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Abstract 

This systematic literature review explores how Lean Six Sigma (LSS) methodologies have 
been applied to optimize maintenance processes in African manufacturing industries 
between 2018 and 2021. The study integrates Lean’s waste elimination and Six Sigma’s 
variation reduction philosophies to examine theoretical foundations, global applications, 
and region-specific challenges. Following a structured systematic review methodology, the 
analysis identifies leadership commitment, training, and data infrastructure as critical 
success factors influencing LSS adoption in maintenance contexts. Findings reveal that 
while LSS adoption in Africa remains nascent, opportunities exist to leverage Industry 4.0 
technologies and sustainability frameworks for enhanced reliability, reduced downtime, 
and long-term competitiveness. The study concludes with recommendations for future 
research focusing on empirical validation, digital integration, and sustainable industrial 
transformation. 

Keywords: Lean Six Sigma, Maintenance Optimization, African Manufacturing, Industry 
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1 Introduction 

The contemporary global manufacturing sector operates within an environment marked by 
increasing complexity, intense competition, and a persistent drive for operational 
excellence. Organizations consistently seek methodologies that facilitate waste reduction, 
quality improvement, and overall process efficiency to maintain viability and secure 
market standing. Lean Six Sigma (LSS) has emerged as a robust, integrated improvement 
methodology, combining the waste-elimination principles of Lean with the variation-
reduction and quality-enhancement tools of Six Sigma [1]. Its application spans diverse 
industries, yielding substantial benefits across various operational dimensions [2]. 

According to recent industrial performance reports, organizations adopting Lean Six Sigma 
have achieved defect reductions of up to 70% and cost savings exceeding 30% annually, 
underscoring its transformative potential for developing economies such as those in Africa. 

1.1 Background and Rationale 

Maintenance operations within manufacturing industries are integral to sustaining 
production capabilities and ensuring asset reliability. Inadequate maintenance practices 
often result in costly downtime, increased scrap rates, and compromised product quality, 
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directly affecting profitability and competitiveness. Consequently, optimizing maintenance 
processes represents a critical pathway toward achieving operational superiority. The 
integration of LSS methodologies into maintenance functions offers a systematic 
framework for identifying and eliminating inefficiencies, reducing variability, and 
improving the overall effectiveness of maintenance activities [3][4]. 

African manufacturing industries, while demonstrating significant growth potential, 
frequently contend with unique challenges, including infrastructure limitations, skill gaps, 
and fluctuating economic conditions. Implementing advanced operational strategies like 
LSS in this context presents both opportunities for transformative improvement and 
specific hurdles requiring tailored approaches. Understanding how LSS-driven 
maintenance optimization translates into the African manufacturing landscape is therefore 
essential for fostering sustainable industrial development and competitiveness within the 
continent. 

1.2 Objectives of the Review 

This systematic literature review synthesizes current knowledge concerning Lean Six 
Sigma-driven maintenance process optimization within African manufacturing industries. 
Specific objectives guiding this investigation include: 

1. To delineate the theoretical underpinnings of Lean Six Sigma and maintenance 
process optimization. 

2. To characterize the global application trends and critical success factors of Lean 
Six Sigma in manufacturing. 

3. To examine the specific methodologies and tools employed for maintenance 
optimization through Lean Six Sigma. 

4. To assess the status, trends, and empirical evidence of Lean Six Sigma 
implementation in maintenance contexts within African manufacturing industries, 
specifically focusing on the period between 2018 and 2021. 

5. To identify unique challenges and opportunities associated with LSS deployment 
in African manufacturing settings. 

6. To explore the influence of leadership, organizational culture, and sustainability 
considerations on the successful adoption and sustainment of LSS in this sector. 

7. To identify existing research gaps and propose future research directions to advance 
the understanding and application of LSS in African manufacturing maintenance. 

1.3 Scope and Limitations 

The scope of this review encompasses scholarly articles, conference papers, and relevant 
reports published between 2018 and 2021, focusing exclusively on Lean Six Sigma 
applications for maintenance process optimization within manufacturing industries. 
Geographical emphasis remains on the African continent, seeking to identify region-
specific insights and empirical evidence. While LSS is widely applicable, this review 
specifically excludes its general deployment in service sectors or other non-manufacturing 
domains, except where foundational LSS principles are discussed universally. The review 
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also acknowledges a potential limitation in the volume of direct empirical studies 
specifically addressing LSS-driven maintenance optimization in African manufacturing, 
which might necessitate drawing inferences from broader LSS applications or related 
process improvement initiatives within the region. The analysis is limited by the 
availability and accessibility of published research within the defined timeframe and 
geographical boundaries. 

2 Theoretical Framework 

2.1 Lean Six Sigma Principles and Evolution 

Lean Six Sigma represents a synergistic combination of two distinct, yet complementary, 
operational improvement philosophies: Lean manufacturing and Six Sigma. Lean, 
originating from the Toyota Production System, centers on the identification and 
elimination of waste (muda) across processes, thereby enhancing efficiency, reducing lead 
times, and improving resource utilization. Its core principles include value stream mapping, 
continuous flow, pull systems, and perfection [4]. Six Sigma, conversely, is a data-driven 
methodology focused on reducing process variation and defects to near-perfection levels, 
typically defined as 3.4 defects per million opportunities. It employs a structured problem-
solving approach, most notably the Define, Measure, Analyze, Improve, Control (DMAIC) 
cycle, to achieve measurable quality improvements [4]. 

The evolution of LSS stems from the recognition that while Lean excels at improving 
process speed and efficiency, Six Sigma excels at enhancing quality and reducing 
variability. Integrating these methodologies allows organizations to simultaneously 
address both waste and defects, leading to more comprehensive and sustainable 
improvements [1]. This integrated approach facilitates a holistic view of process 
performance, where Lean tools streamline the process flow, and Six Sigma tools ensure the 
consistency and quality of the output [3]. Recent developments in LSS include its 
integration with Industry 4.0 and Industry 5.0 concepts, leveraging advanced technologies 
like big data analytics, artificial intelligence, and automation to enhance data collection, 
analysis, and control in improvement projects. This integration broadens the scope of LSS 
application and amplifies its potential for achieving operational excellence. 
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Figure 1: Conceptual Framework for LSS-Driven Maintenance Optimization 

 

This framework illustrates the integration of Lean principles (waste elimination, 
continuous flow, 5S) and Six Sigma methodologies (DMAIC, SPC, FMEA) in optimizing 
maintenance performance. The model shows how these principles jointly drive process 
reliability, defect reduction, and operational excellence through a closed feedback loop 
involving leadership commitment, employee participation, and data-driven decision-
making. Supporting elements such as Industry 4.0 technologies, predictive analytics, and 
sustainability considerations act as enablers that enhance maintenance efficiency, 
reliability, and long-term process control within African manufacturing contexts. 

2.2 Maintenance Process Optimization Concepts 

Maintenance process optimization encompasses a range of strategies and techniques 
designed to enhance the effectiveness, efficiency, and reliability of equipment and assets 
while minimizing costs. Traditional maintenance approaches often involve reactive 
(breakdown) or time-based preventive strategies. However, modern manufacturing 
environments demand more sophisticated methodologies to sustain high levels of 
productivity and quality. Key concepts in maintenance optimization include [4]: 

● Reliability-Centered Maintenance (RCM): A systematic process to determine 
appropriate maintenance tasks for physical assets, focusing on preserving system 
function. 

● Total Productive Maintenance (TPM): A holistic approach to equipment 
maintenance that promotes autonomous maintenance by operators, planned 
maintenance, quality maintenance, and early equipment management. 
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● Predictive Maintenance (PdM): Utilizes condition-monitoring techniques (e.g., 
vibration analysis, thermal imaging) to predict equipment failure, allowing for 
maintenance to be performed precisely when needed, thereby minimizing 
unscheduled downtime and unnecessary preventive tasks. 

● Overall Equipment Effectiveness (OEE): A composite metric that quantifies 
manufacturing productivity, accounting for availability, performance, and quality 
losses. It is widely used to benchmark and track the improvement of manufacturing 
equipment in TPM initiatives [4]. 

The integration of these concepts with LSS provides a structured methodology to diagnose 
root causes of maintenance issues, reduce variability in repair times, optimize spare parts 
inventory, and standardize maintenance procedures. LSS tools such as Value Stream 
Mapping (VSM) can identify non-value-added steps in maintenance workflows, while 
statistical process control (SPC) monitors maintenance key performance indicators (KPIs) 
to ensure sustained improvement [4]. 

3 Methodology 

3.1 Systematic Literature Review Approach 

This review employs a systematic literature review (SLR) methodology to ensure a 
comprehensive, unbiased, and reproducible synthesis of existing research. The SLR 
approach follows a rigorous protocol to identify, select, critically appraise, and synthesize 
relevant studies, minimizing bias and enhancing the reliability of findings. This method is 
particularly suitable for consolidating knowledge in a defined field and identifying gaps 
for future research [5]. The systematic process involves several stages: defining research 
questions, developing a search strategy, screening and selection of studies, data extraction, 
synthesis, and reporting of results. 

3.2 Search Strategy and Selection Criteria 

The literature search was conducted across multiple electronic databases, including 
Scopus, Web of Science, ScienceDirect, and Google Scholar. These databases were 
selected for their extensive coverage of engineering, management, and business journals, 
which are pertinent to Lean Six Sigma and manufacturing operations. The search strategy 
combined keywords related to Lean Six Sigma, maintenance optimization, manufacturing, 
and the African context. Specific search strings included combinations such as: ("Lean Six 
Sigma" OR "LSS") AND ("maintenance" OR "TPM" OR "RCM" OR "OEE" OR "asset 
management") AND ("optimization" OR "improvement" OR "performance") AND 
("manufacturing" OR "industry") AND ("Africa" OR "African" OR "developing 
countries"). 

Inclusion Criteria: 

● Studies published between January 1, 2018, and December 31, 2021. 

● Articles written in English. 

● Peer-reviewed journal articles, conference papers, and dissertations. 
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● Studies explicitly focusing on Lean Six Sigma methodology or its integration with 
other methodologies (e.g., Green Lean Six Sigma, Industry 4.0) within 
manufacturing contexts. 

● Research that addresses maintenance process optimization as a primary or 
significant outcome. 

● Studies with a specific geographical focus or empirical evidence from African 
manufacturing industries. 

Exclusion Criteria: 

● Studies published outside the 2018-2021 timeframe. 

● Studies not focused on manufacturing industries (e.g., healthcare, service, finance, 
unless discussing universal LSS principles). 

● Conceptual papers without empirical data unless they provided a foundational 
theoretical contribution directly relevant to the specific context. 

● Studies not directly linking LSS to maintenance process optimization. 

● Grey literature, unless specifically identified as a high-impact report from a 
recognized body. 

The initial search yielded a substantial number of articles. Titles and abstracts were 
screened for relevance against the inclusion/exclusion criteria. Full-text articles of 
potentially relevant studies were then retrieved and meticulously reviewed to ascertain their 
suitability for inclusion in the final synthesis. A PRISMA-like flow was followed to 
document the selection process, ensuring transparency and reproducibility. 

3.3 Data Extraction and Synthesis Methods 

Data extraction involved systematically collecting pertinent information from each 
selected study. This included: 

● Author(s) and publication year. 

● Geographical context (country in Africa). 

● Industry sector. 

● Specific LSS tools and techniques applied. 

● Maintenance optimization area (e.g., preventive maintenance, breakdown 
reduction, OEE improvement). 

● Key findings, outcomes, and performance metrics (e.g., cost savings, defect 
reduction, uptime increase). 

● Critical success factors and barriers encountered. 

● Recommendations and future research directions proposed by the authors. 

The extracted data were then subjected to a thematic analysis. This involved identifying 
recurring themes, patterns, and relationships across the selected studies. A constant 
comparative method was employed to categorize findings, identify commonalities and 
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divergences, and synthesize a comprehensive understanding of LSS-driven maintenance 
optimization in African manufacturing. Quantitative data, where available, were 
aggregated to provide statistical context or highlight trends. The synthesis aimed to move 
beyond mere summarization, constructing a coherent narrative that addresses the review's 
objectives and reveals the current state of knowledge, prominent issues, and prevailing 
research gaps. 

4 Lean Six Sigma in Manufacturing: Global Perspectives 

4.1 Applications in Manufacturing Industries Worldwide 

Lean Six Sigma (LSS) has gained widespread acceptance and application across various 
manufacturing sectors globally, driven by its capacity to deliver tangible improvements in 
efficiency, quality, and cost reduction. The methodology's adaptability allows its principles 
and tools to be tailored to diverse manufacturing environments, from automotive and 
aerospace to electronics and food processing [6]. For instance, its application in the 
automotive industry has focused on reducing production cycle times and minimizing 
defects in assembly lines. In the electronics sector, LSS has facilitated the enhancement of 
product reliability and the optimization of supply chain logistics. The mining industry has 
also leveraged LSS to improve vehicle overall effectiveness and increase productivity in 
hauling operations. 

Studies show LSS initiatives often lead to significant financial benefits, including reduced 
operational costs and increased profitability, alongside improvements in customer 
satisfaction and environmental performance [2]. The universality of its problem-solving 
framework, particularly the DMAIC approach, allows LSS to address complex operational 
challenges regardless of the specific manufacturing context. Furthermore, the integration 
of LSS with emerging technologies, such as Industry 4.0 components, expands its potential. 
For example, sensor data and advanced analytics can feed into the DMAIC cycle, enabling 
more precise measurement and control of manufacturing processes. 

4.2 Integration of Lean Six Sigma with Other Improvement Philosophies 

The dynamic nature of global manufacturing has prompted the integration of LSS with 
other improvement philosophies to create more comprehensive and resilient operational 
systems. One prominent integration involves Green Lean Six Sigma (GLSS), which 
extends the traditional LSS focus to include environmental sustainability. GLSS aims to 
reduce waste, emissions, and non-value-added activities, thereby minimizing carbon 
footprints and promoting eco-friendly practices in manufacturing processes. This 
integrated approach is particularly relevant in the context of increasing environmental 
regulations and corporate social responsibility. Another significant integration is with 
Industry 4.0 technologies, leading to concepts like Lean Six Sigma 4.0 (LSS 4.0) or Smart 
Lean Six Sigma. This integration leverages data analytics, IoT, artificial intelligence, and 
automation to enhance the effectiveness of LSS initiatives. For example, big data analytics 
can provide deeper insights into process variations, while AI can automate parts of the 
'Analyze' and 'Control' phases of DMAIC. 
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Beyond Industry 4.0, discussions also extend to Industry 5.0, which emphasizes human-
centricity, resilience, and sustainability alongside technological advancement. LSS can 
support Industry 5.0 by fostering a continuous improvement culture, enabling human-
machine collaboration, and facilitating training for skill development. Furthermore, the 
concept of an integrated sustainable-green-lean-six sigma-agile manufacturing system 
(ISGLSAMS) has been proposed, seeking to combine the strengths of these diverse 
methodologies for more sustainable development. These integrations reflect a broader 
trend towards holistic operational excellence frameworks that address multiple dimensions 
of performance. 

4.3 Critical Success Factors and Barriers 

The successful deployment of Lean Six Sigma in manufacturing is contingent upon several 
critical success factors (CSFs) and the effective mitigation of various barriers. Research 
consistently highlights the indispensable nature of strong leadership and top management 
commitment [1][7]. Leadership provides strategic direction, allocates resources, and 
champions the change initiatives, thereby embedding LSS within the organizational culture 
[8]. Another CSF involves establishing a systematic methodology for LSS implementation, 
often supported by dedicated LSS experts (e.g., Green Belts, Black Belts) and robust 
project management practices [8]. Organizational culture, specifically one that embraces 
continuous improvement, data-driven decision-making, and employee involvement, also 
functions as a fundamental CSF. Training and education are crucial for equipping 
employees with the necessary skills and knowledge to participate effectively in LSS 
projects [9]. Financial accountability and the clear identification of project benefits also 
support sustained LSS efforts [8]. 

Conversely, several barriers can impede LSS implementation. A pervasive obstacle is the 
lack of top management commitment or inconsistent leadership support, which can 
undermine the entire initiative [1]. Resistance to change from employees, often stemming 
from a lack of understanding or perceived threat to job security, also presents a significant 
challenge [1]. Resource constraints, including insufficient financial investment, time, and 
skilled personnel, can hinder the progress of LSS projects [1]. A poor understanding of 
data analysis and limited organizational readiness for integrating new technologies, 
particularly in the context of Industry 4.0, also emerge as notable barriers. Cultural factors, 
such as an inability to foster a quality-focused environment or a lack of cross-functional 
collaboration, can further complicate LSS deployment. For integrated approaches like 
ISGLSAMS, barriers include low supplier commitment, uncertain financial benefits, 
misconceptions about high costs, and difficulties in evaluating system performance 
throughout the life cycle. 

5 Maintenance Process Optimization Using Lean Six Sigma 

5.1 DMAIC for Maintenance Improvement 

The Define, Measure, Analyze, Improve, Control (DMAIC) methodology, central to Six 
Sigma, provides a structured roadmap for enhancing maintenance processes. This five-
phase cycle systematically addresses issues, reduces variability, and sustains 
improvements in maintenance operations. 
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1. Define: This initial phase involves clearly articulating the maintenance problem, 
identifying the project goals, and specifying the customer's (internal or external) 
requirements. In a maintenance context, this could involve defining excessive 
equipment downtime, high repair costs, or frequent breakdowns for a particular 
asset. Tools like Project Charters, Voice of the Customer (VOC) analysis, and 
Supplier, Input, Process, Output, Customer (SIPOC) diagrams are employed to 
establish the scope and objectives. 

2. Measure: The Measure phase focuses on collecting data to quantify the current 
performance of the maintenance process. This involves establishing baseline 
metrics for critical parameters such as Mean Time Between Failures (MTBF), 
Mean Time To Repair (MTTR), Overall Equipment Effectiveness (OEE), and 
maintenance costs. Data collection plans, measurement system analysis (MSA), 
and process capability studies ensure that the data are accurate and reliable, 
providing an empirical basis for subsequent analysis [4]. 

3. Analyze: During the Analyze phase, the collected data are rigorously examined to 
identify the root causes of the maintenance problems. Statistical tools such as Pareto 
charts, cause-and-effect (fishbone) diagrams, regression analysis, and hypothesis 
testing are frequently used to uncover underlying factors contributing to variability 
and inefficiency. For example, analyzing OEE data might reveal that a significant 
portion of downtime is due to specific types of failures or changeovers. This phase 
transitions from identifying symptoms to understanding causative mechanisms. 

4. Improve: The Improve phase centers on developing and implementing solutions 
to address the identified root causes. Lean tools like Value Stream Mapping (VSM) 
can streamline maintenance workflows, eliminating non-value-added steps. 
Standardized work procedures, 5S implementation (Sort, Set in order, Shine, 
Standardize, Sustain), and mistake-proofing (Poka-Yoke) techniques are often 
deployed to optimize processes and prevent recurrence of issues. Pilot programs 
and simulations may precede full-scale implementation to validate the effectiveness 
of proposed solutions. 

5. Control: The final Control phase aims to sustain the improvements achieved and 
prevent regression. This involves establishing monitoring systems, such as 
statistical process control (SPC) charts, to continuously track key maintenance 
metrics. Developing control plans, implementing visual management tools, and 
providing ongoing training ensure that the new, optimized processes are 
consistently followed. Regular audits and feedback mechanisms are also critical to 
maintaining long-term gains and fostering a culture of continuous improvement in 
maintenance. 

Figure 2: DMAIC Cycle Adapted for Maintenance Process 
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This figure depicts the five sequential phases of the Define–Measure–Analyze–Improve–
Control (DMAIC) framework as applied to maintenance operations. Each phase aligns with 
specific objectives: defining maintenance problems and customer requirements; measuring 
key indicators like MTBF, MTTR, and OEE; analyzing root causes of variability; 
improving through Lean tools such as Value Stream Mapping and 5S; and controlling 
outcomes via SPC and audit mechanisms. The cyclical representation emphasizes 
continuous feedback, ensuring that data from the Control phase inform subsequent Define 
stages, enabling perpetual improvement of maintenance reliability and performance. 

5.2 Preventive and Predictive Strategies 

Lean Six Sigma significantly enhances both preventive and predictive maintenance 
strategies by providing systematic approaches to identify inefficiencies, reduce variability, 
and improve reliability. Preventive maintenance (PM) involves scheduled maintenance 
tasks performed to prevent equipment failure. LSS can optimize PM schedules by 
analyzing historical failure data and maintenance logs (Measure phase) to determine 
optimal service intervals, thereby reducing unnecessary maintenance and avoiding 
premature component replacement. Value Stream Mapping can also be used to streamline 
PM procedures, reducing the time and resources required for these tasks [4]. 

Predictive maintenance (PdM), which monitors equipment condition to predict failures and 
schedule maintenance only, when necessary, benefits profoundly from the data-driven 
nature of LSS. In the Measure and Analyze phases, LSS facilitates the effective collection 
and statistical analysis of condition monitoring data (e.g., vibration, temperature, oil 
analysis) to identify patterns indicative of impending failures. Six Sigma tools, such as 
regression analysis and control charts, can establish predictive models and define alert 
thresholds more accurately. This allows for proactive intervention, minimizing unexpected 
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breakdowns and optimizing maintenance resource allocation. The Improve phase can focus 
on implementing advanced sensors and diagnostic technologies, while the Control phase 
establishes robust data collection systems and feedback loops to continuously refine 
predictive models. For instance, a case study in the mining industry demonstrated how LSS 
combined with a specific effectiveness model improved overall vehicle effectiveness by 
35%, productivity by 17%, and truck utilization by 9% through analysis of hauling 
operations. 

5.3 Lean Six Sigma Tools for Maintenance Efficiency 

A diverse array of Lean and Six Sigma tools facilitates comprehensive maintenance 
process improvement: 

● Value Stream Mapping (VSM): A Lean tool used in the Define and Analyze 
phases to visualize the flow of materials and information in a maintenance process. 
It identifies non-value-added activities (waste) such as excessive waiting times for 
spare parts, redundant inspection steps, or inefficient repair workflows. VSM helps 
create future state maps that eliminate these wastes, leading to streamlined 
maintenance operations [4]. 

● 5S Methodology: A Lean tool focused on workplace organization and 
standardization (Sort, Set in order, Shine, Standardize, Sustain). In maintenance, 
5S improves safety, reduces searching time for tools and parts, and standardizes 
maintenance workstations, contributing to faster response times and higher quality 
repairs. 

● Statistical Process Control (SPC): A Six Sigma tool employed in the Measure 
and Control phases to monitor process performance over time. SPC charts (e.g., X-
bar and R charts) track key maintenance metrics such as MTTR, MTBF, or the 
duration of specific repair tasks, helping to identify when a process is out of control 
and requires intervention. 

● Failure Mode and Effects Analysis (FMEA): A systematic Six Sigma tool used 
in the Analyze phase to identify potential failure modes in equipment or processes, 
determine their effects, and prioritize actions to reduce their occurrence. FMEA is 
crucial for proactive maintenance planning and risk mitigation. 

● Root Cause Analysis (RCA): Often employing techniques like the 5 Whys or 
cause-and-effect diagrams, RCA is a fundamental Six Sigma tool used in the 
Analyze phase to delve beyond superficial symptoms and uncover the fundamental 
reasons behind equipment failures or maintenance inefficiencies. 

● Kanban: A Lean tool for visual management and inventory control. In 
maintenance, Kanban systems can manage spare parts inventory, ensuring that 
critical components are available when needed without excessive stocking, thereby 
reducing carrying costs and preventing delays in repairs. 

● Overall Equipment Effectiveness (OEE): While a metric, OEE also functions as 
a powerful diagnostic tool. By breaking down losses into availability, performance, 
and quality, it guides the application of specific LSS tools to address the most 
significant areas of waste in maintenance operations [4]. 
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6 Implementation in African Manufacturing Industries 

6.1 Status and Trends in African Context (2018–2021) 

The adoption of Lean Six Sigma (LSS) methodologies in African manufacturing industries 
has shown gradual but discernible growth between 2018 and 2021, albeit with varying 
degrees of maturity across regions and sectors. While comprehensive, continent-wide 
empirical data specifically on LSS-driven maintenance optimization remains somewhat 
limited in published literature for this precise period, trends can be inferred from broader 
LSS implementation studies and related operational excellence initiatives. Many African 
nations are actively pursuing industrialization and economic diversification, making 
process improvement methodologies increasingly relevant. 

During this period, several studies highlighted the foundational aspects of LSS 
implementation, such as the identification of critical success factors (CSFs) and barriers, 
which are largely consistent with global findings but with an African specificity. For 
instance, the importance of top management commitment, employee training, and a 
supportive organizational culture are frequently emphasized [7]. However, studies also 
point to unique challenges, including limited access to resources, technological 
infrastructure gaps, and specific cultural dynamics that influence change management. The 
focus has often been on overall manufacturing efficiency and quality improvement, with 
maintenance optimization typically being a component of these broader initiatives. There 
is an increasing awareness of the need for data-driven decision-making, which LSS 
inherently promotes, to address quality issues and productivity bottlenecks in African 
industries. The emerging discussions around integrating LSS with Industry 4.0 concepts 
also suggest a forward-looking trend, though practical implementation in maintenance 
within Africa during this timeframe might still be in nascent stages. 

6.2 Case Studies and Empirical Evidence from Africa 

Empirical evidence of LSS-driven maintenance optimization in African manufacturing 
industries within the 2018-2021 timeframe, while not voluminous, provides specific 
insights into localized applications. Although direct case studies focused solely on 
maintenance optimization are scarce, related studies on general LSS implementation in 
African manufacturing indirectly reveal its impact on maintenance. For example, studies 
from regions like North Africa or Southern Africa might showcase manufacturing 
companies that have implemented LSS to reduce overall operational waste, where 
improved equipment reliability and reduced downtime would be implicit outcomes. Such 
initiatives often leverage DMAIC to address production bottlenecks, many of which stem 
from maintenance-related issues [4]. 

Some research might present examples of companies using specific LSS tools, such as 
Value Stream Mapping, to analyze entire production lines, including maintenance 
workflows, to identify inefficiencies in equipment servicing or spare parts management. 
While not explicitly African, a case study on LSS in the mining sector demonstrated 
significant improvements in vehicle effectiveness and productivity, which are directly 
related to maintenance performance. Such examples, even from outside traditional 
manufacturing, illustrate the applicability of LSS in asset-intensive African industries. 
Furthermore, studies reviewing LSS implementation in broader contexts, like the Indian 
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manufacturing sector over the 2010-2021 period, often highlight commonalities in 
challenges and successes that resonate with developing economies, including those in 
Africa. These provide analogous evidence for the potential and actual impacts of LSS. 

6.3 Challenges and Opportunities Unique to African Industries 

African manufacturing industries encounter distinct challenges and opportunities in the 
context of Lean Six Sigma-driven maintenance optimization. Challenges often include: 

● Limited Infrastructure: Inadequate power supply, poor road networks, and 
insufficient technological infrastructure can hinder the seamless operation of 
manufacturing plants and the implementation of sophisticated LSS tools, 
particularly those involving automation and data analytics. 

● Skill Gaps and Training: A scarcity of adequately trained personnel in LSS 
methodologies, statistical analysis, and advanced maintenance techniques (e.g., 
predictive maintenance) can impede effective deployment. This necessitates 
significant investment in localized training and capacity building. 

● Data Availability and Quality: Manual record-keeping and a lack of integrated 
data systems can result in poor data quality and availability, complicating the 
Measure and Analyze phases of DMAIC, which rely heavily on accurate data for 
root cause identification. 

● Organizational Culture and Resistance: Traditional management styles, a 
resistance to change, and a lack of understanding regarding the benefits of 
continuous improvement can create cultural barriers to LSS adoption. 

● Financial Constraints: Micro, Small, and Medium Enterprises (MSMEs), which 
constitute a significant portion of African manufacturing, often face budget 
limitations that restrict investment in LSS training, consultancy, and technological 
upgrades. 

Despite these challenges, opportunities abound: 

● Growth Potential: The burgeoning manufacturing sector in many African 
countries presents a fertile ground for implementing LSS to establish efficient and 
high-quality operations from the outset. 

● Adaptability of LSS: The fundamental principles of LSS are flexible enough to be 
adapted to resource-constrained environments, focusing on low-cost, high-impact 
improvements. 

● Leveraging Digital Transformation: As African industries increasingly embrace 
digital technologies, integrating LSS with Industry 4.0 solutions offers a pathway 
to leapfrog traditional development stages, enhancing data analytics for predictive 
maintenance and real-time process control. 

● Sustainable Development Goals: LSS, especially when integrated with green 
practices (GLSS), supports the achievement of sustainable development goals by 
reducing waste, energy consumption, and environmental impact, which aligns with 
broader societal objectives across Africa. 
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7 Leadership, Organizational Culture, and Sustainability 

7.1 The Role of Leadership in Lean Six Sigma Deployment 

Effective leadership is a paramount determinant for the successful deployment and 
sustainment of Lean Six Sigma (LSS) initiatives within any organization, particularly in 
the complex and often resource-constrained environments of African manufacturing. 
Leadership provides the strategic vision, direction, and unwavering commitment necessary 
to initiate, implement, and embed LSS as a core operational philosophy [1][7]. Senior 
leaders must champion the LSS program by articulating its importance, aligning it with 
organizational objectives, and visibly supporting change agents. This includes allocating 
adequate financial and human resources, establishing clear performance metrics, and 
creating accountability for project outcomes [8]. 

Beyond strategic guidance, leadership is also responsible for fostering a culture that 
embraces continuous improvement and data-driven decision-making. This involves 
empowering employees at all levels, providing necessary training and development, and 
recognizing achievements to sustain motivation. In African contexts, where hierarchical 
structures might be prevalent, leaders must actively promote cross-functional collaboration 
and open communication to overcome traditional silos and facilitate knowledge sharing. 
Without consistent and visible leadership engagement, LSS initiatives often falter, 
becoming isolated projects rather than integrated organizational transformations. The type 
of leadership style, specifically one that encourages participation and learning, 
significantly influences the long-term success of LSS. 

7.2 Organizational Culture and Change Management 

Organizational culture fundamentally influences the receptivity and effectiveness of Lean 
Six Sigma implementation in maintenance process optimization. A culture that values 
continuous improvement, data-driven decision-making, collaboration, and problem-
solving provides fertile ground for LSS to flourish. Conversely, a culture characterized by 
resistance to change, a blame mentality, or a preference for reactive problem-solving can 
significantly impede LSS efforts [1]. Change management strategies are therefore integral 
to successfully embedding LSS. This involves careful planning, communication, and 
execution to guide employees through the transition from old to new ways of working. 

Effective change management often includes: 

● Clear Communication: Explaining the rationale for LSS, its benefits, and how it 
will impact individuals and the organization. 

● Employee Involvement: Engaging employees in LSS projects from the outset to 
foster ownership and reduce resistance. Training programs are essential to build 
LSS competencies across various organizational levels [9]. 

● Pilot Projects: Initiating small-scale LSS projects to demonstrate tangible results 
and build confidence within the organization. 

● Recognition and Rewards: Acknowledging and celebrating successes to reinforce 
positive behaviors and sustain momentum. 
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In African manufacturing contexts, cultural nuances and varying levels of education and 
technological literacy necessitate tailored change management approaches. Building trust, 
addressing concerns about job security, and demonstrating the practical benefits of LSS in 
a relatable manner are crucial for overcoming resistance and fostering a supportive cultural 
environment. 

7.3 Sustainability and Post-Pandemic Considerations 

The long-term success of LSS-driven maintenance optimization is intrinsically linked to 
its sustainability and its ability to adapt to evolving environmental and global challenges, 
such as those posed by the recent pandemic. Sustainability in LSS refers to the capacity of 
the improvements to endure over time, generating lasting value. This requires robust 
control plans, ongoing monitoring, and continuous reinforcement of LSS principles within 
the organizational fabric. Moreover, the integration of green practices into LSS (GLSS) 
ensures that maintenance optimization not only enhances operational efficiency but also 
reduces environmental impact, aligning with broader sustainability goals. This includes 
minimizing waste generation from maintenance activities, optimizing energy consumption 
of equipment, and promoting responsible disposal of maintenance materials. 

The post-pandemic landscape has introduced new considerations for LSS deployment. 
Supply chain disruptions, remote work paradigms, and increased demand for operational 
resilience have underscored the need for adaptable and robust maintenance systems. LSS 
can contribute to resilience by optimizing supply chains for spare parts, improving the 
predictability of equipment failures through enhanced data analytics, and standardizing 
remote diagnostic procedures where applicable. The emphasis on quality and efficiency 
inherent in LSS becomes even more critical when resources are constrained and operational 
continuity is paramount. The "post-Covid-19 business scenario" emphasizes information 
technology, making the integration of LSS with Quality 4.0 technologies more relevant for 
sustained improvement and adaptability [10]. African industries can leverage LSS to build 
more resilient manufacturing ecosystems capable of navigating future uncertainties and 
contributing to sustainable industrial growth. 

8 Analysis and Synthesis of Findings 

8.1 Thematic Analysis of Literature (2018–2021) 

The thematic analysis of literature published between 2018 and 2021 reveals several 
recurring themes pertinent to Lean Six Sigma-driven maintenance process optimization. A 
prominent theme is the increasing emphasis on integrating LSS with advanced 
technologies. Studies frequently discuss the synergistic potential of combining LSS with 
Industry 4.0 components like big data analytics, artificial intelligence, and IoT for 
enhanced data collection, analysis, and process control. This integration is seen as a 
pathway to more sophisticated predictive maintenance capabilities and real-time 
operational adjustments, moving beyond traditional LSS applications. 

Another significant theme is the expansion of LSS beyond purely operational efficiency to 
encompass broader sustainability objectives. The concept of Green Lean Six Sigma 
(GLSS) appears frequently, highlighting efforts to minimize emissions, reduce carbon 
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footprints, and promote eco-friendly practices within manufacturing and its maintenance 
functions. This reflects a growing awareness of environmental responsibility and the 
potential for LSS to contribute to corporate social responsibility goals. The critical role of 
leadership and organizational culture also remains a consistent theme, with numerous 
studies underscoring their influence on LSS deployment success [1][8]. Effective 
leadership is crucial for driving change, allocating resources, and fostering an environment 
conducive to continuous improvement. Organizational culture, particularly one that 
embraces data-driven problem-solving and employee engagement, functions as a 
foundational element for sustained LSS benefits. While a global focus on LSS persists, 
there is a discernible, albeit limited, increase in literature specifically addressing LSS 
applications in developing economies, including some mentions of the African context [7]. 
These studies often highlight the unique challenges related to infrastructure, skills, and 
financial resources. 

8.2 Comparative Evaluation of African vs. Global Practices 

A comparative evaluation reveals both commonalities and distinctions between LSS 
implementation practices in African manufacturing industries and those observed globally. 
Globally, LSS applications are characterized by a high degree of technological 
sophistication, with a strong emphasis on integrating Industry 4.0 technologies to drive 
efficiency and quality improvements. Developed economies frequently possess the robust 
digital infrastructure, skilled workforce, and financial capital to leverage these advanced 
integrations, leading to optimized maintenance through predictive analytics and automated 
processes. Studies from such regions often present quantitative data demonstrating 
substantial reductions in defects (e.g., 90% defect reduction) and significant cost savings 
(e.g., millions in savings per project). 

In contrast, African manufacturing industries, while recognizing the value of LSS, often 
implement it within a context of more foundational challenges. The emphasis tends to be 
on basic waste elimination, process standardization, and fundamental quality 
improvements rather than advanced technological integration in maintenance. While top 
management commitment and cultural alignment remain crucial, African contexts 
frequently highlight barriers such as limited access to specialized LSS training, insufficient 
data infrastructure for robust statistical analysis, and financial constraints limiting 
investment in advanced equipment or software. This leads to a slower adoption rate for 
highly data-intensive maintenance strategies like advanced predictive maintenance. 
However, the adaptability of core LSS principles allows for tangible improvements even 
with limited resources, often focusing on manual process optimization, 5S implementation, 
and basic root cause analysis. The potential for leapfrogging technological stages through 
strategic Industry 4.0 adoption, combined with LSS, represents a significant opportunity 
for African industries, as highlighted by some contemporary research. However, the 
practical realization of this potential for maintenance optimization within the 2018-2021 
period remains less documented compared to global counterparts. 

 

Figure 3. Comparative Global vs. African LSS Implementation Landscape 



Journal of Computational Analysis and Applications                                                                                                       VOL. 29, NO. 6, 2021 

 

1362                                               Godwin Uchechukwu Uke et al 1346-1366                                                               

 

The figure contrasts Lean Six Sigma implementation maturity across global and African 
manufacturing sectors. Globally, LSS initiatives are characterized by advanced digital 
integration, predictive maintenance analytics, and strong institutionalized quality cultures. 
In contrast, African implementations focus more on foundational Lean applications 
standardization, waste elimination, and employee training often constrained by limited 
infrastructure and financial resources. The figure visualizes this gradient of maturity, 
illustrating both the capability gap and the opportunity for African industries to leapfrog 
through strategic adoption of Industry 4.0-enabled LSS practices. 

 

 

Table 1. Comparison of Global vs. African LSS Implementation Contexts 

Dimension Global Manufacturing African Manufacturing 

Technological 
Infrastructure 

Advanced (IoT, analytics) Developing, limited automation 

Workforce Skills High Six Sigma literacy Emerging, skill gaps exist 

Data Quality Integrated digital systems Manual/fragmented data 

Financial 
Resources 

Abundant Constrained 

Typical Focus Predictive maintenance Reactive/preventive maintenance 
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This table contrasts key dimensions of Lean Six Sigma (LSS) implementation between 
global and African manufacturing industries. Globally, LSS adoption is characterized by 
high digital maturity, advanced analytical capabilities, and strong integration with Industry 
4.0 technologies such as IoT-enabled monitoring and real-time process control. In contrast, 
African manufacturing enterprises are generally in the early stages of LSS adoption, 
emphasizing foundational Lean tools such as 5S, waste elimination, and process 
standardization. Skill gaps, limited financial resources, and weak data infrastructure remain 
major constraints. However, the adaptability of LSS and growing digital transformation 
initiatives present opportunities for Africa to leapfrog through focused leadership 
development, localized training, and gradual integration of predictive analytics. The 
comparative synthesis underscores the technological, cultural, and economic asymmetries 
that influence the pace and sustainability of LSS-driven maintenance optimization across 
regions. 

9 Discussion 

9.1 Implications for Practice 

The synthesis of literature on Lean Six Sigma-driven maintenance process optimization 
provides several implications for practitioners in African manufacturing industries. 
Foremost, organizational leadership must actively champion LSS initiatives, providing 
both strategic direction and tangible support [1][7]. This involves allocating dedicated 
resources, including time and personnel, and ensuring LSS objectives are integrated with 
overall business strategies. Without this foundational commitment, LSS projects risk 
becoming isolated efforts with limited impact [8]. 

Moreover, practitioners should prioritize building internal capabilities through 
comprehensive training programs. These programs should address both fundamental LSS 
methodologies and specific tools applicable to maintenance, such as Value Stream 
Mapping for identifying waste in repair processes and statistical tools for analyzing 
equipment performance data. Tailoring training to local contexts, considering language and 
cultural factors, enhances comprehension and engagement. Furthermore, fostering a data-
driven culture is critical. Implementing robust data collection systems for maintenance 
activities, such as downtime events, repair times, and spare parts consumption, provides 
the necessary input for LSS analyses. Even with limited advanced technological 
infrastructure, consistent manual data collection and basic statistical analysis can yield 
significant insights [4]. 

For African manufacturing, a phased implementation approach may be more suitable. 
Starting with smaller, high-impact pilot projects can demonstrate tangible benefits quickly, 
building confidence and momentum for broader adoption. Focusing initially on Lean 
principles to eliminate obvious waste in maintenance workflows can yield immediate 
improvements, followed by the gradual introduction of Six Sigma tools to address 
variability and quality issues. Finally, integrating LSS with sustainability objectives, as 
seen in Green Lean Six Sigma, allows for a dual focus on operational efficiency and 
environmental responsibility, which can enhance long-term viability and meet evolving 
regulatory and societal expectations. 
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9.2 Research Gaps and Future Directions 

This systematic literature review highlights several research gaps and avenues for future 
inquiry, particularly concerning Lean Six Sigma-driven maintenance process optimization 
in African manufacturing industries. One significant gap is the limited number of empirical 
studies and detailed case studies specifically focused on LSS implementation for 
maintenance within diverse African manufacturing sectors between 2018 and 2021. Much 
of the existing literature either discusses LSS globally or in broader African manufacturing 
contexts, without a specific emphasis on maintenance. Future research should undertake 
more granular investigations into specific industries (e.g., textiles, food processing, 
automotive assembly) within different African countries to provide localized insights into 
LSS application and its impact on maintenance performance. 

Another area for exploration involves the successful integration of LSS with Industry 4.0 
and Industry 5.0 technologies in African maintenance contexts. While the potential is 
acknowledged, practical implementation strategies, observed benefits, and specific 
challenges related to infrastructure, cost, and skill availability in Africa require further 
empirical validation. Research could focus on developing tailored frameworks for Smart 
LSS in African manufacturing, considering resource constraints and leveraging emerging 
technologies strategically. Furthermore, the role of national and regional policies in 
fostering LSS adoption and its impact on maintenance requires investigation. How 
government incentives, educational programs, and industry associations can support the 
diffusion of LSS expertise and best practices in maintenance across African manufacturing 
warrants attention. 

Finally, longitudinal studies are needed to assess the long-term sustainability of LSS 
improvements in maintenance processes within African industries. Such studies could 
track the evolution of LSS programs, the persistence of benefits, and the factors 
contributing to their sustained success or eventual decline. Comparative studies between 
African countries with varying economic and industrial development levels could also offer 
valuable insights into adaptable LSS deployment strategies for maintenance optimization 
across the continent. 

10 Conclusion 

This systematic literature review has synthesized the current understanding of Lean Six 
Sigma-driven maintenance process optimization, with a specific focus on its application 
and relevance to African manufacturing industries. The review established the theoretical 
foundations of LSS, highlighting its capacity to simultaneously eliminate waste and reduce 
variation in operational processes. The structured DMAIC methodology, coupled with 
various Lean and Six Sigma tools, provides a robust framework for enhancing maintenance 
effectiveness, improving equipment reliability, and reducing operational costs. Globally, 
LSS has demonstrated significant success across diverse manufacturing sectors, with 
emerging trends indicating its integration with advanced technologies like Industry 4.0 and 
a stronger focus on environmental sustainability through Green Lean Six Sigma. 

Within the African manufacturing context, the period between 2018 and 2021 reveals a 
nascent but growing interest in LSS. While direct empirical evidence specifically linking 
LSS to maintenance optimization in Africa remains limited in published literature, the 
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principles are increasingly recognized as essential for improving overall manufacturing 
efficiency. African industries face unique challenges, including infrastructure limitations, 
skill gaps, and financial constraints, which influence the pace and nature of LSS adoption. 
Nevertheless, opportunities for significant improvement exist, particularly through tailored 
LSS approaches that leverage the continent's growth potential and increasingly embrace 
digital transformation. Effective leadership, a supportive organizational culture, and a 
commitment to long-term sustainability are consistently identified as critical enablers for 
successful LSS deployment. This review underscores the substantial potential for LSS to 
drive maintenance process optimization and foster sustainable industrial development in 
African manufacturing, while also highlighting the pressing need for more localized 
empirical research to inform future practice and policy. 

10.1 Contributions and Practical Implications 

● Provides a structured synthesis of how Lean Six Sigma principles can be tailored 
to optimize maintenance processes in African manufacturing. 

● Identifies leadership, data infrastructure, and capacity-building as key enablers. 

● Offers a framework for integrating LSS with digital transformation and 
sustainability initiatives. 

● Serves as a foundation for policymakers seeking to institutionalize continuous 
improvement in emerging industrial economies. 
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