
International Journal of Interdisciplinary Innovative Research & Development (IJIIRD) 

 ISSN: 2456-236X  

Vol. 11 Special Issue 02 | 2026 
 

ME067 www.ijiird.com  1495 

A Conceptual Framework for Integrating Lean 

Manufacturing and Theory of Constraints in 

Small-Scale Industries 
Mr. Abhishek S Gadre

1
, Dr. Hullash Chauhan

2
 

1
 Assistant Professor, Department of Mechanical Engineering, Sipna COET, Amravati, Maharashtra, India 

2
 Dean, Mechanical Engineering Department, Bharti University, Durg, Chhattisgarh, India 

DOI: 10.5281/zenodo.19336094 

ABSTRACT 

Small-scale industries (SSIs) play a crucial role in economic development; however, they frequently 

struggle with low productivity, high lead times, excess work-in-progress (WIP), and inefficient 

utilization of limited resources. Lean Manufacturing (LM) and the Theory of Constraints (TOC) are two 

well-established improvement philosophies that address these challenges from different perspectives. 

Lean Manufacturing focuses on waste elimination and flow improvement, while TOC emphasizes 

identifying and managing system constraints to maximize throughput. Although both approaches have 

demonstrated significant benefits independently, their isolated application often leads to suboptimal 

results, particularly in resource- constrained small-scale environments. This paper proposes a 

conceptual framework that integrates Lean Manufacturing and TOC to assess and improve overall 

operational performance in small-scale industries. The study presents a structured integration logic and 

a detailed research methodology for implementing the proposed framework in an industrial case study. 

Since the research implementation is currently in progress, this paper emphasizes the conceptual model, 

methodology, and expected outcomes. The proposed framework aims to provide a practical and scalable 

roadmap for SMEs seeking systematic and sustainable performance improvement. 

Keywords: - Lean Manufacturing, Theory of Constraints, Small-Scale Industries, Performance 

Improvement, Conceptual Framework 

1. INTRODUCTION 

Small-scale industries (SSIs) play a vital role in manufacturing, especially in developing economies, yet 

they operate under constraints such as limited capital, outdated equipment, skill shortages, and demand 

variability, leading to long lead times, high WIP, delivery delays, and quality issues. Lean Manufacturing 

and the Theory of Constraints offer complementary solutions: Lean improves flow through waste 

elimination, while TOC focuses on throughput by managing system bottlenecks. However, when applied 

independently, Lean often lacks prioritization and TOC overlooks non-bottleneck waste. Addressing this 

gap, this paper proposes an integrated Lean–TOC framework tailored for SSIs, with objectives to identify 

key operational problems, develop a structured integration model, and outline a case study–based 

methodology using process mapping, VSM, constraint identification, and focused Lean interventions to 

support systematic performance improvement in resource-constrained environments. 

2. LITERATURE REVIEW 

Lean Manufacturing has been widely studied as a philosophy focused on waste elimination and continuous 

improvement. Numerous researchers have reported significant improvements in lead time reduction, 

inventory control, and productivity through Lean tools such as VSM, cellular layout, and standardized 

work. However, literature also highlights that Lean initiatives often fail or stagnate in SMEs due to lack of 

strategic focus, improper sequencing of tools, and resistance to change. 

Early research highlights a strong relationship between Lean Manufacturing and Total Productive 

Maintenance (TPM), showing that their integration enhances equipment reliability and Overall Equipment 

Effectiveness (OEE) through phased implementation approaches beginning with 5S and safety training, 

where workforce involvement, standardization, and skill development are critical for sustaining gains [1]. 

In process-intensive industries such as textiles, Lean tools including Just-in-Time (JIT), Kanban, Value 

Stream Mapping (VSM), and Poka-Yoke have been successfully adapted to reduce waste, inventory levels, 

and cycle times, particularly when VSM is combined with cellular layouts and 5S, although contextual 

modifications are often required to manage demand and material variability [2][3][4]. Studies in 
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traditionally operated manufacturing environments further show that incremental Lean implementation 

leads to gradual improvements in lean maturity, reinforcing the 

importance of long-term commitment and industry-specific adaptation, which aligns with the broader Lean 

philosophy of prioritizing holistic value-stream understanding before targeted process improvements 

[4][5][6]. Recent research also highlights convergence between Lean Manufacturing and advanced 

manufacturing technologies, indicating that digital systems such as Manufacturing Execution Systems 

(MES) achieve superior cost efficiency when built on a strong Lean foundation, while Lean-only 

implementations tend to provide greater operational flexibility [7]. 

Organizational factors significantly influence Lean implementation outcomes, with plant size strongly 

affecting the depth of adoption, while unionization and plant age have limited impact [8]. Studies show 

that coordinated implementation of Lean practice bundles—such as JIT, TQM, TPM, and human resource 

management—yields stronger performance gains than isolated tool use, supporting the structured and 

sequential Lean roadmap advocated by [9], where integrated application of Kanban, SMED, and 

production leveling leads to sustainable improvements in lead time, process cycle efficiency, and takt time 

[10]. Across textile and food processing industries, Lean tools including JIT, Kanban, VSM, Poka-Yoke, 

Kaizen, TPM, and quick changeover have been effectively adapted to reduce waste, improve 

responsiveness, and enhance equipment reliability, with incremental implementation approaches proving 

particularly effective in traditional and small-scale environments when supported by system-level 

understanding and workforce involvement. [11] [12] [13][14][15]. 

The Theory of Constraints (TOC) is a systematic improvement methodology that focuses on identifying 

and managing the primary constraint or bottleneck that governs overall system performance, based on the 

principle that sustained improvement is achieved by continuously elevating this constraint through a 

structured cause– effect-driven approach [16]. Introduced by Goldratt and popularized through The Goal 

(1984), TOC has evolved from a production scheduling technique into a comprehensive management 

philosophy applicable across manufacturing, service, and supply chain environments [16]. Its applicability 

beyond manufacturing has been demonstrated in inter-organizational systems, where system-integration 

constraints and strategic motivation are emphasized in inter-organizational applications of TOC [17], 

service operations benefit from Drum–Buffer– Rope (DBR) scheduling to improve efficiency under high 

variability and resource constraints [18], and public- sector and healthcare systems adopt adapted TOC 

frameworks to support capacity-constrained decision-making [19]. Theoretical reviews further confirm 

TOC’s evolution into a robust management theory supported by structured thinking processes and the five 

focusing steps [20]. 

Several studies have examined the integration of the Theory of Constraints (TOC) with other continuous 

improvement methodologies, consistently reporting strong complementarities. Substantial overlap between 

TOC, Lean Manufacturing, and Six Sigma across 28 comparative dimensions has been identified, 

supporting the feasibility of integrated improvement frameworks [21], while strong conceptual alignment 

between TOC and the Toyota Way has been highlighted despite differences in implementation focus and 

change management practices [22]. Empirical evidence further validates TOC’s effectiveness across 

diverse contexts: integration of TOC with Lean and Six Sigma has been shown to improve throughput, cost 

efficiency, and organizational goal alignment [23]; application of TOC alongside equipment performance 

metrics has enhanced efficiency in electronics manufacturing [24]; and TOC-based heuristic line balancing 

and simulation have successfully resolved capacity imbalances [25]. Recent applications extend TOC to 

emerging technologies and logistics, where TOC tools have been used to diagnose commercialization 

constraints in the Micro Gas Turbine industry 

[26] and to eliminate performance-limiting constraints in logistics operations [27]. 

The Theory of Constraints has been widely applied across manufacturing and service sectors to improve 

throughput and delivery performance, with studies showing that TOC-based scheduling, drum–buffer–rope 

(DBR), and bottleneck exploitation can significantly enhance system output. However, TOC 

implementations may overlook inefficiencies in non-bottleneck processes, leading to localized waste and 

imbalance. Overall, the literature establishes TOC as a flexible and effective improvement methodology 

whose impact is substantially strengthened when integrated with other process improvement frameworks. 

Studies [28] and [29] demonstrate the effectiveness of integrating Lean Manufacturing (LM) and Theory of 

Constraints (TOC) in both manufacturing and service environments. In an automobile hose assembly line 

[28], the combined use of Lean tools and TOC-based bottleneck management eliminated overtime, 

improved resource utilization, and increased productivity from 365 to 630 units per day. Similarly, in a 

maintenance, repair, and overhaul (MRO) facility [29], replacing push scheduling with a Lean pull-based 

system revealed hidden capacity without additional manpower, leading to significant performance gains 

despite high operational variability and initial cultural resistance. 

Further evidence is provided by study [30], which validated a structured Lean–TOC integration model in a 
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footwear manufacturing case, demonstrating substantial reductions in lead time, work-in-process inventory, 

and non-value-added activities through alignment of TOC constraint control with Lean pull systems. 

Conceptual studies [22] and [21] reinforce this empirical evidence by highlighting strong principle-level 

alignment among TOC, the Toyota Way, and Lean Manufacturing, as well as methodological 

complementarities with Six Sigma. Together, these studies support the feasibility and effectiveness of 

integrated improvement frameworks, while emphasizing the need for structured and context-sensitive 

integration aligned with organizational objectives and operational constraints. 

Lean Manufacturing provides a robust set of tools for waste elimination and process standardization but 

lacks an inherent mechanism for prioritizing improvements, while the Theory of Constraints offers clear 

strategic focus on bottlenecks but limited operational guidance. Their complementary strengths have 

motivated integration efforts in which Lean tools support constraint exploitation and TOC directs 

improvement priorities. However, existing studies often lack a clear integration sequence or adaptation for 

small-scale industries, highlighting the need for a structured Lean–TOC framework tailored to SMEs, as 

outlined in Table-1. 

Table -1: Integrated Lean–TOC Approach 

Aspect Lean Manufacturing (LM) Theory of Constraints (TOC) Integrated Lean–TOC Approach 

Primary 

Objective 

Eliminate waste and 

improve process flow 

Maximize system 

throughput by managing 

constraints 

Improve overall system 

performance by aligning

 waste elimination with 

constraint -focused improvement 

Improvement 

Focus 

All processes across the 

value stream 

Primary system

 constraint 

(bottleneck) 

Constraint-first improvement 

supported by Lean tools 

Key Principles Flow, pull,

 standardization, 

continuous improvement 

Five Focusing Steps, system 

thinking, throughput 

maximization 

System-level optimization

 through structured 

sequencing of Lean and TOC 

Typical Tools VSM,  5S,  Kanban,  

SMED, 

Kaizen, Poka-Yoke 

Drum–Buffer–Rope (DBR), 

Current Reality Tree, 

Throughput accounting 

Lean tools selectively applied to 

exploit and elevate constraints 

Approach to 

Waste 

Eliminates waste across 

all processes 

Indirectly addresses waste 

at the constraint 

Eliminates waste where it most 

impacts system throughput 

Expected 

Outcomes 

Reduced lead time, 

inventory, and defects 

Increased throughput and 

delivery reliability 

Sustainable improvements in 

throughput, flow, and 

operational stability 

3. RESEARCH OBJECTIVES AND PROBLEM DEFINITION 

The primary problem addressed in this study is the absence of a structured and practical framework for 

integrating Lean Manufacturing and Theory of Constraints in small-scale industries to assess and improve 

overall operational performance. Small-scale manufacturers often adopt improvement initiatives in an ad 

hoc manner, leading to fragmented gains and limited sustainability. 

The objectives of this research are: To analyze the operational challenges commonly faced by small-scale 

manufacturing industries. To develop a conceptual framework integrating Lean Manufacturing and TOC 

principles. To propose a systematic research methodology for implementing the integrated framework in a 

real industrial environment. To identify relevant performance indicators for assessing the effectiveness of 

the proposed approach. 

The scope of this study is limited to shop-floor level operations within a single small-scale manufacturing 

unit. Strategic, financial, and supply-chain-level interventions are beyond the scope of the current work. 

The focus is on methodology development and conceptual validation, while empirical performance 

validation is planned for future research. 

4. PROPOSED CONCEPTUAL FRAMEWORK FOR LEAN–TOC INTEGRATION 

Lean Manufacturing and the Theory of Constraints (TOC) provide complementary approaches to 

performance improvement, with Lean emphasizing waste elimination and flow, and TOC focusing on 

throughput by managing system constraints. The proposed framework integrates both by aligning Lean 

improvement actions with TOC’s constraint-focused logic to achieve system-level optimization. Lean’s 

five principles—value, value stream, flow, pull, and perfection—offer a structured foundation for 

continuous improvement and enhanced operational efficiency. 

Complementing Lean, TOC is guided by Goldratt’s Five Focusing Steps, which constitute a disciplined 
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improvement cycle. These steps involve identifying the system constraint that limits overall throughput, 

exploiting the constraint using existing resources, subordinating all non-constraint processes to support the 

constraint, elevating the constraint when necessary through capacity or process enhancements, and 

continuously repeating the cycle as new constraints emerge. This approach ensures that improvement 

efforts are concentrated where they yield the greatest system-wide impact [16]. 

The proposed Lean–TOC integration framework is built on the premise that system throughput should 

govern all improvement initiatives, while Lean tools should be selectively deployed to support constraint 

exploitation and flow stabilization. The framework is structured into five sequential stages (Figure-1). 

 

.  
Figure-1: Conceptual Lean–TOC integration framework 

First, the current system performance is evaluated using Lean diagnostic techniques such as process flow 

analysis and Value Stream Mapping to understand material and information flows. Second, the primary 

system constraint is identified using TOC principles, supported by cycle time analysis and work-in-process 

accumulation patterns. Third, the constraint is exploited through focused Lean interventions, including 

tools such as SMED, 5S, and standardized work, aimed at maximizing constraint productivity. Fourth, non-

constraint processes are subordinated to ensure synchronized flow toward the constraint and prevent excess 

inventory and overproduction. Finally, overall system performance is reviewed to identify emerging 

constraints, thereby reinforcing continuous improvement. 

By integrating Lean and TOC in this structured manner, the framework ensures that waste elimination and 

flow improvements are not applied in isolation but are strategically aligned with system constraints. This 

alignment enhances the effectiveness and sustainability of improvement initiatives, providing a coherent 

foundation for the research methodology presented in the subsequent section. 

Based on the proposed Lean–TOC conceptual framework, a structured research methodology is developed 

to systematically evaluate its applicability and effectiveness in a real manufacturing context. The 

methodology operationalizes the framework by translating its sequential stages—current state assessment, 

constraint identification, focused improvement, and performance evaluation—into measurable and 

replicable research steps. Both Lean diagnostic tools and TOC-based analytical techniques are employed to 

ensure a comprehensive understanding of system behavior, while simulation is used to assess post-

improvement performance under realistic operating conditions. The following section details the research 

design, data collection procedures, analytical approach, and performance assessment methods adopted in 

this study. 

5. RESEARCH METHODOLOGY 

This study follows a case study–based research methodology appropriate for applied manufacturing system 

analysis. As the implementation phase is in progress, the emphasis is placed on systematic diagnosis, 

framework application, and simulation-based evaluation rather than empirical post-implementation results. 

Initially, process and performance data are collected through shop-floor observations, time studies, process 

routing analysis, and interactions with operators and supervisors. The collected data include cycle times, 

setup times, machine availability, work-in-process (WIP) levels, manpower deployment, and production 

rates, supplemented by historical production records. 

The current production system is analyzed using an integrated Lean–TOC perspective. Lean tools, 

particularly Value Stream Mapping (VSM), are used to visualize material and information flows and 

identify value-added and non-value-added activities. Concurrently, TOC principles are applied to examine 
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capacity imbalances and locate throughput-limiting processes based on cycle time comparisons and WIP 

accumulation. Following this analysis, system bottlenecks and dominant wastes are identified and 

prioritized. Improvement proposals are developed using TOC’s focusing logic, while appropriate Lean 

tools—such as standardized work, SMED, layout refinement, and workload balancing—are selectively 

applied to exploit and stabilize the constraint. A future-state system configuration is then designed. Figure-

2 depicts the Research Methodology Flowchart. 

 
Figure-2: Research Methodology Flowchart 

 

As physical implementation is constrained by time and cost, performance evaluation is conducted using 

simulation modeling. Key performance indicators, including throughput, lead time, WIP levels, and 

resource utilization, are compared between the current and proposed future states. This methodology 

provides a structured and replicable roadmap for future empirical validation. 

6. EXPECTED OUTCOMES AND PRACTICAL IMPLICATIONS 

The proposed Lean–TOC integration is expected to reduce lead time and work-in-process inventory while 

improving throughput and utilization of critical resources in small-scale manufacturing systems. By 

aligning Lean waste elimination with TOC’s constraint-focused logic, the framework enables high-impact, 

targeted improvements without immediate capital investment. Simulation-based evaluation is anticipated to 

demonstrate improved flow stability and overall efficiency, while providing managerial support for 

performance-based decision-making and a structured continuous improvement culture. 

7. CONCLUSION 

This paper proposes a conceptual Lean–TOC integration framework tailored to the operational realities of 

small- scale industries. By combining Lean’s flow and waste reduction focus with TOC’s bottleneck-

driven prioritization, the framework ensures system-level performance improvement. A structured research 

methodology, including current-state analysis, constraint identification, integrated improvement design, 

and simulation-based evaluation, was also outlined. Although empirical validation is in progress, the study 

offers a practical and coherent foundation for future application and research in resource-constrained 

manufacturing environments. 
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