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Abstract 

MSME's are the foundation of many economies, making substantial contributions to industrial output, job creation, and 

economic expansion. However, because of their limited infrastructure, resources, and access to cutting-edge technologies, 

MSME's frequently struggle to manage supply chain and logistics operations. This research focuses on developing an innovative 

mathematical model that enhances MSME’s competitiveness by optimizing supply chain and logistics operations using industrial 

engineering principles. The proposed model adopts a multi-objective optimization framework, addressing critical aspects of 

supply chain efficiency, including cost minimization, service level enhancement, and resource utilization. By integrating 

supplier, facility, customer, transportation, and inventory data, the model provides actionable insights for MSME’s to streamline 

operations, reduce costs, and improve service delivery. This research focuses on developing a mathematical model to optimize 

supply chain and logistics operations for MSME’s, addressing challenges related to limited resources and infrastructure. The 

model employs a multi-objective optimization framework, aiming to minimize costs, enhance service levels, and improve 

resource utilization. It integrates data on suppliers, facilities, customers, transportation, and inventory, providing actionable 

insights for MSME’s to streamline operations and reduce costs. A hypothetical dataset, representing suppliers, facilities, and 

customers across different locations with varying demands, is used to demonstrate the model's applicability. Decision variables in 

the model represent transportation flows, facility operations, and inventory levels, while constraints ensure demand fulfilment 

and operational feasibility. The objectives of the model include minimizing procurement, transportation, and inventory holding 

costs, while maximizing service levels and resource utilization. The optimization process considers factors like transportation 

lead times, operational costs, and stockout penalties, making it highly relevant to MSME’s contexts. A realistic dataset simulates 

MSME’s supply chain scenarios, including supplier capacities, facility costs, customer demands, and transportation dynamics, 

reflecting logistical challenges in India. Transportation data captures cost-per-unit distance, lead times, and distances between 

nodes, while resource data provides insights into labor availability and equipment utilization. Preliminary results show that the 

model significantly reduces supply chain costs while maintaining high service levels and improving resource efficiency. It 

identifies optimal transportation routes, balances inventory levels at facilities, and suggests ways to enhance labor and equipment 

utilization. Overall, the model contributes to operational efficiency and competitiveness for MSME’s by optimizing logistics and 

supply chain operations. 
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1. Introduction 

MSMEs are the cornerstone of many global economies, 

significantly contributing to economic growth, promoting 

innovation, and creating job opportunities. [3, 19]. Despite 

their significant contributions, MSME’s face numerous 

challenges that hinder their ability to compete with larger 

enterprises. Among these challenges, inefficiencies in supply 

chain and logistics management are particularly pronounced. 

[5, 12] Limited resources, lack of access to advanced tech-

nologies, and fragmented market linkages often result in 

increased operational costs, delayed deliveries, and subopti-

mal customer satisfaction. This research aims to address these 

challenges by proposing a mathematical model that leverages 

industrial engineering principles to optimize supply chain and 

logistics operations for MSME’s. [15] 

Role of MSME’s in Economic Development: MSME’s 

contribute substantially to industrial output and export reve-

nue. In India, for example, MSME’s account for approxi-

mately 30% of GDP and over 40% of total exports, according 

to the Ministry of MSME’s. [11, 20] Similarly, in developing 

economies worldwide, MSME’s are critical in creating em-

ployment opportunities and supporting rural and semi-urban 

economies. However, the scalability of MSME’s is often 

constrained by inefficiencies in managing supply chains and 

logistics, which are fundamental to ensuring timely product 

delivery, cost efficiency, and resource optimization. This 

review seeks to offer a thorough evaluation of the reforms 

implemented in India's MSME sector and their contributions 

to sustainable development. It explores the economic, envi-

ronmental, and social aspects of sustainability while exam-

ining the benefits, challenges, and opportunities arising from 

these policy measures. By analysing the progress made in the 

MSME sector from 2000 to 2020, [20, 17] The study's goal is 

to give policymakers, academics, and stakeholders with val-

uable information that will help shape future strategies and 

initiatives. Understanding the benefits and limitations of re-

form policies is critical for building on achievements and 

resolving current issues in promoting India's sustainable and 

growing MSME sector [16, 18]. The review investigates the 

outcomes and impacts of these policies across various areas, 

including ease of doing business, access to finance, skill de-

velopment, market access, infrastructure, and regulatory re-

forms. Through this analysis, the study aims to offer im-

portant insights into the progress, challenges, and opportuni-

ties for achieving sustainable development in India's MSME 

sector [13]. 

MSME’S's functioning in India: The functioning of 

MSME’s in India is influenced by several factors, including 

government policies and regulations, access to finance, 

technology adoption, market dynamics, and skill develop-

ment initiatives [19]. Challenges such as limited access to 

credit, inadequate infrastructure, and regulatory complexities 

impact their operations and growth potential. However, 

MSME’s also benefit from various policy interventions and 

support mechanisms aimed at promoting their development, 

including financial assistance, capacity-building programs, 

and market access facilitation [20, 11]. 

Table 1. Investment In Plant & Machinery/Equipment [19]. 

Classification Micro Small Medium 

Manufacturing Enterprises 
Investment not more than INR 25 

lakhs 

Investment not more than INR 5 

crores 

Investment not more than INR 10 

crores 

Enterprises rendering Ser-

vices 

Investment not more than INR 10 

lakhs 

Investment not more than INR 2 

crores 

Investment not more than INR 5 

crores 

Source: MSME’S Classification 2020 (W.E.F. July 1, 2020) [19]. 

The National Board for Micro, Small, and Medium Enter-

prises (NBMSME) was set up by the Indian government 

within the Micro, Small, and Medium Enterprises Develop-

ment legislation 2006 for investigating the factors influencing 

MSMEs' growth and success. The latter category also exam-

ines existing regulations and makes suggestions to the gov-

ernment about the development of the MSME sector. [16, 18]. 
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Table 2. Composite Criteria: Investment in Plant and Machinery/Equipment and Annual Turnover. [20] 

Classification Micro Small Medium 

Manufacturing Enterprises 

and Enterprises rendering 

Services 

Investment in P&M/Equipment 

not more than INR 1 crore and 

Annual Turnover not more than 

INR 5 crores 

Investment in P&M/Equipment 

not more than INR 10 crores and 

Annual Turnover not more than 

INR 50 crores 

Investment in P&M/Equipment 

not more than INR 50 crores and 

Annual Turnover not more than 

INR 250 crores 

Source: MSME’s Classification 2020 (W.E.F. July 1, 2020) [20] 

2. Literature Review 

Mackenzie and Knipe explored the complexities of re-

search paradigms, methods, and methodologies, highlighting 

the dilemmas faced by researchers in aligning these compo-

nents. They emphasized the importance of understanding the 

philosophical underpinnings of paradigms to ensure coher-

ence between research questions, methods, and data analysis 

approaches [1]. The study provides insights into navigating 

the interplay of qualitative, quantitative, and mixed-method 

approaches within different paradigms, offering a framework 

for making informed methodological choices. Moshood et al. 

examined the role of Digital Twins in enhancing supply chain 

visibility within logistics, addressing challenges posed by the 

complexity of global distribution networks. Through a sys-

tematic review of literature (2002–2021) using ATLAS.ti 9, 

they analyzed 227 publications, identifying 104 as key. [2] 

The study highlights Digital Twins' potential to improve 

predictive metrics, diagnostics, and physical asset descrip-

tions, while proposing strategies to overcome implementation 

challenges. It offers researchers a framework for advancing 

solutions and identifies technologies and strategies to address 

current and future logistics demands. 

 
Source: Self Prepared by using Litmaps Literature Software 

Figure 1. Literature Review based on Litmaps Literature review Analysis. 

Kot et al. investigated supply chain management (SCM) 

practices within 613 SMEs across Canada, Iran, and Turkey, 

highlighting its growing importance as a management tool in 

SMEs globally [3]. The study found that SCM determinants, 

variables, barriers, practices, and sustainability change sig-

nificantly across different economies, while entity size has 

little effect on SCM determinants. Factors such as the dura-

tion of SME operation and the type of industry were found to 

impact SCM practices, functioning, and sustainability. The 

research also established a significant relationship between 

environmental and social sustainability and the type of in-

dustry, emphasizing the importance of industry-specific ap-

proaches to SCM in SMEs. Huang et al. proposed a mul-

ti-criteria group decision-making method for selecting green 
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suppliers that utilizes distributed interval variables [4]. The 

approach, which employs the distributed interval weighted 

arithmetic average (DIWAA) operator, combines both quali-

tative and quantitative data to reduce information loss and 

enhance decision-making accuracy. A ranking method was 

also proposed, and numerical experiments validated its ef-

fectiveness for robust supplier evaluation. 

Kovács and Kot examined the impact of globalization, in-

creasing competition, and product complexity on logistics and 

production trends [5]. They highlighted how evolving cus-

tomer demands and dynamic market conditions drive the 

adoption of new technologies and processes. The study ana-

lysed changes in supply chains, inventory strategies, trans-

portation, and logistics services, emphasizing the transform-

ative potential of Industry 4.0 in reshaping production and 

logistics operations. Thakkar, Kanda, and Deshmukh pro-

posed a framework for mapping supply chain learning within 

SMEs, emphasizing its critical role in enhancing organiza-

tional performance [6]. The study identified key dimensions 

of supply chain learning, including knowledge acquisition, 

sharing, and application, and examined their influence on 

supply chain practices. By linking learning processes with 

operational improvements, the framework provides SMEs 

with a structured approach to fostering continuous improve-

ment and adapting to dynamic supply chain environments. 

Yoon et al. examined the logistical competitiveness of 

SMEs in the context of global supply chains, focusing on the 

structural shifts required for South Korea to maintain its 

economic efficiency and competitiveness amidst increasing 

international competition [7]. The study highlighted how 

changing global trade patterns and shifting comparative ad-

vantages present both challenges and opportunities for Ko-

rean SMEs. Yoon emphasized the need for SMEs to adapt by 

rethinking strategies, improving customer service, and en-

hancing operational efficiency. The research also stressed the 

importance of SMEs understanding the global supply chain 

structure and restructuring their operations to stay competitive 

in the international market. Julka evaluated Maruti Suzuki 

India Limited's supply chain and logistics management im-

provements, emphasizing their importance in increasing the 

company's competitiveness in the Indian vehicle business [8]. 

The study, which was based on secondary data, found that 

ongoing innovation in these areas has resulted in operational 

efficiencies, cost savings, and increased customer satisfaction, 

giving Maruti Suzuki a competitive advantage. The research 

calls for further studies on other automobile manufacturers in 

India to compare these innovations. 

The case study by Mohite (2021) on wastewater manage-

ment and sewage disposal in the Mumbai Suburban Region 

emphasizes the significance of systematic planning, resource 

optimization, and infrastructure efficiency. These principles 

are directly applicable to the operational challenges faced by 

MSMEs in supply chain management. By analyzing how 

urban systems manage limited resources and logistics under 

pressure, valuable insights can be drawn for MSMEs seeking 

to enhance their competitiveness. Industrial engineering in-

novations that streamline processes, reduce waste, and im-

prove coordination mirror the strategies used in effective 

wastewater systems. Thus, the study indirectly supports the 

relevance of engineering approaches in supply chain effi-

ciency [10]. 

Simamora et al. explored how supply chain management 

(SCM) enhances the competitiveness of SMEs, focusing on 

PT. Tropica Nucifera Industry (PT.TNI) in Indonesia [9]. 

Their study emphasized the importance of strong collabora-

tions between small suppliers and knowledge institutions. By 

integrating knowledge institutions into their SCM, PT.TNI 

has successfully driven sustainable innovation, benefiting 

both the company and its suppliers. This case illustrates how 

effective SCM practices can boost the competitiveness of 

SMEs through innovation and collaboration. Mohite con-

ducted a case study to examine the post-COVID-19 impact on 

MSMEs in Maharashtra, focusing on their resilience and 

recovery strategies [11]. The research, using qualitative 

methods such as interviews, surveys, and document analysis, 

identified key challenges faced by MSMEs, including supply 

chain disruptions, reduced consumer demand, and financial 

constraints. The study emphasized the critical role of digital 

transformation, with MSMEs leveraging e-commerce, digital 

marketing, and remote work to adapt to the new business 

environment. Additionally, it highlighted the importance of 

government policies and support measures, such as financial 

assistance and access to credit, in aiding the recovery and 

revival of businesses in Maharashtra. [21] 

2.1. Challenges in MSME’S Supply Chain and 

Logistics Management 

MSME’s face several challenges in supply chain and lo-

gistics management: 

1) Resource Constraints: Limited access to capital restricts 

investments in advanced technologies and infrastructure. 

[23] 

2) Fragmented Supply Chains: MSME’s often operate in 

decentralized networks, making coordination between 

suppliers, facilities, and customers challenging. 

3) High Costs: Transportation, procurement, and inventory 

holding costs can become disproportionately high for 

smaller enterprises. [24] 

4) Inadequate Planning: Lack of data-driven deci-

sion-making tools often results in inefficient inventory 

management, underutilized resources, and stockouts. 

5) Regulatory and Market Pressures: Compliance with 

industry standards and meeting customer expectations 

require efficient logistics strategies that MSME’s often 

struggle to implement [11]. 

Need for Optimization in Supply Chain and Logistics: 

Supply chain and logistics optimization is essential for 

MSME’s to achieve cost efficiency and maintain competitive 

advantages. Industrial engineering principles offer powerful 
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tools to model, analyse, and optimize these operations. Op-

timization ensures the effective allocation of resources, 

minimizes operational costs, and improves service delivery, 

enabling MSME’s to meet customer demands reliably. [25] 

2.2. Objective of the Research 

The primary objective of this research is to develop a robust 

mathematical model that enhances the efficiency of MSME’S 

supply chains and logistics systems. [21]. The model focuses 

on: 

1) Cost Minimization: Reducing transportation, procure-

ment, and inventory holding costs. 

2) Service Level Maximization: Ensuring timely deliveries 

and minimizing customer dissatisfaction. 

3) Resource Utilization: Optimizing labour, equipment, 

and inventory resources to improve overall productivity. 

By addressing these objectives, the research seeks to pro-

vide MSME’s with a practical framework for managing sup-

ply chains and logistics operations effectively. [26] 

Scope of the Research: This study focuses on MSME’s in 

India, reflecting the diversity and complexity of supply chain 

and logistics challenges faced by enterprises in a rapidly 

growing economy. The research methodology includes the 

development of a multi-objective optimization model, vali-

dated using a hypothetical dataset representing suppliers, 

facilities, and customers across major Indian cities. While the 

study is grounded in the Indian context, its findings and 

methodologies are adaptable to MSME’s globally. [14] 

Significance of the Research: The research offers signifi-

cant contributions to both academia and industry. From an 

academic perspective, it bridges the gap between industrial 

engineering principles and supply chain management in the 

MSME’S context. It demonstrates how mathematical model-

ling can provide actionable insights for complex logistical 

challenges. From an industry perspective, the research pro-

vides MSME’s with a practical tool To optimize efficiency in 

operations, cut expenses, and improve service delivery. [28] 

3. Methodology Framework for the 

Model 

The proposed mathematical model operates on the fol-

lowing framework: 

1) Input Parameters: The model uses data on supplier ca-

pacities, facility costs, customer demands, transporta-

tion distances, and inventory dynamics. These parame-

ters are either sourced from existing datasets or simu-

lated to reflect realistic scenarios. [19] 

2) Decision Variables: Variables such as transportation 

quantities, inventory levels, and facility operational 

states are defined to represent decision points in the 

supply chain. [12] 

3) Objective Functions: The model combines cost, service 

level, and resource utilization objectives, allowing 

MSME’s to achieve balanced optimization. [12] 

4) Constraints: Real-world constraints such as supply lim-

itations, demand requirements, and operational feasi-

bility are integrated to ensure practical applicability. 

[17] 

5) Optimization Techniques: Linear programming and 

mixed-integer linear programming are employed to 

solve the model, providing optimal solutions for supply 

chain operations. [18] 

Mathematical Modelling in Supply Chain Optimization: 

Mathematical modelling serves as a critical tool for ad-

dressing complex supply chain challenges. By representing 

real-world problems through mathematical equations and 

constraints, models provide insights into optimal decisions 

that maximize efficiency and minimize costs. In this research, 

a multi-objective optimization model is employed, integrating 

supplier, facility, customer, transportation, and inventory data 

to achieve comprehensive supply chain optimization. The 

model incorporates decision variables for transportation flows, 

inventory levels, and facility operations, constrained by re-

al-world factors such as demand fulfilment, supply limitations, 

and resource capacities. Objective functions are designed to 

balance cost minimization, service level enhancement, and 

resource utilization, reflecting the diverse priorities of 

MSME’s. [22] 

Decision Variables: 

xᵢj: Quantity of goods transported from supplier i to facility 

j. 

yjk: Quantity of goods shipped from facility j to customer k. 

zj: Binary variable indicating whether facility j is opera-

tional (1 if open, 0 otherwise). 

Ij: Inventory level at facility j. [27]. 

Constraints: 

1) Demand Fulfilment: Ensure that the total supply meets 

customer demand: 

∑ 𝑦𝑗𝑘  =  𝐷𝑘, ∀𝑘

𝑗

 

where Dk is the demand of customer k. 

2) Supply Constraints: Limit the supply based on supplier 

capacities: 

∑ x𝑖𝑗  =  𝑆𝑖 , ∀𝑖

𝑘

 

where Si is the supply capacity of supplier i. 

3) Flow Conservation: Maintain flow balance at interme-

diate facilities: 

∑ x𝑖𝑗 + 𝐼𝑖 = 

𝑗

∑ y𝑗𝑘   , ∀𝑖

𝑘

 

4) Operational Constraints: Link facility operation to re-

source allocation: 
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𝑧𝑗 ∗  𝑀 ≥ ∑ y𝑗𝑘   , ∀𝑗

𝑘

 

where M is a large constant. 

5) Inventory Limits: Restrict inventory levels at facilities: 

0 ≤   𝐼𝑗 ≤ 𝐼 𝑗
𝑚𝑎𝑥 , ∀𝑗 

Objective Function: Combine the objectives into a single 

function using weights (w1, w2, w3) to reflect their importance: 

Minimize: (w1 ⋅ TC) – (w2 ⋅ SL) + (w3 ⋅ RUE) 

Where, 

TC: Total Cost = Transportation Cost + Facility Operation 

Cost + Inventory Holding Cost 

SL: Service Level 

 

RUE: Resource Utilization Efficiency = Proportion of uti-

lized resources to total available resources. 

Collected Supplier Data 

Table 3. Collected Supplier Data. 

Supplier ID Location 
Supply Capac-

ity (units) 

Cost per 

Unit (₹ ) 

S1 Delhi 10,000 50 

S2 Mumbai 15,000 48.6 

S3 Chennai 8,000 48 

Source: From Sample Data Collected by Author 

Collected Facility Data 

Table 4. Collected Facility Data. 

Facility 

ID 
Location 

Operational 

Cost (₹ /day) 

Capacity 

(units) 

Lead 

Time 

(days) 

F1 Delhi 5,000 8,000 2 

F2 Kolkata 4,500 10,000 3 

F3 Bangalore 6,000 12,000 2.5 

Source: From Sample Data Collected by Author 

Collected Customer Data 

Table 5. Collected Customer Data. 

Customer 

ID 
Location 

Demand 

(units/month) 

Service Level Re-

quirement (%) 

C1 Jaipur 2,000 95 

C2 Pune 3,500 90 

C3 Hyderabad 5,000 92 

Source: From Sample Data Collected by Author 

 
Figure 2. Value Vs Entities graph. 
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Transportation Data 

Table 6. Collected Transportation Data. 

From To 
Distance 

(km) 

Transport Cost 

(₹ /unit/km) 

Transport 

Time (days) 

S1 F1 0 ₹ 0.5 (Same location) 1 

S2 F2 1960 ₹ 1.8 (Long haul) 1.5 

S3 F3 350 ₹ 2.8 (Short haul) 2 

F1 C1 280 ₹ 2.7 (Short haul) 0.5 

F2 C2 2050 ₹ 1.7 (Long haul) 1 

F3 C3 570 ₹ 2.3 (Medium haul) 1.5 

Source: From Sample Data Collected by Author 

Inventory Data 

Table 7. Inventory Data collected. 

Facility 

ID 

Initial Inven-

tory (units) 

Holding Cost 

(₹ /unit/day) 

Stockout Cost 

(₹ /unit) 

F1 1,500 2 10 

F2 2,000 2.5 12 

F3 1,800 3 15 

Source: From Sample Data Collected by Author 

Resource Data 

Table 8. Resources Data. 

Facility 

ID 

Labor Available 

(workers) 

Equipment Ca-

pacity (units/day) 

Utilization 

Rate (%) 

F1 50 5,000 85 

F2 60 6,000 80 

F3 55 5,500 88 

Source: From Sample Data Collected by Author 

Market and Environmental 

Table 9. Market and Environmental Data. 

Parameter Value 

Inflation Rate (%) 6.5 

Fuel Price (₹ /liter) 90 

Seasonal Demand Factor 1.2 (peak season) 

Source: From Sample Data Collected by Author 

 

 
Figure 3. Supply Capacity Vs Suppliers, Facilities & Customers. 
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4. Results and Discussion 

Future Implications: This research sets the stage for further 

exploration of advanced technologies in MSME’S supply 

chain optimization. For instance, integrating artificial intel-

ligence, machine learning, and blockchain can enhance the 

model's predictive capabilities and decision-making processes. 

Additionally, the model can be extended to incorporate en-

vironmental sustainability objectives, aligning with global 

trends toward green. 

Conclusion: The integration of industrial engineering 

principles in MSME’S supply chain and logistics manage-

ment yields significant improvements in cost efficiency, ser-

vice levels, and resource utilization. The mathematical model 

and analysis suggest that a hybrid approach combining 

low-cost suppliers, strategic facility utilization, and optimized 

transportation routes can enhance MSME’S competitiveness. 

Future work can incorporate real-time data and advanced 

predictive analytics to further refine the model. 

Key Recommendations: 

1) Leverage data-driven decision-making for supplier and 

facility selection. 

2) Employ route optimization tools to minimize transpor-

tation costs and time. 

3) Regularly reassess inventory strategies to align with 

changing demand patterns. 

The challenges faced by MSME’s in supply chain and lo-

gistics management require innovative solutions that leverage 

the power of mathematical modelling and industrial engi-

neering. By providing a practical framework for optimizing 

supply chain operations, this research empowers MSME’s to 

enhance competitiveness, achieve cost efficiency, and con-

tribute more effectively to economic development. The sug-

gested framework marks an important step in closing the gap 

between theoretical research and practical application, paving 

the way for long-term growth in the MSME sector. 

Abbreviations 

MSME Micro, Small, and Medium Enterprises 

SCM Supply Chain Management 

GDP Gross Domestic Product 

DIWAA Distributed Interval Weighted Arithmetic 

Average 

NBMSME National Board for Micro, Small, and 

Medium Enterprises 
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