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Abstract— Ever increasing customer demand and competitive environment among manufacturers across the world has engaged the 

industry to adapt advanced manufacturing strategies. The combination of both lean and agile manufacturing can be integrated to achieve 

customer demand and satisfaction. The integration of lean and agile manufacturing concepts would meet complete and qualitative 

manufacturing system. The main purpose of Lean and agile manufacturing is the customer satisfaction with a cost-effective price. The 

integration of Lean and agile manufacturing has been adopted in most of the manufacturing enterprises. Lean mainly leads to 

eliminating the non-value-added activities while agility focuses on rapid response to market demand. Some of the industries use Lean 

concept and lean tools to improve the productivity, but few manufacturing industries use Agile concept to rapid response to customer 

demand. The integration of Lean & Agile concepts meets customer requirements and also increases the productivity which in turn 

increases profit of the industry. The main aim of this paper is to increase profit, productivity and meeting customer demand by integration 

of Lean & Agile implementation in Gear manufacturing industry. 

Index Terms— 5S, Kaizen, Just in Time (JIT), Kanban 

 

I. INTRODUCTION 

The market has grown more cost-conscious and 

demanding in recent years. Any business that wants to thrive 

in the fast-paced market environment of today must have 

strong quality processes. In order to provide the best-in-class 

goods and services in this scenario, it is imperative to review 

the manufacturing procedures and systems in order to 

increase operational efficiency. Historically, the key to 

making money was bulk output and full plant utilization. The 

drawbacks of the conventional manufacturing approach 

include increased inventories of work-in-process and finished 

goods, as well as excessive raw material usage. This 

manufacturing method produced rigid plants that are 

extremely challenging to reorganize. Lean and agile 

manufacturing techniques have been implemented by 

organizations to cut inventory, maintain short product lead 

times, and improve system flow reliability. Lean removes 

low-value tasks from the process and makes full use of all 

available resources, including people, machines, and money. 

The lean manufacturing improves competitiveness by 

inventory reduction and lead-time reduction also improves 

overall quality of the process [1]. 

Lean manufacturing is focused on maximizing customer 

value by minimizing waste, or any activity that doesn't add 

value, through continuous improvement. Lean manufacturing 

which mainly focuses on improving the efficiency of 

operations by eliminating and reducing wastes.  

Agile manufacturing is a production methodology focused 

on achieving rapid, flexible, and innovative responses to 

quickly changing customer demands and market conditions. 

Key principles include speed, responsiveness, adaptability, 

quality, customization, and cost control, often leveraging 

technology and modular design to quickly pivot production 

without significant expense or delay. 

II. OVERVIEW OF LEAN TOOLS  

Lean manufacturing 

The Lean technique eliminates all the process that removes 

non-value-added activities. Eliminating waste entails getting 

rid of pointless meetings, tasks, and paperwork as well as 

ineffective working methods. In manufacturing 

organizations, there are seven main categories of waste: 

overproduction, excess inventory, waiting (lost time), 

unnecessary motion, unnecessary transportation, rework, and 

over-processing/over-engineering. It is acknowledged that 

even small changes can help an organization become more 

efficient and save money. 

Some of Lean tools used in manufacturing are: 

5s: 5S is a lean tool used to improve efficiency in work by 

reducing waste. It helps keep the workplace clean and in more 

efficient manner, which in turn helps to increase productivity. 

It has a five stage of the improvement of the process. It has 

five “S” all “S” gives the different meaning and activity. 

Seiri, Seiton, Seiso, Seiketsu, and Shitsuke. Is a Japanese 

word and translate into English These 5S is: Sort, Set (in 

place), Shine, Standardize, and Sustain [17]. 

• P. Rewers and J. Trojanowska et, al. suggests that 5S is 

one of the basic tools of Lean Manufacturing, from which 

the enterprise starts. 5S is the first step to improve 

production and it can be adapted to both in production and 

in the office. The aim of the 5S is to arrange and well-

organized workplace. The implementation of this tool can 
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improve the quality of the products and services provided, 

raise productivity, improve safety and hygiene of work, 

and as a result increase the stability of processes and 

reduce operating costs of the enterprise [31]. 

• Sirkku Muotka, Amir Togiani, Juha Varis et, al. suggests 

the 5S method is used to organize and maintain work areas 

to enable a smooth and efficient flow of work. By 

minimizing waste in the production cell and establishing 

and upholding an organized work environment, 5S seeks 

to maximize productivity. The five steps in the 5S process 

are used to organize the workplace, design a course of 

action utilizing standardization to facilitate future 

development and improvements, and generate visual 

reminders to assist maintain the established order. One 

typical visual result of 5S implementation is that all tools 

on the pegboards have organized, labelled, and color-

coded storage locations. [34] 

• Sirkku Muotka, Amir Togiani, Juha Varis et, al. suggests 

that these findings demonstrated that the Design Thinking 

methodology and its cycle of empathy, definition, 

ideation, prototype, and testing aligns with the 5S 

implementation and supports its procedures. The study 

showed that these two approaches may be effectively used 

to the upkeep and arrangement of secure and comfortable 

workspaces, which is a prerequisite for improved quality 

by 12% and more effective productivity optimization. It 

was also demonstrated that the applied design thinking 

methods were sufficient to address the underlying causes 

of complicated issues. [34] 

• Rizkya et al [4] presented a 5S implementation process 

preceded by observation, interviews, and documentation, 

reporting the 18,75% reduction in search activity and the 

minimizing of the total area used up to 11, 20%. Karthik 

et Silksonjohn [5] report time savings, improved safety, 

and effective workplace organization gained by following 

the 5S principles.  

Just in time (JIT):  

Just-in-Time (JIT) is an inventory management and 

production strategy where materials, components, and 

finished goods are delivered and produced only when they are 

needed in the manufacturing process. By reducing waste and 

inventory. JIT seeks to boost productivity, cut expenses, and 

enhance product quality. A key component of lean 

manufacturing is just-in-time. It is linked to lean 

methodologies. The right part arrives at the right location at 

the right time thanks to just-in-time manufacture. By 

producing things just when needed, the just-in-time (JIT) 

manufacturing technique seeks to boost efficiency and 

decrease waste. 

• Santosh Kumar et, al. (2014) applies the lean tool such 5S, 

Kaizen, JIT, VSM by method time measurement and line 

balance efficiency and reduce the cycle time in a truck 

body assembly line and improve efficiency in that product 

line. Also says that lean manufacturing is a business 

philosophy that continuously improves the process 

involve in manufacturing [16]. 

• P. Rewers and J. Trojanowska et, al. suggests the main 

goal of the Just in Time concept is to minimize inventory 

while guaranteeing on-time production and delivery. Just 

in Time necessitates minimizing inventory, identifying 

and removing faulty parts and materials promptly, and 

avoiding inappropriate operation. Using the pull system 

and continuous flow, JIT enables you to synchronize 

every step of the production process. This approach 

makes use of Kanban, which establishes the appropriate 

time to start the production process. This shows the 

production lead time has been reduced by 25% which 

increases the productivity. [31]. 

• S. Neha, M. G. Singh, K. Simran, and G. Pramod et, al. 

suggests when lean management was first used outside of 

Japan, it was known as JIT. The lean management method 

provides provision of high-quality products and services 

in perfect synchronization to customer needs with no 

waste. a production philosophy founded on the deliberate 

removal of all waste and ongoing productivity 

enhancement. It includes the effective completion of 

every manufacturing task necessary to create a finished 

good. The productivity is increased by 156% which 

increases the sales and inturn increases the profit of the 

industry. [32] [33]. 

Kanban 

Kanban is a subsystem of the Lean manufacturing system 

which was created to control inventory levels, the production 

and supply of components.  

Junior et al.  [18] suggest that the implementer can 

categorize and analyze the Kanban variants using the 

knowledge gained from the development and accumulation 

of the Kanban system. Sipper and associates. Make a 

distinction between the dual card Kanban system for 

production signalling and the transportation Kanban system 

for signalling. Buffer maintenance smoothes the production 

flow and reconfigures the Kanban System to reduce inventory 

during demand uncertainty. Therefore, the Kanban system 

offers mixed model production and the ideal inventory level, 

which reduces lead time for product delivery and makes 

efficient use of resources like people, machines, etc. [17]. 

• Junior et al.  suggests that the Japanese word kanban 

refers to the pulling of a product through a production 

process. Kanban aims to notify a previous process when 

parts or materials are needed for the subsequent process. 

A workstation process that generates few faults can be 

significantly enhanced by kanban. However, the system 

may become "starved" for parts if there are workstations 

with high defect rates (a hidden factory). By combining 

kanban with an IEE measurement and improvement 

system, this issue could be prevented. Between a supplier 

and a client, kanban might serve as a relay signal. Lights, 

color balls down a tube, or a computer network can all 
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produce kanban signals. By using a barcode system to 

measure product quantities sold, a food market can 

determine when to stock. Lights, color balls down a tube, 

or a computer network can all produce kanban signals. By 

using a barcode system to measure product quantities 

sold, a food market can determine when to stock. When a 

product pull occurs, a stockperson uses first-in, first-out 

product restocking to supply the designated quantity. The 

kanban system allows the provider to know how much 

merchandise to supply a strategy to keep the material 

flowing in an ordered fashion. Material order points, the 

amount of material required, and when it should be 

delivered are all indicated on kanban cards. The output of 

materials gradually increased from 40% to 55% by using 

Kanban and JIT. The wastage also reduced by13%.   [18], 

[21].  

• Vikash Sharma, Shashank Kumar, Rakesh D. Raut et, al. 

suggests there are numerous varieties of kanban that can 

be employed, and the system is highly adaptable. 

Similarly, they can be applied in a wide range of ways as 

long as the business complies with the fundamental 

kanban guidelines. Because it uses direct communications 

to generate material—that is, to supply and the 

customer—this system is an effective tool for cutting 

waste during manufacturing. Producing it is the pull 

signal. When the customer withdraws output, the kanban 

shows exactly what the customer is utilizing and, 

consequently, what they will require in the future. This 

paper shows that inventory and work in process is reduced 

by 18%, which increases the productivity.  [27]. 

Continuous Improvement (CI)/Kaizen 

Kaizen: Kaizen is a Japanese word kai means continuous 

and zen means improvement. Its main focus on completely 

improves the product and satisfy the customer. Continuous 

improvement is the small incremental improvement in overall 

efficiency. It increases the productivity, profit and overall 

effectiveness of the company. Kaizen and 5s are the 

component of continuous improvement Continuous 

Improvement (CI) is inventories exposes waste such as the 

idle time, waiting time, inventory and resource problem [17]. 

• Lean production means continuous improvement; we 

must keep on changing the future state into current state 

for getting the better results. Kaizen tool has greatly 

proved to be a effective tool for eliminating waste in cycle 

time. This powerful tool only highlights process 

inefficiencies, transactional and communication 

mismatches but also guides about the improvement areas. 

On the shop floor time is money. If the time is wasted 

money is wasted. By applying the Kaizen and value 

stream mapping tool in a small-scale automobile industry, 

a current state map is developed. By eliminating non-

value-added activities. This shows marked improvement 

in the process inventory, production lead time and 

processing time. In this study process inventory time 

reduced from 3 to 1 days resulting in improvement of 

33.33%. Process lead time was reduced by 52.94% and 

the processing time was reduced by 80.69%. 

• The Japanese term for constant improvement is kaizen. 

All employees are involved in this attitude of constant 

quality and productivity improvement at work, which 

enables quick efficiency gains without requiring costly 

investments. When considering the organization of 

business and supply chain activities, production 

efficiency is a critical issue. Thus, increasing a production 

process's efficiency is a crucial component of action 

control. Kaizen should be applied among the staff 

members who directly create products as well as at the 

tactical and operational levels of management. Top 

management, whose job it is to establish a suitable 

workplace culture that supports ongoing development, 

should support the entire process. [31]. 

Agile manufacturing 

Agile Manufacturing is the technique used to meet 

customer demand rapidly. It helps to rapidly response to 

customer requirement. Agile manufacturing aims to satisfy 

customer demands. Accurate data analysis and study are 

essential for making industrial modifications in order to make 

the most efficient and wise use of important resources, such 

as labour, equipment, materials, and money. An organization 

can improve its production by being flexible or agile. Agile 

looks at how quickly and efficiently an organization reacts to 

management information and/or business intelligence, as 

well as the caliber and applicability of the decisions that are 

taken afterward.Some of the papers on both lean and agile 

implementation in manufacturing industries. 

• C. Hemalatha, K. Sankaranarayanasamy, N. Durairaaj [1] 

suggested that it reduces the overall time needed to create 

the assembly by implementing both Lean and Agile 

manufacturing for work-in-process. Lean and agile 

strategy execution calls for fundamentally novel ideas in 

terms of people, organizations, technology, and strategies. 

One of the most effective strategies for lowering WIP is 

the application of Lean and Six Sigma concepts. The 

process's setup and cycle times have been shortened by 

13% which was ealier much higher than 30% by 

incorporating lean and agile manufacturing, which has 

decreased overall time by 11%. 

• Dharmendra Hariyani, Sanjeev Mishra, Milind Kumar 

Sharma, Poonam Hariyani, ISGLSAMS is a fast, 

adaptable, sustainable manufacturing system that can 

react swiftly to shifts in consumer demand in the 

marketplace. ISGLSAMS combines lean, agile, six 

sigma, green, and sustainable practices all at once under 

one manufacturing facility. To position itself for the 

ISGLSAMS competition, the organization must plan at 

the strategic level, taking into account both its strengths 

and shortcomings. Planning at the tactical level aids the 

business in developing the resources necessary to achieve 
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long-term strategic objectives. Operational-level planning 

helps the company carry out its operations in an ISGLSA 

way to satisfy market performance targets and business 

sustainability standards [19]. Organizations can create a 

new business model for competitiveness and business 

benchmarking with the use of an integrated strategic 

approach [12]. 

• Dilupa Nakandala, Arun Elias, Hilal Hurriyet suggested 

that Lean and agile implementations lead to continuous 

process improvements, with the continuous improvement 

of existing processes and systems by developing existing 

knowledge and skills identified as a requirement for 

Industry 4.0 technology challenges [13]. Lean as a 

platform for Industry 4.0 adoptions has been the primary 

focus of several studies [22] [23] but agility, the twin 

strategic approach to lean, has not received much 

attention in Industry 4.0 technology research [24]. Several 

studies have taken the deductive research approach and 

investigated the integration of lean and Industry 4.0 

technologies for the sustainability performance of firms, 

such as in lean automation [25]. Hence, this study takes 

an explanatory approach and empirically investigates the 

effects of lean and agile practices on Industry 4.0 

implementations and the role of leadership and innovation 

in the relationships between lean, agility and Industry 4.0 

technology adoptions [13]. Both exploratory and 

exploitative learning are investigated as distinct 

constructs to assess their effects on the relationships 

between lean and Industry 4.0 technology implementation 

and agility and Industry 4.0 implementations. The 

uniqueness of this study lies in the fact that it empirically 

links lean, agility and contextual ambidexterity with 

Industry 4.0 implementations. The findings extend the 

industry 4.0 literature by providing empirical evidence for 

the important role of lean implementations in Industry 4.0 

implementations and the role of exploitative learning in 

fully translating organisational agility and partially 

translating lean effects on Industry 4.0 implementations. 

The findings are relevant and current and inform 

practitioners of how their investments in lean and 

exploitative learning enable their Industry 4.0 technology 

implementations.[14] 

• According to K. Venkataraman (2014) [30] claims that in 

order to reduce and eliminate waste, a number of firms 

have been implementing lean manufacturing in recent 

years. Value stream mapping is used in this article to 

shorten the crank shaft's cycle time. There is a three-

assembly available for creating a crank shaft, and it 

improves the process and reduces waste. A variety of tools 

are used and have advantages. They build a current state 

map of the crank shaft assembly line and a future state 

map for enhancing the crank shaft assembly process. This 

shows the by elimintating waste the industry increases the 

productivity by 15% and also response to customer 

requirement. 

• Nitin Upadhye et al, (2010) descried significant steps the 

business has taken to use the lean mindset in order to 

increase its efficacy and efficiency. In order to use lean 

manufacturing processes in MSME, this study tried to 

identify a number of wastes and problems. Lean 

Manufacturing Systems (LMS) have been found to assist 

in identifying and reducing waste. To identify and remove 

waste in an MSME, lean tools such as kaizen, JIT, VSM, 

5S, SQC, preventive maintenance, total employee 

involvement, and SMED were employed. MSMEs will be 

able to leverage their strengths and overcome their 

deficiencies with the aid of lean tools and methodologies. 

It is advised that any organization, regardless of rank, use 

the lean concept as a method for improvement. The best 

improvement approach for all manufacturing sectors, 

including OEMs and component production, is lean 

management. 

III. CONCLUSION 

Some of the research paper uses lean tools such as 5S, 

Kaizen, VSM, JIT, TQM and many other Lean tools, which 

helps to reduce setup time, production lead time, inventory 

and wastages. But lean tools are not sufficient in the present 

competitive world, we should also satisfy customer demand 

very quickly. Therefore, Lean and Agile implementation in 

manufacturing industry research help us to know how 

integration of Lean and Agile will contribute to this 

competitive world. Some of the papers adapted lean concepts 

to improve productivity. Many research suggests that 

combining lean and agile increases the organization benefits. 

The review papers suggest to use some lean tools to reduce 

setup time and agile to meet customer requirement.  

Lean concept focuses on eliminating non-value-added 

activities while agile detecting and responding to uncertain 

changes of the market. Challenges for competing in the 

business environment makes lean and agile as vital 

capabilities of a manufacturing organization. Both concepts 

are able to achieve strategic objectives through improving the 

overall performance. Many research suggests that combining 

lean and agile via decoupling point increases the organization 

benefits. This paper redefines lean and agile, and describes a 

comprehensive methodology for performance analysis at 

enterprise level based on both concepts [2]. 

Lean tools such as 5S, Kaizen, JIT are used in the machine 

shop and Agile is implemented to the gear box manufacturing 

process to reduce production lead time, setup time to increase 

Productivity, which in turn increases Profit of the company. 
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