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Abstract 

Lean Manufacturing, since its inception in 1950s-60s by Toyota Company, is among the favorite of the techniques used by 

the companies to reduce wastes and increasing the productivity. The concept was developed to reduce the production 

times as well as the response times from the suppliers to the customers. But with time, it was used as a response to 

competitive and fluctuating business environments. The ability to survive in these competitive times depends on a 

company’s ability to continuously respond to the changes and enhancing the product value. The value addition plays a 

vital role to achieve customer satisfaction and thus the perfection; hence an implementation of Lean is becoming the core 

subject of companies to sustain. Lean considers everything that doesn’t add a monetary value to the product as a waste. 

This is the waste that the customers are not willing to pay for. Aspects of Lean such as Value Stream Mapping (VSM), 

Kanban, 5S, Just in Time (JIT), Kaizen, Total Productive Maintenance, Visual Management, Poka-Yoke, and Single 

Minute Exchange of Die (SMED) etc. are implemented to eliminate these wastes and results in increasing the profit 

margin of the company and also the customer satisfaction. An attempt has been made for the developing the lean route 

map for implementing the lean manufacturing system.  
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Introduction 

The Lean Manufacturing System of simply lean developed as a post war response to boost the Japanese industries in 1950s-60s 

by the Toyota and was initially called the “Toyota Production System” or the “Toyota Way” [1] [2]. Many authors symbolize lean 

as a waste reduction technique, but in practice lean manufacturing aims at maximizing the product’s value by minimizing the 

wastes [3]. Lean defines the value of a product as realized by the customer/consumer and then makes the flow in line with the pull 

system and strives for perfection through continuous improvisation to eliminate the wastes by sorting out the Non Value Added 

(NVA) and Value Added Activities (VA) [3]. These NVAs are the activities which do not add any value for the customer and 

hence they are unwilling to pay for them [4]. These NVA or wastes are Overproduction, Defects, Waiting, Transportation, Excess 

Inventory, Excess Motion, Extra processing, Unused Talents [5]. Successful implementation of Lean Manufacturing elements can 

eliminate these eight wastes.  

Overview of Lean Element 

   The elements of Lean that were considered by earlier researchers include Push and Pull System, Value Stream Mapping (VSM), 

Cellular Manufacturing, Kanban, Single Minute Exchange of Dies (SMED) etc. Push system relies on schedules which are often 

pre-determined. This type of system does not consider much about the waiting time or defects in the various levels of production 

system. The Pull System relies on the requisites of the customer/consumer thereby, checking over production and wastes at each 

level in the production system and thereby eliminating waiting at each junction in the production line [6]. Each activity whether it 

is Value Added of Non Value Added is to be streamed in order to identify the wastes that are flowing with the information and 

production process. This mapping is termed as Value Stream Mapping [7]. The grouping done in order to minimize the production 

time, transportation time and waiting time by smoothen the process flow is called Cellular Manufacturing. Line balancing and U 

–line concept improves the fluctuation line flow. Kanban delivers the right number of parts at the required time [8]. Just in Time 

ensures production without backflow, interruption and scraps or backflow thereby, decreasing the holding cost, easing the Takt-

Time, and decreasing the chances of operator errors and machine failures [9]. Reducing the changeover time by converting 

internal setting time (carried out when machine is at halt) to external time (when machine is in operation) simplifying and 

streamlining the remaining activity is called Single Minute Exchange of Die (SMED) [10]. Improve the production volume, 

productivity and quality by reducing waste, overburden of equipment and operators, and unevenness [11]. 

Lean Implementation Review 

 All the features of a production system like productivity, quality, availability, production volume, and hence, the Overall 

Equipment Efficiency (OEE) can be increased by successfully implementing the Lean principles. A lot of surveys focus on a 

single or two elements or a combination of two-three elements. Lean can be implemented successfully in an organization by 

implementing all its elements and sequencing the implementation task.  This literature review tries to incorporate and sequence 

the lean elements. 
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1. Scheduling 

       An organization can start initialization of manufacturing system implementation by defining a clear production plan. In 

Indian context, some industries use point solutions or customize in order to get their work schedule smooth. Others rely on 

rigorous production schedule and adopt a “launch and hope” approach. They rely on the firefighting skills of their senior workers 

in order to get the production complete. But when the volume of the products is high, automation through software like ERP or 

Microsoft Dynamics AX can help. The ERP system creates production orders (work orders) pointing out what should be 

manufactured in order to meet customers’ demand. While scheduling, the capacity and material must be present. Releasing work 

without these will increase the Work in Progress (WIP) and will result in lowering the profitability. 

2. Employee Perception 

       For successful implementation of lean, identifying the influencing factors on employees’ perception is necessary. Surveying 

can help in identifying these perceptions. As per Losonci et al. [12], an organization should analyze and understand the cultural 

changes of workers in daily life as well as understand the shop floor environment (work environment). The surveys can help us to 

identify the factors which make the workers feel about the success of Lean transformation to reveal the building blocks of 

successful lean transformation. As per Armenakis et al. [13], the belief is a conviction or an opinion that may be subjected to 

systematic verification. As suggested by David et al. beliefs, work methods, communication and commitments influence the 

perception of an employee. The workers involvement and identification can be strengthened by the work methods. Training and 

awareness can help building the employee perception [14]. 

3. Value Stream Mapping or VSM 

       Value Stream Mapping or VSM is also referred to as the material and information flow mapping [15]. It is a lean method to 

analyze the current state in a manufacturing process and design a future state that makes a product to pass through various stages 

until reaching the customer. A VSM is a visual tool which displays all the critical steps in a manufacturing process and quantifies 

time and volume at each level. It depicts the flow of information and materials as they pass through each step. As per Rother et al. 

[16], Visual representation helps in identifying value addition activities in a Value Stream and eliminates NVAs. Drawing a future 

state map based on the improvement plan is the second step in Value Stream Mapping. Value Stream Map indicates waiting time, 

lead time, process time, inventory etc. from which we can identify the critical spots or the bottlenecks against the Takt Time. 

Fawaz et al. [17] illustrates that to evaluate the basic performance measures before implementing lean simulation can be used. 

The continuous improvement initiates with the bottleneck analysis. Simulation tool is necessary for prediction of inventory level 

during demand uncertainty [18].   

4. Takt Time 

       It refers to the frequency of a component or a part that must be produced in order to meet the customers’ demand. In case the  

demand increases, the Takt time increases and vice versa. It depends on the monthly production demand. AS per the suggestions 

of Rahani et al. [19], takt time helps in estimating the costs that is to be incurred in production, ahead of the storage and retrieval 

of finished goods, before time purchasing of raw materials, premature costs incurred on wages, the cost of missed opportunities 

and costs for excess capacity and holding. 

5. Bottleneck analysis 

       Bottleneck analysis refers to the hindrances that exist in a production system which restricts the capability of a production 

line to produce at its full potential. It can be determined by determining the maximum cycle time (CT). It helps in determining the 

exact plant/line capacity.  

Line Capacity= Bottleneck Cycle time X Total Available time                                                                      (1) 

If Bottleneck Cycle Time< Takt Time, the customers’ demand can be met                                                  (2) 

If Bottleneck Cycle Time> Takt Time, Customers’ demand is not met                                                          (3) 

In a manufacturing system, the takt time is identified by past projection or from expected future demand. The VSM then helps in 

bottleneck analysis through the known takt time and the gap between the demands/ requirements and the capacity is calculated 

[19].     

6. Group Technology 

       As per the suggestions of Das et al. [20], grouping of the parts with similarities (in design and manufacturing) can make the 

production planning and manufacturing easy and flexible. This will in turn, help in the implementation of flexible manufacturing 

system. Dissimilar machines can be grouped together to form a cell concept.  
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7. Cellular Manufacturing 

       The grouping of miscellaneous equipments in order to manufacture a family of parts is called the Cellular Manufacturing 

[17]. The route map for every part family is provided by the Value Stream Mapping based on which, dissimilar machines are 

grouped together to form a cell. As per Wemmerlov et al. [22], these dissimilar machines can be grouped in a sequential manner 

to meet the process requirements of the family of similar types of products. Metternich et al. [21] suggested that the efficient and 

effective clustering of machines can be improved by moving workstations, workers or both into a U shaped line that improves 

employees’ interaction. The success of cellular manufacturing depends upon the successful implementation of Line Balancing, U 

line manufacturing and flow manufacturing. 

8. U- Line Manufacturing 

       It is a special type of CM that improves flexibility in a manufacturing system [20]. As per Monden et al. [23], the exit and 

entrance of the U line are placed on the same position. U shaped lines helps in reducing the number of workstations, improving 

the line balance, communication, visibility, flexibility, quality and material handling. Guerriero et al. [22] defines line flexibility 

for stochastic line system and suggests that U line gives a greater flexibility in increasing/decreasing the number of workers when 

demand uncertainty arises. The performance of the U line was evaluated by minimum work relatedness, minimum number of 

workstations and minimum workload smoothness. U line flexibility gets interrupted in mixed model production line by line 

misbalancing and can be overcome by clearly investigating sequencing and balancing tasks carried out at the same time.       

9. Line Balancing 

       Monden et al. [23] in his work suggested that human factors or disruptions lead to the necessity of considering task-time 

variability which leads to the U line balancing problem. The instability of humans with respect to skill, motivation and work rate 

as well as the failure sensitivity causes variability in task time. As per Becker et al. [24] and Chiang et al. [25], task is itself a 

source of variability and explains the environment where the task is performed and the workers who perform the task. This 

variability can be minimized by reducing the cost of movement of machines and men. The time consumed by operator while 

walking and the variations in the cycle time of man and machine leads to the line imbalance.. The changeover times also adds on 

to this invariability. This line imbalance can be overcome by increasing/decreasing the men and machines within the workstation. 

The free flow of information and material in the process of manufacturing leads to the man-machine flexibility [23].  

10. Flow Manufacturing 

       Producing a component or an item at a rate equal to the cycle time is termed as Flow Manufacturing. For successfully 

implementing the flow manufacturing, the need of U line layout, standardized cycle time, multi skilled operator etc. can’t be 

ignored. Moreover, the machines and equipments should be standardized, user friendly and less expensive. The tedious process 

flow, as per Miltenburg et al. [26], can be balanced by customizing the machines in order to balance the workstation cycle time. 

This mixed model flow can be smoothened by designing workstations with small lot size and quick changeovers. 

11. Single Minute Exchange of Die (SMED) 

       This concept was developed by Shingo [2]. Based on the time study and video study, he separated the changeover time from 

internal and external set up time. Internal set up time refers to the time consumed by the activities when the machine is stopped 

and on the other hand, the time consumed by the activities when the machine is in operation is called external set up time. The 

internal set up time or the on line activities and external set up time or the offline activities can be analyzed by the Yamazumi 

chart. Based on the analysis, the possible internal set up can be converted to external set up and the remaining internal set ups are 

streamlined through the introduction of multi operator working panel during on line activities and one touch set up arrangements 

to convert the changeover time to single minute. The sustainability can be attained by standardization. Shingo [2] proposed 

visualization and Standardization as a rule to overcome the adjustment and trial run and machine with multiple production 

tooling. The initial good parameter for the initial trail run can be achieved by Taguchi experiment design. This experimental 

design helps in reducing the wastages in time, material and money by eliminating the trials required before the start of mass 

production. Maintenance, quality, life, safety, plant layout, energy and cost are the deciding factors that affect the decision 

making process in Single Minute Exchange of Die (SMED). Almomani et al. [28], in his research on Multiple Criteria Decision 

making Techniques (MCDM), provided a systematic procedure to select the best set-up techniques. These techniques are 

Technique for Order Preference by Similarity to Ideal Solution or TOPSIS, Analytical Hierarchal Process (AHP) and Preference 

Selection Index (PSI). Greater system flexibility and productivity can be achieved through the integration of MCDM and SMED. 

As per Cheg et al. [29], the set up time influences the make span of the part family I cellular manufacturing. [30]      

12. Batches 

       A set of similar types of products is called a batch. Conventional manufacturing systems run on buffer production system. 

This built in buffer system was introduced to overcome the material flow interruptions in case of machine/ equipment breakdown, 

changeover time, absenteeism etc. Lean focuses on zero inventories in order to increase the visibility of product flows and 

capacity utilization. [31]   
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13. Inventory 

       As per the studies, more than 60 percent of wastes in the industries are due to inventories. Inventories can be classified into 

Raw Material (RM), Work in progress (WIP) and Finished Goods (FG). If there is an increase in the inventory of either of the 

three, then there is less inventory turnover. Inventory plays a decisive role in a company’s turnover. Inventory refers to the 

material that is stored in house in a firm. The sale of finished goods brings revenue to a company whereas, the material that stays 

in the factory adds to costs like the holding cost, space cost, etc. Literatures from over 1000 world class manufacturing units 

reveal that 34% companies try increasing the inventory turnover for at least ten years [32].   As per Sakakibara et al. [33],  poor 

planning results in more WIP. The excess RM ordered takes up the space (space is calculated as a cost in Lean) and adds on the 

cost for holding (refers to the holding cost), defective parts can also lead to the increase in WIP. Unnecessary transportation 

between the workstations increases WIP inventory, overproduction leads to increase in FG inventories which are stored in the 

warehouses and add on to the holding cost. Some of this may even not sell at all. Inventories can be reduced by proper planning, 

Just in time methodology, improving the quality, productivity, availability, lead time, and  delivery. As per the suggestions by 

Demete et al. [34], cellular manufacturing or dedicated line assembly or even manufacturing parts as per customer orders reduces 

the FG. Kanban, JIT and Pull System control the WIP.     

14. Pull System  

        It is a production based on customers’ demands. Smalley et al. classified pull into sequential, replenished, and mixed pull 

system. The success of pull system depends upon the size of batches flowing in a manufacturing system. Small batches (one piece 

at a time wherever possible) is advisable. One piece concept refers to the movement of a single part at a specific time in a 

production system and considers factors such as setup time, sequencing, make to order policy. In a operator walk cycle designed 

by Stockton et al. [44] for an existing single piece flow flexible manpower line, a repetitive sequence was allocated to the 

operators to load and unload machine tools. The machines in this manpower line were arranged in U line. In one piece production 

system, the operator starts producing when shown a signal card or a Kanban card. Li et al [42] suggested that a multi objective 

evaluation is needed for the design of uncertainty based on one piece flow. He also developed the fuzzy ant colony optimization 

model to evaluate the multi objective task in order to minimize the cycle time, cell load variation, number of cells and changeover 

count [43]. The study in this area is limited.  

15. Kanban 

       Kanban refers to the scheduling system and is also called Justin Time (JIT). Its developer Taiichi Ohno developed it in order 

to improve manufacturing efficiency [45]. Lead time and cycle time of the process steps and full process is measured and 

problematic areas are highlighted [46]. It is basically a subsystem of Lean Manufacturing that was created to control the level of 

inventories and the production and supplies. As per the suggestions of Junior et al. [47], an implementer can easily classify and 

analyze the variations in Kanban with the knowledge of creation and accumulation of Kanban systems. Sipper et al. [48] classifies 

Kanban system into transportation Kanban system (for signaling) and dual card Kanban system for signaling both transportation 

and production.   

16. Heijunka 

       Business environments now days, are volatile which can lead to fluctuations in customer demands and invariability in the 

production systems. Leveling of customer requirements/ demands is necessary to overcome these fluctuations as these 

fluctuations can result in unutilized machines, man, quality issues, breakdowns, machine idle times and defects (in overburdened 

capacities) [11]. Bohnen et al. [49] suggested leveling the low volumes and high mix production based on the principle of Group 

Technology (GT). Every Part Every Interval Concept (EPEI) helps in achieving balanced work load in the production system. As 

per EPEI, the products are grouped based on product families and every product type is manufactured in a periodic interval. 

Heijunka controls the variability of the product arrival sequence to permit a higher utilization of capacity, also it avoids crests and 

troughs in the production schedule [49][50].    

17. Quality at Source 

       The quality in a production system depends upon the time in which a defective item is identified in a production process. 

Usually, First Part Inspection (FPI) and First Part Approval (FPA) are performed to check the quality at the source. If the quality 

matches the required standard then the production is continued otherwise, it needs to stop. Error Proofing or Poka Yoke is 

incorporated within the production systems to prevent as well as identify the error occurrences. In manual systems, this quality 

defect can arise due to human causes as well as due to machines. But in automated processes, it is caused due to human errors in 

loading, unloading and set ups. Among the three types of errors, setup errors are prioritized as it creates problems for more 

products. Implementing False proofing helps improving the quality standards and reduces the operator inspection time [25][41]. 
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18. Kaizen 

       Kaizen is a Japanese word which refers to continuous improvement. It is a concept that requires an involvement of all the 

members in an organization from the CEO to the assembly line workers. It is also applicable to logistics and purchasing, which 

can cross organizational borders into supply chain [51]. The aim of Kaizen is to eliminate wastes and redundancies by improving 

the processes and standardization.  Peoples’ inherent desire for cost and quality is the basis of continuous improvement as per 

Berger et al. [37]. The success of Continuous Improvement or Kaizen depends upon the employee belief, teamwork, adaptation, 

leader engagement, initiative, motivation and training. It includes problem solving, training on Kaizen tools and techniques, 

developing ideas and recognition and awards [35] [38] [39] [40]. No one knows a machine and working environment better than 

those who are engaged in it. Kaizen tries to incorporate a feeling of getting rewards and recognition as a part of solving the 

problem or improving the process. It depends upon the bottom up approach. The suggestions are taken from the employees in a 

Kaizen suggestion form and checked for the veracity. If it is implementable then it is used and the cost saved by the 

implementation is calculated.      

19. Work Standardization 

       Development of technical standards based on the consensus of companies, users, interests, standard organizations, users and 

government is termed as Work Standardization [52]. Interoperability, safety, compatibility, repeatability and quality can be 

maximized by Standardization. In the opinion of Berger et al. [37], standardized work is the basic tool for continuous 

improvement. It refers to a set of analysis tools that helps in the development of standard operating procedures (SOP). SOP 

contains all the information pictorially as well as written instructions about the processes that the employees have to perform, its 

cycle time, sequence, WIP and process controls etc. and represents the best thinking to perform a specified job within the 

stipulated time.  Takt time fluctuations can be very well managed by the Standardized work. With the increase in work, more 

workers can be added and vice versa [36] [37]. It was introduced by Monden in 1983 as Standardized Work Chart (SWC), 

Standard Operating Sheet and Standardized Work Combination Table (SWCT). These were helpful in improving, analyzing and 

standardizing the work. The Standard Work Charts takes into consideration the operator movement and location of material with 

respect to machines and layout. Standard Operating Sheet describes the work instructions and standards while Standardized Work 

Combination Table combined manual work time, movements, and time taken by machines to process each operation in a 

sequence. The purpose of SWCT is identifying the wastes such as waiting, overburden, WIP etc. [25] 

       Incorporating and sequencing lean elements are the important factors for successfully implementing the lean manufacturing 

system. In this paper, the roadmap for implementing lean is proposed for implementing lean elements with other independent 

ones. Make a Value Stream Map (VSM) and try analyzing the slacks in the production system. Based on these gaps, decide a goal 

for the implementation. Secondly, incorporate the Group Technology and group the parts in families and form cells of machines 

based on the part groups. Then implement cellular manufacturing along with implementation of U line system and flow 

manufacturing. Try streamlining it with Line balancing and flow manufacturing. This depends on Single Minute Exchange of Die 

(SMED) and lot size reduction to streamline Raw Materials, Work in Progress Materials and Finished Goods. The fourth step is to 

implement Pull System. Fifth step is controlling the quality at source which depends on implementing Poka Yoke or Error 

Proofing. Sixth step involves Kanban to start production. Seventh step Production leveling. The eighth step is is simultaneous 

implementation of continuous improvement (CI) and Standardization. The last step involves EPEI to satisfy customers. 

Summary 

       Organizations focus only on a few aspects of lean such as the pull system, cellular manufacturing, and production leveling 

etc. in order to drive their manufacturing systems. The elimination of lack of planning, sequencing, and interdependent factors of 

lean can result in long term success of manufacturing firms. To overcome this issue, lean elements are implemented in sequence 

with corresponding independent factors. The findings of the paper suggest the lean roadmap to implement Lean Manufacturing.      

Conclusion 

       The conclusion of this review paper suggests that the successful implementation of Lean needs integration of various lean 

elements along with proper sequencing. The paper also suggests a detailed road map which gives a theory for implementing Lean. 

The proposed structure decreases the implementation time and reduces manufacturing system divergence. Lean Manufacturing 

system can be sustained successfully in a competitive working/business environment. Future research should try for an integration 

of Lean principles with automation in order to develop Lean automation. This concept can help us reaping the benefits of Lean 

along with automation to sustain industries with the changing times. 
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