, and it should not be overlooked in inventory control.
Inventory deterioration and carbon-price-dependent demand are major and important
elements of every business's operation. They need to be carefully controlled and
managed to meet requirements and prevent shortages. Excess inventory is a cause for
worry for management since it prevents the company from making a profit. For retailers
and suppliers, developing the business to enhance customer demands is a challenging
feat. Although most researchers assume that product demand is constant or price-
sensitive, due to carbon emissions, demand for products will undoubtedly be influenced.
Several research studies, such as (Aliabadi, Yazdanparast, and Nasiri 2019) and (Huang
2016) have confirmed that demand for goods also depends upon carbon emissions. It is

generally recognized that consumer awareness of the environment affects customers in
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a market, i.e., demand. Additionally, pricing is always important, demand may rise or

fall according to the price of items.

(J. Wu, Teng, and Chan 2018) and (Shi et al. 2019) have devoted their attention to the
relationship between distributors and buyers in terms of advance payments, which are a
significant aspect of high-demand product management. Advance payment is beneficial
for items that evaporate quickly, perishable items, and those near their expiration date.
In a highly competitive and unpredictable environment, it is usual for suppliers to
request some kind of advance payment from their customers. Customers make advance
payments to ensure that the order will be delivered on time. Although advance payment
offers the customer the lowest price for the order, it is associated with large carbon
emissions. To enhance liquidity, industries have implemented a strategy of providing
price discounts to customers who pay for their orders in advance. The seller will be able
to make more money from interest on liquidity, stimulates the production of more goods
and leads to a large carbon footprint. Advance payment has a significant impact on
carbon emissions and production.

Similarly, both cash and credit payments can offer benefits in inventory management.

The time horizon refers to the period in which a firm or organization looks into the
future while developing a strategic plan. In a finite planning horizon, the replenishment
cycle does not repeat itself and is dependent on various factors, including demand. In

other words, the time required to restock fluctuates from time to time.

The rest of this chapter is structured as follows. Section 4.3 discusses the relevant
studies in the literature review. Section 4.4 introduces the symbols and assumptions that
will be used throughout the research study. The theoretical results and mathematical
models for various scenarios are presented in Section 4.5. The algorithm is described
in Section 4.6. The numerical examples and sensitivity analysis are summarized in
Sections 4.7 and Tables and figures are formulated in Sections 4.7.1 and 4.7.2. Sections

4.8 to 4.11 provide managerial suggestions, government implications, and conclusions.

4.3. Literature review:
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The first phase focuses on degradation inventory problems, with more and more
scholars constantly expanding inventory models for deteriorating goods to reflect more
authentic inventory features. The supply chain for deteriorating commodities is critical
in the storing industry to stay competitive. Most of the fresh or trendy items fade and
deteriorate with time because of evaporation, expiration, spoilage, and depreciation,
among other factors. In a pioneering publication, (Ghare and Schrader 1963) proposed
an EOQ model with a constant deterioration rate. (Covert, Philip, and Philip 1973)
extended the constant degradation rate to a two-parameter Weibull distribution. (Dave
and Patel 1981) developed the model for deteriorating products considering linearly
growing demand patterns instead of constant demand. Investigation into deteriorating
et al. 2018) and (V. Singh et al. 2019). They developed a model for deteriorating goods
and also explained how technology investments impact decaying products. (Pahl and
Vol} 2014) also researched deteriorating items. From the above review, it is clear that
the issues of deteriorating items with finite planning horizons and carbon emission

policies have been ignored.

The second phase focuses on carbon emission policies concerning deterioration.
Furthermore, one of the most significant economic benefits of reducing carbon
emissions and deterioration is the reduction of carbon emissions throughout the entire
supply chain process. Carbon emissions and deterioration from economic sectors are
causing a serious rise in temperatures. One of the most pressing issues today is supply
chain management for deteriorating goods with carbon reduction regulations, which is
becoming a serious concern for urban areas. As a result, some national or international
agencies, governments, and businesses are increasingly under pressure to reduce carbon
emissions. Manufacturers can lower their carbon footprint by using modern carbon-
reducing techniques. In today’s emerging economy, increasing rates of environmental
degradation and the deterioration of inventory are major challenges. Carbon dioxide
emissions and the degradation of inventory mostly occur due to different human
activities. These human activities are directly or indirectly responsible for the
degradation of the environment, and our deteriorating rate cannot be avoided in the

supply chain system, which is a key parameter of the Supply Chain in an inventory
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system. In inventory control, deterioration can be reduced only by reducing global
warming and carbon emissions, which is a very difficult task. For that, we have to take
the help of carbon emission regulations. We have learned from here that reducing carbon
emissions and deterioration will have a positive impact on global warming as well as
profit. Reducing carbon emissions in the supply chain is an effective way to reduce
greenhouse emissions. It will only be achievable if we implement a carbon tax and
carbon cap approach. We can only effectively increase carbon emission reduction
activities if we tackle the problem of carbon emissions reduction collaboration and
coordination across supply chain firms. Otherwise, achieving the aim of reducing
carbon emissions will be challenging. The government of any country and some
regulatory agencies consider carbon emission schemes to decrease carbon emissions.
For instance, carbon tax and cap, carbon tax are the main regulatory policies. The
majority of the existing research on inventory models, on the other hand, has focused
on maximizing profit or lowering costs. Only a few of them consider environmental
issues, such as minimizing carbon emissions and deterioration. (Dye and Yang 2015)
examines a deteriorating inventory system under various carbon emission regulations,
as well as the influence of trade credit risk, in this work. Researchers show how
environmental restrictions may be included in a decision-making issue for a
deteriorating item that involves both trade credit and inventory replenishment. (Rout et
al. 2020) explained a carbon cap and tax scheme, where a government or
intergovernmental body sets an aggregate legal limit on emissions (the cap) for a
specified period, and after that limit, a tax will be imposed. A carbon tax is the most
important policy for limiting and ultimately eliminating the use of fossil fuels, which
are damaging and destroying our environment. Carbon dioxide and other greenhouse
gas emissions are altering the atmosphere. A carbon tax places a price on such
emissions, encouraging individuals, companies, and governments to generate less. (U.
Mishra, Wu, and Sarkar 2020) explains a sustainable carbon tax and cap-based
production inventory model with three cases: sustainable carbon tax and cap-based
production inventory model without shortages; partial backorder; and full back-ordering
without and with green technology investment. This chapter has explained how carbon
emissions and deteriorating items can be controlled in a sustainable supply chain model

and what their effects are. Price-Dependent Linear and Non-Linear Demand are used
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here to reduce carbon emissions and deterioration rate. Backordering and non-back
ordering are both cases considered. We have learned from here that reducing carbon
emissions and deterioration will have a positive impact on global warming as well as
profit. Carbon emission-reducing policies like carbon caps and carbon tax have been
considered in this sustainable inventory control model to control carbon emissions and
maximize profits. (Sepehri et al. 2021) introduced a price-dependent demand model for
deteriorating commodities, including a carbon cap and trade, and allowed late payments
for the buyer to manage inventories and build demand. They pointed out that there must
be a trade-off between the investment in carbon emission reduction technologies and
the profit generated by lowering emissions. With this study, we have established that
there is a lack of research considering deteriorating items with finite planning horizons
along with carbon tax and cap.

The third phase focuses on preliminary payment, cash, and post-payment. An
essential component of inventory management is an advance payment. Due to difficult
economic conditions and customer uncertainty, it is common for suppliers to demand
some advance payment from their retailers. The customer makes the advance payment
to ensure that the order can be delivered on time. In exchange for the advance payment,
the supplier offers a reduction in price, a credit facility, or some other type of
opportunity to encourage business. Similarly, cash and post-payments are also
beneficial for both retailers and suppliers.

Some of the researchers investigated an inventory model for defective items in which
the producer provides free transportation to the retailer in return for an advance
payment. Production and transportation decisions from the producer to the retailer are
linked to carbon emissions. According to (A. Zhang and Zhang 1996), the optimal
advance payment approach for saving money and time is to make a larger amount of
payment in advance. (Taleizadeh and Taleizadeh 2014) developed an advanced-cash
payment model for an evaporating commodity with partial backordering. This research
work is slightly different from Zhang (1996). Simultaneously, (Q. Zhang, Tsao, and
Chen 2014) investigated an advance payment schedule in which the retailer pays a
proportion of the purchase price in advance to gain a discount and then takes sufficient

time to pay the remaining balance.
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(Teng et al. 2016) modified the EOQ model to include advance payments and
account for the fact that a product’s expiration date affects the demand rate. However,
most advance payment researchers assume that the product can be marketed indefinitely
and fail to account for the fact that numerous products, such as baked goods, meat, milk,
vegetables, fruits, etc., cannot be sold once they have passed their expiration dates. (J.
Wu, Teng, and Chan 2018) described an EOQ inventory model for perishable products
with expiration dates and advance-cash-credit payment systems. Barman studied a
multi-cycle vendor-buyer supply chain production inventory model with carbon
emission regulations such as carbon tax in this study. The system's products are assumed
to deteriorate at a constant rate. The buyer pays the vendor the purchase cost in advance
in some instalments before the order quantity is replenished. (Shi et al. 2019) created an
EOQ inventory coordination model in which the seller provides three payment options
to the buyer: cash, advance, instalment payment, or credit payment, as well as setting a
carbon taxation policy to reduce carbon emissions. (Mashud et al. 2021) considered
non-instantaneous deterioration, advance payments, and partial backorder approaches
in this research study. This study provides appropriate green technology investment and
preservation technology to reduce both carbon emissions and product deterioration, as
well as illustrating the impacts of deterioration and carbon emissions on the total
inventory model profit. (U. Mishra, Wu, and Sarkar 2021) researchers introduced an
inventory control model with deterioration and carbon emission rate that can be
controlled under carbon emission policies such as carbon tax and carbon cap. Various
payment approaches can be considered for full, partial, and no backlogging, where
demand is based on price and trade credit. This research examined how greenhouse
operators enhance their investment in preservation and green technologies, as well as

introducing trade credit to enhance their earnings.

From the above studies, it is clear that the discussion on deteriorating items with
finite planning horizons has not been adequately covered under carbon tax and cap

policies with different payment options.
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The fourth phase focuses on carbon-dependent demand. (Li 2016) investigated a model
that explains the impact of carbon emissions and pricing on demand, as well as supplier-
retailer coordination. The main goal of this approach is to reduce carbon emissions.
(Pang et al. 2018) examined the centralized decision process and determined the criteria
for carbon emission reduction and order quantity management in the supply chain.
Second, it presents a supply chain cooperation and coordination based on a revenue-
sharing contract that uses an economic order quantity policy. Furthermore, the study
presents techniques for determining the best order amount and the ideal level of carbon
emissions through model optimization, considering that market demand is influenced
by buyer environmental consciousness. Finally, it also looks into the effects of carbon
trading prices on supply chain carbon emissions. (Aliabadi, Yazdanparast, and Nasiri
2019) established an EOQ model to lower the risk of default by reducing emissions
through a carbon tax policy. The demand rate is related to the number of carbon
emissions, the credit duration, and the selling price, which is used as a trade credit for
deteriorating commodities with backlogging. (Lu et al. 2020) explained a sustainable
counter-productive model in this study, which also considered carbon tax laws and joint
investment in carbon emission reduction technology. The level of raw material
inventory and price-dependent demand were also recognized. In this phase, we
identified the necessity of examining an inventory model that takes into account carbon
tax and cap policies and carbon-dependent demand for deteriorating items, along with

different payment options under a finite planning horizon.

The fifth phase focuses on a finite planning horizon in inventory control and
management. (C. Wu and Zhao 2014) investigated a model in which the researcher
includes time and inventory-dependent demand under a finite planning horizon. (V.
Singh et al. 2017) proposed an EOQ inventory supply chain model with deteriorating
items in a finite planning horizon for two scenarios: with and without payment delays.
The re-manufacturing of inventories was covered in (V. Singh et al. 2019) work under
centralized and decentralized planning horizons with deteriorated products. A trade
credit policy was also incorporated under a finite planning horizon. (Xu et al. 2020)
developed inventory models with partial backlogs for deteriorating items, investigated

the effects of carbon emission controls on the inventory system, and also considered
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time-varying demand in the system because customer demands in a real deteriorating
inventory system commonly vary with time. In inventory control and management, a
supply chain model has yet to be proposed for deteriorating items along with carbon tax
and cap policy, different payment options, and carbon-dependent demand under a finite

planning horizon.
4.3.1. Research gap:

There has been very little study on carbon emissions in the supply chain for deteriorating
items and carbon emission policies. To the best of our knowledge, no prior research has
developed a supplier-retailer inventory model for deteriorating items with price or
emission-dependent demand under a finite planning horizon. Additionally, no
researchers have discussed supplier-retailer inventory coordination under carbon
emission policies such as carbon tax and carbon cap for deteriorating products with
price-carbon dependent demand and three payment options. This is a significant
research gap, and the work is unique in that the problems discussed are relevant to both
economic terms and the environment. This research provides a joint decision on
inventory control and carbon emissions, considering various parameters such as carbon
emission demand and carbon emission, considering various policies such as carbon tax,
and cap to design a long-term sustainable supply chain. The study also considers
deterioration with carbon emission regulations and three payment options: preliminary,

cash, and post-payment over a finite horizon in inventory control and management.

Table 4.1. Comparison of review of existing literature

Research | Carbon Deterioration | Preliminary | Cash Post Carbon Finite
work dependent payment payment | payment | Emissions Planning

demand Regulations | horizon
(Ghare x V4 x x X x x
and
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Schrader
1963)

(Xi Chen
et al.
2013)

(Toptal,
Ozlu, and
Konur
2014)

(Taleizad
eh and
Taleizad
eh 2014)

(Dye and
Yang
2015)

(Teng et
al. 2016)

Rout et
al. (2020)

Sephri et
al. (2021)

Mashud
et al.
(2021)

Shi et al.
(2019)

Aliabadi
et al.
(2019)

Wu and
Zhao
(2014)

Chunming
Xu (2020)

This
chapter
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4.3.2. Problem defining:

Therefore, the focus of this research is to address the problem of carbon emissions

in inventory control and management, while considering three payment options:
Preliminary, Cash, and Post payment over a finite horizon with deterioration and

carbon emission regulations.

4.4. Assumptions:

In this chapter, we have adopted certain assumptions and applied relevant criteria as

necessary.

1.

The effects of carbon emissions on demand are expressed in the form: D (P, G)
=a—bx*P — cxG. In this function, the firm's per-unit pricing is represented by p,
and the quantity of emissions produced per unit of product is represented by G.
The initial demand of the market is represented by a, while market demand's
dependence on price is represented by b, and c represents the consumer's
sensitivity to carbon emissions per unit. In other words, when the price of the
product increases by one unit, the demand for the product decreases by b units.
Similarly, when the carbon emissions per unit of product increase by one unit,
the demand for the product decreases by c units. There is no lead time because

the supplier has a buffer inventory.

The planning horizon is finite, and the replenishment cycles are of different

lengths.
Inventory depreciates at a constant rate 0 in this model.

Shortages are not taken into consideration due to technical advancements, and

buyers generally don’t want to delay.

For the model’s construction, one supplier and one retailer are used, but the same
can be extended for multiple retailers. Several products can be included in the

framework.
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6. Inventory replenishment orders are not constant and instantaneous due to

different demands in each cycle.

4.5. Mathematical formulation and analysis of the model:

Due to the absence of shortages, the retailer places an order for products from the
supplier before the previous inventory level reaches zero. The supplier then replenishes
the order immediately, with the same quantity as the products ordered. The length of
the cycle (T) varies in the finite planning horizon, and the amount of quantity (Ri+1)

ordered is also not constant.

The differential equation 4.1 that represents the changes in inventory level is

presented in Figure 4.1 of inventory level.

Inventory
Level
4 Qi1 (D)
IL;1 1 (©)
- BE SR o Jime
to t t; T: t; Tiex tiva ta.= H
Length of rep‘»lenishment Replenishment Finite Planning
cycle time Horizon
Figure 4.1. Pictorial representation of inventory level
IL; t
O = _p(P,6) — 6 % 114 () (@)
Where ti < t< tin (4.2)

See Appendix- 4. A1

Where ILi+1(ti+1) =0and  ILi+1(ti) = Qi+t
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s (® = [ (P,6)e?Vdu (4.3)

D(p,G)(ee(tiH—t)_l)

Ly, (D) = A (4.4)
Qis1 = ILiy1(t) = 7% ftt.m D(P,G)e’ dt (4.5)
Qi1 = ILiy1(t;) = D(P, G)(e8ir=t0 — 1 (4.6)

Ordering cost

0, =nqy * 0, 4.7)
Holding cost
H, = 2:1;0—1 h, J'tl;i+1 ftfi+1 D(P, G)ee(u—t)du dt (4.8)

Deterioration cost

De=Y/1, "0+ d, [ [** D(P,6)e®™ Ddu dt (4.9)
carbon emission cost

Ce=Yym-1 (CA + R, * Qi + B fttii“ f;”l D(P,G)ef@ gy dt)

i=0
(4.10)
4.5.1. Model for preliminary payment under finite planning horizon:
Acquisition cost
Tt = 1) * B [ D(P,G) €27t dt (4.11)
Capital cost.
Ce, = Z?;;1I*N(n+;31(1—r)* Py ftfim D(P,G) eft—t) 4t (4.12)

Interest charges
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ley = X2 1L = ) B[ [ DP,G)e Odu de (4.13)

Retailers overall cost

Total cost Tg.+(1) = Ordering cost+ holding Cost + deterioration cost + Acquisition
cost + capitalcost + charges interest + carbon cost

4,
2 Amount of inventory Level
iafl
iesame n number of installment of
1 amount Acy/n for Preliminary
| Payment
Aci/n -
- | \\\
| \
\
4 : \
| \
- I \
I I \:
I | \
I | \
[ [ ,
por \
i | | \ T
to g, T — =y Time

Finite Planning
Horizon

Figure 4.2. Preliminary payment.
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tiy1

Tret(1) =ny * 0.+ (1 — 1) *Prf D(P,G) eft-td) gt

ti
A N@m+DA—D B
* n+ —r)*
+ z Tf D(P,G) e%t=t) dt
; 2n
=0 ti
n1—1
+ Z (1
i=0
tiva tiva
-1 Prj f D(P,G)e? @ qy dt
t; t
n;—1 tiv1 tiva
+ Z h, f j D(P,G)e®-Ydy dt
i=0 Gt
ni—1 Gigr tign ni—1
+ z B*drf f D(P,G)e®Ydu dt + Z T(Z—-(c + h;
i=0 g ot i=0
Gigr tign
* Qiyq + P f f D(P,G)e®®Ydu dt))
g ot
(4.14)
OTRet(1) _ N [*N(m+D)A-D*Pr o
—or, = {{(1 r)*P. + - ‘L'hr} +
{1 (l—T)Pr_hecT+hc +edC}}D(P, G) Z?;O—l{ee(ti—ti_l) _ ee(ti+1_ti)} (415)
0%TRet(1) _ +N(m+D)A-0)*Pr &
Tiz_{{(l r) %P + — Thr} n
{I (1—7')Pr_hec'[+hc +9dc}} D(P, G)H Z?zlo_l{eg(ti_ti_l) + ee(ti+1_ti)} (416)
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0%Tret  0%Tret 0 0 0 0
dt,2  0t,0t, 0 0 0 0
0 2TRet 0 2TRet 0 2TRet 0 0 0
et 0t ond i e 0
8 0°Tret 0t?y, 1 Oty 10ty
0 0 0 0 atnl—.l-(?tnl—z azTRet azTRet
0 0 0 Oty Oty 4 aty,°

Figure 4.3. Hessian matrix (T. Sarkar et al. 2012)

2 * —1)* ~
02T ree(1) {{(1 )P, 4 N@IDGDE —rhr} N

At (tim) n
{1 (1—r)Pr—f;cT+hc +9dc}} D(P,G) Z?:lo_l _9{ee(ti_ti—1)} (4.17)
92T... (1 I[* N(n+1)(1—-1r)=* B ~
L(): (]_—r)*Pr-l- ( ) ) . —Th,
a(t;)(ti+1) 2n
- -1
{I (1 - T)Pr —het+he + edC} R O(tiv1—t;
+ 9 D(P, G) Z 0{@ ( i+17 1)}
i=0
(4.18)
azTRet(l) _ — 01 1-
) 0 forall n, =i, i+1,i-1 (4.19)

By (T. Sarkar et al. 2012); (V. Singh et al. 2017); (V. Singh et al. 2019) and (Saxena
et al. 2020)the fact that the Hessian matrix of TCR is positivedefinite is sufficient for

a total cost to be min. Condition to check positive definite

4.1. Theorem: - If t; satisfies the inequations

n |92TRer (M1, to,t1 et
(l) Ret( 1 ((;tlz 7’11) 2 O
i
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. azTRet(nl,to,tl ................ tnl) azTRet(nlrtO'tl ................ tnl)
(i) ot = FITAICN) +
02T Ret(N1,to,t1 ooty )
9t (tisq)
Foralli=1,2,3,.............. ny — 1. Then V2 Tg,, is positive and definite.

(4.20)
4.5.2. Model for cash payment under finite planning horizon:
Acquisition cost
Acy = TUSVB [ “i p(p,G) e9t-t) qdt (4.21)
Interest charges
Ic, =Y+ B, f““ [[* D(P,6)e?@ Ddu dt (4.22)
Retailer’s overall cost
Total cost Tge:(2)

= Ordering cost + holding Cost + deterioration cost + Acquisition cost+ charges

interest + carbon cost

Trete(2) =y * Op + B 2057 [ D(P,G) e®¢~t0 dt +1 »

p.ymt tl ILiyydt + hy X000 [ Ly dt +6 +d, X007 tj“ ILiy,dt +

_ o -
YMtr(Z— (¢ + Ry % Quq + B fti YL (6) dt ) 4.23)
nq,—1tit+1
Toer(2) =+ 0 + (P = +7) ) J D(P,G) e?“~t dt
i=0 t;

n1—1 ti+1 tiva

+{I*P+ h. +0d. + B *1} Z f f D(P,6)e?“Ddy dt

i=0 ¢; t

+Z*x7—C"71

(4.24)
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0TRet(2) 1% Pr —Prt+he +6d, .
gtti - {Pr + ) - } D(P,G) Y- feftimti-0) — b=t}

(4.25)

4.5.3. Model for post-payment under finite planning horizon:

In general, according to the market norm, the simplest method is to purchase a product
and pay for it. Yet, Trade Credit is a practical choice for the majority of firms. In this
case, the supplier gives the retailer a set amount of time to pay for the purchases. within
this permissible limit, thereare no losses for the supplier. Sometimes, to reduce the risk
of default, the supplier usually offersa discount to promote early payment. Therefore,
the retailer is given a specified credit period M, by the supplier to the retailer in this

situation.

The realtor’s acquisition cost per replenishment cycle time Ti+1 is shown clearly by

Acquisition cost

Acs =372, 'p. ft‘“ D(P,G) ettt gt (4.26)
Interest charges
1C3 =Zn1 11 P ftl+1 ftl+1 D(P G)ee(u t)du dt (4.27)

45.3.1. Sub-case 1: where Mc < T?

Since Mc< T?, the retailer in this sub-case must pay interest on the products in stock

over time M

the interest charged per cycle:

IE3; =1x1,xs*D(P,G)M? (4.28)
Tret(31) =1y * Op + (B — Ry x 1) X251 ii“D(P, G) e de +{I«P. + h, +

6 xd, — B, *T}an_lft‘“ft‘“D(P e Odu dt +Z+t—c"* T1—

{ I, x s * D(P,G) = M?}
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(4.29)

4.5.3.2. Sub-case 2: where M¢ > T*

the interest charged per cycles:

1

1By, = Y25 o # 5 % D(P, )Ty {Mc =5 Tis ) (4.30)

Interest charges (Ic5,) =0 (4.31)

Retailers overall cost

Total cost (Tg.:(32)) =Ordering Cost+ Holding Cost + Deterioration Cost +

Acquisition cost +Charges Interest- Interest Earn + Carbon Cost

Tret(32) = ny * 0, + B Y1 tt_”lD(P, G) et dt + [ «
B [ Ly dt + By 300N [T L dt + 8 xd BT [T L dt +
i+1 ; i+1 s i+1

z?;alr(Z—( ¢+ Ry Qua + B [ ILia () dE)) — 25 L s +

1
D(P,G)Tyiy {Mc — 2 Tiys )
(4.32)
n;—1tit1
Tret(32) =ny * Or + (P h *1-) Z f D(P,G) =t 4t
i=0 t;

ni—1 ti+1 ti+a

+{h, +0xd, — Bt} + Z f f D(P,G)e?@Ddy dt + Z

=0 ¢; ¢t
Tl1—1

1
*T—C % T— Z Ie ¥ s % D(P,G){ti+1 — ti}{Mc _E{ti+1 - ti}}
i=0

(4.33)
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Qusn) = 2o " Qi4s (4.34)

Supplier total cost is given by the following equation.

Toup = Ny * S + Yoo B % Qs (4.35)

4.6. Algorithm and procedures for resolving the problem:

Step 1: Create a new set of inputs: Or, dr, hr, Ss, Ac, Ce, Ic, le, Pr, €, Pr, hr, N, 1, n, Mq, 6,
.............. T, Ce, Ti+1, H etc.

Step 2: The forecasted total cost Tg., (cost of retailer) and T, (total cost of

supplier) is a function of si, which may be calculated numerically. Now, using
the given input values in stepl, compute the values of t; from the preceding

equations.

—a?j‘t‘_“: 0 using the given input values in step 1.

1

Step3: After calculating the s;i values in step 2, verify the condition:

62TRet
ot

aZTRet
a(ty) (ti—1)

+ azTRet
a(t;) (tir1)

Step 4: Determine the most appropriate Tg.; Values which will be the optimal

expected averagecost by Using the values of t; obtained in step 3.

Step 5: Using the values of t; obtained in step 2 and the equation is given below,

by which we willdetermine the optimal order quantity.

*
n; -1

Q(i+1) = Z Q}k+1
i=0

Step 6: After the 5" step we can find Tsup (Supplier total cost) which depends upon

the retailer's replenishment policy.
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4.7. Numerical illustration for the proposed model:

This section provides information about the numerical data. We will illustrate how
various factors affect the overall cost of the retailer and supplier using the following
values: Let a = 0.15,n = 10, r = 0.5, hr = 10, b = 0.000001, c = 0.0001, W = 4,1 =
0.1, 0r = 350, Ss =400,0 = 2,¢* = 1,h. =2,h’r= 02,Cc =5P=1,G=1,N
= 0.17, My = 0.17, le = 0.08, s = 50, T = 0.5, g = 0.00001, d; = 1, Z = 0.002, Pr
= 0.02, Pr = 10 with the appropriate units. We will use Mathematica software (version
12) to solve non-linear Equations (4.20) and (4.24). We present a tabulation and
graphical representation of the overall cost of suppliers and retailers and optimal quantity

for different parameters and replacement cycles, i.e., for n; —1=1, 2, 3, and so on.

4.8. Tabular formulation for Sensitivity analysis and findings:

1. As per Table 4.2 and Figure 4.2, it can be observed that when the value of r (the
discount rate for preliminary payment) increases, the overall cost of the retailer and
supplier remains constant. This suggests that with an increasing discount rate for
advance payment, the ordering quantity decreases. Therefore, there is no correlation
between the overall cost of the retailer and supplier and a direct correlation between

the number of replenishment cycles.

2. In Tables 4.3 and 4.4, an increase in initial demand results in an increase in the
retailer, supplier, and order quantity. Higher initial demand leads to higher orders,
as well as the higher total cost of the retailer (Tg,;) and the total cost of the supplier

(Tsyp) for all types of payment.

3. According to Tables 4.3 and 4.4, an increase in the value of 0 (the deterioration
rate of inventory) for the case of advance payment results in a decrease in the total
cost of the retailer, whereas for credit payment in the case of Mc > Ti” s, it leads
to an increase in the total cost of the retailer. However, an increase in the value of
0 and the replenishment quantity leads to a decrease in the total cost, implying that
if the inventory is replenished more frequently, the deterioration rate is less and so

is the total cost. Therefore, 0 is directly related to the total supplier cost and order
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quantity, and indirectly related to the total retailer cost. Similarly, for cash payment
and the case Mc < Ti” s, 0 is directly related to the total retailer, supplier cost,

and order quantity.

Table 4.2. Table for changes in r (discount rate) for Preliminary Payment under
finite planning horizon

r Qina Tret Tsup
0.240 3170.76 3.6054 x 107 751125.74
0.245 3170.10 3.6054 x 107 751125.74
0.250 3169.43 3.6054 *x 107 751125.74
0.255 3168.77 3.6054 x 107 751125.74
0.260 3168.11 3.6054 x 107 751125.74

Table 4.3. Preliminary and cash Payment under finite planning horizon

Preliminary payment Cash payment
Q(i+ 1) TRet Tsup Q(i+ 1) TRet Tsup
a=240 360546.74 | 2799.04 9610.93 360533.82 | 18095.7 9610.68
a=245 368057.87 | 2805.52 9761.16 368044.94 | 18421.9 9760.90
a=250 375569.01 | 2812.00 9911.38 375556.07 | 18748.0 9911.12
a=255 383081.49 | 2822.67 10061.60 383067.19 | 19074.2 10061.30
a=260 390592.60 | 2829.06 10211.90 390578.32 | 19400.4 10211.60

c=0.48 | 3136.23 3.6054*107 | 751125.81 751112.36 | 35057.21 3.60534 * 107

c=0.49 | 3136.23 | 3.6054*107 | 751125.81 751112.36 | 35057.21 | 3.60534 « 107

c=0.50 | 3136.23 3.6054*107 | 751125.81 751112.36 | 35057.21 3.60534 = 107

c=051 | 3136.23 3.6054*107 | 751125.81 751112.36 | 35057.21 3.60534 * 107

c-052 | 313623 | 3.6054*107 | 751125.81 751112.36 | 35057.21 | 3.60534 « 107

0=0.96 | 28455.16 4672.37 1.36585 = 106 | 28399.4 27189.4 1.36317 * 10°
0=0.98 | 29963.13 4644.08 1.43823 + 108 | 29909.7 27316.6 1.43567 % 10°
0=1.00 | 31573.39 4616.31 151552 x 10° | 31522.2 27444.8 1.51307 * 10°
0=1.02 | 33307.18 4657.70 1.59875 x 106 | 33244.0 27573.7 1.59571 « 10°
0=1.04 | 35143.25 4626.32 1.68688 + 108 | 35082.9 27703.5 1.68398 * 10°
1=0.240 | 751139.32 | 20001.30 3.60547*107 751112.29 | 351405 3.60547 « 107

1=0.245 | 751138.79 | 19674.40 | 3.60547 107 | 751112.29 | 35138.90 3.60547 = 107

1=0.250 | 751138.27 | 19347.70 | 3.60547 107 | 751112.29 | 35137.30 3.60547 » 107
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1=0.255 | 751140.46 | 19037.70 | 3.60547 « 107 | 751112.29 | 35135.70 3.60547 + 107

1=0.260 | 751139.88 | 18710.60 | 3.60547 « 107 | 751112.29 | 35134.10 3.60547 « 107

pr=4.8 | 751139.26 | 19922.60 | 3.60547 107 | 751112.29 | 35062.80 3.60534 * 10’

pr=49 | 751138.73 | 19597.30 | 3.60547 « 107 | 751112.29 | 35062.70 3.60534 = 107

pr=5.0 | 751138.22 |19272.10 | 360547 107 | 751112.29 | 35062.50 3.60534 « 10"

pr=5.1 | 751140.39 | 18963.50 3.60547 * 107 | 751112.29 | 35062.40 3.60534 * 107

pr=52 | 751139.81 | 18637.90 | 3.60547 « 107 | 751112.29 | 35062.30 | 3.60534 « 10’

h’c=20 | 751125.76 | 3214.06 1742251 751112.29 | 35134.70 17422.20
h’c=20 | 751125.76 | 3212.56 1742251 751112.29 | 35133.20 17422.20
h’c=20 | 751125.76 | 3211.06 1742251 751112.29 | 35131.70 17422.20
h’c=20 | 751125.76 | 3209.58 1742251 751112.29 | 35130.20 17422.20
h"c=20 | 751125.76 | 3208.08 1742251 751112.29 | 35128.70 17422.20
Sr=20 | 751125.73 | 1862.23 1742251 751112.29 | 33783.20 17422.24
Sr=20 | 751125.73 | 1886.73 1742251 751112.29 | 33807.70 17422.24
Sr=20 | 751125.73 | 1911.23 1742251 751112.29 | 33832.20 17422.24
Sr=20 | 751125.73 | 1935.73 1742251 751112.29 | 33856.70 17422.24
Sr=20 | 751125.73 | 1960.23 1742251 751112.29 | 33881.20 17422.24
Ss=20 | 751125.73 | 3136.23 16174.50 751112.29 | 35057.20 16174.24
Ss=20 | 751125.73 | 3136.23 16198.50 751112.29 | 35057.20 16198.24
Ss=20 | 751125.73 | 3136.23 16222.50 751112.29 | 35057.20 16222.24
Ss=20 | 751125.73 | 3136.23 16246.50 751112.29 | 35057.20 16246.24
Ss=20 | 751125.73 | 3136.23 16270.50 751112.29 | 35057.20 16270.24
pr 751125.71 | 3101.69 9610.81 751112.29 | 35055.63 9610.68
=0.0096

pr = | 751125.71 | 3102.36 9761.03 751112.29 | 35055.66 9760.90
0.0098

pr 751125.71 | 3103.02 9911.26 751112.29 | 35055.69 9911.12
=0.0100

pr 751125.71 | 3103.68 10061.50 751112.29 | 35055.72 10061.30
=0.0102

pr 751125.71 | 3104.34 10211.70 751112.29 | 35055.75 10211.60
=0.0104

b=4.8*1 | 3136.23 3.6054*107 | 751125.73 35057.20 | 3.60534*107 | 751112.29

b=4.9*1 | 3136.23 3.6054*107 | 751125.73 35057.20 | 3.60534*107 | 751112.29

.0*1 | 3136.23 3.6054*107 | 751125.73 35057.20 | 3.60534*107 | 751112.29

07
b=5
07
b=5.1*1 | 3136.23 3.6054*107 | 751125.73 35057.20 | 3.60534*107 | 751112.29
0-7
b=5.2*1 | 3136.23 3.6054*107 | 751125.73 35057.20 | 3.60534*107 | 751112.29
0-7

4. Table 4.4 explains the link between M. (trade credit period) and the finite planning
horizon (T). Because the credit duration is longer than T7;, the retailer will have
more time to settle the entire payment, which will extend the interest earned

period.

5. As aresult, the retailer’s earnings will rise, resulting in a reduction in total cost.
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and vice versa in the case of M.< T; s. Table 4.4 shows the sensitivity analysis

for different parameters.

6. As c is the consumer’s sensitivity to carbon emissions per unit and when carbon

emissions per unit product rise by one unit demand falls by c. As an increase in the

value of ¢ in Table 4.4 andTable 4.3 there are no changes in R;+1, TCR and TCS.

Table 4.4. Table for Post Payment under finite planning horizon

Parameters Post payment for M < Tj° Post payment  for M. > Tj®

Q(i+ 1) TRet Tsup Q(i+1) TRet Tsup
a=240 360533.82 | 18081.80 | 9610.68 1.30478 107 | 49355.27 | 263356.50
a=245 368044.94 | 18407.70 | 9760.90 1.33197 « 107 | 50335.45 | 268793.10
a=250 375556.07 | 18733.60 | 9911.12 1.35915 « 107 | 51315.63 | 274229.70
a=255 383067.19 | 19059.50 | 10061.30 1.38633 « 107 | 52295.80 | 279666.29
a=260 390578.32 | 19385.40 | 10211.60 1.41351 « 107 | 53275.98 | 285102.89
k=0.48 751125.81 | 3107.33 | 3.6054 * 10’ 2.7183 * 107 100324.45 | 1.30478 = 10°
k=0.49 751125.81 | 3107.33 | 3.6054 * 10’ 2.7183 * 107 100324.45 | 1.30478 = 10°
k=0.50 751125.81 | 3107.33 | 3.6054 * 10’ 2.7183 * 107 100324.45 | 1.30478 = 10°
k=0.51 751125.81 | 3107.33 | 3.6054 « 107 2.7183 = 107 100324.45 | 1.30478 = 10°
k=0.52 751125.81 | 3107.33 | 3.6054 = 107 2.7183 = 107 100324.45 | 1.30478 = 10°
6 =0.96 28399.40 | 27160.50 | 1.36317 * 10° 56941.20 48815.80 | 2.73318 = 10°
6 =0.98 29909.70 | 27287.70 | 1.36317 * 10° 61934.60 49388.30 | 2.97286 * 10°
6=1.00 31522.20 | 27415.90 | 1.36317 * 10° 67479.40 49971.40 | 3.23901 * 106
6 =1.02 33244.00 | 27544.80 | 1.36317 * 10° 67718.50 49244.1 3.25049 * 108
6=1.04 35082.90 | 27674.6 | 1.36317 * 10° 73836.00 49821.6 3.54413 106
Pr =4.8 751112.29 | 35033.86 | 3.60534+107 | 8.49346x10% | 74212.8 4.07686 108
Pr =4.9 751112.29 | 35033.75 | 3.60534+107 | 8.62455+10° | 74519.80 | 4.13978 « 108
Pr =5.0 751112.29 | 35033.64 | 3.60534+107 | 8.75935:10° | 74831.60 | 4.20449 108
Pr =5.1 751112.29 | 35033.54 | 3.60534+107 | 8.89799+10° | 75148.30 | 4.27103 108
Pr =5.2 751112.29 | 35033.43 | 3.60534 107 | 9.04062+10° | 75469.90 | 4.3395+108
r=0.240 | 751112.29 | 35111.56 | 3.60534 * 10’ 8.69148 x 10° | 74841.00 | 4.17191 = 10°
7=0.245 | 751112.29 | 35109.96 | 3.60534 * 10’ 8.82956 106 | 75155.90 | 4.23819 * 10°
r=0.250 | 751112.29 | 35108.36 | 3.60534 * 10’ 8.97165 x 10¢ | 75475.70 | 4.30639 = 108
r=0.255 | 751112.29 | 35106.76 | 3.60534 107 8.4267 * 106 74204.00 | 4.04482 % 108
r=0.260 | 751112.29 | 35105.16 | 3.60534 * 107 8.55724*10% | 74509.10 | 4.10747 * 108
S,=168.0 | 751112.29 | 33754.30 | 3.60534 * 10’ 2.7183 * 107 99050.40 | 1.30478 = 10°
Sy =171.5 | 751112.29 | 33778.80 | 3.60534 * 107 2.7183 = 107 99074.90 | 1.30478 = 10°
S, =175.0 | 751112.29 | 33803.30 | 3.60534 * 107 2.7183 = 107 99099.40 | 1.30478 = 10°
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S, =178.5 | 751112.29 | 33827.80 | 3.60534 * 107 2.7183 * 107 99123.90 1.30478 * 10°

S, =182.0 | 751112.29 | 33852.30 | 3.60534 * 107 2.7183 107 99148.40 1.30478 * 10°

S5 =192 751112.29 | 35028.30 | 16174.2 2.7183 * 107 100324.44 | 544812.51

S =196 751112.29 | 35028.30 | 16198.2 2.7183 * 107 100324.44 | 544836.51

S =200 751112.29 | 35028.30 | 16222.2 2.7183 * 107 100324.44 | 544860.51

S =204 751112.29 | 35028.30 | 16246.2 2.7183 = 107 100324.44 | 544884.51

Ss =208 | 751112.29 | 35028.30 | 16270.2 2.7183 * 107 100324.44 | 544908.51

pr 751112.29 | 35026.73 | 9610.67 25.8932 346.288 400.518
=0.0096

pr 751112.29 | 35026.76 | 9760.90 26.4383 346.437 400.529
=0.0098

pr 751112.29 | 35026.79 | 9911.12 26.9835 346.586 400.540
=0.0100

pr 751112.29 | 35026.82 | 10061.34 27.5287 346.735 400.551
=0.0102

pr 751112.29 | 35026.85 | 10211.56 28.0739 346.884 400.561
=0.0104

b= 4.8 | 751112.29 | 35028.31 | 3.60534 * 107 2.7183 107 100324.44 | 1.30478 * 10°
*1077

b= 49 x| 751112.29 | 35028.31 | 3.60534 * 107 2.7183 % 107 100324.44 | 1.30478 * 10°
1077

b=5.0 * | 751112.29 | 35028.31 | 3.60534 % 107 2.7183 107 100324.44 | 1.30478 * 10°
107

b= 5.1 | 751112.29 | 35028.31 | 3.60534 % 107 2.7183 107 100324.44 | 1.30478 * 10°
107

b= 5.2 % | 751112.29 | 35028.31 | 3.60534 * 107 2.7183 % 107 100324.44 | 1.30478 * 10°
1077

7. unit demand falls by c. as an increase in value of ¢ in Table 4.4 and H£4.3 then

there are no changes in Qi+1, Trer and Tgyy,.

8. An increase in O, (ordering cost) no changes in order cost as well supplier cost.

But we cansee a little change in retailer cost with the help of Table 4.4 and Table

4.3. Retailer total cost willbe increased.

9. Table 4.4 and b) gives the detail of the relationship between S (supplier set-up

cost) and Qi+1, Tger and Tyy,,. This case is directly opposite of O,. Here, changes

occur in supplier costonly.

10. Table 4.4 and Table 4.3 show that independently of the choice of parameter G; ¢;

cnit; Pr; Pob; for a different value, the optimal solutions for Preliminary, post

and payments on delivery retain the following relationship: Tgrer (1) < Trer(2)

<Tret(3) and Qi
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Table 4.5. Comparison Table.

r Qira Tret(t: ) Tsup(ti) Ce
ti :6681 | 1.3356 | 2.0026 2.6689 3.3347 4,

Proposed 0.05 751126. 831.071 | 22533.8 0.331594
model

0.10 751126. 831.005 | 22533.8 0.331595

0.20 751126. 830.872 | 22533.8 0.331598

0.30 751126. 830.739 | 22533.8 0.331618

0.40 751126. 830.607 | 22533.8 0.331603
Shi et al. r T Q2 TC, - Ce
(2019) model

0.05 0.248 978.25 37300 - 21875

0.10 0.253 999.14 35687 - 21917

0.20 0.264 1045.30 32451 - 22014

0.30 0.276 1098.80 29198 - 22130

0.40 0.290 1161.50 25926 - 22271

In summary, the proposed supply chain inventory model is compared to Shi et al.

(2019) model in a scenario with consistent parameter values. The proposed model

introduces all variables within finite planning horizon, making it more realistic. The

inclusion of a finite planning horizon further enhances its practicality. In addition, we

incorporated additional parameters,

including carbon-dependent demand and

deterioration rate, to determine the optimal order quantity and cost for retailers or

suppliers in our research.

4.9. Graphical representation for Sensitivity findings and analysis:
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Figure 4.4. Graph presentation for Table 4.2

Figure 4.5. Graph presentation for Table 4.3.
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Figure 4.7. Graph presentation for Table 4.3
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Figure 4. 8. Graph presentation for Table 4.4

4.10. Conclusion and future study of proposed work:

This research proposes a supplier-retailer inventory model that considers three key
factors: (1) the seller providing the retailer with three payment schemes (P), (2) some
products deteriorating at a fixed rate, and (3) a fixed carbon tax to encourage
enterprises to minimize carbon emissions and combat global climate change.
Theoretical findings demonstrate that each of these parameters has a unique optimal
solution, and numerical examples illustrate the concept under different scenarios.
Additionally, sensitivity studies are conducted to investigate the effects of critical
parameters on ordering behaviours and the optimal overall retailer and supplier cost
per unit of time. The study also examines the correlations between an important

parameter and the optimal solution.
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4.10.1. Future study:

Future studies could take this research in a variety of directions. First, the scope of
the carbon tax policy under consideration could be broadened to include additional
carbon tax rules, such as cap-and-trade or carbon offset, which may have a different
impact on ordering behaviour. Second, this study could be expanded in the future to
include fuzzy parameters, as well as demand based on price and advertising. Third,
this study only focuses on reducing the overall retailer and supplier cost per unit of
time. A multi-criteria decision analysis that considers both total relevant cost and
carbon emissions reduction at the same time would be an interesting and important
area for further research. Lastly, supplier-retailer-manufacturer coordination is only
conducted to determine the trade credit period. Three-echelon is further explored in

Chapter 5, which serves as an extension of the research idea presented in this chapter.

4.11. Recommendations for stakeholders:

This study bases its demand analysis on carbon emissions, which reflects the real-world
scenario. Product demand may not always remain constant, and a decrease in demand
for items with high carbon production can result in a reduction in carbon emissions. To
achieve significant carbon emission reduction in the supply chain, retailers need to pay
attention to carbon awareness within the circular economy, while suppliers and
manufacturers should strive to increase their carbon emission reduction efficiency. For
items that deteriorate with time, such as medications, suppliers and manufacturers
benefit from early payment for various reasons. To ensure timely order fulfilment,
manufacturers provide an advanced economy, and supply chain members such as
retailers, suppliers, and manufacturers must understand the determinants of their
payment strategies. Providers offer discounts, credits, or other incentives in exchange
for early payment. The proposed model suggests that in a supply chain with advance
payment and carbon-dependent demand, an increase in the supplier and manufacturer's
carbon emission reduction efficiency and buyers' carbon awareness can encourage

greater carbon emission reduction. To promote business growth and circular economy
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development, supply chain members should understand the determinants of their

judgment strategies during the supply chain process.

The government plays a critical role in promoting and managing the circular economy
across the supply chain, and its actions significantly influence supply chain partners'
decision-making. Our proposed model focuses on three different approaches that use
carbon tax and cap regulations, enabling the government to assign carbon emission caps
to industries and incentivize them to reduce carbon emissions. Our findings can help
the government create carbon reduction regulations that support companies in reducing

carbon emissions and promote a sustainable business strategy.
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Chapter 5: Three-level refrigeration supply chain inventory
model including linear time-dependent demand for
temperature-sensitive items considering carbon tax

regulations

5.1. Abstract:

This inventory model explains a production process system. In this research, we
investigate the combined inventory replenishment decisions of a retailer, supplier, and
manufacturer, as well as the incentive to invest in reducing carbon emissions under
the greenhouse gas emission regulation strategy. This research looks at temperature-
sensitive items that deteriorate at a constant rate. A "break-even” point is established
in this chapter where Q1+Q> is the optimal quantity produced by the manufacturer
until the “break-even” point is reached. Thereafter, quantity Q2 is to be distributed in
the remaining ongoing unequal cycles until the total produced quantity Q2 is
transported to the retailer. Q1 is required to be larger than Q.. Furthermore, the rate of
demand varies linearly with time during a finite period. To satisfy customer demand,
the manufacturing rate is postulated to be larger than the demand rate. To demonstrate
the proposed model, a numerical instance, scenario analysis, and tabular and graphical
representations are furnished. Using the Mathematica software, optimality is also
discussed for unequal replenishment time during the finite planning horizon. The
present research in this area has been thoroughly analyzed and summarized. Finally,

managerial suggestions and future recommendations are also provided.
5.2. Introduction:

Global warming is a situation caused by greenhouse gases (GHG) and some human
activities. Carbon emissions have been contributing to global warming for many
years. In recent years, global warming has received significant attention. This
worldwide consciousness of environmental conservation has inspired many
researchers, businesses, and organizations to establish an eco-friendly and low-carbon
management system for supply chains, with the Kaya identity playing a crucial role.
The Kaya identity is a combination of four factors: emissions per unit of energy
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expenditure, population, per capita income, and energy intensity per unit of

manufacturing output. Kaya (1989) presented this identity as follows:

o ( GDP )( EC )(Coz> p lati
= *
2 Population/ \GDP/ \ EC opuiation

The Kaya identity is a mathematical formula that links economic, social, and
environmental factors to estimate the global atmospheric concentration. The accuracy
of the model's predictions is evaluated by comparing them to real data, which also
assesses the effectiveness of the Kaya identity in forecasting emissions. Over time,
the conclusions drawn from the Kaya observations have become more accurate, and

the data indicate a decrease in both energy and carbon intensity.

Companies impose a carbon emissions tax on each unit of their products that
generate carbon dioxide. Among all policies aimed at minimizing emissions, a carbon
tax is considered the most significant policy choice. Governments and regulators in
some countries are now focusing on carbon reduction, as evidenced in the research
work of (N. K. Mishra and Ranu 2022) and (Toptal, Ozlii, and Konur 2014). The
Kyoto Protocol, which is a global initiative associated with the UN Framework
Convention on Climate Change, introduced control of greenhouse gas (GHG)
emissions, and concerns for environmental stability have grown at all levels of
society. The Nations Framework Convention on Climate began to take effect on
March 21, 1994, and the international agreement, Kyoto Protocol, was signed by 37
developed countries on December 11, 1997. India also signed an international
agreement in 2002 that encouraged both developing and developed nations to curb
emission levels through industrialization. Organizations can significantly reduce their
CO2 emissions by investing in carbon-lowering initiatives such as cleaner and more
efficient transportation fleets, energy-efficient warehousing, and sustainable
manufacturing processes, as demonstrated by (Bae, Sarkis, and Yoo 2011); (llic,
Staake, and Fleisch 2009) and (Liu, Anderson, and Cruz 2012).

Encourage enterprises and emerging economies to join the efforts to
minimize carbon emissions. International bodies and national governments have

established several regulations to lower GHG emissions, such as carbon taxes. (U.
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Mishra, Wu, and Sarkar 2021) explained in their research ideas that some government
entities have imposed a carbon tax on companies or industries that emit carbon dioxide
throughout their operations, causing environmental pollution. These industries, which
produce emissions, are responsible for rising temperatures as they utilize fossil
materials throughout their production flow. Therefore, governments impose taxes on
those industries to control global climate change and protect the environment.

In their research work, (Xi Chen et al. 2013) introduced Walmart (Walmart
Sustainability. 2022), which made a new decision in 2016 to avoid 1 billion metric
tonnes of carbon emissions from the global supply chain by 2030 through Project
Gigaton (Project Gigaton Accounting Methodology. 2022). This initiative aims to
mitigate the entire supply chain greenhouse gas emissions by one billion metric tonnes
by 2030. Project Gigaton was developed to address the fact that almost all emissions
in the supply chain process occur in transportation and manufacturing instead of stores

and distribution centres.

The remainder of this research study is structured into various sections. Section
5.3 provides a comprehensive review of the existing literature. In Section 5.4, the
notations and assumptions employed are outlined. Section 5.5 outlines the
mathematical model and its calculations, while Section 5.6 focuses on algorithms and
techniques. Section 5.7 elaborates on numerical simulations, while Section 5.8
presents sensitivity analysis in both tabular and graphical formats. Section 5.9
discusses academic and management implications. Additionally, Section 5.10 offers

conclusions, and 5.11 suggestions for future research.

5.3. Literature review:

Researchers have begun including carbon pollution in supply chain models that focus
on control and management. The transportation, storage, order management, and
waste disposal processes in the supply chain all contribute to greenhouse gas
emissions. (Zanoni et al. 2014) created a model that combined stock for a commodity
with price and environmental criteria. Earlier literature, such as that of (Taleizadeh et

al. 2018), implemented a system to transform the climate component of CO2

106



emissions into the market price. In their recent research, (Hariga, As’ad, and
Shamayleh 2017) investigated the emissions from the supply of cold items and found
that coordinating vendor-managed inventory (VMI) can save money and minimize
emissions. They also incorporated the cost of CO2 and energy that emit from the cold
truck and freezer unit into their approach. (Yakavenka et al. 2019) analysed the total
CO2 emissions and transit time to highlight the environmental and social impacts.
Supply chain management has received significant attention in both research and
business, with CO2 emissions being a major issue. Many governments have imposed
carbon taxes to encourage the reduction of greenhouse gas emissions and promote
ecological sustainability. Therefore, the effect of emission taxes on the inventory

supply network and the decision-making process has become a topic of discussion.

Governments and regulatory agencies face increasing pressure to establish laws
aimed at reducing carbon emissions. To tackle this issue, both governments and firms
across the globe are taking measures to reduce their carbon footprint. The adoption of
carbon emission plans and policies is increasingly popular in the effort to reduce
greenhouse gas emissions. According to (Xi Chen et al. 2013), carbon pricing policies
were first introduced by Finland and Sweden, making them the pioneering countries
in this regard, and since then, several other countries, including India, the United
Kingdom, Ireland, British Columbia, Canada, Australia, and China, have followed
suit. In their study, (Benjaafar, Li, and Daskin 2013) integrated the total cost of
production and carbon emission costs, considering emission taxation policies. The
primary aim of carbon tax policies is to impose a fee on industries that exceed their

carbon footprint and limit their emissions.

The objective of this study is to examine the carbon emissions associated with
transportation, warehousing, and waste disposal, as well as the cost of the system. The
analysis considers the regulation of carbon tax. Large companies such as IBM, Pepsi
Co, and Johnson require their suppliers to document and report their GHG emissions.
(Saif and Elhedhli 2016) reported that Wal-Mart reduced GHG emissions from its
supply chain by 18 million tonnes in 2015. (Xi Chen et al. 2013) investigated the
impact of the EOQ model under a cap policy on carbon emissions and costs and

demonstrated how their findings can be applied to tax, cap-and-offset programs to
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minimize the emissions. (He et al. 2015) used the EOQ model to discuss a firm's
production lot-sizing issues following the carbon tax and the cap-and-trade system
norms. There are four primary carbon emission policy options for lowering carbon
emissions: mandated capacity for carbon emissions, tax for emitting carbon dioxide
emissions, cap-and-trade, and carbon offset investment, as stated by (Song and Leng

2012). Preservation, resources, and recycling are important aspects of green and

Based on the previous review, it can be inferred that a planning model that
considers both deteriorating items and carbon emission policies has not been utilized.
Our research study covers the topic of supply chain management with competing
organizations at three different levels. While there is an abundance of literature
available on this subject, previous research has mainly focused on two-level inventory
frameworks. Therefore, we proposed a three-level inventory supply chain model in
this study. The multi-echelon inventory model has been a subject of great interest in
recent years, and our proposed model includes a supplier, retailer, and producer.
(Kreng and Chen 2007) have already developed a three-tier supply chain inventory
model including a distributor, a single producer, and a retailer. The three-tiered
inventory supply chain encompasses the complete process of producing, holding,
transporting, and selling essential goods, involving manufacturers, suppliers, retailers,
transporters, warehouses, and consumers. It is a process that involves converting
natural resources or raw materials into finished products, transporting them, and then
selling them to end-users or customers. (Kumar et al. 2012) conducted a study on the
three-tiered model of inventory in the context of the supply chain that considered
highly restricted storage capacity during inflationary periods. (B. Sarkar et al. 2016)
have studied a conceptual framework for supply chain coordination consisting of three
tiers, where the seller produces semi-finished goods and transports them to a
manufacturer for further processing, and then the finished goods are sold to the
retailer. The model aims to reduce inventory costs by including variable shipping and
greenhouse gas emission fees in multiple deliveries. In a similar vein, (Daryanto et al.
2019) explain that carbon emissions resulting from warehousing, transportation, and

disposal of decayed goods are all part of a three-level supply chain. Meanwhile, (B.
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Sarkar et al. 2021) propose a coordinated sustainable supply chain management
approach for a three-level network consisting of one supplier, one producer, and
several retailers. Their main objective is to reduce total supply chain costs while
controlling deterioration and emissions. To avoid excessive holding costs, the retailer
fulfils orders based on customer requirements, and demand is assumed to be constant
throughout the supply chain. Most of the retailer's expenses are related to ordering
and holding inventory. Therefore, there is a need to investigate an inventory model
that considers carbon costs for three-echelon models over a finite planning horizon.

The cold chain logistics system is responsible for both direct and indirect
greenhouse gas emissions, making it the most significant source of pollution in the
inventory supply chain network. As a result, reducing carbon dioxide emissions in this
sector is crucial for energy conservation and cost reduction. (Quaglini et al. 2022)
focus on examining one of the largest underutilized energy sources, the final energy
consumed in space cooling systems in the European transportation network. (Hu et al.
2021) developed a carbon emissions optimization model to investigate how to
reconcile carbon restrictions with cost reductions in the cold supply chain. (S. Wang
et al. 2017) optimized the Transportation Problem (VRP) with service times to
maintain the cold supply chain in China's carbon tax-based supply networks, reducing
cost pressures on the cold supply chain. The researchers developed a low-cost, low-

carbon cold supply chain distribution route to optimize the system.

In addition to variable costs, the distribution process of fresh goods also involves
fixed costs such as transportation costs, damage costs, carbon emissions costs, and
freezing costs. The carbon emissions in this context are divided into two types: fuel
usage and cooling energy consumption. (M. Wang et al. 2018) researched a carbon
trading framework for the delivery of fresh goods using refrigerated trucks with a
pollution cap-and-trade scheme. The study examines the use of cap-and-trade
mechanisms to reduce greenhouse gas emissions and explores the impact of
refrigerated shipping services and carbon trading on the coordination between
suppliers and retailers. A research analysis by (Matskul et al. 2021) aimed to optimize
the management of a frozen supply distribution network by developing a
mathematical model for a fixed logistics network of frozen supply chain processes
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involving refrigerated vehicles while taking into account the associated environmental
emission costs. A model for Integrated Routing and Inventory Planning (IRP) was
developed by (Stellingwerf et al. 2018) to investigate the advantages of collaboration
in a temperature-controlled supply chain in terms of sustainability.
Refrigeration is the process of manufacturing cooling by transferring heat from

a low-temperature resource to a high-temperature resource. Its impact is significant in
manufacturing, storage facilities, and the supply chain, especially for perishable goods
such as food, medicine, vegetables, and flowers. Refrigeration technology plays a
crucial role in preserving the safety and quality of perishable goods concerning
temperature sensitivity during storage and transportation. Some businesses, such as
Walmart and Americold, provide refrigerated delivery services to other business
owners to maintain the integrity of the products.
(Hariga, As’ad, and Shamayleh 2017) examined a multi-stage supplier-retailer chain
model that includes a factory, distribution, storage facility, and retailer. The study
evaluated the impact of carbon dioxide emissions from storage and transportation
tasks in the frozen product supply chain. The authors proposed three models to
minimize capital expenditure, economic and environmental risks, and carbon
emissions, respectively. These models aim to determine the optimal order size,
shipping volumes, number of vehicles, directions, and refrigerated units to use
throughout the entire supply chain, as well as to reduce carbon footprint through
carbon tax policies. However, no existing inventory control and management model
accounts for carbon cost, temperature-sensitive items, and three-tier supply chains
with a finite planning horizon. Therefore, the authors developed such a model.

(C.Wuand Zhao 2014) and (J. Wu, Teng, and Chan 2018) have noted that previous
literature has focused on stock control and management with the demand that is
dependent on emissions or demand that fluctuates over time. In addition, it is common
to observe that consumer sales volume increases significantly with time and stock
levels in two echelons within a finite horizon. (Babagolzadeh et al. 2020) investigated
uncertain demand during a cold supply chain over a finite planning horizon, while
(Daryanto et al. 2019) examined a constant demand across three echelons along with

carbon emissions.
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This work presents a model for the supply chain of cold items, which includes a
manufacturer, a supplier, and a retailer over a finite period. Linear time-dependent

demand is also taken into consideration in this study.

The findings of the previous study indicate that the issue of temperature-sensitive
goods has not been tackled in the context of the three-tier inventory model with carbon

cost over finite periods and linear demand.

5.3.1. Define the research problem:

There is a significant gap in the literature concerning the three-tier inventory model
for a supply chain network that involves refrigeration for deteriorating items with
carbon emissions under a finite planning period. Additionally, no research has been
found that addresses supply chain inventory management with carbon emissions
under a finite period for the optimal length of cycle that depends on the total cost or
other factors (such as different cycle lengths). Therefore, this study aims to investigate
the management of deteriorating items, refrigeration, and emissions during a three-
level supply process. The study will also analyze how different carbon emission tax
policies affect carbon emissions and supply chain management. This model has been
proposed based on a literature review and will be the first of its kind. It is also
applicable for real life. In a real-world, a pharmaceutical business optimises
manufacturing, distribution, and retailing operations by managing a three-level

refrigeration supply chain for temperature-sensitive vaccines.
5.4. Assumptions:

Here are the assumptions that underpin the mathematical model of the inventory
manufacturing and replenishment scenario with constant deterioration and linear

time-dependent demand:

I.  The demand is a time-dependent linear that varies with time.

ii. The inventory level is continuously monitored and replenished.

iii. The lead time for replenishment is negligible.

iv. In the three-level supply chain approach, we did not maintain a constant

time interval for ordering.
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Vi.

Vili.

viii.

Xi.

Xil.

Xiil.

Xiv.

XV.

XVI.

rate of

The demand is fulfilled entirely without any delay.

The production rate of the manufacturer is constant.

Deterioration can only happen when the commodities are properly stored
and restocked.

In supply chain management, a constant deterioration rate (0) is assumed
for all players, including retailers, suppliers, and manufacturers.

Items that have deteriorated are not repaired or replaced during the planned
horizon.

The replenishment cost and the holding cost are constant.

The transportation cost is included in the cost associated with placing an
order.

The cost of carbon emissions due to holding and transportation is also
considered. A single item that is temperature-sensitive is retained in stock
within a finite planning horizon.

Assuming the production (P) is greater than the required amount by the
purchaser (D), as per the given scenario.

In the single setup single delivery model, we have fixed the emission
amount to incorporate emissions from refrigeration setup during
transportation and holding. The retailer places ‘n’ orders for different
quantities, and the transportation cost is included in the ordering cost.

This study does not allow for shortages.

The transportation of products, inventory storage, and disposal of

deteriorating items all contribute to carbon emissions.

5.5. Mathematical formulation and analysis of the model:

A cold/refrigerated supply chain model with a single supplier, producer, and retailer
has been developed in this study. The supplier sends semi-finished goods or raw
materials to the producer in batches of various sizes. The producer, with a production
P, completes the items using unfinished products from the supplier and
distributes them to the retailer. The producer considers carbon emission costs, which

are included in setup costs. The retailer also considers carbon emission costs, which
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include fuel consumption of vehicles and refrigeration during storage and
transportation. In the model, the costs of each supply chain player are derived
specifically, and new features such as carbon emissions from holding inventory and
deterioration are examined over a limited planning horizon. The model is divided into
two sections, in which the producer produces the number of items required for the
remaining planning time horizon by simultaneous replenishment in each cycle to the
retailer. An analytical solution to the problem has been studied, where the producer
reaches the "break-even point" at time t, after which no production occurs, but
replenishment persists for the specified intervals as shown in the graphical
representation. For the retailer's cost, only ordering, degrading, holding, and carbon
emission costs are considered, and transportation costs are included in the retailer's
ordering cost. This model extends Rao's model and examines the outcomes of new

characteristics over a limited planning horizon.
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Figure 5.1. Three-echelon supply chain management
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Carbon emission cost due to refrigeration:

Transportation-related emissions can be significant for some products, while emissions

related to storage (such as for packed goods) may be small and negligible. However, in

the case of refrigeration, it is the opposite. For refrigerated items, emissions due to

storage can be substantial. Walmart has recognized the importance of refrigerant

emissions in its supermarkets, which generate more greenhouse gases than its truck

service. As a result, we need to consider carbon emissions related to refrigeration in the

retailer's total cost.

Another major retailer, Tesco, has found that refrigerant emissions account for about

26% of its direct emissions (Tesco-climate change. 2023). According to (Shi et al.

2019), the carbon emissions related to holding or refrigeration costs are as follows:

. tiv1
P. * Cozf Iy, , () dt
t.

4

B« Co, [ {1 (@ + bwe® @0 du} dt (5.9)

t

carbon emission cost due to deterioration
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A tiv1
d, *COZZJ. 01, (t)dt
t

i=1""i

dyx 0 x Cop Xy [1" {J5 (@ + bw)e® @0 du} at (5.10)

t
Retailer’s overall cost

Total cost = Inventory holding cost + Ordering cost +Deteriorating cost +Carbon

emission cost from deterioration + Carbon emission cost from Inventory holding

t; t; =~
TRet(tirn) = nx 07' + hT‘ Z?:l fti o Ibi+1(t) dt + dr Z}Ll fti A Ibi+1(t) dt + Pr *

Co, fttiiﬂ I, (8) dt + dy * Cop Xfy fttiiH 01, () dt

Tret(tun) =n* 0, +{h, +d, x0 + B x Co, + @*COZ*G}ZI I,

i=1

Tree(tyn) = 1% O + {hy + d + 0 + By % Cop + &, + Cop + O} BIL, [ [ (a +

bu)e®®-8 du dt

TRet(tirn) =ny * 0,

+{hr+dr*9+ﬁr*C02+ d, * Co,

n . . p—
* e}z firt (@ + btyyq)efin? _ ﬂee(tm—t) _ M
4 ), 0 62 6
1= 13

b
+ﬁdt
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Tret(t;;m) = n*0,
+{h, +d, %0 + B x Co, + d, * Co,

efrltin=td  p a + bt, b
* H}Z {(a + btl+1) — Oty _ M 4

03 92 03
2b
0

Tret(ti,n) = ny * O,
+{h, +d, 0 + B x Co, + d, * Co,

ettt p (a+bt) b
* H}Z {(a + btl+1) - ﬁee(tm—ti) . TL + -

2b b(tl+1 )}
T T T g2 (ti+1

Tret(tiym) = nx O,
+{h, +d, %6+ B, x Co, + d, * Co,

n
1 eftini—td  p (a+bt;)) b
* H}Z {5{((1 + bt;y1) T — ﬁee(tiﬂ‘ti) — TL + ﬁ}
i=1

0 62

Where tisg—t;=H

Tret(tiyn) = nx O,
+{h, +d, %6+ B. x Co, + d, * Co,

n
1 eg(tiﬂ—t) b (a n bt-) b
Oty —t) AT OL) D

i=
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Tret(tyn) = n * 0O,

h, + P * Co _
+ {%2 d‘r + dr
- O(tit1—tp) b ( _
e R a + bt;)
* COZ}Z {(a + bti+1) T —_ ﬁee(twl tl) — TL
=1
+ b 2b b+H
02 0 62
Tret(ti;n) = nx O,
h, + B. % Co _
+ {# d.+ d,
0
n
efrtivai=t) p (a + bt
* COZ}Z {(a + bti+1)T _ ﬁee(tﬂl_ti) — TL
i=1
4 b 2b bxH
02 0 62
tivq O(t—t: eO(tiy1—t;)
Where qp;, = Ip,,, (&) = ft' (a + bt)ef(-t) dt = {(a + bt"“)T _

l e(ti+1—ti) _ (a+bti) i
62 € 0 + 92

hT+P?*C — t;
TRet(ti: Tl) = n* Or + {Taz + dr + dr * COZ} ?zl {ffi o (a +
—t. 2b bxH
bt)et=t) dr — 2 — 2 (5.11)

OTRet(tyn) _ {hﬁi’?*c‘oz

ot 6 +d, + d; * Coz} {(a + bti)(ee(ti_ti—l) — 1) — 8 fttii+1 (a+

by~ dt} (5.12)

Manufacturer solution:
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dip; ®)

—_ =P — G xlp,, (1) (5.13)
dip; (®)

Pd;tl+ 0 +Ip, (t)=P  where t; < t < tipq

Ip,, (t) = e ftt P xe%%du
Ip,, (©) = ftt P x %@ dy
l

IPi+1(ti+1) = {qp; — Qp; and IPL-H(ti) = qp;_1 — 9p;_4

P*{l—ee(ti_t)}

IPi+1 (t) = 0

P * — .
qPi o qbi = IPi+1 (ti+1) = 5{1 — eQ(tl tl+1)}

P Ot —t
dp; — qp; = IPi+1(ti+1) = 5{1 — e i tl)}

"o 0(tj—tisq) " P r 0(t;—t;
(o) = Zi=15 * {1 —er } + Zi=1 b; + 9" Zi=r—1{1 —eftr l+1)}

T T
Q.(t) = Z L {1 — ee(ti_ti+1)} + Z b, (5.14)
i=19 i=1

According to Ghare and Schrader (1963), and Rau (2003) the ending inventory after
time t can be stated as Opening inventory = Ending inventory (1 — 8)~(i+1=t)  ynder
the fixed deterioration rate. The finished product inventory is Q2; after (Ti-t), the

inventory is Q2; this is determined from the above equation. shown in Figure 5.2.
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Q

lpn-2) = Up(uogy T, (1= §)~(n-27tn-3)

+
Abn-, IP(n—Z) IP(n—l) =q, (1- g)—(fn—rtn—z)

Figure 5.2 Replenished inventory in different cycles.

r+1 n
Q,(n,1t) = o+ (1= 9)(tn—i—1—tn—r) + Qb . . *
Abp—i-—1 n—i-1
i=1 i=n-r
(1 — 9)(tn—i—1_tn—r) + qbi } (1 — 9)(tn—r_t)

r+1

Q, (n’ T, t) = Z Qopj—q * (1 — g)(tn—i—l—tn—r) (5.15)
i=1

n*
Taup (N 6 ) oo £) =10 % Sy + P Z 1§ « {1 — Ot} (5.16)
i=

5.6. Algorithm and procedures for resolving the problem:

The following techniques can be used to find the solution:

1. Firstly, the values for all specified parameters, including W, hy, P, a, b, and c,
should be fixed.

2. To determine the optimal solution in this three-echelon scenario, we first need to
identify the optimal ordering time pattern. This involves finding the values of ti.

Continuous in the following ways to find ti as
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a. If we assign n=1, we get to=0 and t;=H.

b. If we consider n=2, then we can initialise to=0 and t.=H. Then, using Eq. (5.12),
we can get t1.

c. To use the obtained values of t; in the preceding step, similarly, find t> from
Eqg. (5.12).

d. By using values of t2, get tz from equation (5.12).

e. Working in this approach until t,.1 is achieved. Having tn-1 values that are
approximately equivalent to H (finite horizon planning), and ti values that
satisfy the Hessian matrix theorem.

f. We will determine the unique and optimum values of t; foreachm 1 =1; 2;
35

3. After calculating the value of ti by using Eqgn (5.12). Then derived the values of

Q1 and Q2.

4. Then we can easily find out the value of t by putting Q1-Q2=0.
5. The value of T, (t;, n) can be determined by Eqg. (5.11).

6. By using equation (5.11), Tg.:(t;, n) (n) is obtained to calculate the optimal value

of the total cost of the retailer Tk, (t;, n) by using the following conditions.

a. Forn = 1,then Ty (t;,n) = Trer(t;,n)(n) and stop. Forn = 2,And if
Tree(t,n) < Tgee(t;;n — 1) and Trec(tn) < Tree(tyn + 1) then
Tret (t;, n) (n)=0ptimal (T, (t;,n)) And stop otherwise go to the previous step.
Similarly, T, (t;, n)(n) system by using Eqgn. (5.11).
7. The aforementioned solution approach will be also used to derive the optimal n1,
Q1, Q2, Tre:(t;,n) and Tg,.(t;, n)values.

5.7. Numerical illustration for the proposed model:

Forn=1,2,3, ......... replacement cycles and various parameters, this section would
contribute information on numerical output; we'll examine numeric values to show how
different factors affect the overall cost of retailers, suppliers, time intervals, and
replenishment cycles. Let h,=0.9 ($/unit/unit duration), dr =0.01 ($/unit), Den=0.07
(ton CO2/unit), P=400 (unit/unit time), CO>=0.2 (unit/time/ton), Cn,=0.01
($/ton CO2/unit), 6 =0.2 (unit/time), H=4, a=400 (unit/time), b=100 (unit/time), Ss= 1
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($/lot), O,=480 ($/lot), B.=0.5 ($/unit), with the appropriate units. Using the

Mathematica application (version 12), we have solved nonlinear Egn. (5.11) and Egn

(5.12). The optimal quantity, and total cost of the retailer and supplier, are presented

graphically and in the tabular form that is given below.

Table 5.1. Total cost for the retailer for five different values of a

— Ni

1

2

3

4

5

6

7

8

9

400

7555.22

5112.3

4280.964051.15

091.56

4273.984539.68 A858.18

5212.21

500

10487.00

7661.7

6627.3 | 6279.70

6244.24

6373.98| 6601.03

6890.02

7220.78

600

13410.60

10207.4

8971.53| 8506.88

8395.94

8473.22| 8661.79

8921.37

9228.95

800

19242.40

15291.9

13656.1| 12958.7

12697.5

12670.4| 12782.2

12983.2

13244.6

1000

25062.00

20370.7

18337.4| 17408.4

16997.7

16866.4| 16901.8

17044.4

17259.6

Table 5.2. The lowest total cost of the supplier, and retailer and the optimal number
of replenishment cycles

a nifto t1 ta ts ts ts te t7 Qui Tes | Ter

400 |4 |0 |0.90766 [1.74775|2.5367 |3.28503 | 4. 2017.512059.71 |14051.15
500 |5 |0 [0.74887 |1.45637|2.13033 |2.77633 B.39849| 4. 2440.74 2263.78 |6244.24
600 |5 |0 (0.73787 |1.44085|2.11473 |2.7638 B.39135| 4. 2797.27 [2480.83 |8395.94
800 |6 |0 (0.62188 |1.22364|1.80763 |2.37579 |2.92972]3.47075 |4. [3583.66 [2895.44 |12670.4
1000|6 |0 (0.61299 |1.20987|1.79221 |2.36135 |2.9184 [3.46434|4. [4310.01 [3323.44 |16866.4

Preposition 5.1:

F(t;) — F(ti41) <

(a+Dbtiy,)e® T < p(e®T) —1)/0 + (a + bt)ed T

F'(t)
F(t) “ti

[f#1 F(e) dt

Let F(t)= (a + bt)e® % is a log convex function. By putting the value of F(t) in the

above equation. we have

(a+btjy)e®tin—t% — (qa +bt;) <

(a+ bt )ebtis~ — (g +bt;) < (

(a+

b +6(a+bt;)
(a+bt;)

b

bt;)
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OTRet(tin) _ {Hb+CHb*C02
at; - 6

6 ttf'“(a + b)etdr}==0 (5.12)

+ D¢, + D, * Coz}{(a +bt;) (8t — 1) —

(a+b t)(e®(titi-1)-1)
)

By Eqn. (5.12) we have = f:"“(a + bt)e®t-t) gy

(a+bt)e®T) — (a+bt)
2

(a+ bt 1)e?Tird) — (a4 bt) < ( +6)

(a+bt))

(a+btjy)e?Tird) — (a4 bt) <

-5 t+h t)e®T) — (a+bt)

8(Ti) 1)

(@+b ty1)edTird) < 2 —— +(a+bt)e™

Lemma 5.1:

t; increase where i=1,2,3............. n-1 strictly monotonic increase function of last

replenishment cycle t,,
Proof: See Appendix 5. As.

In this lemma, we can see a bonding among replenishment time, last replenishment

time, length of replenishment time and time horizon.
Tiy1 = tiy1 — ¢ and &, =H-T,

Theorem 5.1 The optimal ordering period for a fixed nl can be determined by finding the
unique solution to the non-linear system of Eqn (5.12). In addition, the Hessian matrix of
Tret (t;, n) must be positive and definite for Ty, (t;, n) to be minimized for a fixed n. Moreover,
as shown in Appendix 5. A,, the theorem proves that Tg,.; (t;, n) is always positive. Therefore,
the optimal value for t; with a given constant non-negative integer n can be calculated using

numerical iterative techniques and Mathematica programs.
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Theorem 5.2 Tg,; (N1, to, t1,

planning n1.

See Appendix-5. Az for the proof

5.8. Comparative study:

Table 5.3. Comparison Table.

, tn) is a convex function in a finite horizon

Observations:

Parameters | n | 3 b P Or |Ss dr Deb | O hr | CO2 | Cho B.
Rao 2003, 5 12000 | O 24000 | 50 500 110 0.08 | 15 - - 20
model

Proposed 5 12000 | 100 | 24000 | 50 500 110 0.07 | 0.08 | 15 0.2 0.01 20

model

Parameters | t; H Retailer’s Supplier’s
- total cost total cost
TRet Tsup
Rao 2003, ti=t=fixed nt Non- 29,138 42,246
model (fixed) optimal
Proposed Optimal ts are LG Non- 17126025.0 2884335.87
model derived t; optimal
i=

1 To compare the proposed model with Rao's model, a scenario was investigated where

the parameter values were the same as in the example of Rao's model. Furthermore,

the values of newly added variables in the proposed model, namely Cy=0.2,

Deb=0.07, and Ci,=0.01, were also taken into consideration.

2 The optimal ti's are derived in the proposed model, whereas in Rao's model, tiis fixed.

3 The proposed model has higher total costs for both the retailer and the supplier

compared to Rao's model. This is due to different optimization objectives or

constraints. Also, in Rao's model, factors not explicitly considered are Co2, Deb, and

Cho.

4 Additionally, from this perspective, we can conclude that our model is more realistic

than the Rao's model because we are working with a finite planning horizon.
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5.9. Sensitivity analysis and findings:

Due to the unpredictable nature of market conditions, it is important to examine how
changes in certain parameters can affect the values of key decision-making variables
in a hypothetical scenario. Sensitivity analysis allows us to investigate how changes in
these parameters impact optimal production quantity, total cost, optimal replenishment
quantity, and optimal replenishment cycle. This section will encompass a thorough
sensitivity analysis to examine the level of sensitivity of a previous example to changes
in various system components. This analysis includes graphical and tabular illustrations
to demonstrate how different parameters, such as a, b, hr, dr, Deb, P, Co2, Chp, @ , H, Ss,
Or, and B, affect the optimality of the inventory approach. The values of all parameters
were changed by +25%, +12.5%, 0%, -12.5%, and -25%. To examine the effects of
these changes on the optimality of the inventory approach, a sensitivity analysis was
conducted. Table 5.1, Figure 5.3, Figure 5.4, and Figure 5.5 demonstrate the findings
of the sensitivity analysis, where each variable was individually examined while
keeping the other variables constant. The optimal solutions were determined for each
scenario using the "Mathematica™ computing application version 12.

Table 5.4 explains the Tg,, and T,, values for multiple and different shipping n:

up
Figures 5.3, 5.4, and 5.5 show the show's comparison of various values of a. Figures

5.3, 5.4, and 5.5 show a graphical explanation of the convexity of the Tg,; function.
The following are the important facts drawn from the numerical example:

1. As aresult, the above scenario in Table no 5.5 and Table no 5.6 happened only
when one participant (supplier, manufacturer, or Retailer) occupies the industry.
on the other hand, maintaining good collaboration is essential for the supply chain
process. Table 5.6 shows the integrated view for different parameters. All the
while, according to the integrated view, the total cost for, the producer(supplier),
or retailer will be minimal. If all supply chain members are considered equal, the

integrated method is the most appropriate choice for each one.
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With the help of Table, no 5.4, we observed that the value of n* is slightly flexible
in the collection of a parameter like 'a' and 8, it is almost completely insensitive
to other variables including b, c, Oy, Ss, Co2, P, Pr, dr, and Chp.

The total cost of retailer T is extremely dependent on the input parameters a, b,
and

6, moderately reactive to the set Co2, Or, Den and Chp parameters and almost
unresponsive P, P, to any change in the rest.

Total quantity that is greater sensitivity to the input parameters a, b, less reactive
to the parameters 6 and almost unresponsive to any change in the parameters like
P, Pr, set Co2, Or, Deb and Chp in Table no 5.4.

In Table no 4, the Supplier's total cost Tes is extremely dependent on the input
parameters a, b, P, and Pr.

moderately reactive to the set 8, Oy, and Ss parameters and almost unresponsive
to Co2, Deb and Chp any change in the rest.

. We define the “break-even” point” t Such that here t is the point where the total
quantity produced becomes equal to the total quantity Q> to be consumed in the
forthcoming remaining cycles until all of the quantity produced up to the “break-
even” point ‘t’ is exhausted. Q1 should be greater than Q.. Q1 is the total quantity
produced before the “break-even” point” t. For different values of ‘a’, different
“break-even point” t are shown in Table 5.5 and Table 5.6 also, diagrammatic
representation for different values of ‘a’ 450 and 300 are shown in the Figures
5.6, Figure 5.7 and Figure 5.8. Table 5.3 contains the required quantity produced
in each cycle used for replenishment in retailer inventory for meeting linear

demand.

5.10. Tabular formulation and graphical representation:
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Table 5.4. reveals the following facts of the comprehensive and detailed sensitivity

analysis.

Parameters %Changes Optimal The total cost | The total Total
Replenish of system TC cost of the cost of supplier/
cycle Retailer Manufacturer

TRet Tsup
(+25 5 2440.74 6244.24 2263.78
a=400 +12.5 4 2191.04 5165.64 2170.55
{0 4 2017.51 4051.15 2059.71
—12.5 i 1843.97 2936.14 1948.84
—-25 1670.44 1820.44 1837.94
+25 4 2174.81 2353.52 2170.75
+12.5 4 2096.16 3202.56 2115.24
0 4 2017.51 4051.15 2059.71
b —125 i 1938.85 4899.21 2004.17
—25 1860.20 5746.67 1948.62
+25 4 2060.56 5233.0 2078.07
0 +12.5 4 2038.88 4806.49 2068.66
{1 O 4 2017.51 4051.15 2059.71
—12.5 g 2066.25 2693.66 2040.49
—-25 2048.47 194.899 2034.58
+25 4 2017.51 4531.15 2059.71
Or +12.5 4 2017.51 4291.15 2059.71
0 4 2017.51 4051.15 2059.71
—12.5 5 2017.51 3791.56 2046.68
-25 5 2017.51 3491.56 2046.68
+25 4 2017.51 4068.53 2059.71
CO> +12.5 4 2017.51 4059.84 2059.71
0 4 2017.51 4051.15 2059.71
—12.5 4 2017.51 4042.46 2059.71
-25 4 2017.51 4033.77 2059.71
+25 4 2017.51 4051.15 2240.87
+12.5 4 2017.51 4051.15 2150.29
P 0 4 2017.51 4051.15 2059.71
—12.5 4 2017.51 4051.15 1969.13
-25 4 2017.51 4051.15 1878.55
+25 4 2017.51 4051.15 2573.64
+12.5 4 2017.51 4051.15 2316.67
P. 0 4 2017.51 4051.15 2059.71
—125 4 2017.51 4051.15 1802.74
=25 4 2017.51 4051.15 1545.78
+25 4 2017.51 4051.15 2060.71
+12.5 4 2017.51 4051.15 2060.21
Ss 0 4 2017.51 4051.15 2059.71
—12.5 4 2017.51 4051.15 2059.21
-25 4 2017.51 4051.15 2058.71
+25 4 2017.51 4058.39 2059.71
B. +12.5 4 2017.51 4054.77 2059.71
0 4 2017.51 4051.15 2059.71
—125 4 2017.51 4047.53 2059.71
—25 4 2017.51 4043.91 2059.71
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{ +25 4 2017.51 4061.29 2059.71
d, +12.5 4 2017.51 4056.22 2059.71
0 4 2017.51 4051.15 2059.71
—12.5 4 2017.51 4046.08 2059.71
=25 4 2017.51 4041.01 2059.71
Retailer optimal cost
5100 51123 4858.18
4900 4539.68
4700
s 4280.96 4273.98
0 4500
[v] 4091.56
= 4300
45 4051.15
1100

3900
3700

3500
1 2 3 4 5 6 7 8 9 10

No of replenishment cycles

Figure 5.3. The figure provides a graphical representation of the convexity

Total optimal cost of retailer

7500
6244.24
6500
73 5165.63
8 5500
= 4500 4051.15
=
IQ 3500 2936.13
2500 1820.44
1500 T T T T T T T 1

No of replenishment cycle length

Figure 5.4 This figure presents a visual depiction of the convex nature of
Trecconcerning various values of the parameter.
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Figure 5.5 This figure shows a three-dimensional visual representation of the convex
nature of Ty, for various values of parameter a.

Table 5.5 The comprehensive and detailed examination has yielded the following

findings.
Q1—-Q2 | a to |t1 t2 t t3 ta ts ts t7 ts | n|r
115.67 00 | 0 |0.567 1.109 | 1.2 1.630 | 2.133 | 2.619 | 3.092 | 3551 |4 | 8|4
146.85 @50 | 0 [0.573 1.118 | 1.2 1.641 | 2.143 | 2.628 | 3.098 | 3.555 |4 | 8| 4
178.46 @400 | 0 |0.580 1.129 | 1.1 1.652 | 2.154 | 2.638 | 3.105 |3.559 |4 | 8|4
Q1—-Q2 | a to [t t t2 t3 ta ts ts tz ts | n|r
1478 B50 |0 |(0.773 |1.1 | 1.490 | 2.163 | 2.802 | 3.413 | 4 - - 163
62.318 B0O0 |0 |0.785 |1.08 | 1.506 | 2.178 | 2.814 | 3.419 | 4 - - 163

Table 5.6 The thorough examination yielded the following results for Q; and Q>

Q2 n |r
936.06 1164.37 | 1353.63 |1505.08 |1619.53 8 |4
873.657 |1085.56 |1260.14 |1398.31 | 1500.53 8 |4
811.279 |1006.81 |1166.74 |1291.65 |1381.58 8 |4
915.112 | 1098.49 |1222.63 6 |3
837.042 |1001.38 |1108.41 6 |3

Qu
532.64 1072.92 1620.76 |2176.01 2738.5 3308.07 | 3884.55
508.036 | 1023.08 1545.16 |2074.19 |2610.06 |3152.63 |3701.75
483.754 | 973.737 1470.12 | 1972.91 2482.08 |2997.52 |3519.12
612.759 1237.41 1873.95 |2522.14 |3181.63
580.273 1170.73 1771.8 2383.47 | 3005.57

|0 |00 |00 |00
NINWw|lw
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Supplier Svstem

“Break-even pomnt”

Manufacturer Svstem
—

Retailer Svstem

-t
—

b
S

=0 6=05 =11 t=16 =21 \Fl.ﬁ =30 =35 t=d

Eeplenishment cycle lenpth

Figure 5.6 illustrates the Break Even Point across various values of t; for Table 5.5
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Suppher System

+— “Break-even point”

-

6 Time

hanufacturer Svstem

.
L2

ta | it n l:a ts t ts
'|‘ | i T Replenizhment time

Fetailer Swvstem

t=0 =07 =15

21 t=21.8 =34 te=4.0

ti=

Figure 5.7 Demonstrates the Break Even Point across various values of t; for table 5.6

131



Q2

S

1108.41

1001.38

837.042

/ Time

Figure 5.8 Replenishment quantity across different cycles

5.11. Conclusion and future study of proposed work:

This chapter introduces a new supply chain model for cold items, which involves a
supplier, a manufacturer, and a retailer. over a finite period. Inventory levels are
influenced by three key factors: demand rate, deterioration, and production rate.
Production is a linear function that is dependent on demand, which in turn is
proportional to carbon emissions, population, and time. The production process is
meticulously controlled to ensure equilibrium in the industry and fulfil demand,
preventing shortages due to P(t) > D(t). The principal significance of this study is to
assist manufacturing unit managers in making informed decisions to achieve optimal
inventory levels, optimal replenished quantity, optimal replenishment time, and
production rates while fulfilling retailer demand. Additionally, it aims to aid managers
in mitigating the risk of shortages and efficiently managing the costs of retailers,
suppliers and producers. The study's recommendations have the potential to enable
manufacturing unit managers to make better-informed decisions and enhance the
overall efficiency of their operations, potentially leading to increased productivity,

minimized waste, and improved profitability.

5.11.1. Future study:

To enhance the model's accuracy, potential improvements could include integrating
an imperfect manufacturing system and considering a degradation rate for the Weibull
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distribution. Additionally, incorporating lead time uncertainty would further enhance

the realism of the model.

5.12. Recommendations for stakeholders:

This type of study can provide valuable insights for strategic planning of research and
development in the economy. Additionally, the findings of this investigation can have
practical implications for government and regulatory bodies in formulating effective
policies and regulations to foster economic growth while reducing carbon emissions.
Analyzing conceptual and scientific ideas is a critical element in the development of
any business enterprise, and the research has yielded several conclusions that may be
particularly beneficial for industry management. The following paragraphs outline
some of these key findings.

Based on the existing research, industry management can make numerous critical
decisions to optimize the industry's cost-to-profit ratio. This applies to any production
industry, including smart mobile production using a smart production system within a
supply chain. The production of high-quality goods is essential for increasing system
profitability, but management must also minimize investments in defective
manufacturing. Making informed decisions can help managers reduce overall costs,
minimize carbon emissions, and increase system profits. By reducing setup costs in
the production system, managers or business owners can enhance system profitability

while maintaining product quality.

A flexible production rate is usually helpful to the manufacturing business. A
profitable business strategy requires the reduction of unit manufacturing costs. The
development costs have a significant impact on unit manufacturing costs. The
investment in development costs helps in product quality improvement and
competition survival. This concept can be adopted as a forecasting strategy by industry
management to guide the company's future direction.

In some cases, perishable items can decrease overall profits while increasing overall
costs. To avoid such losses, managers should implement cold chain logistics when

transporting these items from the manufacturing process to retailers or purchasers to
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ensure the quality of the products. However, in implementing cold chain logistics with
manufacturing processes, the number of perishable items produced may exceed the
actual demand. This research can guide managers on how to select a production rate
that can effectively increase system profits.

This research provides insights that can assist managers in making important decisions
regarding the rate of production, demand, and investment. These factors are crucial in

determining the system's profit or total cost.
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Chapter 6: A Supply Chain Inventory Model for a
deteriorating item under a Finite planning horizon with the
Carbon Tax and shortage in all cycles

6.1. Abstract:

We have framed an inventory replenishment model under a finite planning horizon in
which replenishment cycle time and replenishment cycle length are different and don’t
repeat. The finite planning horizon for different replenishment times and cycle lengths is
a real-life scenario. Nowadays, every manufacturing industry wants to achieve maximum
profit at a low cost. It is very difficult to maintain the optimal level of inventory, total
cost, replenishment time, and replenishment cycle. Along with the health of people,
increasing carbon emission also has a dangerous effect on today’s business environment.
Therefore, this research approach analyses an optimal inventory replenishment policy and
carbon emission due to deteriorating material and refrigeration while taking into account
time, emission-dependent, and inventory-dependent quadratic demand. Materials
deterioration affects a wide and varied spectrum of business. Therefore, Material that
suffers deterioration is considered. Shortage, some lost sales, and partial backlogging are
also considered. The model has been developed theoretically. Also, a mathematical
formulation has been obtained to find the unique and optimal solution to the problem. An
algorithm, a numerical illustration and a comparative evaluation are explained, along with
a sensitivity analysis of each parameter. The tabular and graphical representations of
sensitivity analysis were addressed using the Mathematica application version 12. In the
previous chapters, this research approach is explored with an additional parameter
addressing the shortage of items.

6.2. Introduction:

In recent years, there has been a lot of discussion about inventory systems that emit
carbon and degrade the environment. Carbon emissions have been triggering global
warming for many years, which has garnered considerable attention. Carbon emission

gases, such as carbon dioxide and methane, heat our planet and lead to global warming.
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Global warming produces considerable environmental harm because of its destructive,
pervasive, and long-term consequences. It is quickly destroying our planet's
biodiversity, ultimately causing the extinction of countless plant and animal species.
Global warming also causes sea-level rise, ozone layer depletion, rising global
temperatures, extreme weather conditions, drought, and flooding. Due to increasingly
powerful and frequent severe weather events, global climate change and the emission
effect are receiving a lot of attention. The Paris Protocol also referred to as the Cap-
and-Trade system, was established to mitigate the impact of greenhouse gas emissions.
Under the carbon tax approach, companies are paid a predetermined payment for each
metric ton of emissions they produce, whereas the cap-and-trade policy issue a defined
quantity of emission allowances annually under the cap-trade program (Toptal, Oz,
and Konur 2014) and (Noh and Kim 2019).

The subsequent sections of this chapter are structured in the following manner: Section
6.3 give a piece of information about the literature of research. Section 6.4 presents a
list of the assumptions used in the chapter. In Section 6.5, a mathematical framework is
presented. The criteria for optimal cost function are discussed in section 6.6, with the
help of a theorem and the Mathematica software. Section 6.7 includes a numerical
example, an algorithm for finding ti, si, and total cost in the Mathematica tool, as well
as sensitivity analysis, and a comparison discussion with graphs and tables. In Section
6.8, managerial suggestions are provided. Finally, the conclusions of the proposed
model are discussed.

6.3. Literature review:

Enterprise economic endeavours are increasingly being blamed for serious climate
change and global warming. Furthermore, reducing a polluted environment is one of
the most considerable economic benefits of lowering carbon emissions, and it is
becoming a big worry for nations worldwide. Only a few of them consider
environmental issues in supply chain management, which include reducing emissions.
To decrease carbon, the government of any nation and several regulatory bodies have
developed carbon emission programs. The primary regulatory policy is a carbon tax.
(Xi Chen et al. 2013) and (U. Mishra et al. 2021) mentioned in their writings that a
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carbon tax is charged or imposed by various government agencies on commercial
enterprises or businesses that create carbon dioxide throughout their production
process and generate environmental destruction. The primary goal of the government
entities responsible for taxation is to prevent global warming and safeguard the
environment. In other terms, the carbon tax is imposed on corporations that use
harmful raw materials, such as fossil fuels, in their manufacturing process and
transportation, consequently attributing to global warming. Also, a carbon tax can
prevent environmental degradation and the total cost of the inventory model.

(Xi Chen et al. 2013) investigated an emissions inventory issue using the EOQ
model and carbon schemes. (Dye and Yang 2015) analyzed the influence of the trade
credit and carbon policies within inventory management, whenever the credit period
has an impact on the demand rate. (He et al. 2015) determined the optimum emissions
and lot size with two of the most commonly used carbon policies to reduce emissions:
cap-and-trade and carbon tax. (Xu et al. 2020) investigated the combined price and
production of various commodities in the context of the emission legislation. This
report considers the joint decisions of retailers concerning inventory supplies and the
investment model for reducing carbon emissions, taking into consideration the three
carbon regulatory policies. In particular, it expands the economic quantitative order
model to take into account the supply of carbon decreasing expenditure, in addition to
complying with the carbon cap, price, and trade policies (Toptal, OzIii, and Konur
2014). Based entirely on the EOQ model, the researcher discusses production lot-
sizing problems under the carbon tax, cap, and carbon trade norms. From the existing
research, it is found that there is very little study on carbon emission in finite planning.
Therefore, we have decided to focus on it in our work.

Obsolescence, damage, and depreciation can all cause on-hand inventory to
deteriorate over time, resulting in lost sales, decreased earnings, and poorer customer
satisfaction. The variable fraction value of on-hand inventory represents the proportion
of total inventory that is prone to deterioration over time. Managing the supply chain
for goods that deteriorate and emit carbon is difficult and risky because the utility of
such products can decline due to spoilage, damage, or degradation during storage or

transport. Carbon emissions and deterioration mostly occur due to global warming.
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Many countries are increasingly focusing on reducing greenhouse gas emissions and
environmental devastation, employing pivotal methods such as carbon caps and taxes
to accomplish this task. (Shi et al. 2021) examined an integrated supply chain model
for a single supplier and a single buyer manufacturing stock, taking into consideration
imperfect output, including reworked products, various governmental mechanisms for
decarbonization, and item deterioration, all at the same time. They developed a multi-
objective framework to minimize the overall cost and emissions simultaneously. The
demand for a product is generally influenced by several uncontrollable factors such as
pricing, season, time, accessibility, and so on. However, addressing a fuzzy demand
rather than a static demand is considered. Through an EOQ model, we know that
retailers or buyers pay a constant carbon tax, and buyers can use one of three forms of
payment: cash payment, advance payment, or credit payment. Credit transactions seem
to be the most economical and effective of the multiple payment alternatives for
lowering carbon emissions and maintaining the environment. (Shi et al. 2021) also,
state that items deteriorate over time and thus can't be sold after their expiry. (Shen et
al. 2019) addressed a production planning problem of deteriorating goods, taking into
account the implementation of a carbon taxation policy alongside investments in
preservation technology. This study also focuses on two carbon pollution schemes:
carbon cap policies and the cap-and-trade system. (Tiwari, Ahmed, et al. 2018) provide
a joint supply chain approach for decaying goods of inferior quality, considering
metals and organic biomaterials, which leads to the final degradation of the compound.
A hot and humid climate catalyzes the process. Due to carbon emissions, the
deterioration of anything is more obvious and can’t be ignored. This chapter mainly
focuses on materials that deteriorated because of corrosion, rust, rotting along carbon
emission. corrosion or rust is directly related to deterioration but indirectly related to
emission. When metal products are manufactured or transported, they often require
energy to be produced or moved. Additionally, there is a limited amount of research
that specifically examines the relationship between carbon emission policies and asset
deterioration over time in inventory control and management, and nobody has
considered carbon emission policies with deterioration over a finite planning horizon

with unequal cycle length and carbon emission policies.
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(U. Mishra, Wu, and Sarkar 2021) study, the main objective is to control carbon
emissions and find the optimal solution by considering three models: the carbon cap
and tax model, excluding shortage, with partial backlogging, and full backlogging.
Carbon emissions carbon caps and taxes are the fundamental points of this chapter.
(Abad 1996) explain that shortages or stock-out scenarios arise in any business or
industrial company due to many factors, such as pricing and a high rate of
deterioration. In today's scenario, taking stock-out into account in any inventory model
IS necessary. It is anticipated that when one merchant receives the requested amount
from the other merchant, they will satisfy the customers who have been waiting and
then stock the remaining items for their regular demand. However, due to their
impatience or other sources accessible in the region, not all buyers waiting in line can
wait for the supply to arrive, resulting in a proportion of consumers waiting leading to
lost sales. Shortages are therefore defined as partially backlogged. (Deb and Chaudhuri
1987) model permits shortages in all iterations of replenishment except for the final
cycle. Each cycle, during which shortages are created, begins with replenishment and
finishes with a backlogged shortage in the final cycle. Furthermore, (Goyal et al.
1992), and (Giri and Chaudhuri 1997) presented a novel restocking approach where
each cycle starts with shortfalls and ends with a positive inventory. Most researchers
have considered shortage for a single cycle, and there was no literature on a shortage
of carbon emission and deterioration under finite planning horizons for unequal cycle

length.

(Khanra and Chaudhuri 2003) included a quadratic time-dependent demand
function for both finite and infinite horizons in their inventory management system.
(Ghosh et al. 2006) employed the quadratic time demand function in their research
study under finite planning of equal replenishment cycles. According to (T. Sarkar et
al. 2012), incorporating a time-dependent quadratic demand mechanism with shortage
and backlogging yields significant results. (P. N. Singh et al. 2017) introduced a
supplier-retailer EOQ stock supply model with quadratic demand dependent on time
and stock, as well as partial backlog throughout all cycles during a finite planned
period. It is noticeable from the previous analysis that the discussion on deteriorating

goods in nature has not been addressed for carbon tax cost and shortage along with
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carbon-dependent, time-dependent quadratic, and inventory-dependent demand under

finite planning horizons for unequal cycle lengths.

Table 6.1. For a review of the above literature

Research Carbon |Deterioration |Inventory Time- Carbon |Shortage | Finite
work dependen dependen |dependen |Emissions s Planning
t t t cost horizon
Demand Quadratic
demand
(Xi Chen et X X X x N4 X x
al. 2013)
(Toptal, x x x x V4 x x
Ozlu, and
Konur 2014)
(U. Mishra, X V4 X X V4 v X
Wu, and
Sarkar
2021)
(Ghosh et x v x v x v v
al. 2006)
(Xu et al. x V4 X x V4 x x
2020)
(T. Sarkar et X V4 x N4 x N4 V4
al. 2012)
P. N. Singh X V4 N4 V4 x V4 v
et al. 2017)
This chapter v v v v v v N4

6.3.1. Research gap and problem defining:

So far, various studies have been on material deterioration and emission have already
been conducted. However, none of these studies have considered an inventory
management model that incorporates carbon emission measures including a carbon tax,
covering degrading materials with emission-dependent, nonlinear time-dependent, and
inventory-dependent demand, along with shortage. This research gap is significant and

presents a unique opportunity as it combines economic and environmental considerations.
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Based on the aforementioned research, we argue that none of the other researchers has
developed a model for managing deteriorating products, incorporating emission-
dependent, time-dependent quadratic, and inventory-dependent demand over a finite
horizon. Finite planning horizons refer to the period during which decisions about
inventory replenishment are made. Longer planning horizons allow for more time to make
decisions, potentially leading to longer replenishment cycles, while shorter planning

horizons can result in shorter replenishment cycles.

6.4. Assumptions:

1. There is no lead time.

2. Carbon emissions have effects on demand: D = a +b*t + c*t?+6,1. The firm's
preliminary market demand is a which is dependent on carbon emissions; market
demand is b, which is dependent on time; and c is the consumer's awareness of
carbon emissions for each unit. That is, as time increases by one unit, demand
increments by c, and 6, is inventory-dependent demand. A stock-dependent
demand level is a demand for a particular item that is influenced by its current
available stock amount. Stock-dependent demand level directly influences the
quantity of stock and ordering procedures.

3. The stock level is initially zero or starts with the shortage.

4. Throughout the finite planning horizon, the ordering, holding, and shortages
costs are constant but emission costs are constant as well as depend on quantity
and holding.

5. Damaged products are neither rectified nor repaired nor are they replaced.
Therefore, due to the lack of inventory, shortages may occur.

6. Each cycle has shortages that are partially backlogged. Because consumers are
impatient, it is believed that a portion of demand given by B(¢) during the stock-
out phase is backlogged. ¢ is indeed the timeframe the customer needs to wait
until receiving orders, the rest [1-B(¢)] is no longer available and lost. where
B(e)=1/(dp+1) and 5>0
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6.5. Mathematical formulation and analysis of the model:

As seen in the inventory graph for finite planning along with shortages. Differential

Eqgn. of inventory level besides shortages given by Eqn (6.1) and Eqgn (6.5)

Inventory

Level

L
T Order

Quantity TLiya (t)

t /\A/ D& t, Isnj: T -

Shortage (si+1) Lost sale Replenishment cycle lengﬁm Finite planning horizon

S1

—
=]

Graphical representation of inventory system with shortage and lost sale.

Figure 6.1. Inventory level with the shortage

Inventory level with boundary condition IL;;; (s;41) =0

d(ILjyq (t)
LD 4 (0,) ILigs () = =D <t <sus (6.1)

d(ILiv1 (1))

dt +(62) [Liyy (£) = —D(t) — 01 IL;44 (1) i <t <Sjq

d(ILis1 (1))

dt + (6, + 61) ILiy4 (£) = —=D(V) i < t <Sj4q

Where {1,2,3 ... e cev vev cev ee e g }

Taking 6, = at and the differential equation’s solution is given by

—dui;f Q= —D(O) ~ (at + 6Ly () t; <t <sSipq (6.2)

at?

auz
ILi, () =e 2z 0 ftsi“ D(w ez tdu (6.3)
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(u —t2)
ILiyy (©) = [T D(u) eB® 0% du (6.4)

ILip () = [(1 0, +512) (- 1) - %(t2 ~t%) —%(t3 ~t3)|D(®)

The shortage within the condition ILS;,(s;) = 0, is given by the following differential
equation:

d1L51+1(t)

=D(t)B(t) where s;i <t <t (6.5)
dILS;1() _ D)
dt 8-t +1
_ (ti _D® _ Db®)(-1t)
ILSi41 () = fsi 5(ti—t)+1 T s(t-)+1

So total amount of inventory held during the interval [t; , s;41 |

— (Si+1
Ri+1 - fti {

) a(u?-t?)
ftSl+1 D(u) eel(u—t)+Tdu} dt

We may express the above Equation as below by changing the position of integration and

skipping the higher powers of a?.

Riy1 = f‘i‘“{(l +0,t+2 tz) (t—t)— —( t2 — ;%) — = (¢% ~ tﬁ)} D(t)dt (6.6)

The total amount of that quantity for which customers are waiting i.e., the amount of
shortage during the interval [s;, t;]

After rearranging the ordering, S;,, can be given as

Sier = [ LS (0) de = [ {[Is20—du} de = [[FSE220 e

S 8(tj—u)+1 Si 8(ti—t)+1

The total order quantity for a finite planning horizon Q = Yi-; Qi41 =

(6.7)

il Rip1 +
Siv1}
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Qur = [ (140t +582) (- t) =2 (2 — 6D = £(¢2 - )] D@t +

J‘ti (t;—t)D(t)
Si 8(ti—t)+1

(6.8)

The total number of deteriorated components throughout each replenishment is as

follows:

Dy = ft‘ez ILiy, (£)dt = at{f (1 +6,t + - tz) (t—t)—2 (t2 t;%) —
%(t3 —t;3) D(t)dt} (6.9)
In the cases of some materials, the Buyer can generally not wait for some product, so
only a proportion 8 (¢). ¢ is the buyer waits time for the quantity of negative inventory.

Therefore, the leftover proportion (1 - ,B((p)) is lost. Sarkar et al. (2012), the amount

has become lost during the interval [s;, t;] is given as:
The amount that has become lost during the interval [s;, t;] is given as:

Lisi = [ (D) = DB @)} dt = [} {(1 - B(@)) D(®)} dt =

t; (ti—t)D(t)
fsi {8 S(ti—t)+1} dt (6.10)

Amount of Carbon emission cost during the interval [¢; , s;;1] can be expressed as:

Ce=YM"c" + B Quyq + Ry fS‘“ILl+1 (t) dt

_ ~ — s (
Ce=Y"'c" + B * Quq + Ry fts_”l {fsl“ D(u) %@~ D+ du} dt (6.11)

The amount of CO2 emissions from refrigeration systems is influenced by factors like
refrigerant type, energy efficiency, usage frequency, system size, and power source.
Usage of fossil fuels leads to higher emissions while energy-efficient technologies and
smaller systems result in lower CO2 emissions. According to Mishra, N.K., & Ranu.
(2022), the total cost of Carbon emission cost/carbon tax during the interval [¢t;, s;41]

can be expressed as:
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_E(t:‘} —

Ce:r{z?lol ’ +Pf‘+1{(1+61t+%t2)(t—ti)—%(tz—tl-z) -

— . a(u —t)
3)} D(t)dt + f“%dt+ h, ftsi”l {fs‘“ D(u) efr®w0+ du} dt}

(6.12)

Total cost =Replenishment cost +Stock holding cost + purchasing cost + Deteriorating

cost + Storage cost +Lost sale cost+ Carbon emission cost+ Transportation cost

Te(tisum) = ng % Op + S5  hy [ Ly (O dt + B25T W % Quig +
Sitg dy %0y [T Ly (6) dE+ X725 Sy + f“ILsm(t) dt + Yo L«

fsl {5%} dt + Y + B+ Qiyq + Ry fs‘“ ILipq (£) dt (6.13)

Tc(ti, si,ny) = ny * 0,

n1—1 Sit+1 n1—1

+ hrf i (O dt + ) W Qi
im0 i i=0
n1—1 Si+1 TLl—l ti

4 Z d, *atf I, (t) dt+ Z ShfILSHl(t) dt
i=0 l=0 Si

t

ni—1 ti ny—1

+z f (t: — D) dt+1z: "+ B
s(ti—t)+1 .OC rQin
l:
Si+1
t; A
+f ILS; .1 (t) dt}+ h, f ILi 4 (t) dt
Si ti
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ni—1 Si+1

Te(ti, simy) = nq * Op + Z {hr +7 *,Er} .l- 1Ly (0) dt
i=0 t;

n;—1 Si+1 n;—1
i=0 t; i=0
n;—1 ti
+ {S, + L x 6} Z f ILS; 1(t) dt+T
i=0 s;
*
ni—1 Si+1

Tc(ty, si,mq) = ny * O + z (hy + T%h,) J ILiyq (8) dt
i=0 t;

n1—1 Si+1 Tll—l
+ Z d*at f ILiy1 (8) dt +{W + 7B} Z (Ris1 + Siz1)
i=0 t; i=0
ni—1 ti
+(Sp+Lx5+7B) Z J ILS;.1(t) dt
i=0 S;
+ c”

Te(tyspng) = ny* 0, + X00 " (hy + T+ hy) f:i"“ ILiyq (£) dt +

Yot derat [ Ly (O dt +{W + B} S Ry + (S + L x5 + 1B +

=0

W)Xt [ULS 4 (8 dE + T (6.14)
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Tc(ti, si,ny) = ng x O,

ni—1 Si+1 Si+1 ( —tz)
+Z (h, +r*h)f f D(w) e®@ =7 qu dt
ni—1 Sit1 Si+1 , ( 5 tz)
+Zd *atf | p@ e T quar
t
n1—1
+ {W + Tﬁr} z Ri+1
i=0
Tll—l ti
+(Sp+L*5+TB+W) Z f ILS;.1(t) dt
i=0 Si

+ 1c”

Te(tspng) = ny* 0, + Xit0 " (hy + T+ h, + W +1B)) f;“l [(1 +t6; +
22 (t—t) 2 - t2) -2 - ) | DOt + X d, [T ae{(1+

6:t + %tz) (t—t)— 71(t2 —t2) == (¢% - tﬁ)} D(t)dt + (S, + L *68 + 1P +

t; (¢;—=t)D(1)
Si 8(ti—t)+1

w)ym? dt + ¢ (6.15)

The objective is that the fundamental values of ti and si must be determined to reduce
the total variable cost T, of the stock control and management. The requirements of

show the T, to be minimum are given below:

oTc(ti, si,ny) _
3t

aTC(ti' Si» nl) —
aSi

By neglecting a?and the higher terms of a, because have a negligible value then we

get:
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OTc(tyspny) _
ds;

6
B (s —t2) =25 = 2| D(s) + dp sy (5101 + (s —t; — 1) -

(h + T+ h, +W+TP)[(5191 —Si2+1)(5i_ti—1)_

0 5 (ti—si)

71 (Siz — tiz_l)] D(Si) + (Sh +L*6+ TPT + W) [m D(Si) (616)
oT.(t;, s;,ny) _

(;—til: (he+ T5h +W

Si+1

+1B,) j [91(ti —t) + %(ti2 —t2) — 1] D(t)dt +

dr ;" a b6, (8 — ©) = 1] D(O)det + (S, + L+ 6 + B+ W) [V s 20—t

Si 8§(tj—t)2+1

(6.17)

9*Tc(tysiny)

952 %{(h + Txhy +W+TP)(SL 1—1)[6(91+a5i)(a+bsi+

cs?) + (3(2s;6, + as? +2) — 391(51 +t_ 1) —a(s? +t?, +s;ti_))(a+ bs; +
csl-z)] +3d, xa(s; — ti_1)[(2 — 01ty + 6,5,)(b + 2¢s;) + (2 — O,t;_4 +

01s:)(a+bs; + cs?)]+6(S,+L*8+1B +W) 1:;‘7 (b + 2cs;) —

1
1+5(ti—5‘i)2

(a+bs; + cs?)]} (6.18)

62Tc(ti,si,n1) _
atiz

(hy + Txh. + W +1B.) (a + bt; + ct?) + d, f:f'“ a tb; (a + bt + ct?)dt + d, *

(hr + TR + W +1B) [[7(0, + at)(a + bt + ct?)dt +

tl (a+bt+ct?)

@ty (a+ bt +ct]) —2(Sy+Lx 8 +h+ W) [ SEEd
i i

dt| (6.19)

Theorem proves that Tc is positive. Hence, by utilizing the iterative method and
Mathematica software, the optimal values of t; and s; for a given positive integer ny may

be calculated from the above Eqn. 7.16 and 7.17
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[ 0 0 0 0 0 0 0
92T, 92T, 92T,
¢ ¢ ¢ 0 0 0 0 0
ds,0t; 0s,%2  0s, 0ty
92T, 92T, 92T,
3 2 3 0 0 0 0
dt, ds; 0ty at, ds,
ViTe =1 o 0 0 0 0 0 0 0 0
92T, 92T, 92T,
0 0 0 0o 0 < < <
Oty —10Sp,1 0Sp, 1 0Sp,—10ty,
0 0 0 0 0 0 0 .
Oty 0Sp 1 Oty

Figure 6.2 Hessian matrix

62Tc(ti,si,n1) OZTC(ti,Si,nl)

Theorem 6.1:- if t; and s; satisfy the inequality, (i) P = 0, (ii) 5.2 =
1 1
oy 02Tc(ti,51,n1) OT(t;,51,n1) . 027 (t,spnq) 0T (t;,51,n1) .
_ > \ i) A U Ul P BESS —
0, (iii) o2 ot o5 | = 0 and (iv) 052 v 0 foralli

1, 2, ..., nthen T, will be positive definite.

6.6. Algorithm and procedures for resolving the problem:

1. The initial step involves assigning constant values to all the given parameters,

namely W; P; a; b; c; 6, G, L, B. etc.

2. The proposed model aims to identify the optimal cost and ordering replenishment

strategy, which can be achieved through the following steps:

a. If we will set, n, =1 thens; =0,s, =T. Initializing with the parameter's
value t1, determine t1 with the help of Eq. (6.17).

b. If we take n; = 2, then by initializing the value of the t; taking so =0 and s>=T.

After that, we can calculate s, by using Eqg. (6.10).

c. From Eg. (6.17), find t, using the calculated values of t;and s in the previous
step.

d. By using Eq. (7.16), Again, taking the values of t> and s», calculate s;. Trying
to continue in this manner until all unique and optimal values of ti and si are

obtained for all n;.
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e. Having the values of s, _; and ¢, _;nearly equal to T (horizon planning), and
the values of si and ti are satisfying the theorem of the Hessian matrix.

f. Foreachn, =1;2;3;::: We will calculate the unique and optimal values of ti
and si.

g. Byusing Eq. (6.10), T, (n,) is collected to calculate the optimum total cost value
T, ( n,) by using the following conditions.

h. For ni=1 then T,= T, (n;) and stop. For n1>1, and if T, (n;) < 1, (n; — 1)
and T, (n;) < T, (ny + 1) then T, ( ny) = Optimal T, and stop otherwise go to
the previous step. Similarly, we can calculate the cost of emissions and the total

quantity of the system by using Eqn. (6.8) and (6.12).
6.7. Numerical illustration for the proposed model:

Examplel.b = 10 unit/yr, ¢ = 5unit/yr,a = 25 unit/yr,a = 0.001,S = 2$/
unit, T = 0.003 $/ton emission, h; = 0.1ton CO2/unit, P, = 0.030.1ton CO2/
unit,d, = 0.01, W;, = 0.3$/unit,] = 10$/unit, H = 4$/unit/yr, S, = 2$/unit,, a =
0.001,8 = 4,0, = 0.002, 0,, = 60$/order, H = 4. The mathematical calculation tool
Mathematica version-12 is used to solve the nonlinear equation systems Eq. (6.16) and
Eq. (6.17). The optimality of the total system cost and replenishment cycles time can
be observed in Table 6. 2, Table 6.3, Figure 6.2, and Figure 6.3 for all values mentioned
in the examplel, respectively, for all the values mentioned in Example 1. 6a finite
planning horizon with unequal cycles length that is a real-time scenario. The finite
planning horizon for unequal cycle length can be observed in Table 6.3.

Table 6.2. Table for TC for example.1

l Qiv1 CE TC

n —»
1 145.964 0.0504865 1525.31
2 140.436 0.0521384 1079.27
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3 121.986 0.0465045 862.14
4 101.422 0.0390947 756.45
5 41.5876 0.0056345 711.40
6* 71.8061 0.0279307 700.19
7 62.2117 0.0242669 709.07
(Where * represent the optimal value)
Table 6.3. the optimal strategy for Example 1.
l t Si
n—-»
1 0.174496 0.979947
2 1.10192 1.76505
3 1.85751 2.4267
4 2.50212 3.00571
5 3.07019 3.52535
6 3.58222 4.000000
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Figure 6.3 Graphic Representation of total cost

Inreasing order of replenishment time

3.5 4 —&— Replenishment time (ti)
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Figure 6.4 Replenishment time occurs increasing the order.

Some exceptional cases:

The following are the important exceptional circumstances that impact the
optimum current value of total cost:

1. When inventory-dependent demand is not included, that is 81= 0.

2. The absence of consideration for inventory item deterioration is indicated by

a=0.
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3. When carbon emission cost is neglected that is, 7 = 0.

Table 6.4. Comparison Chart for some expectational cases.

Some Replenishment | Carbon Time intervals (years) Q" Order | Total Cost
expectational | cycle(n"} emission ti S Quantity | of the
condition cost System
(1C")
6:=0 6 0.0279 | 0.174335 0.980015, 71.7926 | 716.013
1.10189 1.76513
1.85753 2.42678
2.50215 3.00577
3.07021 3.52538
3.58222 4.0000
a=0 6 0.0279 | 0.174395 0.979762 71.7904 | 716.0054
1.10166 1.76484
1.85724 2.42653
2.5019 3.00559
3.07003 3.52529
3.58212 4.00000
=0 6 0 0.174476 0.979942 71.8081 | 716.103
1.1019 1.76504
1.85749 2.4267
2.50211 3.00571
3.07018 3.52535
3.5820 4.00000

To compare the proposed model with Rao's model, a scenario was investigated where
the parameter values were the same as in the example of Rao's model. Furthermore, the
values of newly added variables in the proposed model, namely Cy2=0.2, Der=0.07, and
Cnb=0.01, were also taken into consideration. From this perspective, we can conclude
that our model is more realistic than the Rao's model because we are working with a

finite planning horizon.
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6.8. Sensitivity analysis and findings:

As we are aware, uncertainties and unpredictable market conditions can lead to
variations in some parameters' values in decision-making scenarios. Therefore, it is
essential to examine the resulting changes in the total cost, emission values, and optimal
replenishment cycle. Table 6.5 presents a comprehensive sensitivity analysis that
illustrates how alterations in parameter values can impact the results or outcomes. This
thorough sensitivity analysis displays the effects of changing parameter values. Hence,
in this section, we will analyze the sensitivity level of the total cost and carbon emission
cost-optimal solution of the previous Example 1 by changing various system
component values. This analysis is carried out using graphical illustrations. Each
parameter's value is modified by varying a, b, c, 7, §, @ and 6, in -25%, -50%, +25%,
and +50%, focusing on one parameter at a particular time and keeping the remaining
parameters constant. The optimal solutions for n, TC, and CE are determined in each

scenario with the aid of Mathematica software version-12.

1. As a result of the study, it was shown that the value of ni*(optimal number of
cycles) is more flexible in the selection of a parameter such as 'a’, slightly
sensitive to those of subset 7, and almost insensitive to other parameters such as
b,c, §,aand 6,.

2. The level of emissions produced (CE) appears to be more sensitive to changes
in the parameters of collection T and a, comparatively low sensitivity to
variations in selection parameters, and virtually insensitive to changes in the

remaining parameters.

3. The total cost of the entire supply chain TC is highly sensitive to the selection
parameters a, b, and ¢, moderately reactive to the subset P parameters, including

T and 0, and practically insensitive to any changes in the remaining parameters.

Table 6.5 shows the comprehensive study of sensitivity analysis.

Parameters | % Changes | Optimal Replenish cycle | Carbon emission cost | Total cost

154



a —50 5 0.0257227 628.6262
—25 6 0.0251208 666.5544
+25 6 0.0306681 733.2927
+50 7 0.0289431 765.3499
B ~50 6 0.0242241 653.7005
—25 6 0.0260827 676.9800
+25 6 0.0297682 723.3610
+50 6 0.0315958 746.4673
c ~50 5 0.0273340 641.0577
—25 6 0.0256152 671.4946
+25 6 0.0302138 728.5855
150 6 0.0324689 756.7115
T —50 6 0.0139655 700.1862
—25 6 0.0209481 700.1928
+25 6 0.0349130 700.2059
+50 6 0.0418954 700.2125
5 —50 6 0.0230894 668.4622
—25 6 0.0260249 688.3219
+25 6 0.0292711 708.1282
+50 6 0.0302667 713.8058
a —50 6 0.0279279 698.5433
—25 6 0.0279293 699.3714
+25 6 0.0279321 701.0273
+50 6 0.0279335 701.8553
0, —50 6 0.0279283 709.6992
—25 6 0.0279295 704.9493
+25 6 0.0279319 695.4496
+50 6 0.0279331 690.7000

Table 6.6. Comparison between proposed and existing model table throughout the
tabular as well as graphical:

Para (a |b |[c |H|P |Or [Ss|L |d |6: P’ T | hy| 6 |Total
meter Cost off
S the

- system
Sarka 5 |10 |5 |4 |12 |60 |2 {10 - | = 0.001| - — | 4|513.40
retal.

[2012

]

Propo 25 (10 |5 |4 | 1.2 |60 | 2 10 |0.01 [0.002(0.001 |0.03 |0.003 | 0.1| 4|502.19
sed

model
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Where: — Parameters didn’t consider in the Sarkar model.

Conwvexity of total cost function of sarkar et al. 2012 model
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Figure 6.5 Sarkar model in diagrammatic form.
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Figure 6.6 Proposed model in diagrammatic form.

156




Further, Table 6.6, Figure 6.5 and Figure 6.6 reveal that this supply chain inventory
model can help the manufacturing or retail industries to reduce costs by optimizing
inventory levels and optimizing replenishment time while optimizing replenishment

cycles to remain the same. Reduced costs ultimately lead to an increase in the profits.

6.9. Conclusion and future study of proposed work:

The focus of the study is on a supply chain inventory system that deals with goods that
deteriorate at a constant rate. This system includes practical and realistic characteristics
that are often associated with various inventory types for a manufacturing company or
retail company. This study has discovered carbon emission costs that put an impact on
the overall system cost. Moreover, the study highlights the impact of carbon emission
costs on the overall system cost. The proposed approach is particularly relevant to the
retail industry or manufacturing industry. It may be utilized for metals, organic

biomaterials, household items, and other things that have the preceding features.

The study provides an analytical framework for addressing the aforementioned issue
and presents an optimal solution approach for determining the optimal replenishment
strategy and total cost. The findings reveal that carbon dioxide emissions put a
significant impact on the total cost. Additionally, this study examines the sensitivity of

the solution to variations in various parameter values.

6.9.1. Future study:

There is potential for further expansion of this model by incorporating an inventory
system with alternative carbon emission policies. Additionally, the degradation rate of
the Weibull distribution may be taken into account. The cost of the manufacturing
process, transportation, and refrigeration could also be considered. This model can be

easily modified to account for lead time uncertainties.

6.8. Recommendations for stakeholders:

The management has the flexibility to find the optimal timing for the replenishment of
orders and to halt the ordering process. Upon cessation of replenishment or order, the

customer's demands are met by utilizing the existing inventory. The management
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understands the ideal moment, denoted as H, where the level of the inventory reached

zero. Therefore, it is necessary to maintain inventory to avoid stockouts.
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Chapter 7: A collaboration supply chain inventory model
including linear time-dependent, inventory and
advertisement-dependent demand considering carbon
regulations

7.1. Abstract:

For carbon emission, this research study investigates a Mathematical inventory
model with time, advertising, and inventory-dependent demand patterns. The main
objective of this research study is to keep the total cost of retailers as well as
suppliers and carbon emissions as low as possible. With collaboration and without
collaboration, two cases are discussed in this proposed model. Within the first case,
retailers and suppliers are not regarded as collaborators, whereas in the second case,
collaboration is recognized. The optimality of the planned inventory management
model is explained mathematically and theoretically in both situations. The
algorithm of the mathematical solution was also properly discussed and the effects
of altering various parameters are numerically studied to conduct a sensitivity
analysis with the help of Mathematica software version 12. To demonstrate this
model, a mathematical illustration, and a tabular and graphical representation, have
been also provided. Ultimately, this model reaches a flourishing managerial

suggestion and conclusion.

7.2. Introduction:

Global temperature rise is the effect of greenhouse gas emissions and even some living
beings. A worldwide awareness for environmental conservation and protection is
encouraging many more researchers, organizations, and other government agencies to
create and maintain an eco-friendly as well as a negligible emission management
system for supply chains. Kaya's identity plays a role to calculate the impact of different
factors of the supply chain on carbon emission (Kaya 1989). Therefore, we rely on the
kaya identity equation in calculating the amount of carbon emission.
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The gross domestic product (GDP) represents the total monetary value of all goods and

services produced within a country during a specific year.

Everyday activities like-Heating, cooling, electricity supply, and transportation are all
dependent on efficient and reasonable energy services. Energy intensity is a ratio of the
volume of energy required to produce one unit of GDP and can be used to estimate a
country's energy efficiency. It includes energy derived from fossil fuels and other
sources. However, it does not include energy used by the energy sector itself, such as

for the production of electricity.

The proposed research work focuses on carbon emissions resulting from supply chain
processes, such as those involved in heating and refrigeration during storage, as well as
emissions resulting from transportation. These are significant sources of carbon
emissions that contribute to climate change. By identifying and addressing these
sources of emissions, our research can help to promote more sustainable and eco-

friendly practices in the supply chain.

(Khan et al. 2020) argue that advertising plays a crucial role in inventory management,
as it increases product awareness among customers, retailers, suppliers, and
manufacturers. Whenever a new product is launched or an existing product is modified,
advertising is used to promote it. Advertising is an important factor in driving demand
for products. It can be said that the demand for a product on a given day is heavily
dependent on its advertising. Effective advertising can increase demand for a product
and lead to faster sales. However, enhancing customer demand for products can be a
challenging task for retailers and suppliers. Advertising can work well for perishable
items, fashionable products, and those nearing their expiration date, where the product's
lifespan is limited. Advertising, along with carbon emissions, can influence the demand
for products. It is one of the most effective promotional approaches to increase

awareness about a product's popularity among all classes of consumers. There are
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various ways to advertise products, but with the advent of new technology, people use

mass media to promote their products and reach a larger customer base.

In this regard, companies raise customer awareness about new products, their prices,
and additional information about their quality. All players in supply chain management
use different advertising methods to increase the demand for their products, such as
through newspapers, posters, and television. Additionally, advertisements showcase the
quality of the product, which can attract customers to purchase the item. In the case of
carbon emissions, it has become crucial to advertise carbon-free products to encourage
customers to buy them and thereby reduce the amount of carbon emitted. Hence, our
proposed work considers the interplay between carbon emissions and the demand

generated through advertising as an essential aspect.

Our proposed model aims to reduce carbon footprint and optimize the total cost for
both suppliers and retailers. Through our model, we have found that the average credit
rate, total cost of suppliers, and total cost of retailers are greatly affected by the
deterioration rate. Additionally, we have also found that advertisement-dependent

demand plays a significant role in determining the average credit rate.

The majority of the rest of this chapter is structured as follows: Section 7.3 presents a
review of the existing literature. In Section 7.4 we present the assumptions and
notations used throughout this chapter. The mathematical analysis and calculations are
provided in Section 7.5. Section 7.6 describes the sensitivity study presented through
graphical and tabular forms. Finally, in Section 7.7, we present the managerial findings
and section 7.8 conclusions of our study on supply chain management in the context of

carbon taxes.

7.3. Literature review:

Kaya's identity, first introduced by (Kaya 1989) is a widely accepted concept that
combines four factors to estimate carbon emissions: emissions per unit of energy
expenditure, population, per capita income, and energy intensity per unit of

manufacturing output. Kaya, 1989 identity can be expressed as follows.
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In recent years, there has been a growing concern for sustainability. As a result, many
governments around the world have enacted carbon taxes to promote energy efficiency
and reduce emissions. This has led to discussions on the effects of carbon taxes on
supply chains. (Zhou et al. 2020) note that traditional supply chain models have focused
solely on economic gains, but modern technology has shifted towards sustainability.
Carbon taxes have a significant impact on supply chains, as they require supply chain
participants to consider local, national, and global ecosystems, as well as the increasing
that producers were motivated to adopt low-emission techniques when the carbon tax
was raised to a certain level. Carbon taxes can also benefit manufacturers, suppliers,
and retailers by promoting environmentally friendly practices. According to the
(Benjaafar, Li, and Daskin 2013) study, the implementation of a carbon tax in a supply
chain can effectively accomplish both cost reduction and emissions reduction
objectives. Therefore, a well-designed carbon tax technique can encourage social,
economic, and ecological collaboration within the supply chain. (Cheng et al. 2017)
proposed a collaborative model approach in a two-level supply chain with a carbon tax,
in which the retailer and manufacturer jointly made decisions on carbon reduction
activities. The study found that the carbon tax encouraged joint efforts by supply chain
participants and improved environmental and economic performance. (Park et al. 2015)
argued that a carbon tax is more effective in balancing public welfare, environmental
conservation, and economic growth. Overall, these studies suggest that carbon taxes

can play an important role in promoting sustainability.

(A. K. Bhunia and Shaikh 2011) and (Khan et al. 2020) have investigated the
direct association between advertising and product demand. In inventory management,
advertising new or modified products plays a crucial role in raising product awareness
and increasing demand among customers. Retailers, suppliers, and manufacturers all
advertise their new or modified products, which greatly impacts the demand for those
products. This makes advertising an important factor in increasing product demand, and

ultimately, driving sales. However, enhancing customer demand can be a challenging
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feat for retailers and suppliers. This is especially true for perishable items or those
nearing their expiration date, as their lifespan is limited. Carbon emissions and
advertising have a significant influence on product demand. Advertising is an effective
promotional tool that raises product awareness and popularity among all consumer
classes. Nowadays, with the advent of new technologies, people advertise their new or
modified products through mass media to reach a wider audience. In this context,
advertising helps to inform customers about new products, their prices, and other
relevant information about their quality.

All players in supply chain management use various advertising methods to increase
product demand, including advertising in newspapers, posters, and on television. The
quality of the product is often highlighted in advertising, as good quality attracts
customers to purchase the item. Researchers such as (Goyal and Gunasekaran 1995);
(Shah, Pandey, and Pin 2009); (Bhunia and Shaikh 2011); (Shah, Soni, and Patel 2013);
(Asoke Kumar Bhunia and Shaikh 2014); (Shaikh 2017); (U. Mishra 2018); (Panda,
Khan, and Shaikh 2019); (Khan et al. 2020); and others have developed inventory
models that take into account the effect of advertising on sales. Concerning carbon
emissions, it is crucial to advertise carbon-free products to encourage customers to
make environmentally conscious choices and reduce the amount of carbon emitted.
Retailers, suppliers, and manufacturers must plan their advertising strategies before the
sales period to achieve this goal. No researcher has yet considered advertisement, time,
and inventory-dependent demand in a finite planning horizon, making this proposed
work, which considers advertisement, time, carbon, and stock -dependent demand with

carbon emission a finite planning horizon, unique.

The supply chain encompasses the entire process of producing and selling
essential goods, involving manufacturers, suppliers, transporters, warehouses, retailers,
and customers. It is a process that converts natural resources or raw materials into
finished products and then sells them to end-users or customers. However, most of the
conventional literature available did not analyze credit terms coordination and
collaboration. Nevertheless, supply chain participants such as suppliers, retailers, and
manufacturers affect each other. Therefore, a collaborative approach to supply chain

management is necessary for effective and beneficial supply chain management. In
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recent years, a few researchers such as (C. Wu and Zhao 2014); (P. N. Singh et al. 2017);
(Kim and Sarkar 2017); and (Barman, Das, and De 2020) have focused their attention
on supply chain collaboration with credit terms as a beneficial framework for retailers
and suppliers. In today's global world, the primary objective of institutions or business
owners is to optimize overall value and emphasize carbon emission reduction, which
can be achieved by coordinating different strategies among supply chain participants.
A lot of work has been done to extend the entire supply chain, and multiple parameters
are used to enhance the efficiency of supply chain for coordination and without
coordination for Advertisement, Time, Inventory, and Carbon Emission demand under
a finite planning horizon.

According to (Daryanto et al. 2019), transportation-related carbon emissions are
determined by factors such as the amount of fuel used by the vehicle, the amount of
fuel discharged, and the distance travelled. The authors also mention that fuel
consumption is affected by transportation and emission strategies, as well as the total
cost and amount of emissions. In inventory control, reducing global warming and
carbon emissions through green farming alone is a challenging task, and therefore, we
need to rely on advertisement technology and carbon regulations to achieve this goal.
These strategies can help reduce the total cost, carbon emissions, and global warming,
which will have a positive impact on profit. Despite these challenges, there have been
very few studies that have considered carbon emissions in the supply chain for
advertisement, time, and emission-dependent demand within a finite planning horizon.
This research proposes a joint decision-making approach for inventory control and
carbon emissions, considering various parameters such as advertisement, time, carbon

emissions, and refrigeration technology to design a long-term sustainable supply chain.

Table 7.1 Comparison of Literature

Research Inventory |Advertisement | Collaboration |Carbon Transportation | Finite
study Dependent dependent Emissions |cost Planning
Demand |demand cost horizon
(Benjaafar, Li, and x x V4 V4 x x
Daskin 2013)
(C. Wu and Zhao V4 x v x x N
2014)
(Park et al. 2015) x x x v x
(P. N. Singh et al. v x v x
2017)
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(Cheng et al. x x x V4 x x
2017)

(U. Mishra 2018) x v v v

(Daryanto et al. x v v

2019)

(Khan et al. 2020) x V4 x V4 x x
This Chapter V4 V4 V4 V4 V4

7.3.1. Research gap and problem defining:

The chapter considers various factors such as time-dependent, inventory-dependent,
and advertisement-dependent demand along with carbon emission regulation to analyze
the economic and market scenario for specific goods. The focus is on newly launched
products, clothes, permissible items, fashionable items, and fast-moving consumer
goods with expiration dates. The study takes into account the trade-credit period offered
by suppliers to retailers for their purchases and considers collaboration between
suppliers and retailers with carbon regulation. The novelty of the study lies in its
application to a finite planning horizon, which has not been explored before in the

literature.

7.4. Assumptions
Assumptions for a single item, single retailer, and single manufacturer scenario are:

1. Replenishment order timing will be finite.

2. There is no stock-out or back-ordering allowed.

3. The retailer incurs a predetermined cost for placing an order and also bears a set
cost for holding the item in inventory.

4. lead time will not be considered zero but it will be almost neglected.

5. The supplier faces a fixed setup cost.

6. The carbon emissions from transportation are calculated based on fixed emission
factors and distance travelled.

7. The setup cost is higher than the ordering cost.

8. Transportation fixed cost when an order is placed by the retailer.

9. Demand is taken in this chapter advertisement, inventory, carbon and time-
dependent. WhereD (t) = AY(a+ bt +pCo,) + 61(t), a,b,andp >
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0 and tis positive. a denote the initial market demand, b is time sensitive, p is

sensitive about carbon awareness and 6 demand that’s dependent upon inventory.

7.5. Mathematical formulation and analysis of the model:

A
Order I i (t)
Quantity /
E Qi
]
4=
7]
>
wn
5
] T1+1
3
é Replenishmept time
+—> .'/ —
fo t1 L& it / ti tix1 1 =T
L

Replehishment cycle length Finite planning horizon

Figure 7.1. Graphical representation of inventory level

In this Phase, a mathematical explanation with no shortages of this research approach
for a finite planning period is formulated. Demand is considered advertisement,
inventory, carbon and time dependent. The inventory declines eventually, usually to
meet the demand and by advertising the product. Now, Eqns. (2), (3), (4) and (5) and
represent the demand rate, inventory level, order quantity and holding cost given below.
Labelled Figure 1 depicts the rise and fall of inventory. The shift level of inventory
during the time interval t; < t < t;1 is provided by a differential equation. Defines

it as:

D (t,6,A,Co,) =AY(a+ bt —pCoy) + 61;(t),wherec > 0,d >

0,and tis positive

dlLiys (1) _

o —AY(a+ bt —pCoy) —01IL;;q, where t; <t <t;, (7.2)

When IL;41(ti41) =0 and  [;(t;) = Qi1
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ILiyy(8) = [[** AY(a+ b *u — p C0,)e®® 9 du (7.2)
The order quantity for ith cycles
Quer = ILia(t) = [ A7 (a+ bt — p Cop)e® ) dt (7.3)

Ordering cost:

0. =nx*0, (7.4)
Holding cost:
He = S50 by [ [T A7 (a+ bt —p Cop)e®™Odu dt (7.5)

According to Benjaafar et al. (2013), Xiang and Lawley (2018), and Shi et al. (2019),
the carbon emission cost includes: the carbon emissions associated with order
placement (specifically, transportation-related emissions) are represented by the fixed
value of ¢, In addition, the management of each unit, denoted as P., contributes to
varying carbon emissions and carbon emissions associated with the energy consumed
by the refrigerator in the storage of each unit h,. Hence, the total carbon emissions

attributed to each replenishment process can be expressed as:

n—-1 tit1 ti+a
E=c+ ) P x0 +7l;f f A¥(a+ bt —p Coy)e® @ Ddy dt
i=0 t; t

~ rt;
CE. = r{c“ + 3 {Pr ft_ TAY(a+ bt —pCoy)e®t-dr +

Re [2 [0 AV (a+ bt —p Cop)e®@Odu dt}} (7.6)

The retailer's transportation cost, including the carbon emissions during refrigeration.

Therefore,
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Tc = F.+2dv.C,+d*v.C, f;iHAV( a+ bt —p Coy)e®t ) dt+2de, +d

e, f;”l A¥(a+ bt —p Co,) e®EW dt (7.7)

where t; <t < tj4q
The retailer's total cost function can be expressed as follows.
nq{—1 —
Thp =1, * O, +z h, ft”ll ) dt + X2 W Q + X T+ "+ 7B *
Qi1 + an LR, ft”l ft‘“ AY(a + bt —pCo,)e? @ Dy dt + E, + 2d v,C; +
ni—1
d*vCsz fl+1AV(a+ bt —pCoy)e®TWdt +2de; +
i=0

n1—1
dezz fl+1A7’(a+ bt —p Coy)e®tt) dt

i=0
Where Tjz1 =tiz1—t; and
[TIND =ny *x 0, + an ! h, ftt_iﬂ fttiﬂ A(a+ bt —p Co,)e?@Ddu dt +

ny—
WZ l+1A”(a+ bt — pCoy)e® W dt + ¢ + 1B, *
M ot v _ o(t—t;) ni—1 5~ rtiys plivi 4y
f A’(a+ bt — pCoye det + Y2 TThe [ [ A (a+
i=0 i
n-1 i+1
bt —p Coy)e? @ Ddy dt + F, + 2d v.C; + d * v.C, z ft A¥(a+ bt —
i=0 “ti

m-1 i+1
p Co,)e® "t dt + 2d e1+dezz j A"(a+ bt —p Coy)edtt) dt]
i=0

ErttRO) Ly, + B+ veCy +

[T,CVD =ny *0T+c“+{
ni—1 i Y h

dez}z: f " A7 (a + bt — pCo0,)e®tt) dt — M(aH+le2)+FC+
i=0 0 2

2dv.C; + 2del] (7.8)
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Tinp =11 * Ss +Zl 0 P * Qiy1

ni—-1

Ty =1} % S, + P. *Z f‘“AV(a+ bt — p Cop)e®t dt (7.9)
i=0

n;—1
Qivp = leo Qit1 (7.10)
s nz-1 +1 4y
T =ny* (Ss+0)+Cp x ) i f' A'(a+ bt —
]= L

ny,—1
p Co,)edtt dt+{(h6+rh6) +W+B +d*v.C, + dez}z: f A (a+
i=0

bt — p Coy)edtt d¢ — M( T+-bT?) +F, +2dv.C, +2de; —
Thip () toy trenenn. t) l (7.12)
n3—1
Qr = Z . Qi1 (7.12)
]=
Tjr = ny * Oy +CA+{—(hC+;hC)+Wp +B +dxv.C, +
ni—1 .
de,) [/ ar(a+ bt — pCoy)e®t) de - —Ay("””‘c)( H+3bH?) +
i=0 /
E +2dv,Cy +2d ey — Thyp(h, tos thyeeeeennn. t.) ] (7.13)
n3;—1
§ = Ty, to ty' s £2) = Thup (0 toy v t)/ Z G
]:
(7.14)
* * * * n;‘_l i+1
Omax = Tinp (I, to, t1yeennnnns th,) — ny*xSc—GC, *Z . I AY(a+
1= l
n -1
bt — p Coy)edtt dt/z]_ Rt — ") Q) (7.15)
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Omin = Tjr(ny' to, t1"vnenn, tn,) — Tinp(3, o,y eennnnnn. th,)/

n3—1
Z_ h(ti — ) Qf (7.16)
j=0
We know that § = 6’””‘;& (7.17)
_ ny—1 _
Tir = Tjr(ny', to, t1"eennnn, tn,) — Z . Sh(tiy, — ) Qf (7.18)
]:
= N ni—1 * me=l I I I
To=nixSo+ X" BQ; +z_ SRt~ ) Q) (7.19)
]:
b — AY(q + bt; +pCo )(e8ti~ti-) — 1) — @ fti“AV( a+ bt —
ati l 2 ti
p Co,)e®tt) dt (7.20)
Wherei=1,23............ n
VZTIGVD =
[0°T{np  0*Tinp
o2 onor, 0 0 0 0 0 0 0
*Tinp  0*Tinp  9*TiND
dt,0t, otz ot,0t3 0 0 0 0 0 0
0*Tiyp  9*Tiyp  9*TinD
0 dt30t, at2 dt30t, 0 0 0 0
0 0 0 0 0 0 0 0 0
0*Tinp 0*Tinp 0*Tinp
0 0 0 0 0 Otn,_,0tn, _, oth, . Otn,_,0tn,
aZT‘r‘ aZTT
0 0 0 0 0 0 0 IND IND
Otn, Otn,_, oty

Figure 7.2. Hessian matrix

The value of the Hessian matrix as discussed in (P. N. Singh et al. 2017) and (T. Sarkar
et al. 2012) has to be shown as positive definite after solving, for T}y, to be minimum.
Now, replenishment time intervals are obtained with the help of Eq. (7.20) which is the
derivative of Eq. (7.8).
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. . . . 8%T{np .y 9%T{np 9%Tnp
Theorem 7.1. If ¢; satisfy inequations (i) —>==0 (ii) > | | +

at? at? ' otitiq
%T{np . VI, . -
|5 | foralli=1,2,3 .......... ny then V<Tj}y is positive definite.
iti+1
9*T{np

2o — {(Arp(e®Ci=ti-) — 1) + A (a + bt; — p Cop)e®Ei—ti-) + A (a +

bt — p Co,) + 62 ftti“ AY(a+ bt — pCoy)eftt) dt)}

i

2mT
LD = Ab(efTi — 1) + A7 (a + bt; — pCo)e®Ti + BAY (a+ bt; —
p Coy) + OAY(a+ bty +p Cop)edtiri=td — Avp 0lii=td — gAY (a + bt; —
pCoy)+b
O%Tinp _

S = A"b(e%Ti) + 0AY (a+ bt; — p Co,)ebTi+ 0AY(a+ bt; — p Co,) +
0AY(a+ bty +p Cop)efTitr — AYb ePTiv1 — 9AY(a + bt; — p Coy)  (7.21)

27T

aaTtI_'IZD =60AY(a+ bt; — pCoy)e?Ti + 0AY(a+ bti,; +p Cop)efTivt +
Ayb(eaTi — eaTi+1) (7 A)

%ty »

Sramb = — 64 (a+ bty — p Coy)e?tirticy

*Tinp  _ v or;

anor,, — 94"(a+ bty — pCoy)e (7.B)
Similarly

*Tinp  _ v o

Ot Oty 0AY(a+ bt; — pCoz)e”t (7.C)
O’Tinp _ . )

oL atm—O forallm# 1i,i+1,1-1 (7.D)

T, is positive definite if Eq. A, B, C and D satisfy the given inequality.
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azTIT;\ID
ot;?

d 2 TITiVD

RN A
> IND
ot; 0t;_4

0t; 0t;4q

azTI‘rI‘VD
0t; 0t;4q

0(a+ bt; — pCoy)eTi+0(a+ bty —p Coy)ebTirt + AVp(efTi — Tir1) >

|- 0(a+ bt; — pCoy)ei| + |- 0(a+ btq)e®Ti+t| + 0]

8(a+ bt; — pCoy)eTi+0(a+ btyy, — pCoy)elTirt + AV h(eTi —
efTi+1) > 0(a+ bt; — p Coy)e’Ti+ 6(a+ bty — p Coy)e®Tivr thatis true for
all 1i=1,2,...,nl

7.6. Algorithm and procedures for resolving the problem:

The following steps are available to find the solution.

Stepl: First of all, a new and unique set-up of parameters is considered: Or, dr, hr,
Ss, A, Pr, ¢", Pr, h'r, O, ... .... .... ... tTi+1, H etc. The values of these
parameters are assigned based on already existing literature.

Step 2: We will determine the values of t; by the following ways.

a) Then, start with considered n=1. Then to =0 and t;=T
b) If we take n=2, then then we assumed to=0 and t>=T. Then, to find t; arrange the

partial derivative of the function T}y, in terms of ti is equal to zero. It's

oty
identical to a’”D =0
l

c) Afterwards, by using values of to, get tz and then ta....... so on. Similarly, by this

above process, we found all t;.

d) After degerming the t; values, verify the result | T“"D aft)T(’é"D)
1 1-1
2mT
|$ that prove the convexity of function. Based on this convexity we
1/\ti+1

can calculate the optimal value of t;.
Step 3: Based on optimal t;, the total cost of the retailer T/, can be calculated by

Eq. (7.8). The following steps are available to find the T}yp.
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a) We Start by considering n=1 and T/yp(nl) < T/yp(nl+ 1), then
T/yp(nl) = T;Y5(n1) and stop here.
b) wesetn>2and T/yp(nl) < T/yp(nl—1) and T/yp(nl) < T/yp(nl +1)
then T/yp(n1) = T/p(n1) and stop. If n1=n1+1 then go to step 2(b).
Step 4: Using the values of ti obtained in the previous step, by which we can
determine the optimal replenishment order quantity. Q1) = Z?jo_l Qitq-
Step 5: Subsequently, by Eq. (7.9) we find T/, (Supplier total cost) which depends

upon the retailer's ordering process.

Step 6: Similarly, the same process is in the case of coordination.

7.6. Numerical illustration for the proposed model:

Here are the parametric fundamental values with their appropriate units: O, =
80 $/order, h,=1 $/unit/time, ® = 3, W = 3, a= 50, 60, 70 units, b=15 units, S, =
100, P. = 0.02 (in kg/order), Co, = 0.02 (in kg /order),r = 6 (in dollars/
kg), P- =0.01,6 =02, a =13, v.,=8, e, =231 x 1075, e, = 0.043, C; = 25,
C, = 0.36, d=25, F. = 0.01, A=2, H=2, h=60. The solution of the nonlinear partial
differential Eqg. (7.20) is obtained using the numerical iterative Mathematica (version
12.0) software.

7.7. Tabular and graphical illustrations:

For no collaboration, Table 7.2, Table 7.3, Figure 7.3 and Figure 7.4 show optimal
retailer’s overall cost for a= 40,50,60,70,80 is $124188, $135541, $144159, $151166
and $158282 reach its minimum at 7, 8, 8 and 8 optimal ordering cycles respectively.
After reaching its minimum at n;=7, 7, 8, 8 and 8 then again started increasing gradually

for all upcoming cycles. Table 2 shows the convexity of the retailer’s cost.

In the case of collaboration, Table 7.4, Table 7.5, Figure 7.5 and Figure 7.6 show us the
optimal supplier's overall cost for different values of a (40, 50, 60, 70, 80) to be $896,
$946, $1103, $1150, and $ at 7, 8, 8, and 8 optimal ordering cycles, respectively.

However, after reaching its minimum at n2=7, 7, 8, 8, and 8, it starts increasing
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gradually for all upcoming cycles. Table 7.2, Table 7.3, Table 7.4, Table 7.5, Table 7.6,
Figure 7.2, Figure 7.3, Figure 7.4, Figure 7.5 and Figure 7.6 provide us with information

on convexity when suppliers and retailers are not collaborating and when they are

collaborating.

Table 7.2. The total cost incurred by a retailer without collaborating with a supplier

can vary based on the values of 'a' and ni.

40

1382870

367427

203246

152401

132840

125552 | 124188

126095

129983

50

160150

421552

230447

170745

147239

137958 | 135541

136910

140572

60

185790

484481

260902

189908

160987

148596 | 144179

144159

146801

70

2107720

545702

290439

208455

174276

158872 | 152523

151166

152830

80

2359060

607653

320403

227303

187791

169324 | 161006

158282

158945

Table 7.3. Optimal retailer’s cost and optimal replenishment cycles with no

collaboration different value of a and n;

(17 —|to t1 t3 ta ts te t7 ts to Tinp
ti

40 | 0| 0.5688 |1.1105|1.6303|2.1318 | 2.6177|3.0900 | 3.5503 4. 124188

50 | 0| 0.5590 [1.0957|1.6138|2.1158 | 2.6040| 3.0799 | 3.5449 4, 135541

60 | O | 0.4939 [0.9717|1.4354|1.8869 | 2.3274|2.7581 | 3.1799 | 3.5937 | 4. | 144159

70 | 0| 0.4884 [0.9628 | 1.4249 | 1.8760 | 2.3173|2.7496 | 3.1737 | 3.5903 | 4. | 151166

80 | 0| 0.4840 [0.9557 |1.4164 |1.86721| 2.3090(2.74255(3.16854|3.58752| 4. | 158282

In the case of collaboration, Table 7.4, Table 7.5 and Figure 7.4. give us the optimal
supplier’s overall cost for different values of a= 40,50,60,70,80 are $896, $946,
$1103, $1150 and $ at 7, 8, 8 and 8 optimal ordering cycles respectively. Again, after

attaining its minimum at n,=7, 7,8, 8 and 8 then again started increasing gradually for

all next upcoming cycles. Table 7.3 and Table 7.4 proved us with information on

convexity whenever supplier and retailer are in collaboration.
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Table 7.4 Total cost of the supplier in the case of collaboration for different values of

aand ny

‘l’%nz 1 2 3 4 5 6 7 8 9

Q

40 | 1259810| 243811| 79609 | 28827| 19351| 2159 | 896 | 2906 | 6900
50 | 1467320 286674 | 95520 | 35871| 12449| 3263 | 946 | 2420 | 6189
60 | 1715340 341075| 117420| 46470 17629| 5332 | 1017| 1103 | 3854
70 | 1958350| 395364 | 140004 | 58057 | 23956| 8647 | 2400{ 1150 | 2925
80 | 2202780 450279 | 162908 | 69839| 3040 | 12029 3815| 1200 | 1974

Table 7.5 Optimal supplier’s cost and optimal replenishment cycles with

collaboration for different values of a and n»

Ja S to t1 t, t3 ta ts ts t; ts to Tf;w
ti

40 0| 0.5689 [1.1105|1.6303| 2.1318 | 2.617 | 3.0901 3.4 4, 896

50 0| 0.5591 [1.0958|1.6138| 2.1159 |2.6041| 3.0800 (3.5449 4, 946

60 0| 0.4940 [0.9717|1.4355| 1.8869 |2.3274| 2.7582 | 3.180 |3.5937| 4. | 1103

70 0| 0.4884 [0.9628|1.4250| 1.8761 |2.3173| 2.7496 |3.1737|3.5903| 4. | 1150

80 0| 0.4840 [0.9557|1.4164| 1.8672 | 2.309 | 2.7425 |3.1685|3.5875| 4. | 3815
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Table 7.6. Optimality with collaboration and without collaboration different values of a

with collaboration without collaboration
Parameter | nj Tinp Tinp Qinp Tmin Tmax n; T]1:F T]ST Qr % %
S Tinp Tinp
40 7 | 124188 | 137511 | 1378.8 0.00168 0.00160 7 127440 140763 1378.8 2.61 2.36
50 7 | 135541 | 172653 | 1580.2 0.00171 0.00182 7 130399 167512 1580.2 3.7 2.9
60 8 | 144159 | 242246 | 1633.0 0.00178 0.00234 7 115525 213612 1781.3 19.8 11.8
70 8 | 151166 | 280562 | 1817.2 | 0.00042 0.00239 8 36393 165791 1817.2 75.9 40.9
80 8 | 158282 | 320269 | 2001.2 | 0.00043 0.00252 8 26203 188190 2001.2 83.4 41.2
Table 7.7. Sensitivity findings and analysis by variation in different parameters
%Change in Parameters | a b 0 0, co2 |A Ss AY h, T w
a ﬁrcp (—20 | 120.938 —5.994 | —24.794| —0.164| 2.555| —18.833| —3.485| —13.135| 0.205 | —3.215 | —4.340
—p —10 | 104.812 -1.773 | —12.177 0. 0 —-10.473| 0.078 | —6.790 | 0.153 0.311 —-0.574
Tcro {0 70.0103 —1.155 —9.003 0. 0 —10.712| 0.052 | —8.579 | 0.102 0.207 —0.383
X 100% +10 35.064 —0.564 —1.275 0. 0 —5.429 | 0.026 | —4.482 | 0.051 0.103 —0.191
+20 | o. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
(—20 | —32.186 | —18.438 | —878.38 —5.142| 7.392| 115.770 | 2.245 | 176.399 | —0.174| 2.677 1.471
a ﬁscp —10 | —24.402 | —15.536 | —1140.6¢ 0. 0 | 144.072 | —0.596| 193.323 | —0.130| —0.259 | —1.168
—p < 0 —16.274 | —10.412 | —501.20 0. 0 | —21.002| —0.397| —16.307 | —0.087| —0.172 | —0.778
Tegg +10 —-8.139 —5.232 —616.63 0. 0 | —10.644| —0.198| —8.520 | —0.043| —0.086 | —0.389
X 100% 420 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
(—20 | —15.196 —4.162 | —38692.4 —5.204| 7.335| 288.762 | 2.820 | 322.398 | —0.176| 2.713 1.491
ad —10 | —11.028 —4.936 | —20318.¢ 0. 0 | 277.491 | —0.202| 309.718 | —0.132| —0.262 | —1.184
5 X 100% {0 —6.945 —3.216 —2929.2 0. 0 | —0.127 | —0.134 0 —0.088| —0.175 | —0.789
0 +10 | —3290 | —-1.572 | —-1477.7, o. 0 | —0.057 | —0.067 0 —0.044| —0.087 | —0.394
+20 0. 0. 0. 0. 0. 0. 0. 0 0. 0. 0.
(—20 8 8 7 8 9 7 8 7 8 8 8
n; —-10 8 8 7 8 9 7 8 7 8 8 8
<0 8 8 8 8 9 8 8 8 8 8 8
+10 8 8 8 8 9 8 8 8 8 8 8
+20 8 8 9 8 9 8 8 8 8 8 8
n} (—20 8 8 7 8 9 7 8 7 8 8 8
—-10 8 8 7 8 9 7 8 7 8 8 8
<0 8 8 8 8 9 8 8 8 8 8 8
+10 8 8 8 8 9 8 8 8 8 8 8
+20 8 8 9 8 9 8 8 8 8 8 8
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7.8. Sensitivity analysis and findings:

Table 7.7 presents the sensitivity levels of each parameter in the given Example. To
analyze the sensitivity, the value of each component used in the Example was varied
by -10%, -20%, 20%, and 10%. Real economic conditions are subject to uncertainty
and unpredictable nature, leading to fluctuations in the values of some variables in a
decision-making scenario. Therefore, it's crucial to examine resulting changes when
altering different parameters, which can be achieved through a comprehensive
sensitivity analysis illustrating the effects of variable alterations. Each parameter,
including Oy, h., @, W, a, b, S;, c",P., Co, ,t, P.,6 , AY ,v., e5,€4,Cy, Cy,d, Fe,a,
T, and h, were changed individually, while the remaining parameters remained fixed.
The sensitivity analysis and observations for ﬁfp, ﬁscp, 5, n1* and ny* were completed
by varying their values by -10%, -20%, +20%, and +10%, while focusing on one
component at a time and keeping the remaining values fixed. These observations were
carried out using the "Mathematica™ numerical iterative computation application

version-12, and the results are detailed in Table 7.7.

1. Asaresult of the study, the value of ny* and n.* is shown in Table 7.7. to be highly
reactive for parameters like A, a,and, ® and insensitive to other left parameters
such as S, Co, ,7, B., O,, h,, W, a, and b.

2. The average credit is given by the supplier to the retailer § is very sensitive to the
parameters @, and A, moderately sensitive to 7, h,, and practically insensitive to
Ssi Coy, B, 0, Wy, and b.

3. Retailer’s total cost ﬁf” is very sensitive to the parameters, a, moderately sensitive
to O and practically insensitive to S, Co, ,7, B , O, h,,, W, and b.

4. Supplier’s total cost T_cfp is very sensitive to the parameters, a, @, and A.

moderately sensitive to S, , 7, B , h,,, W, and b. and practically insensitive to Co,
,and O,
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Figure 7.3 Pictorial presentation for Table 7.2
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Figure 7.4 Convexity representation for Table 7.2
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Figure 7.5 Pictorial presentation for Table 7.4
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Figure 7.6 Pictorial presentation for Table 7.4
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7.9. Conclusion and future study of proposed work:

This chapter presents an optimization technique to determine the best
ordering replenishment policies for managing a supply chain with time,
carbon, and advertisement-based demands that were not discussed in
previous chapters. The proposed framework comprises an optimization
module that utilizes an algorithm for both coordinated and uncoordinated
scenarios. The study focuses on a -retailer and supplier system with an item
chain, and it is the first to explore centralized and decentralized controls
for an inventory system using an advertisement demand-based optimization
setting. In the case of collaboration, the retailer is offered credit by the
supplier to reduce their costs. As a result, collaboration leads to lower costs

compared to the scenario without collaboration.

7.9.1. Future study:

In the future, this research study aims to expand by incorporating additional
parameters such as multi-echelon and carbon offset, and by addressing
potential shortages. Further extensions could include investigating multi-
item and multi-echelon models with time, inventory, and advertising-
dependent demand. Additionally, the research idea suggests exploring the

reworking process during the production of defective items.
7.10. Recommendations for stakeholders:

The findings of this work can be applied in various ways to improve business deals.
Firstly, they can guide us in determining cost-effective terms and conditions in existing
markets. Secondly, by utilizing carbon footprint measurements and analysis,
manufacturers can leverage their current resources to make significant contributions
towards a more sustainable environment. This includes lowering carbon emissions
caused by the manufacturing process, supply, or service, and determining optimal
product generation levels to remain within GHG emissions caps while fully utilizing

available resources. Thirdly, producers can perform sensitivity analyses to evaluate the
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long-term profitability of investing in production enhancements. Such information can
also aid manufacturers in reducing costs, managing inventory, and enhancing working
capacity. Additionally, this research promotes flexibility throughout the supply chain
process, which leads to better resource utilization and increased profit potential.
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Chapter 8: Inventory replenishment model with trade credit,
green, and preservation technology under a finite planning
horizon

8.1. Abstract:

Maintaining sustainability in a competitive business environment is a daunting task.
To address this challenge, we have proposed a supply chain inventory replenishment
model with a finite planning horizon. Our research study aims to enhance profits, reduce
total costs and carbon emissions by examining investments in green (carbon offset) and
preservation technologies, and analysed trade credit duration granted by suppliers to
retailers. Carbon offsets/green technology represent a prevalent and significant measure
to reduce carbon emissions. Time is crucial in the demand rate in this context, and
material degradation affects several business sectors. We have calculated the cost of
investing in preservation or green technology (carbon offset) to control material
deterioration and reduce environmental emissions, as well as the cost of ordering,

holding, and replenishing cycle duration.

Moreover, we have developed an algorithm to identify the optimal solution for
inventory control and management challenges in the supply chain approach. The
parameters of our proposed research study are analysed theoretically, mathematically,
and pictorially to demonstrate their optimality and uniqueness. Additionally, we have
provided managerial implications of our proposed research study. Our research

indicates that our proposed study can be applied to real-world scenarios.

8.2. Introduction:

The growing importance of sustainable supply chain management in today's
competitive business environment cannot be ignored. Sustainable development is
crucial for the growth of enterprises. The increase in carbon emissions has contributed
to the worsening of the global climate, making environmental issues a top priority
today. To reduce carbon emissions, most developed countries are implementing

innovative technologies and policies such as carbon taxes and cap policies. The Kyoto
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Protocol, which came into effect on February 16, 2005, aimed to reduce global warming
and its disastrous effects on humankind by setting emission caps for developed
countries. The protocol proposed three adaptable approaches to emission reduction.
Enterprises are given the right to emit or discharge a specific number of designated
pollutants in the form of emissions permits (emission caps) by a central authority or
government agency. If they exceed the limit or cap on emissions, they will be taxed, as
stated by (Xi Chen et al. 2013), (Lin 2018) and (M. Wang et al. 2018).

Collaboration in the supply chain allows individuals to generate increased profits, lower
costs, and reduce carbon emissions. Trade credit periods are a vital component of this
collaboration. In today's competitive environment, both retailers and suppliers can
benefit from trade credit periods. Suppliers can enhance their market sales and earn
additional profit by offering a permissible delay in payment to retailers. In return,
retailers can earn interest during the delay in payment and ensure they never face the
problem of being out of stock. Trade credit periods create a win-win situation for both

parties and contribute to a more efficient and profitable supply chain.

In response to the growing concern over carbon emissions, organizations and
governments are increasingly focusing on reducing carbon emissions in supply chain
operations. As a result, it has become crucial to adopt emission-reduction technologies
(carbon offset) while considering supply chain emission trading regulations, as stated
by (U. Mishra, Wu, and Sarkar 2020).

It is a well-known fact that everything gradually deteriorates over time, as noted by
such as metals, polymer blends, and organic biomaterials, necessitates investigating
their deterioration behaviour concerning emission concerns. Deterioration is an
inevitable part of daily life, and natural processes, including the deterioration of goods
and emissions, decrease the usefulness of products. The deterioration of goods such as
vegetables, flowers, and metals gradually occur over time. Green technology
investments (carbon offset) can also be made to reduce carbon emissions. By investing

in high-quality and fast-moving preservation approaches (PRA) and green approaches
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(GRA), inventory degradation and greenhouse gas emissions can be reduced, as stated
by (U. Mishra et al. 2021).

Several researchers have developed inventory models with various features, such as
demand being dependent on time, price, and trade credit duration, incorporating pricing
with default risk with backorders, green approaches, preservation approaches, and
different payment options (delay or advance payment), as noted by (U. Mishra et al.
2017). However, most of these researchers have developed inventory models with
different parameters under infinite planning horizons. Until now, there have been no
studies that have investigated the influence of preservation technology and carbon
emission reduction policies, under a finite planning horizon with different
replenishment cycle times. Therefore, the proposed research aims to develop a model
that takes preservation and carbon emission reduction policies into account for planning

scenarios with finite planning horizons, with unequal replenishment lengths.

The rest of this research chapter is structured into several sections. Section 8.3 conducts
a literature review that identifies a research gap. Section 8.4 outlines the assumptions
used in the study. Section 8.5 delves into the derivation of the mathematical model,
while Section 8.6 presents a numerical example, analyzes the findings, and conducts
sensitivity analysis. Lastly, in Section 8.7, the study's conclusion is explained, including
its limitations, section 8.8 represents the managerial implications, and suggestions for

future research innovations.

8.3. Literature review:

Inventory control of perishable materials such as vegetables, flowers, chemical
compounds, and gasoline is affected by their deterioration. Material deterioration and
depletion can result from anthropogenic activities, technological, and environmental
factors. (Xu Chen and Hao 2015) developed an approach in which demand depends on
credit and time, and material deterioration occurs at a constant rate. (Bakker, Riezebos,

and Teunter 2012) further reviewed deterioration rates from 1990 to 2011 and

with the deterioration of items, incorporating the effect of trade credit policy and price
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on demand, controlled material deterioration, and emissions rates in the inventory
model.

A critical aspect that producers must consider to minimize costs and maximize profits
is the controllable deterioration of materials. (Huang 2016) explored a scenario where
seasonal materials were preserved through investments in advanced preservation
technology to manage costs. (Hsieh and Dye 2013) analyzed the impact of preservation
investments on the total inventory costs, supply chain risks, and maximum profit in the
supply chain process using the (Dye 2013) model. (Liu, Anderson, and Cruz 2012) built
upon (Hsieh and Dye's 2013) approach by considering dynamic pricing and
preservation investment strategies for perishable items that are sensitive to price and
quality. (U. Mishra et al. 2017) investigated a manufacturing system of degrading items
and assessed the effectiveness of preservation investments. (Bardhan et al. 2019) further
extended the model by incorporating preservation investments, replenishment policies,
and material deterioration.

The financial aspects of trading for a system of decaying materials with preservation
technologies were examined by (Mohanty et al. 2018) but they did not take into account
emissions regulation policy. On the other hand, (Kumar et al. 2012) investigated a
manufacturing framework that includes a trade credit system, advanced preservation
technologies, and a market regulation approach for emissions. While they considered
trade credit, they did not take into account the demand that depends on credit. Several
recent studies in supply chain management have examined the use of technology to
slow down the rate of material deterioration.

In numerous sectors of the economy and business, supply chain processes contribute
significantly to environmental emissions. Green companies need to invest in their
systems to make improvements that will reduce emissions and the deterioration of
materials. As environmental carbon emissions are being controlled, many researchers
and practitioners are focused on sustainable inventory control and management.

(Dye and Yang 2015) conducted an extensive analysis of sustainable inventory control
and management using credit terms, cycle, and emission restrictions. They investigated
a sustainable instantaneous stock model and evaluated the consequences of emissions

under various environmental regulations.
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management approach that considers cap-trade, carbon tax, and credit terms. They
examined endogenous and exogenous credit terms in their study. (Hovelaque and
Bironneau 2015) and developed a replenishing inventory approach that calculates the
optimal profit by reducing carbon emissions, incorporating the cost of technology
equipment and carbon taxation. (Ahmed, Ahmed, and Sarkar 2018) created an eco-
sustainable supply chain approach that considers carbon emissions. (Tiwari, Daryanto,
et al. 2018) studied sustainable depreciating inventory systems and emission rates for
optimality. Lin (2018) investigated cost-reduction strategies for sustainable inventory
systems that reduce transportation emissions with back-ordering. Furthermore, (Tiwari,
Ahmed, et al. 2018) created a sustainable production model for multi-item under trade
credit and shortages.

(Mohanty et al. 2018) looked at credit terms in an approach to decaying products using
preservation techniques, they neglected to take into account an emissions regulation
policy. The use of technology to slow down the pace of deterioration and emissions has
been examined in several recent supply chain management studies. Several researchers
have studied material deterioration by emissions or material degradation by emissions.
For example, (U. Mishra, Wu, and Sarkar 2020) considered an emissions regulatory
approach and a preservation new approach with inventory dependent on demand, but
they did not consider the inventory model under FPH (finite planning horizon). (U.
Mishra et al. 2021) extended preservation technology and an emissions regulatory
policy by linking credit to demand, but all parameters were not considered under a finite
planning horizon. (C. Wu and Zhao 2014) and (Datta 2017) explained the model for
trade credit for a finite planning horizon but did not consider preservation technology
and emissions regulations. Similarly, (P. N. Singh et al. 2017) and (V. Singh et al. 2019)

considered a model with deterioration and trade credit under FPH.

8.3.1. Research gap and problem defining:

This research aims to explore the inventory management strategies for products that
continuously deteriorate over time and are subjected to time-dependent demand, while

also incorporating preservation techniques and emissions regulatory policies. Table 8.1
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presents a comparison of the proposed study with other relevant work in the field of

inventory management.

Table 8.1. Summarises the literature referenced above.

Research
study

Time
Demand

Deterioratio
n

Preservation
technology

Green
technology

Carbon
Emissions
cost

Credit
Time

Finite
Planning
horizon

(Toptal,
OzIi, and
Konur
2014)

X

X

X

v

X

(Xi Chen
et al.
2013)

(Dye and
Yang
2015)

(U.
Mishra,
Wu, and
Sarkar
2020)

(U. Mishra
etal.
2021)

(Lu et al.
2020)

(Bardhan
et al.
2019)

Hovelaqu
e et al
(2014)

(Tiwari,
Daryanto,
et al.
2018)

(Mohanty
et al.
2018)

(Datta
2017)

Shi et al.
(2020)

(C. Wu
and Zhao
2014)

(P. N.
Singh et
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al. 2017)

(V. Singh
et al.
2019)

(N. K.
Mishra
and Ranu
2022)

This
research
work

8.4. Assumptions and Notations:

1.

The model assumes no shortages or back-ordering, as customers can easily
find substitute products for routine items.

Inventory replenishment is instantaneous.

The model considers a finite planning horizon with variable replenishment
cycle lengths.

The model is designed for a single supplier and retailer.

Two cases are explored with varying trade-credit periods: (a) a credit period
that exceeds the length of the replenishment cycle, and (b) a credit period that
is shorter than the length of the replenishment cycle.

The model assumes zero lead time, meaning inventory is replenished
immediately.

Demand is time-dependent, and a function of time t is given below D(t) =
(a+ bt) , a>0, and also b>0 where a is the initial demand of the market,
and b is time-dependent demand.

The equation for the increase in emissions is E = @ (1 — e~™¢), where G
represents the GRA charge of carbon emission per unit of time decreasing and
® represents the carbon emission proportion following GRA investment (0 <
® < 1). The parameter m, where (m>0), represents investment (carbon offset)
sensitivity concerning carbon emission rates. Various methods of utilizing
green technology exist, including renewable energy, green transportation
technologies, and energy efficiency, that can be used to achieve carbon offset

goals, particularly in the context of inventory control and management. The
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notations used in the research study are mentioned independently after the
equation.

9. The cost of carbon emissions comprises three components: replenishment,
handling, and environmental deterioration. The formula used to calculate the
costis P(W) = (1 —e~*Y¥), where A represents the preservation investment
cost and the rate of deterioration is determined by the effectiveness of the
preservation approach investment, represented by the variable ¥. The
function P(¥) is continuous, twice differentiable, and concave, representing
the retailer's expenditure related to greenhouse emissions. The first derivative
of the function, P’ (W) = Ae ¥ indicates that the retailer should invest,
while the second derivative, P (W) = —1%e~*¥ <0, shows that the function

(Bardhan et al. 2019) and as well as (V. Singh et al. 2019)

8.5. Mathematical formulation and analysis of the model:

The retailer initiates an order to the supplier to replenish the stock before the depletion
of the initial stock level. The supplier promptly fulfils the retailer's order, thereby
excluding any instances of shortages or lost sales in this study. The alteration in stock

levels during the (i+1)" cycle is expressed through the following differential equation:

(ILi41 (D) —

2= DO - (1= PWNO  *ILia(®) (8.

were, t; <t < tj4q

ILiy1 (t) = =00 POE [T (1) 00 P(Mugy (8.2)

where Boundary conditions are given below
ILi+1 (ti+1) = 0 and ILi+1 (1) = OQis1

Qis1 = ILiyq (t) = e 6@~ PO ftt_i“ D(t, M) e~ Pt e

Quer = ILisa(8) = [ (@ + bt)e?C=PNC-t)gy (8.3)
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The cost of replenishment of an Order is n * O, (8.4)
Purchasing cost: Y™ P. x Q;41

SA B [ (a+ bt) efG PG tgy (8.5)

Cost of Hold and Stock:

SIS by [ [ D(£)ef0 PN gy dt (8:6)

n—-1 tite tiva

Zhr ] f (a + bw)e? = PENE-0gy gy
i ti t

1=0

Cost of Deteriorating Inventory:

n—1 tiva tiva
(1— P(PY) Z od, j J (a + bt)e?=-PIN@=0gy gy
i=0 t; t
e MYl 8d, ftt.m fttm (a + bt)ef @~ PEN@=Dgy dt (8.7)

The implementation of green technology is crucial in achieving sustainability and
reducing carbon emissions, as emphasized by the United Nations Environment
Programme (UNEP). Carbon offsets serve as compensation for emissions rather than a
replacement. The variable ¢ represents the fixed carbon emissions related to order
placement, which includes transportation emissions. Meanwhile, the dynamic carbon
emissions for each unit ordered are denoted by P., and the carbon emissions associated

with refrigeration during warehousing are represented by %,.. These concepts have been

Lawley 2019), (Shi et al. 2019), and (N. K. Mishra and Ranu 2022). Thus, the following

equation calculates the total carbon emissions for each replenishment cycle:

Amount of Carbon emission during holding, placing an order and transportation:
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n-1 tita tiva

Ce = Z ¢+ P xQ;yy +h, f f (a + bt)e? A~ PMNW-Dqy dt

i=0 t; t
The following presented for investment in the green approach.

(1-— 01 —e ™) Ce

The per year carbon emission tax foracycleis CT = 7 (1 — @ (1 —e™™%)) Ce

n-1

= T(1-0(1—e)) ) ¢+ B Qi
i=0

tiva tita

+h, f f (a + bt)e? - PNy gt
t

7]

(8.8)

The usual practice in the market is that buyers purchase goods or materials from
suppliers and pay for their purchases. However, many businesses offer a trade credit
period, allowing the retailer to pay with a permissible delay. This arrangement benefits
both the supplier and the retailer, as no losses are incurred. In some cases, suppliers
may offer discounts to encourage early payment. The retailer is granted a credit period
M;., = 8(t;+1) by the supplier. Generally, the greater the amount of the order, the

longer the credit duration provided by the supplier.

8.5.1. First case:

We will consider two cases. In the first case, the credit period M;, ; lies within the cycle
length (i, ti+1). This occurs when the credit duration provided by the supplier is not
greater than the inventory replenishment length T;.;. In this situation, the retailer
earns interest on their sales revenue for the duration of the credit period, while also
incurring interest charges on the items they have already stocked. Interest charges

M;,1 < Tiyq In this case M;,; = 6(t;+1) lies into the interval t; <t < t;;4.
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Figure 8.1. When credit period M;,; < Tj;4

So, the interest earned by the retailer is as follows:
S le s s [T (04 bo) [ + 8(tin — t) — tldt (8.9)
Interest payable by the retailer is given by:

Srg e Wl (@+bO)[t — t;— (tiyr — ) 1dt (8.10)

ti+ (i1~ t)6

Retailers are given below:
holding cost + Cost of placing an order + purchasing cost +carbon preservation cost

+deterioration preservation technology cost + Interest charges- Interest Earned

Tret =N * 0, + X1 h, ftii“ ftti“ (a + bu) e?A=PEINW=Oqy dt + Y1 P. *
_ — A -~ — rti t;
Q1 +T(1— B (1—e ™) Xy (C + P % Qi1 +hy fti +1 ft Tat

bu)ee(l— P(q’))(u—t)du dt) + e—/'{\l‘ Z{lz—ol 0 dr ft:i+1 ftti+1 (a +
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bu)ee(l‘ PMNW- gy dt + Z?=_01 I, Sfti+(ti+1_ti)5

t (a+bt)[t; + (tiv1 — )6 —

tidt — X5 I+ W[ (@+bO)[t — (tisg — )8 — t;]dt

Ei+8(tiv1— ty)

n-1 tita tiva

Tret =D * 0, + Z h, f f (a + bu)ef (=P gy gt
i=0 t; t

n-—1
+7 (1 — 9(1 — e™™%)) Z "+ B % Qg
i=0

tiv1 tite n-1 tiv1 tit1
+h, f f (a + bu)e?(-PUNW=-gy gt 4 g=A¥ z 0d, f f (a
t ¢t =0 tp t
+ bu)ef (=P W= gy, gt
= tit(tigs—t)8
+ Z - Ief (@ + bt) [t; + (11 — )6 — t]dt
i=0 ti
n-1
Liva
- IC « W (a + bt)[t — ti - (ti+1 - tl)S]dt
i=0 ti+(tiv1— )6
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titv1 tita

Trer =0 * 0, + Z f f (a + bu)ef=PIN=qy dt

n—-1 tiva

+ Z P. f (a + bt) Q- PNE-tidge
=

+7(1-0(1—e™)) » +B.
2

tiva
. f (a + bt) €904 PON(E-t) gy
ti
tl+1 tl+1 tl+1 tl+1
+ f f (@ + bu)ef1=PENa=0 gy dt+e—”’29d f f (a
& t
+ bu)ef = PNW-Dgy gt
nt tit(E*tiy1— Oxty)
+ZS*1€f (@+bt) [t; + (8 * tyy — 8 % t,) — t]dt
i=0 L
n-1
— IC
=0
tiy1
*Wf (a+bt)[t — t;— (6 *tjzq— O xt;)]dt
ti+(6xtipq— Oxt;)
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n-1 Lit1 tita

TRet:n*0r+Z{hr+T(1—@(1—e_m6))7z;+6dre_’w}f f(a+b

i=0 t; t
«u) PPV gy gy
n—-1 tit1
+ B+ B x1(1— 9 (1—e ™))} f (a
i=0 t;

+ bt) ?A=PINCE=tgt | + ¢ 1 (1— @ (1 — e ™5))

Li+(8xtiy1— 6+t;)
+z s*Ief @+ bO[t; + (8 * tay — 6 % t;) — t]dt
i=0 t

tiya
*Wf (a+bt)[t — t;— (O *tip1— 6 *t;)]dt
t

it(8*tip1— &xty)
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~ I h, (1— 0 (1—e ™))h, -
Tret =10 % Oy + ;{9(1— Py T ea— Py T e w} f (a

+ bt)ee(l‘ PW)(-ti) q¢
tit1

+ Y (h+ Bre(i- w(l—e-ma))}] (a

+ bt) ®A=PUNCE=tdgt + ¢ x7(1— @ (1 —e ™))

h, (1—- ¢ (1—e™)h, L
_{9(1—P(LP))+ 81 = P(¥)) + d,e (aH+0.5
x* b x H?)

ot ti+(8rtipq — 6%t
+Z s*lef (@+bt) [t;+ (8 * tipy — 8+ t;) — t]dt
i=0 ti
n—-1
— IC
=0
tiv1
*Wf (@+bO)[t — t;— (8 %ty — 6*t;)]dt
Li+(8xtiy1— 6+t;)

[TRet =nx*0, + X, ({ he | 7128 (e MRy

LY )
8(1- P(¥)) 0(1- P(¥)) +dre } + {Pr + B

€(1— 0 (1—e™)}) [ (a+bt) e?0-PINEd + ¢ 1 (1- 9 (1-

i

— hy 1_®(1_ —mG) E; -
e mG))—{e(l_P(qj))Jr’( fuse P L d e ) (@H + 05+ b« H?) +

_ i+ (6%tjp1— 6%t -
S s el [T @ b [t + (8% tiga — 6 % 8) — €ldt — DI U

w fti+1 —S*ti)(a + bt) [t -t — (6 * g — 0 * ti) ]dt]

ti+(6*tipq

(8.11)
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a(TRet) _ hr T(l -0 (1 - e_mG))E; -
at, ({9(1— Py T ea- ey T M€ N}

+{p+B*xt(1-0(01- e‘mG))}> ((a

+b tl.)(eﬁ(l— PO (ti=ti—1) _ 1) - 8(1

tiy1
— P(¥)) (a + bt)e®-PN(-t) dt) +s
ti

ti+(6xtip1— 6%ty)
*Ief (a+bt)(1—6)dt— (a+bt;) (6 *tiyq
7]
tit1
—O0xt) ++ W (a+bt) (1 - 6)dt
ti+(8xtiyq— &+ty)

a(TRet)_({ Ry +r(1—¢(1—e-m0))r7r

— \le@a-pPw)) 8(1— P(¥))

2%, +dre_“’}+{Pr+I3r*r(1—Q)(1—

e—mG))}) ((a +b tl')(ee(ti—ti—ﬂ(l— PYW)) _ 1) + 8(P(W) - 1) J‘tt'i+1(a n

i-1

[ArOnam O (g L by (1— 8)dt— (@+bty) (8% tigg — 8% tt)} ~ e

t

W{fti )(a+bt)6dt+fti“ (a+bt) (1— 8&)dt-(a+

ti—1+(8xt;— 8xtj_y ti+(8xtiy1— Oxty)

bt)) (1= 8)[t; — tiq)} (8.12)

By taking a partial derivative of T, W.I.t to t; equal to zero. We can find the value of
t;.

a(TRet) —

0
ot

8.5.2. Second case:

M; 4 lies outside the cycle length (ti, ti+1). when the credit duration is higher than the
inventory replenishment lengthT;., .In the second case we assume, M > T;,, , in this

case M;,, lies outside the interval.
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Figure 8.2. When the credit periodis M > T; 44

t; <t <t;;1. SO, the interest earned by the retailer is as follows:

S ler s [ (@+ bt) [t + 8(ti — ) — t]dt (8.13)

Interest payable by the retailer is zero. Then:

_ n hy (1- 0 (1—e ™5)R, _ay
Tree =1+ Op + Xizo ({6(1— P(¥)) 0(1- P(¥)) +dre } T

B+ P xt(1-0(1- e-mG))}) ftti“ (a+ bt) e?A-PNC-tidge + ¢ «

i

— _ p—MGY) _ hy 7(1- ¢ (1—e~™C))h, _ay
(1— 0 (1—e™™%) {6(1_ vy T easray T d, e }(a H+0.5
bx H)+ s+ L [ (@+bxO) [t + (8% tia — 6+ 8) —tlde (8.14)

0(TRet) __ hy 7 (1- 0 (1—e"™G))R; L R ~ ~
oty ({9(1— ray T ea—rary T dr e } +{p+B+1(1-0(C1

e_mG))}) ((Cl +b tl-)(ee(l‘ P (ti—ti—1) _ 1) — 8(1— P(¥)) J';l'+1(a +

bt)e®1- P((E-t) dt) +s+ 1, { s (a+bt) §dt+ [ a+bt)(1 - &) dt +
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(a+bt)(ti—tig—6*t; =8 ti ) — (@+bty) (g1 — t;— 6 *tjyq + 6%

ti)}

(8.15)

By taking the partial derivative of Tg,; W.r.t to t; equal to zero. We can find the

value of ¢t;.
a(TRet) -0
dt;
* -1 %
Toup =n" * 5, + Z:;O Cp6(tivr — t)lc+ Q; (8.16)
*_1 "
U=, Q (8.17)

8.6. Algorithm and procedures for resolving the problem:

Step 1: To begin, let's establish initial values for all parameters with appropriate units.

a = 0.0001 unt., 0, = 20%/setup/year, b = 1000 units, M = 0.5year, h, = 0.4 $/unt.
[Annually, T = 0.6$/kg/ annually, m=0.5unt.,, ® =0.4unt., 8 = 4,a =0.02unt., ¥ =
0.5 , 1=0.8 unt., P. =2$/unt. /Year, ¢" = 10kg/year, B. = 40 kg/order/ annually,
h, =8kg/ annually, G=, I, = 0.08 $/unt./ Annually, I, = 0.1 $/unt. /Year, s= 50 $/unt.,
Ss=120%/setup/annually.

Step 2: Find the Root [% = 0]

Step 3: The final results are optimal solutions t;.
Step 4: Insert optimal values of ¢; into the equations (8.3), (8.11) and (8.14) to find the

value of total cost and order gquantity.

8.7. Numerical illustration for the proposed model:
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Let us consider parametric values such as a = 0.0001 unt., 0, = 20$/setup/year, b =
1000 units, M = 0.5year, h,- = 0.4 $/unt. /Annually, t = 0.6%/kg/ annually, m = 0.5 unt.,
® =0.4unt, 8 =4 ,a =0.02unt., ¥ =0.5 , 1 =0.8 unt., B. =2$/unt. /Year, ¢ =
10kglyear, B. = 40 kglorder/ annually, h, =8 kg/ annually, G=, I, = 0.08 $/unt. /
Annually, I. = 0.1 $/unt. /Year, s= 50 $/unt., Ss= 120%/setup/ annually. Solve this

numerical problem with the help of Mathematica software.

8.8. Tabular Form and Graphical Representation:

Table 8.2. Total cost for the retailer when M;,; < T;,4 for five different combinations

of
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- 1 2 3 4 5 6 7 8

Yn

a

0.001| 807408.5 |212851.2| 101532.77/65367.62|49743.41 | 74762.86 | 155208.69 |516831.09
0.0008| 807408.7 [212851.2| 101532.79/65367.62| 55494.86 | 93719.13 | 216591.70 | 942996.74
0.0009| 807408.6 [212851.2| 101532.78/65367.62| 50832.96 | 83209.24 | 181501.34 | 675694.18
0.0011| 807408.5 (212851.1| 101532.76/65367.61|49743.41 | 67850.95 | 134956.30 |409364.16
0.0012| 807408.42 212851.17 101532.76/65367.61| 49743.41 | 62106.30 | 118989.62 |333520.31

Table 8.3. Replenishment time for Tyt , Tsyp, and Qe when My < Tiyq

é N t ts | ts| n Teo Toup Te O
0.001 | 0 | 1.4259 | 2.0827 | 2.6329 | 3.1244 | 4 5 49743.41 23977.87| 73721.28| 18092.3
0.0008 | 0 | 1.4719 | 2.1499 | 2.7178 | 3.2251 | 4 5 55494.86 29425.50| 84920.36 | 20168.3
0.0009 | 0 | 1.4350 | 2.0960 | 2.6496 | 3.1443 | 4 5 50832.96 25604.07| 76437.03| 18486.1
0.0011 | O | 1.4259 | 2.0827 | 2.6329 | 3.1244 | 4 5 49743.41 23085.97| 72829.38| 18092.3
0.0012 | 0 | 1.4259 | 2.0827 | 2.6329 | 3.1244 | 4 5 49743.41 22324.44| 72067.85| 18092.3

The optimal level for the overall cost incurred by the retailer is shown in Figure 8.3. At the 5th replenishment cycle, the overall cost
incurred by the retailer is optimized and equals 49743.41. The optimal values for the overall cost incurred by the retailer corresponding to
various of 'a' can be seen in Tables 8.2 and 8.3. For each value of 'a', the optimal value is achieved at the 5™ replenishment cycle. Table 8.3
provides information on the replenishment time, optimal values for the overall cost incurred by the retailer and supplier, and the order

quantity.

_aptimum ValueConvexity of Tcr for varied a values
800000 1 —@— Data Points
@& Optimum Value
JOQ000 -
= G00000
2 516831.00
T 500000 -
Y
[
A 400000 4
o
| 300000 -
=
200000 1
100000 1
1 2 3 4 5 & 7 8
Mo of replenishment cycles

Figure 8.3. An optimal level of the total cost for the retailer
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Table 8.4. Represent the following facts of sensitivity analysis for the main parameters.

Paramet | %Changes Optimal Total order | The cost The cost
ers Replenish Quantity incurred by incurred by the
Cycle Qnt the retailer supplier
Tret Tsup
+20 5 18092.3 4974341 22324.44
A +30 g 18092.3 49743.41 23977.87
—;g g 18092.3 4974341 23085.97
20168.3 55494.86 29425.50
18486.1 50832.96 25604.07
+20 4 28206.8 78286.61 3218901.1
[J’SO ﬁt 25856.2 71789.39 2950659.02
—10 i 23505.6 65292.17 2682416.88
B —20 21155.1 58794.94 2794658.59
18804.5 52297.7 2575774.22
+20 5 24276.9 68347.01 4267545.71
0 +30 g 20870.7 58057.29 3583507.45
—10 g 18092.2 49668.03 3033108.27
—20 15812.2 42789.90 2588149.43
13929.1 37118.60 2226602.26
+20 5 211.42 859.78 1860.18
O +3 0 2 211.42 834.78 1860.18
—10 5 211.42 809.78 1860.18
—20 > 211.42 781.85 1860.18
211.42 751.85 1860.18
+20 4 211.42 809.78 723.10
+10 4
0 4 211.42 809.78 663.10
s, [10 4 211.42 809.78 603.10
—20 * 211.42 809.78 543.10
211.42 809.78 483.10

Table 8.5. Total cost for the retailer when M;,, > T;,4 for five different values of ‘a’

762631.00

179074.16

74765.77

43266.14

30942.01

46862.71

102241.42

388303.80

762631.16

179074.19

74765.79

43266.15

34815.61

60016.82

148908.53

744379.65

762631.08

179074.18

74765.78

43266.15

31670.30

52660.24

121929.16

525295.82

762630.92

179074.15

74765.76

43266.14

30942.01

42201.82

87445.92

298127.06

762630.85

179074.13

74765.75

43266.14

30942.01

38389.75

76045.01

236187.31
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Table 8.6. Replenishment time for Tre; , Tsyp, and Qny when My > Ty

\l(; 2>t to ta t2 13 ta ts |n Tret Tsup Tc Qut
0.001 | 0 | 1.4259 | 2.0827 | 2.6329 | 3.1244 |4 | 5| 30942.01| 1542831 | 46370.32 | 18092.29
0.0008 | 0 | 1.4719 | 2.1499 | 2.7178 | 3.2251 |4 | 5| 34815.61| 18896.41 | 53722.02 | 20168.36
0.0009 | 0 | 1.4350 | 2.0960 | 2.6496 | 3.1443 |4 | 5| 31670.30| 16463.58 | 48133.88 | 18486.1
0.0011 | O | 1.4259 | 2.0827 | 2.6329 | 3.1244 |4 | 5| 30942.01 | 14860.51 | 45802.52 | 18092.3
0.0012 | 0 | 1.4259 | 2.0827 | 2.6329 | 3.1244 |4 | 5| 30942.01 | 14375.68 | 45317.69 | 18092.3
As we can see, Figure 8.4 show the optimal level of the total cost of retailer for M; ., > T;,;.
At n=5 replenishment cycle, the total optimal value incurred by the retailer IS

30942.01 similarly for various values of ‘a’ we can see in Table 8.5 and Table 8.6 the Optimal level of retailer total cost. For the

different values of ‘a’ optimal value arrived at the 5™ replenishment cycle. Table 8.6 Shows the replenishment time, optimal value of

retailer, supplier and order quantity.

Total cost of retailer

700000 -

GO0000 A

200000 A

100000 A

D .

500000 -

400000

300000 -

TR2631 00

Convexity of Tcr for varied a values

—&— Data Points
& Optimum Yalue

BI6EIE 35945 g7 686271

388303.4

3

4

5 &

Mo of replenishment cycles

Figure 8.4. The optimal level of the cost incurred by the retailer, when M;,; > T;44
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Table 8.7. Represent the following facts of sensitivity analysis for the main

parameters.
Param | % Optimal Total order Retailer's total | Supplier's total
eters Changes Replenish | Quantity cost cost
cycle Qne Tret Tsup
(Iig 2 246961.56 290818.70 37108.96
A 0 6 229788.07 271067.58 32219.83
1—10 6 214125.64 253278.14 28003.36
—20 ° 199814.24 237205.04 24358.73
186711.34 222635.75 21201.25
+20 4 627510476 186533.33 723033.14
{+30 i 575278343 171006.99 662817.30
(10 ‘; 523043328 155479.80 602686.98
B —20 470804689 1399515.29 603342.10
418864929 124512.83 542508.00
+20 4 221117363 662621004 254786691720
6 +30 i 107218244 320461137 123541769573
—10 i 52304332 155479805 60268698111
—20 25694820 75525839 29607391885
12726308 36553824 14664173720
+20 6 214125.64 253374.14 14830218.5
Ob [+30 2 214125.64 253278.14 14830218.5
—10 6 214125.64 253230.14 14830218.5
—20 6 214125.64 253326.14 14830218.5
214125.64 253182.14 14830218.5
+20 6 214125.64 253278.14 28111.36
[+30 2 214125.64 253182.14 28057.36
S, —10 6 214125.64 253230.14 28003.36
—20 6 214125.64 253326.14 27949.36
214125.64 253374.14 27895.36
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Lemma 8.1:

t; increase where i=1,2,3............. n-1 strictly monotonic increase function of last

replenishment cycle t,,. T;41 = tizq1 — t; and t,, = H-T,

Theorem 8.1: The unique solution only exists for the non-linear system of Eqn (8.11)
is the optimal replenishment period for a fixed replenishment cycle n.

The Hessian matrix of Tg,; must be positive definite for tjto be minimum for a fixed n.
Therefore, in Appendix- 8. A1, the theorem establishes that Ty, is positive definite. As
a result, the optimum value of ti for a given fixed n +ve integer can be computed by
using the numerical iterative technique and Mathematica programs version 12.0. Given
the optimal of t;, the total cost function also will be optimal. Or

0°Tpg

0°TRet 0%TRet

. . - - H et 11

Theorem 8.2: If t; satisfy inequations (i) T =0 (i) P = |atiti_1 | +
2

9 Tret | foralli=1,2,3 .......... n then V2T, is positive definite.

Otititq

8.9. Sensitivity findings and analysis:

The purpose of this study is to optimize sustainability in the inventory replenishment
approach by examining how inventory system parameters are operated. Both retailers
and suppliers can benefit from this study by gaining a better understanding of these
parameters. Retailers can increase or reduce certain parameters to determine the
minimum total cost and maximum profit. The study also aims to identify significant
management implications. To examine the influence of all parameters, the study
modifies one parameter individually while holding the remaining parameters constant.
Tables 8.4 and 8.7 present some of the key parameter analyses.

1. Table 8.4 and Table 8.7 demonstrate that even a slight increase or decrease in the
deterioration rate of the stock (represented by 0) has a direct impact on the retailer's
total cost, without affecting the replenishment cycles. This implies that 0 is
positively related to the order quantity, as well as the total costs of the retailer and
supplier. However, the replenishment cycles remain constant and are not affected

by changes in 6.
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2. Table 8.4 shows that an increase in the initial market demand parameter 'a’ has little
effect on the replenishment quantity, retailer's total cost, and supplier's total cost, as
they are practically insensitive to changes in 'a’. However, if 'a' decreases, the order
quantity becomes moderately reactive, affecting the retailer's and supplier's total
cost but not the replenishment cycles per year. Therefore, we can conclude that the
initial market demand parameter has a negligible effect on the order quantity,
retailer, and supplier cost.

On the other hand, parameter 'b' (demand that depends on time) is highly sensitive
to the order quantity and the total cost of both the retailer and supplier. Table 8.7
provides more detailed information, showing that the replenishment quantity,
retailer’s, and supplier's costs are highly sensitive to increases in both 'a' (initial
market demand) and 'b' (demand that depends on time).

3. The analysis in Table 8.4 and Table 8.7 demonstrates that changes in the ordering
cost have a moderate impact on the retailer's total cost function, but do not
significantly affect the supplier's total cost or the ordering quantity. When the
ordering cost increases or decreases, the retailer's total cost also increases or
decreases during each replenishment cycle. This relationship between the ordering
cost and the retailer's total cost is consistent.

4. According to the data presented in Tables 8.4 and 8.7, changes in setup costs have a
moderate effect on the supplier's total cost function but do not have a significant
impact on the retailer's total cost or the ordering quantity. When setup costs increase
or decrease, the supplier's total cost also increases or decreases correspondingly
during each replenishment cycle. This relationship between setup costs and the

supplier's total cost remains consistent.

8.10. Comparison study:
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Figure 8.5 Comparison between existing literature and proposed model

8.11. Conclusion and future study of proposed work:

Retailers and suppliers have a common goal of reducing their overall costs while also
minimizing the deterioration of materials and environmental impact. They may utilize
trade credit policies to increase profitability. This study considers the impact of time
and editing period on-demand rate. A specialized algorithm is developed to identify the
optimal solution for the inventory problem in the supply chain. Further, sensitivity
analysis is performed to evaluate the effects of various parameters on the solution.

The proposed research study is unique in comparison to other inventory models due to

several distinctive aspects, including:

e Thedemand in this study is time-dependent and has a linear correlation with time.

e Investment in environmentally friendly/ green technology.

e A special duration of the trade credit is provided by the supplier to the retailer.

¢ Implementation of preservation technology to mitigate material deterioration.
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e The use of a finite planning horizon.

e Analysis of two credit phases with different terms and conditions.

8.11.1 Future extension of proposed work:

This approach explored an extension of previous chapters by considering green and
preservation technology. The proposed approach can also be expanded in future studies
using other various methods. For example, incorporating different types of demand
functions such as exponential and quadratic functions, time-varying demand, carbon,
and inventory-dependent demand can be explored. Additionally, the approach can be
modified to consider instantaneous material deterioration, shortages, and carbon
regulations. Therefore, future research can evaluate the influence of these additional

factors.
8.12. Recommendations for stakeholders:

The study's findings suggest that implementing continuous technology investments to
reduce material deterioration and environmental pollution can have a significant
positive impact on inventory management and control accuracy. To combat the
negative effects of material deterioration and environmental pollution, both retailers
and suppliers should consider investing in preservation technology.
The research study yielded the following outcomes:
e The optimal cost is obtained by the convex function set of replenishment time
cycle solutions that provide a unique optimal solution.
e Emphasis on carbon control to find the optimal solution.
Providing both economic and environmental information is essential for

running a business sustainably and effectively.
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Chapter 9: Analyze the carbon regulations that apply to a
production system that integrates a process for reworking
defective items within a finite planning horizon (FPH)

9.1. Abstract:

Manufacturing companies are increasingly recognizing the significance of implementing
sustainable supply chain management (SSCM) and the need to address the issue of
reworking defective items in their operations, both for their business goals and for the
environment. To achieve sustainability goals, it is essential to design supply chain
networks while taking ecological and environmental factors into account. This research
work's focus is on developing an environmentally friendly supply chain system within
the framework of the emission trading mechanism. A non-linear programming model is
mathematically formulated to address the problem, to minimize both the total cost and
carbon emissions. The approach is applied to analyse two distinct regulations: the cap
and tax scheme under a finite planning horizon (FPH). Additionally, the study includes a
sensitivity analysis, along with graphical or tabular representations, to enhance its
effectiveness. The numerical results confirm that the solution obtained from the problem
is optimal, and a reduction in carbon emissions is observed. To solve the problem, a
programming model in the Mathematica software version -12.0 is employed.

9.2. Introduction:

Maintaining a reduction in carbon emissions while optimizing total costs is essential for
supply chain operations. In reality, meeting customer demand is crucial for both systems
and processes. With increasing awareness among people, minimizing carbon emissions
has become imperative. This research aims to demonstrate the impact of reducing carbon
dioxide emissions while simultaneously optimizing costs and order quantity. As stated by
(Lovell 2010), emission policies were established under international climate change
sovereignty. Businesses and individuals can offset their carbon dioxide emissions by
participating in projects or initiatives aimed at reducing greenhouse gases worldwide.
These initiatives could involve the implementation of clean or renewable energy

technologies or direct carbon capture from the atmosphere, such as through reforestation
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or tree planting efforts. In 1997, the establishment of the Kyoto Protocol took place. The
protocol introduced carbon offset regulations, which are referred to as project-based or
Clean Development Mechanism (CDM) processes under the International Agreement.
(Dye and Yang 2015) have provided further explanations on this topic. The emission of
greenhouse gases from supply chain processes is a critical concern, as stated by (Zhou et
al. 2020). In response to the critical concern of greenhouse gas emissions from supply
chain processes, many governments or regulatory agencies have imposed carbon taxes on
industries, individuals, or organizations that exceed a predetermined emission cap. These
measures aim to encourage energy conservation and decarbonization, leading to
significant financial impacts on the supply chain and subsequent management strategies.
Consequently, several national governments have attempted to reduce carbon dioxide
emissions through various carbon reduction strategies, including carbon offsets, carbon
taxes, cap-and-trade systems, carbon caps, and eco-sustainable technological
requirements. The reduction of carbon emissions and optimization of total costs are
essential considerations for any supply chain operation. However, in the real world, both
systems and processes are not fully realized without customer demand. As environmental
awareness continues to grow, the need to reduce carbon emissions becomes more
pressing. This study investigates the impact of reducing carbon dioxide emissions and
optimizing costs and order quantities in supply chain operations. The development of
emission policies was initiated under international climate change governance, as
discussed by (Lovell 2010). This research focuses on analyzing an inventory supply chain
problem under the carbon emission regulations mentioned earlier to enhance the

understanding of this research area.

In reality, the assumption that reworked processes are completely perfect may not be valid
due to several factors such as deterioration of items, machinery wear and tear, and low-
quality raw materials. These imperfections in the production process result in the
production of defective products that cannot be ignored. To ensure that the production
process meets the required quality standards, defective products undergo a reworking
process. However, it is assumed that after reworking, the quality of the defective products
is the same as that of newly manufactured products. RMISCP must operate effectively to

increase revenue and remain competitive in an increasingly globalized world. SMMR
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system refers to an inventory supply chain problem that considers multiple retailers and
a single manufacturer/supplier. While several studies have examined inventory
management problems in SMMR systems, none have yet explored the rework process

under FPH with carbon emission regulations.

Additionally, the objective of the defective item rework process is to manage the
inventory level during production and meet the demands of multiple retailers while
minimizing the total cost of the system and complying with emission regulations. This
research aims to examine the impact of carbon emission regulations on the inventory
problem of a single manufacturer/supplier and multiple retailers (RMISCP) that includes

the rework process under FPH.

The remaining parts/sections/portions of the research study are structured as follows.
Section 9.3 provides a literature review. subsequent section 9.4. followed by a
description of assumptions. Section 9.5 focuses on the model expressed in
mathematical terms, including the derivation of a non-linear differential equation.
Section 9.6 presents a suitable numerical example while section 9.7 offers sensitivity
analysis. Finally, Section 9.8 concludes the chapter with Section 9.9 managerial

observations and a list of possibilities for future extensions.

9.3. Literature review:

In recent years, there has been a greater focus on studying inventory control or
management concerning carbon emissions. Governments have imposed limits on carbon
emissions for individuals and companies, known as carbon caps. Several research studies
have been conducted in the context of inventory models with emissions policies. (Wahab
et al. 2011) were the pioneers in examining the impact of carbon emissions on the supply
chain inventory system, creating a mathematical framework for identifying optimal
replenishment/shipping cycles and manufacturing costs. (Benjaafar, Li, and Daskin 2013)
introduced a model that amended traditional models to include strategic planning that
considered both cost and environmental impact by incorporating carbon pollution
variables into decision parameters. (Dye and Yang 2015) formulated a model that
discussed carbon regulation with credit-dependent demand. (Hovelaque and Bironneau
2015) evaluated an economic quantity order model, where the deterministic demand rate
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of the product was determined by the carbon emissions and price for each year. (Micheli
and Mantella 2018) constructed a model that considered emission policies such as carbon
caps, taxes, and carbon offsets, and discussed their environmental and economic impacts.
According to their research, carbon emissions produced by transportation contribute
significantly to the carbon footprint. (Tao et al. 2019) investigated the influence of carbon
regulatory policies and customers' awareness of low-carbon practices on optimized order
quantity, overall costs, and CO2 emissions through the utilization of an EOQ model.
(Ramudhin, Chaabane, and Paquet 2010) incorporated carbon emissions and the total cost
of the supply chain into supply chain planning, solving them. (Cheng et al. 2017)
examined the impact of carbon emission laws on the traditional stock transportation
problem and implemented linearization methods and a hybrid genetic algorithm to build
and run mixed integer nonlinear programming models within both infinite and finite
planning horizons. Carbon emissions have become a topic of greater concentration.
Therefore, carbon emissions are considered in this research work within a finite planning
horizon (FPH).

The literature on product rework during production is vast, particularly regarding supply
chain inventory control models. In this context, we will mention only a few studies that
suggest new and different approaches to the rework process. (Benkherouf, Skouri, and
Konstantaras 2016) investigated an inventory management system that included
manufacturing, remanufacturing, and renovating activities over a finite planning horizon,
assuming demand would vary over time, and that the buyer would return used goods,
which would then be categorized as "manufacturable™ or "renovative™ after inspection.
(Zouadi, Yalaoui, and Reghioui 2018) presented a manufacturing or remanufacturing
approach that reduces emissions. The model incorporates emissions from production,
remanufacturing, and transportation and examines their effects. (V. Singh et al. 2019)
provided a comprehensive solution for re-manufacturing a product with shortages,
Weibull deterioration, partial inventory backlog, and trade credit. Although there exists a
vast body of literature on inventory control and management models, including those that
incorporate a product rework process, very few research studies explore the implications
of carbon emissions on the rework or remanufacturing process in production FPH. This

study focuses on remanufacturing as a way to reduce environmental problems in the
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context of carbon tax policies. The RMISCP approach was also used to investigate the
impact of emission reduction measures on inventory decisions. (Modak and Kelle 2019)
developed a single-manufacturer and multiple-retailer inventory model with a carbon tax
scheme. Further, (Samuel et al. 2020) investigated an inventory model with a supplier
and several retailers and the effect of emissions on the inventory supply chain activities.
The goal is to optimize the total profit, aiming for maximum returns by simultaneously
evaluating the investment in recycling, item cost, purchasing quantity, and contribution
quantity. The environmental and economic attributes of the supply chain are the most
researched aspects throughout the literature review. However, only a few studies address
remanufacturing, carbon cap and offset, and all the aforementioned components of supply
chain sustainability with multiple retailers and a single manufacturer under a finite

planning horizon (FPH).

9.3.1. Problem defining:

The present research study introduces a finite planning horizon lot sizing SMMR
inventory control model that incorporates manufacturing, rework, or remanufacturing
activities under carbon constraints. The main target of this carbon mechanism is to
evaluate the production, rework, and repair scheme that reduces both producer and
retailers’ total costs, including production order costs, set-up costs, production costs,
penalty costs, deteriorating costs, and emission costs. This is achieved through a

nonlinear programming problem (NLPP) solution.

9.3.2. Research gap

In the literature review, the environmental and economic dimensions of the supply
chain have received significant attention and have been extensively researched. Only a
handful of research studies accommodate all the components of supply chain
sustainability, including remanufacturing, carbon cap, and offset, within a finite
planning horizon (FPH). However, very few researchers have examined the rework
process with carbon emission policies for an SMMR inventory supply chain system
over the finite planning horizon with unequal cycle lengths. Previous chapters didn’t

consider the rework process.
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9.4. Assumptions:

The analysis was conducted based on the following assumptions.

1.

© N o o

It is assumed that a collection or set contains only one item or element in cases
where a single-item collection is presumed.

The study has a well-defined planning horizon that is finite but not fixed.

The study assumes that the lead time is zero for the entire duration.

According to the framework, neither retailers nor producers are allowed to have
shortages.

Production of stock is based on demand in this context.

This research involves a single manufacturer and multiple retailers.

The rate of deterioration of the inventory remains constant.

Shipments from the producer to the retailer happen at irregular intervals.

9.5. Mathematical formulation and analysis of the model:

In this section, a mathematical model for inventory management is presented for a

single-manufacturer and multiple-retailers (SMMR) system that incorporates

remanufacturing and carbon regulations. A carbon cap policy is considered in each

period, which means that carbon dioxide emissions must not exceed the specified limit

(cap) within a finite planning horizon (FPH). This limit may be imposed by an external

regulatory agency or government to comply with specific emission limits. The model

consists of three production phases, as shown in Figure.
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Figure 9.1 Production Level of Supplier and Replenishment to Retailers

951 Phasel. t; <t<t

T = 9T D) — 0%1p,(© (9.1)

5-1D;(t) =D(t) = a + b*t

20 — D) — 6% Ip,(0)

d“;—it(t)+9>klpi(t)=¢(a+b*t) (9:2)
t <t <t

Ip (£) = et fttl (a + b*u) *ef (9.3)
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Ip,(t) = & ftti(a + bxu) *e?@ D dy (9.4)

IPl(tl,) = IP(I,i) and IPL(tl) = O (9.5)

Ip,,, = Inventory level at point 'A" is Ip (t;) = ¢ft";" (@ + bxu)=*

ee(u—t{) du

!
—b+a9+b9ti’+ee(_ti+ti)(b—a9—b9ti)} (9.6)

Ipyy = d){ E

9.5.2. Phase2. fort; < t<t;
After Remanufacturing, the inventory level at point B is = Ipi(t{) — R% of Ipl.(t{)
Ip,;, = Inventory level at point ‘c’ is Ipi(t;) = Ip,(t;) — R% of Ip(t{) +

t; —t 1 ' t;
d)fti, (@a + bxu)*ef@ -t dulp,, = Ip,(t}) = R% of Ip,(t}) + d)fti, (a + bxu)*
0=t 4y

t

Iy =1In(t]) = R% of Ip,(t) + & J (@ + b+ u) 001D dy

!
¢

Iy =®f, @+ bru)xe®@Ddu— R%ofd [ (a + bxu)xe®@ ) du+

¢ fttf (a + b*u)*ef@td dy (9.7)
9.5.3.Phase 3. For t; < t < t;,

Inventory level at the point D=5 (t;) + R% of Ip,(t;)

Ip,(t]) — R% of Ip,(t)) + q;fttf (a + b *u) * @t du + R% of Ip,(t)
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t! t!

¢ J. (a+bxu)*e?@t) du — R% of cl)f (a+b*u) * e®=t) dy
t; t

!

t; ti
+d | (@ + bxu)*e®@ ) du+ R% ofd J (a + bxu)xe?®t) du
' i

&

O @+ brw)«efCD dut ¢ fif a + bxu)xeft) 9.8)

The inventory level at point ‘E’ is

Liye
Ip(3’i) = Inventory level at ‘D’ + d)f (a + bxu) *ef®@Ddy
t;

1

¢! t;

Ip,, =& f (@ + bxu)*e?@t)du+d f (a + bxu) * et dy
t; tl{
tiy1
+ ¢ f (@ + b*u) x e tird) qu

¢

Ip,(t; <t<tiq)= (ab(—3 + efi—t) 4 @O(-ti+t) 4 pO(ti=trri) ot/(—1 +

eOCi=t0) — gt (—1+ 0Ei=t4D) — fr,e®Ci=tD + gt ) ) /67 9.9)

Total cost of production= setup +holding +penalty + purchasing +carbon emission
cost + deterioration cost

[Tsup =nx*xSg+ Hg Y, ft";i“ L, (t) dt + ¢, * R% of Ip,(t;) + Psx
— t; -
Yiilp,(t <t<tyq) + X5 1Dp *0 fti L, dt+ X0 T (Z —

(Ps * Ip (t) + H; ftt.iﬂ ¢ ftt (@a+bxu)xef® D dut))]
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tit1

J(a + bxu)xe?@Odu dt + ¢,
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Lot

n
Toup = 1% S5 + Z (Hy + 6D,
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i

!

t
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t

+ eOCt+E) 4 @0(ti=tied — gl (—1 4 0E~t)) — gt (—1

+ ee(tg_tl”)) - Qtiee(ti_t‘!) +6t14:))/6?

T (Z— (13.S * fttl_i (a + bxu)*e?@t) du + H, fti”ld)ftti(a + b*u) *

e?@- qy dt))

[Tsup =nx*Sg+ X, ((HS + 6D, — 1 *

_ B a0+ bOr+eO D (b-af-bOt,) 2 i
m)d 7 dt + (¢, *R% = Bx7) ¢ [/ (@ +

t

b * u) x e?®t) du + Ps * (cl) [i(@a+ bru)*e®@Ddu+td[)(a+bx

u) * e0=t) dqy + ¢ ftt';i“(a + b*u) * ef@tivn) du) >l

t14i O(=t+t;)
—b+ab+blOt+e i/(b—aB-b0t;)
Toup =N *Ss + X0y <(HS +6D,)d — dt +

t

(cp of R% +Ps— P x1)d f;i (a + bxu) *e?®t) du + Ps *

<c|) fttf (a + b*u) = e®@t) du + ¢ f;i“(a + b *u) * e@tir1) du) ) +1*Z

t/!=01+t;andt; =01+t =02+t

224



Toup =N * Ss +Z?=1 ((HS + GDp — T %

t .
M h+ab+bot+e® ) (h—af-bot

)b - 2dt + (c, ofR% + Ps — P, «
2}
D0 f:.1+ti (a + b*u)* ef®@01t) gy + P« ((I) foof:tt-i (a + bxu)*
i . 4
efw-02-1;) 4y + b ot_iz-':ti (@a + b+ u) % @0 @W—tis1) du) > +T %7 (9.10)

Manufacturer/Supplier and Retailers

Retailers

Figure 9.2 Graphical abstract for single supplier replenished to multiple retailers.

0Tsup) _
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(9.11)
It is an approach to running a business in which the Supplier/manufacturer supplies

their items to end users through several different retailers.

Retailer’s solution:

5
dlp,(t)
- ;Djm 0% 1,,(®)

dly.(t

Lo - D) = 0% Iy, (0) 9.12)
5 5

ZD](t) =Za] +b]t=a+bt

j=1 j=1

t; <t < tiyq

Ip,(t) = e~ [ (a + bu)e®* dt

Ip(tier) =0 and I (t;) = [/ (a+ bwe® @9 dt

tiv1

Iy, () = J (a + bu)e?®=t) du
t

tiv1

(a+bwe™ D p T

0 02

Iy, () =

. 0(tjp1-t)
() = (e D o0t 0 (00 4 D (9.13)

The order quantity for i"cycles

Qir1 = In,(t) = [[** (a + b)) dt

i

o(u-t;) tit1
+b u-t;)) p L
Qi+1 = Ibi(ti) = [ % _ ﬁee(u tl)]
t
— _ (a+bti+1)ee(ti+1_ti) b O(tins—t)) (a+bt;) b
Quer = o (1) = 8 gl T Tt (9.14)

226



j=1 j=1 j=1 j=1 j=1 j=1
5 5 5 5
j=1 j=1 j=1 j=1 j=1

Ordering costs of the buyer=n * O,
Holding cost = H, X7, f;”l I, (t) dt

H, Y™, fttf“ fttf“ e~ [1*1 (a; + b;t)e® du dt (9.15)

Deteriorating costs according to Sarkar et al.2012

D, = ]5'=1Drj =Dy1+ Dyy + D3 + Dygy + Dis

n
tiy1
Der 0 « Iy (¢) dt

i=1 "t

tiv1

n
tiy1
Dr*QZJ f (@ + bu)e?@0 du b dt
i=1 ti t

De, * O Xy [1 [ (a+ bu)e®@ D du dt (9.16)
l
Amount of carbon emission due to transportation:

ti t:
T = F +2dv,C, + d*vC; [ (a+ bt)e? W de + 2d ey +de, [ (a+

bt)e®tt) d¢ (9.17)

Amount of Carbon emission according to (Shi et al. 2019) and (N. K. Mishra and
Ranu 2022). Which include, the first T, amount of carbon emission due to transportation
and other factors) associated with replenishment order, second P.associated with
inventory replenished and third &, associated with handling of inventory (refrigeration

effect).
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- Lita it

ZP Qis1 + Ny f f (a4 bw)e?@ gy dt + F. + 2dv,C; +d

tit1 tit1
*vCsz (a+ bt)e®EWdt +2de, +de2f (a+ bt)edt g
t t

i i

Cost of carbon emission:
n-lg (c - (ﬁr x Qiq + 1o ftti"“ 1 (a + bu)e®@Ddu dt + F, + 2dv,C; +
t; . ti .
d x v,C, ft_ (a+ bt)e®tdr +2de; +de, jt_ "(a+ bt)edtt) dt))

(9.18)

Retailer’s overall cost

Total cost =Ordering cost + Inventory holding cost + Deteriorating cost +Carbon

emission cost + transportation cost

Tret =N * Op + H. 2 1ft‘“1b (t) dt + D, 3 1[ ‘“e*lb ) dt+ Y4t (C—
(ﬁr % Qiya + Ry [ (a+ bu)e®® Odu dt + F, + 2dv,C; +d *

i ) t; )
v.C, f:i T(a+ bt)e®TWDdr +2de, +de, fti "(a+ bt)edtt dt)) (9.19)

Tret =N % Op + Hy X7 1f“+1 [ (a+ bu)e®@ D dudt + 6D, 3T 1[““]““
bu)ee(u t) du dt +Zl 0T (C —_ (ﬁr * Qi+1 + hAr ftt‘i+1 ftti+1 (a + bu)ee(u—t)du dt +

i+1

F +2dUCC1 +d*‘UCC2f ( a+ bt)ee(t ;) dt + 2d e _l_dezJ' l+1 a+

bt)e8t-t) dt))

Tret =N * Oy + {H, + 0 x D, + h,} ftt_”l ftt”l (a+bw)eb@Ddudt+{dre, — B »7—

d* 0,Ct) [ (a+ bt)e®T dt 4 7 ¢ — 7F, — 27dv,C; — 27d e, (9.20)
t;
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H.+60+D,+ h, ~ tisi
TRet:n*0r+{ r - r r+dT62—Pr *T_d*UCCZT}f ((a+bt)ee(t_ti)
t

i

+1tC— tF, — 21dv.C; — 21d e

(Hr+9*Dr+ h,
0

>(a*H+O.5b*H2)

Lemma . 1:

t; increase where i=1,2,3............. n-1 strictly monotonic increase function of last
replenishment cycle t,,. In this lemma, we can see a bonding among replenishment time,
last replenishment time, length of replenishment time and time horizon. Where T;,; =

tiv1— ¢ and t, = H'Tn.

Theorem 9.1: The nonlinear system of Eqn (9.11) possesses a unique solution that is
the optimal replenishment period for a fixed replenishment cycle n. The Hessian matrix
of TC, must be positive definite for ti to be the minimum for a fixed n. Therefore, the
theorem states that T'C, is positive definite. As a result, the optimal value of ti for a
given fixed non-negative integer n can be computed using numerical iterative
techniques and Mathematica version 12.0 programs. Based on the optimal value of t;,
the total cost function will also be optimal.

Proof: See Appendix:

Theorem 9.2:
Toup (N, to, ta.oeeee , tn) is a convex function for no replenishment cycles in a finite

horizon planning H.

9.6. Methodology for solving problems:

In this subsection, we introduce an approach for determining the option solution with
the minimum retailer cost. Looking at the preceding section's challenge, the minimal

0(Tsup) —0

total cost of the retailer occurs at the point t; simultaneously, satisfied the o

We derive the following equations by the first partial derivative of TC, w.t.r to t;,

respectively.
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—b+ad+bOt;+e(-t1+ti-1)(p—ad-bot;_,)
92

0(Tsy 17
(Z—ti’”= (H + 6D, — T *Hs)cb{

+

fti+1 eOt+) (_pe) +(b—ad-bot;)ef(-t+t)

N - dt}+ (cp 0OfR% +Ps— P+ 1) =

(=0 [2 " @+br )+ eP@ 01" du 4 [a+ b+ (0.1 + )] — (a+bxt) +

9_9(0'1)} +Psx¢ {(—9) fo(?f:,i (@+bxu)xef@ 02t du+ [a+bx

(024+¢t)]—[a+b*(014+¢)]*e 0D _[a+b=*(0.2+
ti)]39(0-2+ti—ti+1)} ==
To solve the defined problems, we construct an iterative approach that is based on the

method developed by (C. Wu and Zhao 2014).

aZTsup)
atiz

b(1.6-1.e7%109)
)

= (¢, 0ofR% + Ps — §*1)¢(b—be_0'19— )+Ps*

b(1.6-1e7%1%)

b (b — he—010 _ ppb(02+ti—tiry) _ ef©2+ti~ti)g (g + (0.2 +

6
—_ bo—ePti-1-t)g(b—ab-bot;_
t)) + (Hy + 6D, — T * Hs)q)( L i) _
b(1-e?Ci~t1+) 49 —-efCi~ti+ D0 ¢;4+2a63t;—ab3t;44)
ALl

5 (9.Anl)
02Toup _ (Hs+0Dp—7 «Hy)xpx(—be?ti-17t)g+e%Ci-1-tD 0 (b—ab-bot;_4)) 9. AL2)
6ti 6ti_1 - 02 ) L
Similarly

0?Teup _ b(Hs+0Dp—1 «Hy)xp(—0+ (i tit1)9—-a®)t))

+ e0(02+ti~tiy1) pg « b*x0(a+

at; Otiy, 62
b(0.2 +t,))
©.
A1.3)
0% Tgup_
ati—atn— O (9 A1.4)

foralln# 1,1i+1,1-1

Furthermore,
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v? Toup =

[0%Toup  0°Tsup

T, at.0t, 0 0 0 0 0 0 0
9°T, 9°T, 9°T,
P S;‘p SUP 0 0 0 0 0 0
dt,0t, at? dt,0t;
9°T, 9°T, 9°T,
0 2P Szup 2P 0 0 0 0
dt;0t, at? Ot30t,
0 0 0 0 0 0 0 0 0
92T, 92T, 9°T,
0 0 0 0 0 sup 2sup sup
Otpn,_,0tn, _, at% Oty _,Otp,
02T, 9°T,
0 0 0 0 0 0 0 SUp Z”p
Ot Otn, _, ot

Figure 9.3 Hessian matrix

Toup Is positive definite if Eq. (9. A1.1), (9. Ar.2), (9. A1.3) and (9. A1.4)
satisfy the given inequality.

02T, 02T. 02T.
e R P o
6ti atiti—q Otititq
2 2 2
d Tsup_larsupl_la Tsup|>0
at? at;t; at;t; =
i iti-1 iti+1

(Hs+ 6D, — T
« H)p(bO — e9Ci-17t) (9 — 1) (b — af — bOt;_,)
— b(—e?timtiv) gt + 2a03t; — aB3t;,,) — (—be?ti-17t))
— b(—ab?)t,))/60 — (¢, of R% + Ps— P,

b(1.0 —1.e7 %199
* T)P (b — pe—016 _ ( - e )) e
* b (b _ pef02+ti—tiry) _ b(z ) > S0

thatis true forall 1=1,2,...,n
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Moreover, the Hessian matrix had to be positive definite since it contains positive
diagonal members and has strictly diagonal dominating features. As a result, the
optimal replenishment interval to the nonlinear system of Equation (9.11) is obtained.
now we need to show the non-linear equation (9.11) has a unique optimal solution and
also TC,(t;, n) is optimal function throughout the optimal value of t; in a finite horizon
planning H.

Furthermore, because it had strictly diagonal dominating characteristics and positive
diagonal members, the Hessian matrix required to be positive definite. As a result, the
optimum replenishment interval for nonlinear system Equation (9.11) is established.
Now we need to demonstrate the convexity of TCq(t;, n) throughout the optimal value

of ti in the finite horizon planning Horizon.

9.7. Numerical illustration for the proposed model:

Fundamental values of all parameters with their appropriate units are listed here. 0, =
80 $/order, H,=4 $/unittime, ® = 3,H; =,Ps = 3, a= 50, 60, 70, b=15, D, = 0.04,h, =
0.2, D, = 0.04, Ss =100,c"= 4, b, =0.02,, =0.02,R=71=6, C,=0.01,7=13,
Ve =8, e, =231x107% e; = 0.043, C; = 25, C, = 0.36 , d=25, F, = 0.01, C=, ¢ =
0.02 To find the values of t;, the cost function, solved the non-linear solution is solved by an
iterative numerical approach in “Mathematica” mathematical problem-solving software. Table
9.1, Table 9.2, Figure 9.2 and Figure 9.3 Give comprehensive information about the optimal
supplier/manufacturer’s overall cost for a= 0.5, 0.125, and 0.625 are $ 299171.9, $299146.0,
and $ 299182.3 are reach its optimal level at 2, 2, and 3 optimal replenishment cycles
respectively. After achieving its minimum at n=2, 2, and 3 then again goes upward gradually
for all upcoming cycles. Table 9.1, and Table 9.2 reveal the convexity behaviour of
supplier/manufacturer’s overall cost function. This is also informed with the help of a graphical

explanation.
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Table 9.1 Optimal Planning Time for Replenishment

(l] - to t1 t. ts| n Qunt Tcg Tc,
ti
0.5 0 0.34754 4, 2| 12.8670] 235.542 2991719
0.125 0 0.34769 4. 2| 11.0627 227.561 299146.0
0 0.26658 | 2.38275 4. 3| 12.1633] 234.438 299182.3
Incresed order of replenishment time o
4.0 1 —e— Data Points
3.5 1
w 3.0 7
E
o 2.5
o
E 2.0 -
T 15
o
= 10
0.5 1
0.0 1
10 15 20 25 30 35 40
Mo of replenishment cycles

Figure 9.4. Demonstrates the increasing duration for replenishment orders to be
placed.

Table 9.2. Revel the optimal value of the Tc,, Tcg and Q.

;l’ - 1 2 3 4 5 6 7

ma
0.5 482240.9| 299171.9| 299374.0|{ 299519.7 | 299615.8 | 299669.6 | 299701.7
0.125 | 386245.8] 299146.0 | 299356.0| 299508.6 | 299610.4 | 299668.7 | 299698.5
0.625 | 439306.7| 299295.5| 299182.3]| 299523.3 | 299617.5 [299669.9 |299702.9
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P Conwvexity of Tcr for varied a values
475000 —&— a=05
® Optimum Yalue
450000 1
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=
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]
S 3TS000
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Mo of replenishment cycles

Figure 9.5. Demonstrates the supplier cost level that is considered ideal for the
second replenishment cycle.

i Convexity of Tcr for varied a values
—8— a=0.125
380000 - ® Optimum Value
E 320000
L)
i
i)
340000 +
a
= 320000
200)46.00 259356.00 20050860 290961040 20066E.70 2090608.5D
300000 . > %
1 2 3 4 5 & il
Mo of replenishment cycles

Figure 9.6 displays the ideal level of supplier cost during the second replenishment
cycle.
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Conwvexity of Tcr for varied a values

2R0T07 GO
299700 1 —e— a3=0.625 2HOG6D 30
& Optimum Yalue
299600
(=
i
=
W 299500 1
w
(=]
w
= 299400 1
g
= 29295 50
299300 4
299200 A

Mo of replenishment cycles

Figure 9.7 shows the supplier cost level that is considered optimal for the third
replenishment cycle.

Table 9.3 Identify the following results of the detailed sensitivity analysis

Parameters | %Changes | Optimal | Total order The total Total
Replenis | Quantity cost of the cost of supplier
h Qne Retailer Tc
cycle Tc,
—-50 2 11.0627 238.438 299154.8
a —-25 2 11.0627 227.563 299146.0
{0 2 12.8670 235.542 299171.9
+25 2 12.1533 234.438 299180.3
\+50 2 11.4236 233.289 299188.6
—-50 2 16.5956 241.454 704181.5
=25 2 11.4701 239.055 731207658.4
0 2 12.8670 235.542 142299.34
b +25 z 13.9324 231.081 2057841.7
+50 2 14.6733 225.692 3279.5
—-50 2 12.8729 115.559 139382.69
Or —-25 2 12.8729 155.559 139382.69
0 2 12.8729 235.559 139382.69
+25 2 12.8729 295.559 139382.69
+50 2 12.8729 355.559 139382.69
—-50 2 12.8729 235.559 1422743
-25 2 12.8729 235.559 142261.8
Ss {0 2 12.8729 235.559 142299.3
+25 2 12.8729 235.559 1423118
+50 2 12.8729 235.559 142324.3
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Ps —50 2 6.5223 225.711 3325482.3
-25 2 9.4323 225.711 3773490.4

0 2 12.8729 235,559 1422993

+25 2 14.5015 240.221 267132.5

+50 2 15.5373 243.186 19467.1

R —50 2 12.8560 235511 2298744.9

-25 2 12.8588 235.519 92515.8

! o 2 12.8729 235.559 1422993

+25 : 12.8869 235.599 93256.9

450 G 12.9007 235.639 216987.4
T —50 2 48525 241543 | 81420066113.8
-25 2 9.3831 225570 | 120296869840.5

0 2 12.8729 235.559 1422993

+25 2 12.4557 234.365 18203511.0

+50 2 12.4557 234.365 18203511.0

& —50 2 25.9945 235.559 1987220.9

-25 2 25.9945 235.559 993620.9

{0 2 25.9945 235.559 142299.3

+25 2 25.9945 235.559 4968020.7

450 2 25.9945 235.559 5961620.7

D, and D, —50 2 19.9083 229.403 1722618365
-25 2 17.4554 226.769 199438281.3

0 2 25.9945 235.559 142299.3

+25 2 29.6750 239.086 90732502.2

450 2 33.7843 242.906 63556057.4

H, =50 2 11.2515 230.918 12227015.9
-25 2 12.0282 233.142 2902677.4

0 2 25.9945 235.559 1422993

+25 z 13.7306 238.014 1884162.5

450 z 14.6546 240.659 3477456.4

H, —50 2 12.8670 225.532 142299 4

-25 2 12.8670 229.287 142299.4

{0 2 12.8670 235.559 142299.4

+25 z 12.8670 236.542 142299.4

\+50 z 12.8670 238.423 142299.4

n —50 2 12.8670 225.032 142299 4

-25 2 12.8670 230.287 142299.4

{0 2 12.8670 235.559 142299.4

+25 2 12.8670 240.798 142299.4

\+50 2 12.8670 265.790 142299.4

9.8. Sensitivity analysis and findings:

In this paragraph, we provide information about the sensitivity analysis to explore the
performances of the proposed framework when a set of different parameters is altered.
At a particular time, only one parameter alters while all remain constant. The most
important parametric value of the 0,, H,, , Hy, Ps , a, b, D,,, D, Ss,c"B., P,R, T, T,

and d¢are altered one by one. We are focusing on analysing the fluctuation in all
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parameters on order quantity, total retailer cost, and supplier cost. The evaluation is
based on the numerical example and prepared algorithm described earlier. Table 3
performs an evaluation and pictorial representation of the Replenishment order
quantity, retailer and supplier cost parameters are changed from -50% to +50%, and
also fluctuations in replenishment quantity, and expected total cost of retailer and

supplier are observed.

The main motive of this research analysis is to identify significant management

applications and

It is important to assess the applicability of the model's solutions. This evolution is
verified with the mathematical problem-solving software “MATHEMATICA” version-
12 and the iterative numerical mathematical approach for non-linear differential

equations. Table 10.3 reveals the comprehensive analysis in detail.

1. As Table 9.3 identifies, the supplier’s total cost T'C; is very sensitive to the

parametric value of b, R, 7, Hy, D,, P, ¢ and D,. moderately sensitive to S,

a. and practically insensitive to H,, h, and O,

2. Table 9.3 gives an idea of a detailed analysis of that retailer’s total cost TC, is
very sensitive to the parameters 0,., moderately sensitive to a, b, R, 7, Hs, Dy,

P,, ¢ and D,and practically insensitive to S;.

3. The comprehensive and very clear study in Table 9.3 shows that he orders
quantity replenished by the supplier to the retailer’s Q,; iS very sensitive to

the parameters b, 7, H;, D,, P, ¢ and Ds, moderately sensitive to a, R and

practically insensitive to 0., $, k., Sg and H, .

4. No of replenishment cycles ‘n” is shown in Table 9.3 to be constant reactive

for the parameters like a, b, 7, H;, Dy, B, &, H,, D, T, h,, S and O,,

9.9. Conclusion and future study of proposed work:

In this chapter, we begin by developing an inventory model under the assumption that

the demand for a single item follows a linear function of time with unequal cycle lengths
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over a finite planning horizon (FPH). We also highlight collaborative supply chain
management, where the framework is implemented to reduce total supply chain costs
while controlling CO2 emissions. The primary aim of the model is to minimize costs
for both retailers and suppliers, while concurrently ensuring efficient emission
management to safeguard the environment. To illustrate the efficacy and characteristics
of the proposed framework, we employ a numerical example and perform sensitivity
analysis. Finally, we provide managerial recommendations to demonstrate the practical
application of our proposed model.

In the future, we plan to extend this model to consider multi-item, inflation, shortage,

and quadratic demand, among other factors, if necessary.

9.10. Recommendations for stakeholders:

Based on my understanding of the situation, my managerial suggestion would be to
conduct a thorough analysis of the carbon regulations that apply to a production system
that involves a rework process for defective products within a finite planning horizon
(FPH). This would involve examining the potential environmental impact of the
production process, identifying areas where improvements could be made to reduce
carbon emissions, and developing strategies to ensure compliance with relevant
regulations. It may also be useful to explore the use of more sustainable materials and
production methods, as well as implement measures to reduce waste and increase
energy efficiency. The ultimate objective is to establish an economically viable
production system that is also environmentally responsible.

The availability of this research study is essential for optimizing real-time supply chain
management, which can aid in inventory control and enhance operational capacity. The
study also recommends industry collaboration to support firms in utilizing this

information to reduce costs.
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Chapter 10: Concluding Remarks and Future Scope

10.1. Concluding remarks:

During the creation of the "Supply Chain Inventory Model for Carbon Emission
Policy under Finite Planning Horizon," we expect our model to aid in the
implementation of supply chain management with diverse carbon emission policies
under a limited planning horizon. The suggested models will have extensive
applicability and prove valuable in managing inventory throughout the supply chain

process while adhering to varying carbon emission policies.

This research study explored numerous practical implications for supply chain
inventory management in the current business scenario. The study specifically
focused on different carbon emission strategies in supply chain management with a
limited planning horizon, which is more practical in today's business setting.
Additionally, the study aimed to optimize total cost or profit, while addressing carbon-
dependent demand and developing a cold supply chain strategy to enhance customer
satisfaction and reduce deterioration. Moreover, preserving the environment and
sustainability in the face of rework processes that increase carbon emissions is vital.

This thesis work is arranged into ten chapters.

e Chapters 1 and 2 of the thesis/dissertation comprise the introduction, literature
review, methodology, and discussion of the research gap.

e Chapter 3 presents a finite horizon model for studying supplier-retailer inventory
coordination for deteriorating products whose demand is affected by both carbon
emissions and price. This model is developed to address the challenge of
coordinating inventory between retailers and suppliers for products that have a
high carbon footprint. An algorithm is created to solve the optimization model,
and numerical iterative approaches are used to tackle a numerical problem. The
sensitivity analysis of all parameters is verified using Mathematica software
version 12. A mathematical model is constructed following a specified

methodology to determine the optimal cost and inventory level and identify the
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coordinating effect on both the retailer and the supplier. This research study is
inspired by the challenges faced by the industries such as textile, electric vehicles,
sustainable packaging materials, organic clothing, biodegradable cleaning
products and energy-efficient appliances.

My next objective, as described in Chapter 4, is to present a supply chain
inventory model that analyzes the coordinating effect on the total cost of the
retailer and supplier for three payment options for deteriorating items, while also
considering carbon emission and price-sensitive demand. This model is
developed specifically for the retail-supplier business problem. To solve the
optimization problem, an algorithm is created, and the numerical iterative method
is employed. The three payment options considered are Payment in advance,
payment in cash, and payment on credit, along with a carbon tax and cap policy.
Sensitivity analysis is performed using Mathematica version 12, and the results
are presented in both graphical and tabular form. Perishable food items (fruits,

vegetables, meat, etc.), pharmaceuticals and drugs, fresh flowers, and plants.

Chapter 5 presents an extended version of Chapter 3, incorporating a quadratic
time and inventory-dependent demand under a finite planning horizon with
carbon tax policy, shortage, and backlogging in all cycles. The model has been
developed both theoretically and mathematically to provide an optimal solution
to the problem. This chapter includes a numerical example and a sensitivity
analysis for each parameter. This model is intended for large stockiest who sell
fresh fruits, fresh/frozen seafood, and dairy products (milk, ice cream stores,
cheese, yogurt, and vegetables to make informed managerial decisions.

In Chapter 6, we framed a comprehensive inventory model for a three-level
refrigeration supply chain with carbon emission-dependent demand for
temperature-sensitive items. We also consider a carbon emission regulation and
carbon tax to reduce carbon emissions. Firstly, we construct a theoretical model
after studying the literature, followed by a mathematical formulation to solve the
optimization model. We then develop an algorithm and use numerical iterative
approaches to tackle a numerical problem. Finally, we use Mathematica software

version 12 to perform sensitivity analysis of all parameters and present the results
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using both graphical and tabular representations. Our research approach applies
to a wide range of items, including food, beverages, pharmaceuticals, organs,
tissues, insulin, blood, some blood products, fresh flowers and plants vaccines
and medical supplies and more.

Chapter 7 addresses a mathematical inventory model that examines the impact of
time, advertising, and inventory-dependent demand patterns. The model
considers two cases: with and without collaboration. The numerical algorithm
used to solve the problem is discussed in detail, and sensitivity analysis is
conducted by varying different parameters using Mathematica software version
12. The model leads to practical managerial recommendations and conclusions.
The research study is relevant to seasonal stockists and items approaching their
expiration date, such as perishable foods, electric vehicles, organic food products,
and sustainable Clothing.

Furthermore, In Chapter 8, we have developed a supply chain inventory model
for a finite planning horizon that explores the impact of investing in green and
preservation technologies and the impact of Suppliers' trade credit terms
to retailers on profit enhancement, total cost reduction, and carbon emission
reduction. An algorithm was formulated to identify the optimal solution for the
supply chain inventory management challenge. To verify the effectiveness of the
indicated model, a sensitivity evaluation was carried out. This research study is
relevant to businesses seeking such as organic food products to reduce their
carbon footprint and enhance profitability through the adoption of green and
preservation technologies and improved trade credit management.

Subsequently, In Chapter 9, a sustainable supply chain management model is
framed for a production system with carbon caps. The model also considers the
rework process of defective products with linear time-dependent demand under
a finite planning horizon. An algorithm is prepared to solve the problem and
sensitivity analysis is verified using Mathematica software version 12.
Additionally, the convexity of the total cost function is discussed and verified
using a theorem. This research study can be applied to industries that produce
goods with carbon emission regulations, such as the automotive and electronics

vehicles industries.
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e Further, Chapter 10 gives us a piece of information about the conclusion of the

thesis and suggestions for future study.

10.2. Future scope of this study includes:

Future research studies can leverage the comprehensive scope of our current research

to uncover additional insights and applications. Building on our existing study, superior

results may be achieved by incorporating diverse suggestions for further analysis.

Some potential areas for future research include:

1.

Due to a shortage of resources, this research relies on secondary data. To enhance
the study in the future, data collection from primary databases could be pursued,
which would make the approach more realistic, economical, and effective.

This supply chain inventory model can be effectively implemented for addressing
more complex and challenging structural problems in the future. Additionally, it
could incorporate other relevant technological tools, such as MATLAB, BARON,
and CPLEX, alongside the Mathematica software. Furthermore, we are exploring
the utilization of mixed-integer programming through Python's Pyomo framework
and the SCIP solver.

This research study primarily focuses on a two- or three-player supply chain,
namely the retailer, supplier, and manufacturer, for a single item. In the future,
these two- or three-echelon supply chain inventory models can be expanded to
encompass two or three echelons for multiple items. Additionally, various supply
chain parameters, including inflation, and lead time, can be considered in future
studies. To enhance customer satisfaction and increase retention, new types of
deterioration and shortage costs can also be incorporated.

In future implementations, we could extend our inventory models by

incorporating both crisp sets and fuzzy sets.
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Appendix-A: Chapters Appendix

4.1. Appendix 4.A,

Solution of Eqation2.

ILi14(1)
i) = _p(p,6) ~ 6 % L4y (0) “.AL)

Where t; <t < tiyq

Integrating factor = ef 04t = 0t

Thus, the solution will be given as:
— ILi1(8) €% = — [*** D(P,G)e®du

ILiy1(8) = e [ D(P,G)e® du (4.A1.2)

5.2. Appendix: 5.A;

Proof of Lemma 5.1.
Since t, = H-T,,

T; to Follow Hariga (1996) and Wu and Zho (2014), we also used the principle of
mathematical induction to prove that Following Hariga (1996), we also adopt the
principle of mathematical induction to show that T; increase with the T,, =n-1, n-

2 2.1 Put i=n-1 in Eqn. (5.20), We get

H
Tl = [a+ b (H=T,)]e® T —[a+b (H-T,)] = 6 [, (a+

bt)e®t-H+Tn) 4t = 0
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Then differentiate Eqn. (5.12) w.r.t T,

[a+b (H—T,)]e®-) Xty 00ns) 1 — [a 4 b (H—T,)] -

H
62 fH_Tn (a + bt)e®EH+Tn) g = (5.

Ai.l)

(a+bt)(e® D —1) = 0 [ (a+bt)e® W dr  we get by Eqn. (12) and

then putin Eqn. (5.A1)

d(Tp_
Bla+b (H-T, )]ee(Tn-l)% =b(e®Tn-1) — 1)+ 0[a+b (H—T,)]e®Tn-1)
n

d(Ty,-
8la + b (H—T, )]e®Tn-1) {M_ 1} = p(e®Tn-1) — 1)
dT,

dTwn)) __ b(eXP) -1
dT, J  6la+b (H—T,)]e®Tn-1)

d(Tp—1) _ b(e®Tn-1) —1) +8[a+b (H-T,)]e®Tn-1)
dT, 8la+b (H-Ty )]e®Tn-1) =0 (5.A12)

After that, let’s us take that dc(;m) >0form=1+1,1+2,... nl —1And then again

n

differentiate Eqn. (5.20) w.r.t T, , we have

b(e®™ — 1)L 4 6(a + b £)e T LD — g + b 1y,,)e0 T it 4 (g +

. . t;
bt) S + 62508 [M(q + bt)e®Ct) dt (5.A1.3)

By using prepositions and Eqn. (5.12)
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d(t;) a(ti+1) - d(Tm)
ES T-: = — :111=1i+2 at, - 1 S O (5A14)

a(T;)

This implies 3 > 0 wherei=1,23............. n-1.

Moreover, as we know that T, =H-¢,_; this implies % <0 where

i=123............. n-1. Now, we take ti=H—- Y"1 T, — Ty= th1—
nd,,T, from this, it is concluded that 52 > 0 forall i=123............. n-1.

5.2. Appendix: 5.A;
Proof of the theorem 5.1.
The purpose of the calculation of the values of ti is to decrease the total variable cost

Ter of the system. First and foremost, the primary requirement to find t; is to ensure that

the OTRet(ti,n) _ 0
at;

aZTRet(ti:n) _ {(Hb+C1-1b*C02

91,2 9 + D, + D, * C02) (b(ee(ti_ti—1) — 1) +0(a+

bt;)e?Ci~ti-1) 4 g(a + bt;) + 62 ftti“ (a + bt)ef -t dt)}

i

2 .
ad T};ett.gtpn) — b(eBTi _ 1) + H(Q + bti)eeTi + g(a + btl) + H(a +

bti+1)e‘9(ti+1—ti) — b efiva—t) _ O(a+bt) +b

0%Tree(t;, )

362 = b(ei) + 0(a + bt)eTi + 8(a + bty) + 0(a + bty ,)eTirt
i

— b e®Tit1 — 9(a + bt;)

02TRee(ti,n)

=0+ bt)eTi + 6(a + bt;,,)ebTi+1 + b(ebTi — ebTit1) (5.A2.1)
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0*TRet(tyn) _ 0(ti—ti_1)
T 0(a + bt;)e it

aZTRet(ti'n) _

= — VefTi
TR 0(a + bt;)e (5.A2.2)
Similarly
02T Ree(ty, .
O Treet) _ g (q + bt;,,)efTi+ (5.A2.3)
0t; Otj4q
0%TRee(t;, .. .
I Trertim_y  for all m # 1,1+, 1-1 (5.A2.4)
at; 0ty
Additionally,
VZTRet(ti'n) =
[0%Ter(tpn)  92Ter(tyn)
at? at,0t, 0 0 0 0 0
*Ter(tyn)  0*Ter(tyn)  92Ter(tyn)
at,0t, at? t, 0t 0 0 0 0
azTcr(ti‘n) OZTcr(ti,n) aZTcr(ti,n)
0 at3dt, at? dt30t, 0 0 0
0 0 0 0 0 0 0
82T - (t;,n) 82T - (t;n) 82T (tm)
0 0 0 0
Otn,_,0tn,_, g, Btny_,0tn,
aZT"(ti,n) aZTcr(ti,n)
0 0 0 0 0
Bty dtn,_, atf,
Figure 5.9. Hessian matrix Sarkar et al. (2012)
Tgre: 1s positive definite if Eq. A, B, C and D satisfy the given inequality
2 2 2 2
0 TRet (ti:n) 0 TRet(ti'n)) 0 TRet(ti:n) 0 TRet(ti:n)
2
dt; dt; 0t;_4 dt; 0t; 41

0(a + bt)e’Ti + 0(a + bt;,1)ebTir1 + b(e®Ti — e9Tiv1) > |— 0(a + bt;)efTi| +

|— 6(a+ bti+1)eeTi+1| + |0]



0(a + bt)eTi + 6(a + bt;41)ebTir1 + b(eTi — e%Ti+1) > 0(a + bt)eTi +
6(a + bt;,1)efTix1 that is true forall i=1,2, ..., nl
- 1.

As a result of the positive diagonal elements and strictly diagonal dominating features
present in the Hessian matrix, it must be positive definite, which allows for the
determination of the optimal replenishment interval for the nonlinear Equation (5.12)
system. Next, it is necessary to demonstrate that the optimal solution to Equation (5.12)
is unique and that Tre is a convex function throughout the optimal value of'ti in a finite

horizon planning n;.

5.3. Appendix: 5.A3

Proof- of Theorem 5.2.
Through the above process, we have

Tret(t;,m) = Ny * Oy

Hb + CHb * COZ
(=2, + D,
n (M 2b BT
C Z f + bt)efCtt) dt — — — —
* L0y : (Cl )e 0 92
i= t;

Where, t0=0 and tn=T.

Now Let us assume,
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Tret(ti,n) = ny * 0y

tit1

n
Hy, + Cy, *Co
+ Z{ > gb 24D, + D, * Coz} f (a + bt)e?t=t) gt
i=1 t;
- M
2b . bT
were — + 5z = M
n tit1
g(n,0,T) = Z j (a + bt)e?Ct-td dt
i=1 t;

gn+1,0,T)—gn,0,T) = f;"ll_l(a + bt)efttn-0) dt 4 fnTl(a + bt)eft—tn) gt —

[T (a+ bt)e®t-ta-v gt
t‘l’ll—l

tn T tn
= ] (a + bt)eft=tn-1) dt + j(a + bt)efE=t) dt — J (a + bt)eft=tn-1) dt
tn—1 tn th—1
T
— f (a + bt)e?t-tn-1) dt
tn

gn+1,0,T)—gn,0, T):ftT (a + bt){e?t=t) — 0=t} dt < 0
nq

gn+1,0T)—gn0,T)<0

g(n+1,0,T) <g(n0,T)

Now, we will take g(n,0,T) —g(n—1,0,T7) — [g(n+ 1,0,T) — g(n,0,T)]
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T T
= f (a + bt) [e8C-tn-1) — g0(t=tn-2)] gt — f(a + bt) [e9(t) — 8(t=tn-1)] d¢

th-1 tn

T T
= f (a + bt) [e8C=tn-1) — g0(t=tn-2)] g + f(a + bt) [eftn-1) — 8(t=tn-2)] gt

th-1 tn

T
— f(a + bt) [e6C¢tn) — b6(t=tn-1)] gt

tn

gn,0,T)—gn—-10,T)—[gin+1,0,T) —gn,0,T)]

T
= j (a + bt) [ee(t_tn—l) — ee(t_tn—z)] dt
th-1
T
+ f(a + bt) [2e007tn-1) — @8(t=tn) _ o8(t=tn-2)] dt < 0
tn

gn,0,T)—gn—10,T)—[gn+1,0,T) —gn,0,T)] <

gn0,T)—gn—-10T) < gn+1,0,T)—gn0,T)

e'is a convex function, as a result, g (n, 0, H) is also convex in nl. Therefore, Tcr(t;, n)

is essentially convex function.

8.1. Appendix 8.A;:
Proof of the theorem 8.1.

To calculate the total variable cost Ty, of the system by computing the values of ti.

a (TRet (tiun)) — 0

First of all, they find ti by putting the oL,
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0(Tret) ({ h, t(1— 0 (1—e ™A, N dre_w}

3, \e(I=Pwy) T o= P(¥)

+ {Pr +Pxt(1-0(@1- e_mG))}> <(a

+b tl-)(ee(l‘ PO (ti=ti—1) _ 1) — 0(1

tiva
— P(¥)) (a + bt)e®1~ PN(-t) dt) +s
ti

ti—a+(8xt;— 8xti_4)
*Ie{j (a+bt) 6dt
t

i-1

ti+(6xtip1— 6%ty)
+j (a+bt— 6(a+bt))dt— 6(tis1(a+bty)
t

i

- tl-(a +b tl))} - IC

¢
*W{f (a+bt)ddt
t

i—1+(8xt;—6% ti_1)

tiva
; f (a+ bt — 8(a + bt))dt - (a+ bt; — 5(a
t

i+(Bxtipq—6%ty)

+ bty) )[t; — ti—l]}

0%TRet hy ‘c(l— 0] (l—e_mc))hAr Ay ) _ _
a2 ({9(1— P(¥)) + 8(1- P(¥)) td-e }+ {Pr +hxr(1-00

e-mG))}) (b (e®G=PUMC=ti-a) — 1) + §(1 — P(W))(a + b t;)e®0~PINti-ti-s) 4
O — P(¥))2(a+bt))+ 1+ s{(a+b(tiiy+ (S *t;— 8§*t;_1)) 6%+ (a+
b(t;+ (0 *tiyq — 6xt))(1—6)—(tig1* b *6— b *xd*xt;))+(6*a+ b+
bx t)}—I.+ W{(xa+8xbxt)+(a+b(ti_y+ (8 xt;—8xt;_1)))6%+
(a+b *t;+(Extyy —6%t))1—8)2-(b—b*8)[t; — t;_4]- (a+ bt; —
§(a+bty))} (8.A1.1)
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(8.A1.2)
Similarly
azTRet —
Ot Otipy

_ hy 7(1- ¢ (1—e"™%))R, _aw . _ _
({9(1— P(¥)) + 8(1- P(¥)) +dye } +{p+Bxt(1-0(1

e—mG))}) (8(1 = P(W))(a+ b t1)e0C PNt 4 [« s{(a+ (b*t; + (6 +
bxtiyy— 8xb*t)))(6—8%8)— (axS+b*x8* )8} —I.« W{(ax5+bx
6 tiy)(A = 8) —(a+ (bxt;+8+b(tivr — t))) (6~ 6 * )}

(8.A1.3)

0°TRet
ati 6tn

(8.A1.4)

foralln# 1,it+l,1-1

The Hessian matrix was found to be positive definite, as it contains positive diagonal
elements and strictly diagonal dominating features. Consequently, the optimal
replenishment interval for the nonlinear system described by Equation (8.11) was
obtained. To demonstrate the uniqueness of the optimal solution for the nonlinear
equation (8.11), we also need to show that Tge.(t;, n) is the optimal function over the
optimal value of ti in a finite horizon planning H.

Furthermore, since the Hessian matrix had positive diagonal elements and strictly

diagonal dominant features, it needed to be positive definite. This enabled us to obtain
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the optimal replenishment interval for the nonlinear system of Equation (8.12). Now,
we need to demonstrate that the function Tre(t;, n) is convex throughout the optimal

value of ti in the finite horizon planning H.

Furthermore,
/ 2 2
0Tk OTka | 0 00 0 0 0o )
o, 0non
82 TRer azTRe! agTReI
00 0 0 0
On0n 0 dnin
3 Tret FTree Tre
O non of amas °® 0 0 0
VZTR@{ — 300 3 3014
0 0 0 0 00 0 0 0
62 TRe! 62 TRer 62 TRer

ar}i—] (91‘”_2 (?rﬁ_] Br,,_lﬁr”
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\ 0ty Otn-1 af;; /

Figure 8.6 Hessian matrix.

Tre: 1s positive definite if Eq. (8.44.1), (8.441.2) (8.44.3) and (8. A1. 4) satisfy

the given inequality.

02TRet 02TRet + 0%TRet
ot? — |at-t- | |at-t- | or
i ilti—-1 ili+1
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et — >0
ati atiti—4 0tititq
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bt)e®- P(¥)(t-ty) dt) Y+ s { [t (4 by S de 4

ti—1

O gy pat— §@+ b)) dt— (@+bt) (8 * tiy — 6 1)} -
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s wi{f s (@r8+DxS ) Sdt + [/ (a+bt) (1-

ti—1+(8%t; i+(8xtip1 =6+ t;)

hy 1- 0 (1— -mG fl.;-
8)dt - (a+bt) (1 - O)[t; — tiy]} - ({9(1—19(4!)) + X e(f_;m) Dhr

dee ™)+ (B + Brt(1— 0 (1—e™))})(-0(1 - P(¥))(a+
bt)(e®" P(Lp))(ti_ti—l))) +L+s{(a+(b*ti 1+ E*bxt;— b

tie1))) (6 =8%8) —(a*x8+bx8xti )} —Icx W{(a+ (bxtig+ (bx8x

hy

ti— b*8*t;1))) (§—8%8)+ (a+bt; —8(a+bt;))}— ({—m

(1- ¢ (1—e™™5))A,
8(1-P(¥))

P(W))(a+ bty ,)e®d P(‘*’))(tiﬂ‘ti)) + I« s{(a+(bx*t;+(b*8*tipy —b*

+dee M+ {B+ Bt (1 0 (1—e ™))} (6(1 -

§*xt))N)(@0—8+6)— (ax6+5*bx t)}—1I.+ W{(a*6+b*6*
tisn) (§=8*8) —(a+ (bt + (§*b*tyyy— Sxbxt)))(§—8+8)} 2
0

that is true forall i=1,2, ..., n
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Appendix -B: Intellectual Property Rights: Diary No. and
Registration No of Copyright Applications

B.1. Diary number and Registration no for graphical abstracts:

5 copyright applications have been filed, 3 graphical abstracts for published articles, 1
for a Mathematica program and 1 graphical abstract for the thesis. The Diary Number
and Registration no of Copyright Applications for the latter has been received as shown
below.

1. A program in Mathematica to find an optimal inventory replenishment schedule
with a "break-even" point between producer and retailer has been granted with
diary number 3622/2023-CO/L and Registration Number: L-125636/2023.
http://www.copyright.gov.in/CopyrightROC Details.aspx?DiaryNo=3622/2023-
CO/L&RocNo=L-125636/202

2. The inventory management model for deteriorating items considers both payment
options and a policy of carbon tax and cap has been granted with diary number:
10698/2023-CO/L and Registration Number: L-127806/2023
http://www.copyright.gov.in/CopyrightROC Details.aspx?DiaryNo=10698/2023-
CO/L&RocNo=L-127806/2023

3. A model for carbon regulations and leverages advertisement efforts to enhance the
efficiency of supply chain management has been granted with diary number
11222/2023-CO/L and Registration Number L-127808/2023.
http://www.copyright.gov.in/CopyrightROC _Details.aspx?DiaryNo=11222/2023-
CO/L&RocNo=L-127808/2023

4. “A Mathematical Inventory Model for Sustainable Credit Period Rates in Supply
Chain Management” Not Available.

5. “Inventory supply chain management incorporating carbon emission policies
within the finite planning horizon” diary number 18504/2023-CO/L and
Registration Number L-134211/2023
http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=18504/2023-
CO/L&RocNo=L-134211/2023

B. 2. Copyright for Mathematica Program new version 12.0
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http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=3622/2023-CO/L&RocNo=L-125636/202
http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=3622/2023-CO/L&RocNo=L-125636/202
http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=10698/2023-CO/L&RocNo=L-127806/2023
http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=10698/2023-CO/L&RocNo=L-127806/2023
http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=11222/2023-CO/L&RocNo=L-127808/2023
http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=11222/2023-CO/L&RocNo=L-127808/2023
http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=18504/2023-CO/L&RocNo=L-134211/2023
http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=18504/2023-CO/L&RocNo=L-134211/2023

1. Mathematica Program has given for copyright that was not included above all
tables or figure formulation of the Mathematica version 12. The dairy no and
Registration Number for the copyright of the program is as shown below:
http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=3622/202
3-CO/L&RocNo=L-125636/202

Copynght Office https://copyright gov.in/ReceiptDetals aspxreqid=7718

©

-inw
WIRA TRAHR | GOVERNMENT OF INDIA
aldrge amafera  Copyright Office . :
3 e e e e 2, ¥ 14, e, 4 10078 83 0112803246 Copyright Office
Intellectual Property Bhawan, Plot No, 32, Sector 14, Dwarka, New Delhi-110078 Phone: 011-28032496
i | Receipt
PAGE No: 1
To, RECEIPTNO : 74447
Monica-Gulati FILING DATE : 10/0212023
Registrar-Lovely professional University- BRANCH * Delhi
(M)-9888160523 : E-mail- runjhun.19532@lpu.co.in USER 1 ) )
Lovelyprofessionaluniversity
S.No‘[Form “ Diary No. | Request No | Title Amount (Rupees) ‘
Fonn-& A program in Mathematica to find an optimal inventory replenishment ’
(13622/2023-COIL 77180 ) i : [ 500
XIV | schedule with a "break-even" point between producer and retailer. :
Amount in Words Rupees Five Hundreds f 500;
PAYMENT MODE [‘Transaction Id ‘lCIN ‘
Oniine I] C-0000086732 jl 1002230008198 j
(Administrative Officer)

*This is a computer genereated receipt, hence no signature required.

*Please provide your email id with every form or document submitted to the Copyright office so that you may also receive acknowledgements and other
documents by email.

Flow chart for Mathematica program:
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http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=3622/2023-CO/L&RocNo=L-125636/202

Graphical representation of the flow of the program:

Cxi@ﬂi_jﬁ

The parameters a. hb, deb, b, Ss,We, deb, Ob. T, 8,Chb,Co2,
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"Il !
¥
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* i’
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|

Calculating the valuc of 1y
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.
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=
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»
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i
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hd
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B. 3. Copy right for graphical abstract:

2. Graphical Abstract entitled “The inventory management model for deteriorating
items considers both payment options and a policy of carbon tax and cap”
applied for a copyright. Dairy no for the copyright of the graphical abstract is
obtained as shown below:
http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=10698/20
23-CO/L&RocNo=L-127806/2023

©

WA HIHR | GOVERNMENT OF INDIA
idiige wmafera/ Copyright Office . .
s vy it s 32, e 14, e, 7€ R 110076 6 011:28032496 Copyright Office
Intellectual Property Bhawan, Plot No. 32, Sector 14, Dwarka, New Delhi-110078 Phone: 011-28032496
Wt / Receipt
PAGE No : 1
To, RECEIPTNO :81791
Monica-Gulati FILING DATE  : 25/04/2023
Registrar-Lovely professional University- BRANCH : Delhi
(M)-9888160523 : E-mail- runjhun.19532@Ipu.co.in USER i A r s
Lovelyprofessionaluniversity
’Form l Diary No. ‘ Request No l Title | Amount (Rupees)
The inventory management model for deteriorating items considers
10698/2023 COoIL 85761 ; : 500
both payment options and a policy of carbon tax and cap.
‘Amount in Words I Rupees Five Hundreds l 500
IPAYMENT MODE Transaction i o
| Online | C-0000096424 | 2504230041335
(Administrative Officer)

“This is a computer genereated receipt, hence no signature required.

*Please provide your email id with every form or document submitted to the Copyright office so that you may also receive acknowledgements and other
documents by email.
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3. Graphical Abstract entitled “A model for carbon regulations and leverages
advertisement efforts to enhance the efficiency of supply chain management”
applied for a copyright. Dairy no for the copyright of the graphical abstract is
obtained as shown below:
http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=11222/20
23-CO/L&RocNo=L-127808/2023

©

YRd GIHR | GOVERNMENT OF INDIA
afdirge @mafera/ Copyright Office i :
e i v e s 32, @ 14, e, 7 Ree-110078 W 011.28032496 Copyright Office
Intellectual Property Bhawan, Plot No. 32, Sector 14, Dwarka, New Delhi-110078 Phone: 011-28032496
i | Receipt
PAGE No: 1
To, RECEIPTNO :82319
Monica-Gulati FILING DATE : 28/04/2023
Registrar-Lovely professional University- BRANCH : Delhi
(M)-9888160523 : E-mail- runjhun.19532@lpu.co.in USER i ! o
Lovelyprofessionaluniversity
S.No ‘me ’ Diary No. ’ Request No I Title Amount (Rupees) |
Form- ‘ A model for carbon regulations and leverages advertisement efforts to
1 11222/2023-COIL 86430 500
XIV | enhance the efficiency of supply chain management.
‘IAmount in Words ‘ Rupees Five Hundreds 500
[PAYMENT MODE [Transaction d lon
] Online | C-0000097102 \ 2804230028174
(Administrative Officer)

*This is a computer genereated receipt, hence no signature required.

*Please provide your email id with every form or document submitted to the Copyright office so that you may also receive acknowledgements and other
documents by email.
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4. Graphical Abstract entitled “Inventory supply chain management incorporating
carbon emission policies within the finite planning horizon” applied for a
copyright. Dairy no for the copyright of the graphical abstract is obtained as

shown

below:

http://www.copyright.gov.in/CopyrightROC_Details.aspx?DiaryNo=18504/20

23-CO/L&RocNo=L-134211/2023

7/14/23, 11:03 AM

HIR UIHIR /| GOVERNMENT OF INDIA

FrdRrge srafera / Copyright Office
e duer wam, @iz w@w 32, dae 14, Zra, 7€ Re-110078 wi: 011-28032496

Government of India - Copyright Office

Intellectual Property Bhawan, Plot No. 32, Sector 14, Dwarka, New Delhi-110078 Phone: 011-28032496

©

Copyright Office

| Receipt
PAGE No: 1
RECEIPT
T 3 7
o, NO 89870
FILING
Monica-Gulati DATE : 14/07/2023
Registrar-Lovely professional University-
" » o BRANCH  : Delhi
(M)-9888160523 : E-mail- dip@lpu.co.in USER Lovelyprofessionaluniversity
S.No! Form‘ Diary No. Request No Title | Amount (Rupees) |
Forin |Inventory supply chain management incorporating '
1 X1V 18504/2023-CO/L 95258 |[carbon emission policies within the finite planning 500/
‘ horizon.
A t in Words Rupees Five Hundreds 500
PAYMENT MODE Transaction Id CIN
Online C-0000107496 1307230028605
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Appendix-C: Conference, workshop or seminar participation
and presentations

C. 1. Conference presentations are as follows:

1. Presented a research article titled " Single Supplier- Retailer Inventory Model
or Deteriorating Items with Linear Decreasing Demand” at the 3rd
International IOP Conference on Recent Advances in Fundamental and
Applied Sciences (RAFAS 2021) 25-26 June 2021 held at Lovely Professional
University, Punjab, India.

2. Presented a research article titled " An Inventory Model for the Association
Between Retailer and Supplier for a Finite Planning Horizon with Carbon
Emission-Dependent Demand” at the International AIP Conference on
Materials for Emerging Technologies-2021 (ICMET-2021) hosted by the
Department of Research Impact and Outcome, Division of Research and
Development, Lovely Professional University, Punjab, India on 18"-
19" February 2022.

3. A supply chain inventory model for deteriorating products with carbon
emission-dependent demand and advanced payment that incorporates a carbon
tax and cap policy in the International AIP Conference on Computational
Applied Sciences &lts Applications, organized by the Department of Applied
Sciences, University of Engineering & Management Jaipur, on 28- 29 April
2022.

4. 1 have given an oral presentation on the “Analyze the carbon regulation for a
production system with a rework process of defective production under a finite
planning horizon (FPH) “at the 4th International Conference on “Recent
Advances in Fundamental and Applied Sciences” (RAFAS 2023) held on March
24-25, 2023, organized by School of Chemical Engineering and Physical
Sciences, Lovely Faculty of Technology and Sciences, Lovely Professional

University, Punjab.
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C. 2. Workshop, webinar, FDP, or Mathematica software online

tutorial participation are as follows:

1. Graduate Aptitude Test in Mathematics (MA) — Passed (With Registration
Number MA21S58021073, Result Date 23-05-2021) GATE - 2021:: Welcome

(iitb.ac.in)

2. One Week FDP on Research Methodology and Scientific Components for an

Empirical Study in Research arranged by Genesin of Educational Impressions

Roorkee, Uttarakhand, India on April 15, 2021, to April 21, 2021, with ISO:

9001:2015 Certified Co.

3. One-week International FDP (Faculty Development Program) Advanced

Tools and Techniques for Scientific Research Writing and Publication

(ATTSRWP-2022) organized by the Department of Applied Sciences,

University of Engineering & Management Jaipur, on 12-18 September 2022.

4. One-week e-Workshop on “Materials and Manufacturing: Insights to Modern

Technologies (MMIMT-2022)” organized by the Department of Production

& Industrial Engineering, BIT Sindri, Dhanbad from 1st August to Sth August

2022. (MMIMT-2022)

5. National webinar on an integrated approach in science and technology for a

sustainable future by Gandhi memorial national college Ambala Cant (Hry)on

11th February 2022.

6. Join the Wolfram Mathematica version-12 training tutorial on 27 July

2022.

7. The certification course “Optimization with Python: Solved Operations

Research Problems” was completed and organized by Udemy with 12.5

hours on 27 January 2023. https://www.udemy.com/

8. The certificates of STC on Data Science using R from 17-21 July 2023 were

organized by the National Institute of Technical Teachers Training and
Research (NITTTR), Chandigarh under the Ministry of Education,
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https://appsgate.iitb.ac.in/doLogin.html;jsessionid=DFECAEC624E9E6A12100A188EF17E57C
https://appsgate.iitb.ac.in/doLogin.html;jsessionid=DFECAEC624E9E6A12100A188EF17E57C
https://www.google.com/search?rlz=1C1JZAP_enIN980IN981&sxsrf=AJOqlzWu90vbAcwQOk-TmBwtKmIUtFBGxA:1673377189856&q=gandhi+memorial+national+college+ambala+cantt+11+th+februry+2022&nfpr=1&sa=X&ved=2ahUKEwjM1Ofn1738AhXRTWwGHU_sBhgQvgUoAXoECAgQAg
https://www.google.com/search?rlz=1C1JZAP_enIN980IN981&sxsrf=AJOqlzWu90vbAcwQOk-TmBwtKmIUtFBGxA:1673377189856&q=gandhi+memorial+national+college+ambala+cantt+11+th+februry+2022&nfpr=1&sa=X&ved=2ahUKEwjM1Ofn1738AhXRTWwGHU_sBhgQvgUoAXoECAgQAg
https://www.udemy.com/

Government of India. http://www.nitttrchd.ac.in/

9. Swayam Certification course (three credits-12 week) “Essential
Mathematics for Machine Learning” by Prof. S. K. Gupta, Prof. Sanjeev

Kumar has been completed, organized by 1IT Roorkee, oct. 2023.

10. Swayam Certification course (three credits-12 week) “Machine Learning”
by Prof. Anubha Gupta IIT Delhi has been completed, oct. 2023.
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Appendix-D: Published, accepted, and communicated Papers

D. 1. The list of articles published is as follows (are part of the
thesis):

1. Mishra, N.K., Ranu. (2022). “A supply chain inventory model for deteriorating
products with carbon emission-dependent demand, advanced payment, carbon
tax and cap policy.” Mathematical Modelling of Engineering Problems, Vol. 9,
No. 3, pp. 615-627. https://doi.org/10.18280/mmep.090308. ISSN: 2369-
0739 (print); 2369-0747 (online) Q2 Scopus-Indexed.

2. Ranu, Mishra, N.K. (2023). “A collaborating supply chain inventory model
including linear time-dependent, inventory, and advertisement-dependent
demand considering carbon regulations.” Mathematical Modelling of
Engineering  Problems,  Vol. 10,  No. I, pp. 227-235.
https://doi.org/10.18280/mmep.100126. ISSN: 2369-0739 (print); 2369-0747
(online) Q2 Scopus-Indexed.

3. Mishra, N.K., Ranu. (2023). “Analyse the carbon regulation for a production
system with rework process of defective production under a finite planning
horizon (FPH)”. European Chemical Bulletin, Vol. 12, No. 3, pp. 1718-1748.
ISSN 2063-5346, Q3 Scopus-Indexed. DOI 10.31838/ecb/2023.12.3.126

4. Mishra, N.K., Ranu. (2023). A supply chain inventory model for a deteriorating
material under a finite planning horizon with the carbon tax and shortage in all
cycles. Journal Européen des Systémes Automatisés , Vol. 56, No. 2, pp. 221-
230. https://doi.org/10.18280/jesa.560206 ISSN:1269-6935 and E-ISSN:2116-
7087, Q3 Scopus-Indexed.
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https://doi.org/10.18280/mmep.090308
https://doi.org/10.18280/mmep.100126
https://eurchembull.com/uploads/paper/f0de4e1935e6d0a3de37441691eb17b3.pdf
https://doi.org/10.18280/jesa.560206

5. Nitin Kumar Mishra and Ranu. “An Inventory Model for the Association
Between Retailer and Supplier for a Finite Planning Horizon with Carbon
Emission-Dependent Demand” at the International AIP Conference on
Materials for Emerging Technologies-2021 (ICMET-21).
https://doi.org/10.1063/5.0162943

D. 2. Other relevant articles communicated and accepted during

research work are as follows (are part of the thesis):

1. Communicated and under review a research article entitled “A three-level
refrigeration supply chain model including carbon emission-dependent
demand for temperature-sensitive items considering carbon tax regulations” in
the Scopus-indexed Operations Research Forum journal. E-ISSN:2662-
2556

2. Communicated and under review, a research article entitled “Inventory
replenishment model with trade credit and preservation technology under a
finite planning horizon” in the Scopus-indexed International Journal of
Sustainable Development and Planning. ISSN:1743-7601E-ISSN:1743-761X

3. Communicated and under review a research article entitled “Developing an
Inventory = Management Strategy that Incorporates Several Carbon Policies
within a finite time planning” in the Q1 Scopus indexed and SCIE (Web of
Science) International Journal of Industrial Engineering Computations. Cite
Score (2021)- 6.00; SJR (2020) - 0.79; SNIP (2020) - 1.424; h-Index (2020) —
30; Impact Factor (Q2) - 3.271

D. 3. Other relevant articles published during research work are

as follows (not in the thesis but relevant to the thesis):

1. Ranu; Nitin Kumar Mishra and Meenakshi Sharma (2023). “An Inventory

Model for Perishable Items with Exponential Demand.” in the International
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https://doi.org/10.1063/5.0162943

AIP Conference on Materials for Emerging Technologies-2021 (ICMET-
21). https://doi.org/10.1063/5.0162923

2. Nitin Kumar Mishra and Ranu. “Single Supplier- Retailer Inventory Model for
Deteriorating Items with Linear Decreasing Demand” in the International AIP
Conference on Materials for Emerging Technologies-2021 (ICMET-
21). https://doi.org/10.1063/5.0162939

3. Nitin Kumar Mishra, Ajay Pratap Singh, Ranu, and Sakshi Sharma “To analyse
Weibull demand in the production inventory model under a finite planning
horizon” European Chemical Bulletin, Vol. 12, No. 3, pp. 1571-1583. ISSN
2063-5346. doi: 10.31838/ecb/2023.12.3.117

4. Nitin Kumar Mishra, Anushka Sharma, Ranu, and Renuka S Namwad,
“Formulating a finite planning horizon model for Inventory Management,
incorporating Linear Demand, Exponential Deterioration, and Trade Credit
Policy.” European Chemical Bulletin, ISSN 2063-5346.
doi: 10.48047/ecb/2023.12.4.186

D. 4. Other relevant published Book Chapters during research work

are as follows (relevant to thesis):

1. Ranu and Nitin Kumar Mishra (2023). Carbon Emission Policy Integration: A
Comprehensive Review of Supply Chain Management Strategies, The book
“Advancements in Computational Mathematics” ISBN: 978-81-19334-65-0.
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ABSTRACT

Emissions are n major conimbutor to climabe change. S3ome nations are now
comcenitrating their effarts on kewering carbon emissions, [n many mations, carbon laxes
anl caps are the main ool s hat are wsod e aitam this goal. The majoety of the investory
retailersupplier model assumed thar the reiniler’s onder cosi should be paid 1o ihe
supplier at that time when he gets their order. Few suppliers can expect 1o receive the
endire ar a partion of the tolal cost in slvance from retailers in ths real-life siuation,
] athers wall ollér prepayment in numerous equal installmmie. The advano: payminl
affers the customer the lowest price for the onder, bt it bas the largest carbos footprnt,
The advance payment has a gresd impact on carhon emissions and production
Therefore, this study loaked at & carhan tax and cap sapply chain inventory model for
deterwation wilh carbon emissiosmdipendent demand, and Three pavment oplions:
Priclimingry, cash, sod posi-payeent bave been considered, The model was consiructed
by firsi nssessing the overall cost of supply chain parficipanis with carbon inx
regulation. Finally, we illusirate numenical examples of the propesed approach and ®s
autcomes. The implications ol adgusting thi varous parsmelers on the optimal a] sl
are also graphically and tabularly discussed i dopth, Witk the help of Mathematsca
versinn-12, a sensitivity analysis was nlso performed, Several ransgement inkerwavs
are also emphasted. These findings are meredibly managerial and enlighitening for
enderprises seeking prodfitability while still Kalfilling their envinonmental duties, and this

Aty 15 entremsely usaful for any cowniry”s governimsel palicy.

1 INTRODUCTION

The conditaom that 15 created due to greenhouse gases (GHG)
amnd by some human activity, we call i global warming. The
emission of carbon has been causing global warming for many
years. Global warming has been receiving atiention over the
last few years.

Carbon emission pases like methane corbon dioxide,
ingrease the temperature of owr Barth and cause global
warming, visit the page w0 see Climate Change Indscators:
Armosphenc Concentrations of Greenhouse Giases. 11 causes
severe damage 1o our earth as it has destroctive, widespread,
and lifelong effects. The global wemperamre rapidly destroys
ihe bindiversity of our world, cousing ihe disappearance of
many species of plants ond onimals. Some natural phenomena
sech s Sep level mse, omome layer depletion, the rising
temperature of the earth, intensively stormy  conditions,
dryness, fooded condisons are all effects of global warming,
In voday’s time, global wanning has become a big challenge.
It gremly affecis the living life around ws. Reducing and
lowering carbon emissions is n worldwide issue, Some
couniries or regulntory agencies are now concentrating heir
eftorts on lowenng their carbon footprints such as Toptal et al.
[1] and Raout et al. [2] also expluned thal Kyolo Pridocel is a
ghodal agreerment connected w the UM Framework Comvention
on Climaie Change. The UNPCCC came inte effect on March
20, 1994, Om Decerber 1], 1997, The Kyoio Protocol was
sipned by 37 indusitinlized countries.
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Indin also ratified the Kyoto protocol in 2002, The United
Mations Climate Change holds every yenrly confizrence in a
different country that is called the COP. The Pans Agresment
aperationalizes the United Mations Framework Convention on
Climate Change (UNFOCC) o action by commiiting
developed and developing countries o reduce greenhouse gas
(GHG) emissions.  Encourage the business secior  and
developing economiss 1o engage in the effon o reduce carbon
emissions. Cur supply chain represents 2 large portion of the
overall global carbon fosiprmt. Siwations such as glohal
warming are promioted by mamuficlunmg Gelds as well a3 by
mnventory control ard managerment. Chen et al. [3] inreduced
that in 2006, Walmar has taken a new decizion to avoid |
hillion meiric tons of carbon emissions. from the global supply
choin by 2030 to achieve this goal a Project Gigaton
{btps:fwara walmartsustamabalityhob com/project-
glmon/emissions- argels] was lunched woaddress the Fact
that almost all emissions in the retal sector oceurred i
product supply chains and iransponation miber than siores and
distribration centers. Furthenmore, one of the moest significant
economic  benefits  of reducing  carbon  emissions  and
deterioration is the redection emission of carbon during the
entire  supply  chain process Carbon emissions  and
deteroration From eciniomic eclirs are CRusimng Serous rising
temperaiures. One of the mosl pressing ssees vday 15 supply
chain management for deterioraiing goods with carbon
reduction regulations, which is becoming a serious concem for
urbon areas, As o result, some notional or intermationnl
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For carbon emission, this research study investignies a Mathematical invenbory model
willh time, mlvertsing, and myventon=dependent demand pattems. The maim ohjective
ol this research study 5 10 keep the total cost of rewailers as well 23 suppliers and carbon
emissions. as low as possible, With collaboration and without collgharation, twoe cases
are discussed in this proposed model, Within the first case, remibers and sugpliers are
mint reganied a cellaberaiors, whereas in the second case, collaboration is recognined.
The optmality o ke plannad  iavenlory rarsgemenl model 15 explained
matheinstically and theoretically in both sinetions, The alporithin of the nathemalical
solution was also properly discussed and the effects of allering various paramesers are
numenically shodied 10 oondect a sensitivity analysis with the belp of Mathematica
soflwarg verson |20 To demonstrate this model, & rathemabcal illustraton, aml &
twbutar and graphical represeniation. have been also provided. Ulismstely. this model
ches o flearishing monagerinl suggestion mnd conclusion,

L INTRODUCTION

prodiuced emisskens in large quantities, Cur reseorch work
mainly focuses on carbon emission during supply  chain

Gilobal temperaiure nse s the effect of greenbouse gas
emissions and even some living beings. Kava sdentity also
plays a suitable rele in ihe dirsction of Climate clange that had
received 8 great deal of atiendion in past few years. A

provesses such as holdimg (heating, refrigeration], amd carbon
ermission due b lransporialon.
L mventory masagement, klan et al. [2] sdverising a new

worldwide pworeness shout environmental conservation and
moTe  researchers,
argunizations, and sther government agencies b create and
maintamn an eco-driendly as well a3 o neghgible emssion
management system for supply chains. Kaya identity plays a
role ty calculate the impact of different faciors of the supply
chain an carbon emission [1]. Therefose, we rely on the kaya
identity equadion io caleulate the smaunt of corbon emission

pratection 15 encouTAging  many

proafuct or modified goods plays an exeremely imiportant role
because if mises product awareness for custemers 1o buy
something, rewiler, supplier, and even manufacturer, all
advertise their new products. and also when o modified
profuct from an old to new, they also advertise it [n this way,
the advertement plays an imporiant role in increasing thse
demand for any product amd from which we can say that the
demand for any product on the day depends absolutely on its
advertisemend. Therefore, the advertisement will increase ihe
provfuct demand and the product will be sold out very soon.

P

= [:m) [:EJ {E—Gﬂ:] = Population

GO ED

The entire value of all products and services generated m a
COunlry i & given year 5 known as the gross domestic product
(GDPL GDP quantifics the monetary worth of final goods and
services produced in & couniry over a specified duration, i
mary be quarterly or yenrly.

Everyday activities like-Henting, cooling, elecincity supply.
amd  transporaten are all dependent on efficient and
reasonable energy services. All economic ssctors, fhom
businiss and mdusiey o apriculiure, rely on energy o fincton
properly amd effectively. Encrgy intensity is a ratio of the
volume of energy required to prodece one unit of GEP and can
be used fo estimate o country's energy efficiency,

The tofal energy consumed (ECH by end-wsers, sech as
howseholds and busmesses, indestry, am masdern agriculture,
15 referred 10 25 final energy consumplion m coolige, heating,
and fossil fuel. It is the energy that achieves by the final
consumer, except For encrgy used by ihe energy secior thai

i

280

Far retailers and suppliers 10 enhange customer demands is a
challenging fieat, That idea would be great m the case of
perishablbe ems, fashionable products and those items that are
reaching their expiring date, where their life span is shorn. Duse
i carbon emissions and adveriisements, demand for producis
will undowbtedly be influenced. Advertisement is one of the
mast effective promationnl approoches to raise aworeness
ahout o product's populanty g all glasses of consumers,
There are many different ways 10 do advertising, in oday's
new techiology, people adverise their pew products o ald 10
new through mass media o stinuwlate a larger group of
custormers io buy their producis.

In this regard they aware customer about new products,
ahout ther price and extra information abowt ther quality. All
the players in supply chain management advertise in different
ways o increase the demand for thelr products, for this, they
advertise through different media like newspapers, posters,
and ielevision. Moreover, in the adveriisement, they show the
quality of the product, and at the same time, the good quality
aftracts the customer io buy the item very much, In the case of
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3. Absitraci:
Manufacturing companies are increasingly recognizing the impormance of sustainable supply
chain management (S5CM) and the need to address the issue of reworking defective items in
their operations, both for their business goals and for the environment. To achieve
sustainability goals, it 15 essential o design supply chain networks while taking ecological and
environmental faciors into account. This article's focus is on developing an environmentally
friemdly supply chain system within the framework of the emission trading mechanism. The
problem at hamd is formmulated mathematically as a non-linear progeumming maodel with the
objective of minimizing the total cost and carbon emissions. The approach is applied to analyse
two distinet regulations: the cap and tax scheme wunder a finite planning horizon (FPH).
Additionally, the smudy includes a sensitivity analvsis, along with graphical or tabular
representations, o enhance  its effectiveness. The numercal results indicate the optimal
solution for the decision variables, and a decrease in carbon emissions is observed. To solve

the problem, a programming model in the Mathematica softbware version - 1 2.0 15 employed.

1. Imtroduoction:

It is imperative for supply chain operations to maintain a reduction in carbon emissions while
oplimizing toial cosis, In reality. mesting custeomer demand is crecial for both systems and
processes. With an increasing awarencss among people, it has become essential to minimize
carbon emissions, This research aims o demonstrate the impact of redecing carbon dioxide

emissions while simultancously optimizing costs and order gquantity. As per Heather Lovell's
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We have framed an inventory replenishment model under a fimite planming borizon in
which replenishment cycle time and replenishmeent cycle length are different and don’t
repeal. The finite planning horizon for different replenshment times and cycle lengths is
a real-life scenario. Nowadays, every manufacturng indusiry wanis to achieve maximuam
profit at a bow cost. It is very difficull to maintam the optmal level of inventory, 1otal cost,
replemishment time, and replenishment cycle. Along with the health of people, mcreasing
carbon emission also has a dangerous effect on today’™s busmess environment. Therefore,
this artscle analyses am optimal mventory replenishment pelicy and carbon emission duse
to deteriorating matenal and refrigeration while taking imlo account time, emission:
dependent, and inventory-dependent quadmtic demand. Materials deterioration affects a
large and varied spectrum of business. Therefore, Material that suffers deterioration is
considered. Shortage. some lost sakes, and partial backlogging are also comssdered.
Backlogping is depemdent om the frequency of the waiting pemod for the next
replemishment over a given finite ime horizon and fluctuating replenishment cycle. The
model has been developed theoretically. Also, 3 mathematical formulation has been
obtained to find the optima] solution 1o the problem. Following the algorithm, a mumerical
illustration and a comparative evaluation are explained, along with a sensitrvity analysis
of each parameter. The tabular and graphical representations of sensibivity amalysis werne

addressed using the Mathematica application version 12

1 INTRODUCTION

In recent years, there has been a lot of discussion sbout
inventory  systems that emit carbon and degrade the
enviromment. Carbon entissions have been triggering global
warming for many years, which has gamered considerable
attention. Carbon emission gases, such as carbon dioxide and
methane, heat our planet and bead to global warming. To leam
more about this, we can visil the page on Climate Change
Indicators: Atmospheric Concentrations of Greenhouse Gases.
Global warming produces considerable enviroamental hamn
because of s destructive, pervasive, and long-term
consequences. It is quickly destroying our planet’s biodiversity,
ultimately causing the extimetion of countless plant and amimal
species. Global warming also causes sea-level rise, ozone
layer depletion, rising global temperatanes, extreme weather
conditions, drought, and flooding. Due o increasingly
powerful and frequent severe weather events, global elimate
change and the greenhouse effect have received a lot of
attention. The Paris Protocol, also known as Cap-and-Trade,
was created 1o lessen the greenhouse effect. Under the carbon
tax, companies are paid a fived sum for every toane of
emizsions they generate, while the cap-and-trade policy ssues
a specified mumber of emissions allowanees per year usder the
cap-trade program [1, ).

There is growing agreement that Carbon emissions from
cHberprise ceonomic activitkes are increasingly being blamed
for seriows climate change and global warming. Furthermore,
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reducing a polloted covironment is one of the most
considerable economic benefits of lowering carbon emissions,
and it is becoming a big worry for nations worldwide. Only a
few of them consider environmental isswes in supply chain
management, which include reducing carbon emissions. To
reduce carbon emissions, the govemment of any nation and
several regulatory bodies have developed carbon emission
programs. The primary regulatory policy s a carbon tax. A
carbon tax is charged or imposed by various government
agencies of commercial enterprises of businesses that create
carbon diexide throughout their production process and
generate environmental destruction [3]. The primary goal of
the govermiment entities responsible for taxation is 1o prevent
global warming and safeguand the environment. In other terms,
the carbon tax is a cost levied on corporations that use hasmful
raw materials, such as fossil fuels, in their manufactoring
process and transportation, and they are blamed for global
warming. Alse, a carbon tax can prevent environmental
degradation and total cost of Inventory model [4].

Chen et al. investigated an emissions mvenbory issue using
the EOQ model and carbon schemes such as carbon tax, cap,
and cap-and-offset [4]. Analyzed the mfluence of the credit
period amd environmental policies on inventory management,
whenever the credit period has an impact on the demand rase
[3]. Detemmined the optiom lot size and emissions with two
of the most commonly used carbon policies w0 reduee carbon
ciisspons: cap-and-trade and carbon tax [6]. It is investigated
that the combined prce and prodoction of various



283



