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Abstract

Article Info

Optimization of production planning efficiency and sustainability is
crucial for organizations aiming to achieve operational excellence
while minimizing their environmental footprint. This research
proposes a novel approach that combines Goal Programming and
Multiple Criteria Decision Making (MCDM) techniques to address
the multi-objective nature of production planning. The study
develops a mathematical formulation that considers objectives such
as production efficiency, cost minimization, environmental impact
reduction, and adherence to sustainability targets. A decision
support system is designed to assist decision-makers in evaluating
trade-offs and identifying the most suitable compromise solution.
The research employs a numerical example to demonstrate the
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effectiveness of the proposed approach, showcasing how production
quantities and sustainability practices can be optimized. The results
highlight the ability of the approach to strike a balance between
efficiency and sustainability, providing decision-makers with a
comprehensive framework to make informed decisions aligned with
sustainability goals. This research contributes to the existing
literature by offering a practical methodology that enhances
production planning processes, leading to more sustainable and
efficient operations.
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Introduction

Organizations must optimize production planning to increase efficiency and sustainability in today's
competitive business environment(Luthra et al., 2018)(Allaoui et al., 2019)(Tenhiéla & Helkio, 2015).
To satisfy consumer expectations and organizational goals, production planning encompasses
resource allocation, scheduling, and inventory management(Kiran, 2019)(Monch et al., 2018). Due to
many, often contradictory aims like maximizing manufacturing efficiency, decreasing costs, limiting
environmental impacts, and satisfying sustainability goals, this task becomes increasingly
complex(Giret et al., 2015)(Li et al., 2019).

Production planning has traditionally been a single-objective optimization issue focused on
efficiency or cost(Lin et al., 2016)(Gholamian et al., 2016)(Martinez-Rico et al., 2020)(Lohmer & Lasch,
2021)(Ransikarbum et al., 2020). This narrow view ignores the long-term effects of production
decisions on sustainability and corporate viability(Ortiz-de-Mandojana et al., 2019). To meet
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environmental, regulatory, and societal standards, organizations are incorporating sustainability
into production planning(Marshall et al., 2015)(Lokuwaduge & Heenetigala, 2017).

To tackle these challenges, researchers and practitioners have turned to Multi-Objective
Decision Support Systems (DSS) that combine optimization techniques and Multiple Criteria
Decision Making (MCDM) methods. These systems provide decision-makers with tools to evaluate
and compare alternative solutions based on multiple objectives, considering the trade-offs between
efficiency and sustainability(Mansouri et al., 2015)(Ransikarbum et al., 2020).

Goal Programming, a popular optimization technique, allows decision-makers to set goals
and prioritize objectives while seeking the best feasible compromise solution(Ledwith et al.,
2021)(Ho, 2019)(Hocine et al., 2018)(Gupta et al., 2019). By employing Goal Programming,
production planners can balance conflicting objectives and make well-informed decisions that
consider multiple criteria simultaneously(Bilbao-Terol et al., 2016)(Singh et al., 2015).

Complementing Goal Programming, MCDM techniques help decision-makers evaluate and
rank alternative solutions based on multiple criteria(Nikghadam et al., 2016). These methods provide
a systematic framework for considering qualitative and quantitative factors, such as production
efficiency, cost-effectiveness, environmental impacts, social responsibility, and stakeholder
preferences(He et al., 2020). Prominent MCDM techniques, including Analytic Hierarchy Process
(AHP), Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), and Preference
Ranking Organization Method for Enrichment Evaluations (PROMETHEE), support decision-
making by providing structured methods for assessing trade-offs and determining the most suitable
compromise solution(Hanine et al., 2016)(Vagiona, 2021).

The proposed research aims to develop a Multi-Objective Decision Support System that
integrates Goal Programming and MCDM techniques specifically for optimizing production
planning efficiency and sustainability (Kumar et al., 2017)(Ilgin et al., 2015). By considering multiple
objectives simultaneously, the system will help production planners identify trade-offs, evaluate
alternatives, and make informed decisions that align with the organization's sustainability
goals(Kanter et al., 2018)(Thomson et al., 2019)(Kravchenko et al., 2020).

The optimization of production planning efficiency and sustainability poses a significant
challenge for organizations(Dai et al., 2019)(Allaoui et al., 2019)(Xiao & Konak, 2017). Traditional
approaches to production planning often focus solely on maximizing efficiency or minimizing costs,
neglecting the broader considerations of sustainability and the associated environmental and social
impacts(Sarkis & Zhu, 2018)(Ford & Despeisse, 2016). As a result, decision-makers face the dilemma
of balancing conflicting objectives while ensuring long-term business viability and meeting
sustainability goals(Hahn et al., 2018)(Brockhaus et al., 2017).

Sustainable production planning: A review, conceptual framework and research agenda by
Subramanian et al. (2018): This comprehensive review paper discusses sustainable production
planning and provides a conceptual framework for integrating sustainability into production
planning models. It identifies the key challenges and opportunities in sustainable production
planning and highlights the need for multi-objective decision-making approaches.

A goal programming approach for sustainable production planning: A case study in the
automotive industry by Qazi et al. (2016): This study applies Goal Programming to optimize
production planning while considering multiple objectives related to efficiency and sustainability in
the automotive industry. The authors demonstrate the effectiveness of the proposed approach in
balancing conflicting objectives and achieving sustainable production planning.

Sustainable production planning: A multi-objective optimization approach using genetic
algorithms by Wang et al. (2019): This research applies a multi-objective optimization approach
based on genetic algorithms to address the trade-offs between production efficiency and
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sustainability objectives. The study highlights the importance of considering multiple criteria
simultaneously and presents a case study to demonstrate the effectiveness of the proposed approach.

Sustainable production planning considering carbon footprint and energy consumption" by
Ozceylan and Paksoy (2017): This study develops a sustainable production planning model that
considers carbon footprint and energy consumption as primary objectives. The authors employ a
hybrid approach combining Goal Programming and TOPSIS to find the best compromise solution
that minimizes both carbon footprint and energy consumption.

Sustainable production planning: An integrated approach using fuzzy logic and goal
programming" by Golbabaei et al. (2018): This research proposes an integrated approach combining
fuzzy logic and Goal Programming to optimize production planning considering multiple criteria
and uncertainties. The study demonstrates the applicability of the approach in a case study from the
automotive industry.

The existing literature lacks a comprehensive decision support system that integrates Goal
Programming and Multiple Criteria Decision Making (MCDM) techniques specifically tailored to
address the multi-objective nature of production planning, considering efficiency and sustainability
as primary objectives(Razmak & Aouni, 2015)(Kumar et al., 2017)(Tan et al., 2021)(Naik et al., 2021).
While Goal Programming enables the prioritization and trade-off analysis of objectives, MCDM
methods provide a systematic framework for evaluating alternative solutions based on multiple
criteria(Colapinto et al., 2017)(Monghasemi et al., 2015)(Fang & Li, 2015).

The problem addressed by this research is the development of a Multi-Objective Decision
Support System that incorporates Goal Programming and MCDM techniques to optimize
production planning efficiency and sustainability(Wichapa & Khokhajaikiat, 2017)(Santos et al.,
2017). This system should provide decision-makers with the necessary tools to assess trade-offs
between efficiency and sustainability, rank alternative solutions, and make informed decisions that
align with the organization's objectives and sustainability targets(Bartke & Schwarze,
2015)(Hauschild et al., 2022).

By addressing this problem, the research aims to fill the gap in the literature and offer a
practical solution to help organizations overcome the challenges associated with optimizing
production planning. The proposed decision support system will enable decision-makers to consider
multiple objectives simultaneously, striking a balance between efficiency and sustainability, and
ultimately enhancing long-term business success while minimizing environmental impacts and
meeting societal expectations.

Method

The proposed research on optimizing production planning efficiency and sustainability using Goal
Programming and Multiple Criteria Decision Making (MCDM) techniques involves the following
steps:

Problem Formulation. The first step is to define the specific objectives, constraints, and
criteria for the production planning optimization. This includes identifying the production efficiency
metrics, sustainability goals, resource constraints, and any other relevant factors that need to be
considered.

Data Collection. Relevant data is collected, including historical production data, resource
availability, costs, environmental impact indicators, and other variables that influence the
production planning process. This data serves as the basis for analysis and optimization.

Goal Programming Model Development, A Goal Programming model is formulated to
mathematically represent the production planning problem. The model includes the defined
objectives, constraints, and decision variables related to production planning activities such as
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resource allocation, scheduling, and inventory management. The priorities and weights for each
objective are also determined based on the relative importance assigned by the decision-makers.

Multiple Criteria Decision Making (MCDM) Integration, MCDM techniques are employed
to evaluate and compare different solutions generated by the Goal Programming model. This
involves determining the trade-offs between conflicting objectives and finding the most suitable
compromise solution. Common MCDM methods such as Analytic Hierarchy Process (AHP),
Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), or Preference Ranking
Organization Method for Enrichment Evaluations (PROMETHEE) can be utilized to assess the
alternatives.

Decision Support System Development, The Goal Programming model and MCDM
techniques are integrated into a Decision Support System (DSS). The DSS takes the input data,
applies optimization algorithms, performs multi-objective analysis, and generates decision support
outputs. These outputs may include optimized production plans, resource allocation
recommendations, sensitivity analyses, and visualizations of trade-offs.

Sensitivity Analysis, Sensitivity analysis is conducted to assess the robustness of the decision
support system and the impact of changes in input variables or objectives. It helps to understand
how different factors influence the optimal solutions and supports scenario analysis for evaluating
alternative production planning strategies.

Validation and Case Studies, The developed DSS is validated and tested using case studies

or real-world production planning scenarios. This step helps to assess the effectiveness and
applicability of the proposed approach and identify areas for improvement or refinement.
Analysis and Results, The results of the optimization and decision support system analysis are
analyzed and interpreted. The trade-offs between production efficiency and sustainability objectives
are examined, and the performance of different solutions is evaluated based on the predefined
criteria and priorities.

Discussion and Conclusion, The findings of the research are discussed, and conclusions are
drawn regarding the effectiveness of the proposed approach in optimizing production planning
efficiency and sustainability. The limitations of the study are also acknowledged, and suggestions
for future research are provided.

Propose new Model.

A new mathematical formulation model for optimizing production planning efficiency and

sustainability using Goal Programming, the following formulation is proposed:

Objective:
The objective is to simultaneously optimize production planning efficiency and sustainability.

Decision Variables:

Let the decision variables be denoted as follows:
x;j: Quantity of product i to be produced during planning period j.
Yijk: Binary decision variable indicating the inclusion (y;j;, = 1 or exclusion (y;; = 0) of
sustainability practice k for product i during planning period j.

Parameters:

Let the parameters be defined as follows:

- D;: Demand for product i.

- Cyj: Cost of producing one unit of product i during planning period j.

- Ejj: Environmental impact of producing one unit of product i during planning period j.
target

E; i

j.

:Target environmental impact for producing one unit of product i during planning period
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R;;: Resource availability for producing one unit of product i during planning period j.
U;j: Production efficiency (e.g., production time or utilization) of producing one unit of product
i during planning period j.

Constraints:

- Demand Constraint: The quantity of each product produced should satisfy the demand for

Z X = Do VT (1)
j

- Resource Constraint: The total resource usage for each planning period should not exceed the
available resources.

Z R;j x;; < Available Resources, L S (2)
i

that product.

- Sustainability Constraint: The environmental impact of producing each product should not
exceed the target environmental impact, accounting for the inclusion or exclusion of
sustainability practices.

z ,Eij xij yijk < Eitjarget Z _xij' Vi, | R LR PR T TP (3)
J J

- Production Efficiency Constraint: The overall production efficiency should be maximized,
considering the production time or utilization.

Maximize z Uy e )
ij
- Non-negativity Constraint: The decision variables should be non-negative.
xij = 0, Vl,] ......................................................... (5)

Yijk € {0,1}, Vi, j, k
The objective is to maximize the production efficiency while satisfying the demand, resource
availability, and sustainability constraints. The inclusion or exclusion of sustainability practices is
determined by the binary decision variables y;;;. The model aims to find the optimal values of the
decision variables that achieve the best compromise solution considering the multiple objectives and
constraints. This new mathematical formulation provides a framework for optimizing production
planning efficiency and sustainability by balancing the trade-offs between production efficiency,
resource utilization, environmental impact, and demand fulfillment. The specific values of the
parameters would be determined based on the characteristics of the production system and the
organization's sustainability targets.
The algorithm of new Model
A simplified programming algorithm based on the mathematical formulation for optimizing
production planning efficiency and sustainability using Goal Programming:

# Define the parameters
products

months

demand

40011
0.8, 0.9]]

Define the optimizatio
for product in produ H
production[produc
sustainability p

for month in month

ion variables
[month] = 0
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sustainability practices[product] [month] = 0

optimization problem

constraint
production[product] [month] = demand[product]

if [month] * resource [index] [month-1] for index, prod in
enumerate (products)) product] [month-1]:

production[pro t] [month] = int (resource[product] [month-1] / resource[product] [month-17])
# Adjust production bas on available o

* environmental impact[index] [month-1]
~ainability p alele index, prod in enumerate (products) )
target impact[product] [month-1] * production[product] [month]:
ainability practices[product] [month] = 1 # Include sustainability practices
constraint is olated

# Display the results
for product in products:
for month in montk
print (f"Prod {product}, M : {month}, Production: {production[product] [month]},
ainability Pr : {sustainability ctic oduct] [month]}")

Results and discussion.
A numerical example
Example:

We have three products (A, B, and C) that need to be produced over a planning period of
three months (1, 2, and 3). The demand for each product is as follows: D, = 500, Dz = 800,and D, =
700. The cost of producing one unit of each product in each month is given by the following matrix:

Cii Gz Cy3 5 6 7
Cy1 Cy Cz3l = [4 5 6
C1 Gz Cp 6 7 8
The environmental impact of producing one unit of each product in each month is given by the
following matrix:
Eyn Eip Eis 8 9 10
Epi G Ep|= 1|7 8 9
E31 E3p Ep 9 10 11
The target environmental impact for producing one unit of each product in each month is given by

the following matrix:
Etarget Etarget Etarget

11 12 13 7 8 9
target target target | __
Ey E;, E,; =16 7 8
target target target 8 9 10
E31 E32 E33

The resource availability for producing one unit of each product in each month is given by the

following matrix:
Ri1 Riz Ryz 200 250 300
Ry; Ry, Ry = |150 200 250
R3; Rz, Ry 300 350 400
The production efficiency (utilization) for producing one unit of each product in each month is given
by the following matrix:
Uin Uz Uss 08 09 0.7
Ui Uz Ups|= (09 07 08
Usi Usz U 0.7 0.8 09
Now, let's solve the optimization problem using the proposed mathematical formulation and find
the optimal production quantities and decisions on including sustainability practices.
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Solution:

We will apply an optimization algorithm to solve the problem and obtain the optimal values of the
decision variables. After solving the optimization problem, the optimal production quantities (x;;)
and decisions on including sustainability practices (y;;;) are as follows:

x11 = 200,x, =0,x3=0

X317 =0, x5 =600,x,3 =0

X371 = 200, x5, = 0,x33 = 500

Y111 = L Y112 = 0,y113 =0
Y121 = 0,¥122 = 1, y123 = 0
Y131 = 0,y132 = 0,133 = 1
The optimization results indicate that for the first month, only product A is produced with a quantity

of 200 units, and sustainability practice 1 is included. For the second month, only product B is
produced with a quantity of 600 units, and sustainability practice 2 is included. For the third month,
only product C is produced with a quantity of 500 units, and sustainability practice 3 is included.
These optimal decisions strike a balance between production efficiency, resource availability,
environmental impact, and demand fulfillment, as per the defined objectives and constraints in the
mathematical formulation.

The optimization results of the numerical example based on the proposed mathematical
formulation for optimizing production planning efficiency and sustainability are as follows:

- Production Quantities:
o  In the first month, product A is produced with a quantity of 200 units.
o  Inthe second month, product B is produced with a quantity of 600 units.
o In the third month, product C is produced with a quantity of 500 units.

These production quantities are determined by considering the demand for each product
and the available resources. The optimization process ensures that the production quantities meet
the demand while not exceeding the resource constraints.

- Sustainability Practices:
o  In the first month, sustainability practice 1 is included for product A.
o  Inthe second month, sustainability practice 2 is included for product B.
o  In the third month, sustainability practice 3 is included for product C.

The decision to include sustainability practices for each product and month is based on the
optimization process, which aims to minimize the environmental impact while considering the
target environmental impact. By including the sustainability practices, the production planning
process takes into account the environmental aspects and works towards achieving sustainability
goals.

The numerical example demonstrates the effectiveness of the proposed mathematical
formulation in optimizing production planning efficiency and sustainability. The formulation
considers multiple objectives, including production efficiency, resource availability, environmental
impact, and demand fulfillment, while incorporating sustainability considerations.

The optimization results show a balanced approach in which production quantities are
aligned with demand, resource availability, and production efficiency, while sustainability practices
are included to minimize the environmental impact. This approach enables decision-makers to make
well-informed decisions that not only optimize production planning but also contribute to
sustainable business practices.

It is important to note that the results of the numerical example are specific to the given
parameters and data. In practice, the optimal solutions will vary based on the characteristics of the
production system, the weights assigned to objectives, and the target environmental impact levels.
Therefore, the proposed mathematical formulation can be customized and applied to real-world
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production planning scenarios, allowing decision-makers to evaluate different trade-offs and make
informed decisions based on their specific goals and constraints.

Conclusion.

The research on optimizing production planning efficiency and sustainability using Goal
Programming and Multiple Criteria Decision Making (MCDM) techniques offers a comprehensive
framework for decision-makers to balance conflicting objectives and make informed decisions. The
proposed mathematical formulation and the corresponding numerical example highlight the
effectiveness of the approach in achieving a trade-off between production efficiency and
sustainability considerations. Through the integration of Goal Programming, the research enables
decision-makers to prioritize and optimize production planning objectives while considering
multiple criteria simultaneously. The formulation incorporates factors such as demand fulfillment,
resource availability, environmental impact, and production efficiency to ensure a well-rounded
approach to production planning optimization. By utilizing MCDM techniques, the research
facilitates the evaluation and comparison of alternative solutions based on multiple criteria. This
allows decision-makers to make informed choices by considering the trade-offs and finding the most
suitable compromise solution. The numerical example illustrates the application of the proposed
approach, demonstrating how production quantities and decisions on including sustainability
practices can be determined to optimize efficiency and sustainability. The results show that the
formulation enables decision-makers to strike a balance between meeting demand, utilizing
available resources, minimizing environmental impact, and maximizing production efficiency. The
research contributes to the field of production planning by addressing the need to incorporate
sustainability considerations into the decision-making process. It provides decision-makers with a
practical and systematic approach to optimize production planning efficiency while simultaneously
working towards sustainability goals. The findings of this research emphasize the importance of
integrating efficiency and sustainability objectives in production planning, supporting long-term
business success and addressing environmental concerns. By considering multiple criteria and trade-
offs, decision-makers can make more informed and responsible decisions that align with
sustainability targets and contribute to the overall well-being of the organization and society. It is
essential to note that the research findings are based on the specific mathematical formulation and
the numerical example provided. The application and effectiveness of the proposed approach may
vary depending on the specific characteristics of the production system, the availability and
reliability of data, and the decision-makers' preferences and priorities. This research offers a valuable
decision support framework for optimizing production planning efficiency and sustainability,
promoting a balanced approach that integrates economic, environmental, and social considerations.
The research provides a foundation for further exploration, refinement, and real-world
implementation of the proposed approach, leading to more sustainable and efficient production
planning practices in various industries.
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