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Abstract—   Elimination of Industrial muda (waste) is major dispute faced by the Indian Automobile Industry’s experts 

in daily production activities. Most of firms have eight types of industrial muda namely Waiting Time in processes, 

Transportation of raw material, Unnecessary Motion of products, Over Production, Over Processing, Improper 

inventory management, Defects in finished goods and Lack of knowledge. Every industry faces particular waste that 

occurs in their production activities. To find out the major contributing lean waste, a survey of 77 automobile industries 

in India is done and ranking is given based on average of the responses received from the industry. The respondent were 

asked to rank in order the major productivity loss by various lean waste to find highly impacted lean muda in Indian 

Automobile Industries. Based on the results transportation is major muda and over processing is minor muda. This 

study also discusses ways to eliminate these muda.  

 

Index Terms— Inventory, Lean Waste, Muda, Over Processing.  

_____________________________________________________________________________________________________ 

 

I. INTRODUCTION: 

The lean management makes it possible to obtain a product that adapts to actual demand of product using the minimum amount 

of resources and therefore minimizing the cost of product, with the appropriate quality and quick response. For this purpose, all 

activities that do not add value, called waste or muda, must be eliminated, including inappropriate processes, unnecessary 

inventory, unnecessary movement and stocks of all kind, which would result in increased costs [1]. Industries that have 

successfully reduced their internal muda through lean production also implement practices for better product management [2-3]. 

Lean production is a standard in the global automobile industry and is now find useful in other manufacturing sectors [4-5] and 

even in other service industries as well [6]. This attention on waste reduction is can be achieved in industry as process 

simplification, inventory reduction and the identification and elimination of non-value-adding processes or motions [7]. Most of 

the Indian automobile industry are using cellular manufacturing but to remove out various process waste and to compete in global 

market lean tools will definitely come handy for Indian automobile industry. 

Landsbergis [8] have discussed the subject based on reviews of the literature, without the support of empirical data. Jackson 

[9] identified both positive and negative effects of Lean Production in terms of physical demands, social climate and autonomy. 

Lean manufacturing is also expected to enhance the industry’s ability to improve customer value in terms of lower prices and 

quality products, which will enhance market performance of industry [10]. In order to test the proposed hypotheses, the authors 

used the International Manufacturing Strategy Survey (IMSS-IV) data collected in 2005. The ambiguity of the impacts of LP on 

working conditions was also detected by whom analyzed 52 scientific articles on the subject [11]. The use of surveys have been 

the most frequent research strategy to evaluate the human impacts of the Lean Production. It has been difficult to undertake deep 

investigations into this issue based on qualitative data. Surveys have been conducted by [12-13] states that field research was the 

most suitable method for learning about the company’s general Lean history, the nature of its lean transformation and its 

inside/outside dynamics. We should highlight at this point that the case company’s lean production efforts have been successful 

in terms of both financial measures such as savings, profit, etc. and non- financial such as operational measures. With the use of 

quasi-exploratory case study is to gain support and an explanation of our survey-based study. Most of the previous research focus 

on the impact of lean, but this study mainly focuses on the impact of major muda’s that occurs in the industry. It also states that 

the level of muda that occurs and the parameters that are associated with the muda are explained. 

 

II. METHODOLOGY: 

A questionnaire was developed by us to collect the data to find out the major waste in Indian Automobile Industry. The 

questionnaire was developed as per the pre assessment made on the workplaces of the automobile industries. In questionnaire 

various 8 Lean waste are listed and respondent were asked to arrange them in order of major wastage of productivity in their firm. 

The Survey Invitation is send by mail to almost 188 Indian automotive manufacturing companies that manufactures two-wheel, 

three-wheel and four-wheel vehicles and automotive components. The company profile contains name of company, location, type 

of industry, main products, and E-mail address. After reminders and e-mails, 77 responses were received, a 41% response rate. 

 

Table 1. Statistics of Respondent Companies 

           Sr. No. Parameter Under                                

Consideration 

Indian Respondent 

N=77 (Out of 188) 
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              1 No. of Employees 

in Company : 

 

 

 

< 50 11 

50-100 8 

100-150 18 

150-200 13 

200-250 7 

250< 20 

              2 Company Domain :  

Automobile Component 

Manufacturer 

36 

Automobile Assembler 17 

Automobile part vendor 11 

Automobile service 

provider 

13 

              3 Company Annual Sales 

(Approximately In INR) 

 

 

<50 Lakh 8 

50 Lakh -1 Crore 12 

1 Crore - 5 Crore 26 

5 Crore – 10 Crore 10 

> 10 Crore 21 

              4 Annual Sales of Products 

(in  Units/Year) 

 

 

<500 0 

500-1,000 11 

1,000-5,000 6 

5,000-10,000 16 

10,000-20,000 12 

20,000-50,000 17 

50,000< 15 

              5 Average Domestic Sales of 

Company (in %) 

81.221 

              6 Average Export of 

Company (in %) 

18.779 

              7 Respondent Position in 

Company 

 

 

CEO/President 7 

General Manager 15 

Factory/Plant Manager 11 

Production/Engineering 

Department Manager 

23 

QC/QA Manager 9 

HR Manager 5 

Sales Manager 7 

 

III. LEAN WASTE TAKEN INTO CONSIDERATION FOR ANALYSIS: 

    The details of various eight major waste taken into consideration are given below. The major wastes according to survey results   

are  discuss along with the statistics obtained from the survey. Discussion on the each waste and remedies are discuss below. 

1) Transportation: 

The transportation is ranked first in wastage of time in Indian Automobile Industry according to survey results. Transportation 

is function of =   f (plant process layout, travel distance, etc.). The majority of transportation costs is generated by moving raw 

materials to a manufacturing place and moving finished products to a customer. The finished product is form at far away from 

its application place and to transfer that finished product up to its application point lot of time and money is spend. The cause 

of this transportation is the centralized production of a product, and the design of the supply chain supporting production. In 

most industries, large scale centralized production is present and as a result product may be produced miles away from where 

it is needed. The supply chain management has a big effect on transportation.  Sourcing raw materials locally in industry can 

reduce transportation costs and saves transportation time. When making sourcing decisions, the transportation costs are typically 

included in the total cost of the material being acquired [14] .Inside a facility, transportation is caused by wait time and inventory. 
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Every break in a process that causes wait time has the potential to allow WIP (Work in Process) to accumulate [14]. With large 

number of finished goods and raw material inventories, transportation costs also increases. The bigger the warehouse, the higher 

the transportation costs spend on the warehouse. In some cases, the transportation is typically of workers and not products. 

Many companies recognize and consider the transportation costs of employees travelling as well. To found match between sales 

and production figures of product, sale and product planner’s need to meet regularly and if they are located far from each other 

then also transportation waste increases. To reduce transportation cost some industries have adopt the local manufacturing in 

which some big parts of product which are required in large numbers are manufactured near to customer place and by doing so 

the transportation cost and time is reduces. Every restaurant gives a make-to-order manufacturing facility close to customers. 

Companies should develop supply chains that minimize transportation muda. Survey results shows about 60% Indian 

automobile industries consider transportation as major wastage of productivity. The details of respondents who consider 

transportation as a major waste out of the eight waste are given below. 

            From Table 2 the percentage of respondents who consider transportation as major muda in automobile industry are 

59.74%. The percentage of respondents rank transportation second are 12.99% and so on. 

 

Table 2. The percentage of respondents for Transportation 

         Rank               No. of Response      Percentage 

           1                          46         59.74 

           2                          10         12.99 

           3                           5           6.49 

           4                           8         10.39 

           5                           3             3.9 

           6                           0               0 

           7                           5           6.49 

           8                           0               0 

 

2) Inventory: 

As Inventory is commonly thought of as the finished goods, a company accumulates before selling them to end users. But 

inventory can also describe the raw materials used to produce the finished goods, goods as they go through the production process 

(referred to as "work-in-progress" or WIP), or goods that are "in transit"[15]. Inventory is function of = f (cash flow, production, 

order, floor space, etc.). Causes of Inventory Overproduction, another of the 8 Wastes, are important cause of inventory. Processes 

and bonus or incentives that encourage producing too much product will lead to higher inventory levels. It protects against foreseen 

events such as a machine breakdown, material shortage, or natural disaster. Casually controlled processes lead to inaccurate 

forecasts, lot sizes, poor communication with customers and suppliers. All of these imperfections will result in higher inventory 

levels.  The most prominent effect of inventory is the capital required to carry the inventory. The cost of inventory is major, and 

that cost generates no returns. By reducing the inventory required to operate, the business can spend the capital   it requires in 

order to carry out that inventory in other productive activities and by doing this a growth in the business can be achieved. As 

inventory levels go up, the capital investment in storehouse space also increases. Large warehouse with improper management 

insures more time is spend in moving product into storage and out of storage locations. Damage to inventory also increases a 

waste of capital, as more inventories are stored for longer times will definitely produces some damage to raw materials and for 

finished goods also. The larger the inventory in the industry, more labors are required to maintain inventory.  

 

Table 3. The percentage of respondents for inventory 

            Rank               No. of Response        Percentage 

              1                            9             11.69 

              2                          39             50.65 

              3                          11             14.29 

              4                            2                 2.6 

              5                            3                 3.9 

              6                            9             11.69 

              7                            4               5.19 

              8                            0                    0 

 

A plant that has one day’s inventory on hand will have a fast and easy access to inventory compared to a plant with a year of 

product in storage as to get up to the stored parts is also consumes lot of time. Solution for inventory is essential to organize 

processes and reduce lead times. Every reduction in lead times allows a reduction in the inventory in hand. Eliminating WIP (work 

in process) can be achieved by creating a organize flow of material through the production process. Every interruption in a process 

requires WIP to be stored and relocate between manufacturing processes. Eliminating these interruptions allows the elimination 

of WIP. Better forecasting and a shift to a pull system will eliminate the large forecast variances that lead to overproduction and 

increases in inventory levels. Any effort seeking to reduce inventory must have rewards to motivate employees to minimize 

inventory. To popularize the proper usage of inventory management should make a decision as the reduction in inventory cost, a 

part of it will be given as bonus to the employees, so that employees also suggest some ways to minimize inventory waste. Survey 
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results stated that the inventory rank 2nd according to respondents and is second major waste out of the eight waste and results are 

given below. 

       From the table 3 the number of respondent percentage is 50.65% strongly agree inventory as second major waste in Indian 

automobile industry and 11.69% spick it as major waste. Some industry not consider inventory management as waste and placed 

it at 6th or 7th major waste of productivity in the industry and rightly so as many of companies implementing a lean techniques to 

counter this major waste. 

3) Unnecessary Motion: 

Unnecessary motion or movement in the manufacturing industry will result in processing delays. Other unutilized factor is 

employees lost time, unused skills, employee ideas, and guidance in simplifying the process. Unnecessary motion is a function of 

= f (operator experience, wastage of time, injury, difference in operators talent, underrated assignment to an experienced operator, 

etc.). 

     Survey results shows that the almost 30 people out of 77 placed Unnecessary motion in automobile industry as 3rd major 

waste from which the productivity is lost. From the table 4 the number of respondent percentage is 38.96% pick it as 3rd major 

waste and almost 40% respondent place it between four to sixth place. Therefore, survey results shows that automobile industry 

do consider the wasted or unnecessary motion as a major waste. 

 

Table 4. The percentage of respondents for unnecessary motion 

            Rank                   No. of Response       Percentage 

               1                               4             5.19 

               2                               5             6.49 

               3                             30           38.96 

               4                               9           11.69 

               5                             10           12.99 

               6                             13           16.88 

               7                               3               3.9 

               8                               3               3.9 

 

4) Waiting Time: 

Delay or waiting is  usually caused by the loading and unloading the work piece in the machines and also waiting time is 

caused by processing delays, machine downtime, response time and signature required for approval of work is also contributes to 

wait time. The reason for the delay and waiting for materials is questionable especially in automobile industry as continuous and 

flexible production is generally present in them. The operator’s time allocation is more than that of the actual processing time. 

This excess time allocation for the operators to do the job increases the overall wait time and delay in the process. Efforts need to 

make the flow smooth and even wait time = f (machine downtime, response time, signature approval, etc.)[16]. In Indian 

automobile industry even for single change in reference level of a product will required a involvement of a major authorities but 

they are not always present at their place and due to that often or not the delay in production or process to complete is takes place. 

According to Survey results waiting time ranks 4th major wastage of productivity in Indian automobile industry. From the 

table 5 the percentage of respondents around 38% placed waiting time is 4th major waste in automobile industry. Even around 

18.18 % respondent placed it at 3rd rank. So waiting time is also a major muda by whom the productivity of the automobile industry 

is gets affected. 

 

Table 5. The percentage of respondents for waiting time. 

             Rank                   No. of Response        Percentage 

               1                             2              2.6 

               2                             3              3.9 

               3                           14          18.18 

               4                           29          37.66 

               5                            16           20.78 

               6                             4             5.19 

               7                             0                0  

               8                             9           11.69 

 

5) Defects in Product: 

Defects in product leads to design changes, additional rework, process changes, inspection, and addition to that is machine 

downtime. The original cost as already spend and also unnecessary rework or replacement costs are added.  Defect in product is 

function of = f (Inspection, rework, changes in design, changes in process parameters, scrap, some additional paperwork, etc.). 

Poor product quality and the resulting defects are a major source of waste for many automobile manufacturing companies. A 

defect is any non-acceptable error in a process that makes a product less valuable to a customer. To make it acceptable or useful 

to a customer it requires additional processing to correct the defect. By doing so lots of time and money is wasted. Therefore, 

defects in product is one of the major waste of productivity in Indian automobile industry. The lot of companies are focusing on 

adoption of lean tools to close look on quality of product to minimize the waste cause by it. Total Quality Management (TQM) 

was a majorly use in automobile manufacturing industry before lean was adopted extensively. It was easy for a firm to predict 

that defects in product is a major waste. Therefore, to counter that quality initiatives were designed to reduce and eliminate defects. 
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The processes that are prone to defects are made highly controlled. A well-controlled process should produce acceptable products 

every single time. Changes to machine setups, variations in raw materials, wear and tear of machines, improper maintenance and 

poor training of workers can all lead to variation in quality of product and may produce defects. Inadequate planning, poor 

communications and insufficient training can all lead to errors at workplace. Defects in product affects both direct and indirect 

costs. The direct cost consist of materials and labor work that get spend on the part which turn to be defective, and the rework cost 

consist of cost which is spend on correcting that product defect. If the product defects are overlooked and not corrected before 

dispatch, they can reach the customer. A dissatisfied customer can tell other people about product quality, which definitely affects 

the product sales, industry must make sure that no defected product could reach to customer. Workers are often responsible for 

product design, delivery, service, planning, and scheduling and if they treat properly by management, the defects can be eliminated 

from the root.  

       Survey results shows that around 25.97% respondent place product defect as 5th major muda in automobile industry and 

around 23.38% people placed it at 4th position. Therefore, defects in product is a major waste out of the eight waste. Table 6 shows 

the percentage of respondents for defects. 

 

Table 6. The percentage of respondent for defects in product. 

           Rank                 No. of Response         Percentage 

            1                            4               5.19 

            2                            6               7.79 

            3                            8             10.39 

            4                          18             23.38 

            5                          20             25.97 

           6                            7              9.09 

           7                            6              7.79 

           8                            8            10.39 

 

6) Lack of Knowledge: 

Operator skills and the knowledge decides the fortune of the finished product. Highly skillful machine operator will 

manufactures a product with very rare defects in it as compared to one who is less skillful. If operator and whole of firms 

employees are enough knowledgeable then there knowledge and skills can be shown in the product quality. Another profit of 

knowledgeable employees is, if any operator not come due to some reason then other operator who is replacing him or her is also 

of same skills and there will be no difference in product produced by both. Lack of knowledge about anything will not give us 

better results, it is applied in automobile industry also. Lack of knowledge is increase WIP as any difficulty is come during 

production is takes a lot of time to rectify and further more time to solve it. Lack of knowledge can be compensate by proper 

training of employees along with the proper guidance from higher people. 

    Survey results shows that around 35.06% puck it as 6th major waste out of eight major waste in Indian automobile industry. 

19.48% respondent placed it at 5th place. Table 7 shows the details of the percentage of respondents for lack of knowledge.  

Table 7. The percentage of respondent for lack of knowledge. 

           Rank                  No. of Response        Percentage 

              1                              3                3.9 

              2                              2                2.6 

              3                              4              5.19 

              4                              3                3.9 

              5                            15            19.48 

              6                            27            35.06 

              7                            12            15.58 

              8                            11            14.29 

 

7) Over Production: 

Over production is also one of the major waste in Indian automobile industry. As parts or products are being manufacture 

without any prior order or demand from the customer side then the cash is get invested in those over produced component and the 

growth of the firm get affected. Those excess produce components may be sold with reduced price to clear out the stock to get 

investment back or to lower the inventory for the next year’s production [17-18]. Producing more products than the actual demand 

or produce it before it actually needed is called as over production. Overproduction means making more than that is required by 

the next process, making earlier than that is required by the next process, or making faster than required by the next process[17-

18]. The Lean principle is leads us to manufacture based upon a pull system, or producing them as order received from the 

customers [19].  

  Survey results shows that around 23.38% respondents from automobile industry placed overproduction at 7th major waste of 

productivity in Indian automobile industry and 35.06% placed it at 8th place. Table 8 shows the details of the percentage of 

respondents for over production.  

 

Table 8. The percentage of respondent for over production. 

            Rank                  No. of Response        Percentage 

               1                              4              5.19 
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               2                              9            11.69 

               3                              4              5.19 

               4                              4              5.19 

               5                              5              6.49 

               6                              6              7.79 

               7                             18            23.38 

               8                            27            35.06 

 

8) Over Processing: 

To apply lean principle in Indian automobile industry it is important to observe each activity or each process as potential waste. 

Processing is function of = f (Work in Process (WIP), process steps needed, WIP location, etc.). The activity must add value to 

the product quality and so as to customer, and must be an activity that cannot perform of its on. To recognize over processing as 

waste it is important to examine every activity or process in correspondence to lean only. The primary cause of some processing 

steps to occur is a failure to recognize that processes as a waste. Every process in the manufacturing operation is often assumed 

value added process and that heads everyone to overlook processing as a one of the source of waste. In industry, many processes 

are unnecessary. Another usual cause of over processing is complicacy. As the complicacy of a process is increase, there will be 

rise in number of unnecessary steps. In an automobile industry, over processing is a very usual muda. Many steps of approval and 

reviews for making decision do not add any value in productivity. There may be many controls and sensors installed to ensure 

quality of product but many of these activities are wasteful. Eliminating processing steps that do not add any value to the process 

can effectively improve the speed of operation and significantly reduces the costs.  

 

    Survey results shows that about 24.68% respondent consider over processing as one of the major waste out of eight that 

cause loss in productivity. Table 9 shows the details of a percentage of the respondents for over processing. Over processing, is 

8th major waste of productivity in Indian automobile industry according to survey results.  

 

Table 9. The percentage of respondent for over processing. 

           Rank                 No. of Response        Percentage 

             1                           5            6.19 

             2                           3              3.9 

             3                           1              1.3 

             4                           4            5.19 

             5                           5            6.49 

             6                         11          14.29 

             7                         29          37.66 

             8                         19          24.68 

 

IV. RESULTS AND DISCUSSION: 

Waste or Muda reduction is the major concern in the Indian automobile industry. The below table 10 states that transportation, 

inventory and unnecessary motion are major muda that affect the productivity of automobile industry according to survey results. 

The waiting time rank next to the first three waste in some industries, but in some of the industries transportation and inventory 

waste is completely eliminated by proper planning and scheduling. The Defects in product, lack of knowledge, over production 

and over processing are ranked as 5,6,7,8 respectively. This type of waste have major effect on cash flow and on productivity of 

the industry. The results indicate that transportation is a major waste in Indian automobile industries because 46 number of 

respondents out of 77 ranked it as major waste out of eight waste and approximately averaging 2.12 in ranking as well. The next 

in the list according to respondents is inventory muda with 39 out of 77 ranked in as second major waste and averaging 2.92 in 

ranking. The third major waste in Indian automobile industry is unnecessary motion with 30 respondents out of 77 ranked it as 

third major waste and averaging 4.06. The other major waste in Indian automobile industry are waiting time, defects in product, 

lack of knowledge, over production muda and over processing muda but are not consider major waste according to survey results 

as majority of respondent not consider them in top three waste. The waste or muda, which found themselves after rank 4, are not 

major muda or waste because many Indian companies have found a different solutions to tackle those waste. Lean manufacturing 

techniques also helps in that regards because these major waste are countered handsomely in lean manufacturing system. By 

adopting and implementing lean manufacturing system or lean tools the major three muda or waste also be tackled and minimize. 

Table. 10 A ranking of the various waste based on respondent responses. 

 Sr 

No. 

Major Waste Tool 1 2 3 4 5 6 7 8 Average 

Rank 

  1   Transportation 46 10 5 8 3 0 5 0 2.12~ 1 

  2   Inventory 9 39 11 2 3 9 4 0 2.92~2 

  3   Unnecessary 

Motion 

4 5 30 9 10 13 3 3 4.06~3 

  4   Waiting Time 2 3 14 29 16 4 0 9 4.44~4 

  5 Defects in Product 4 6 8 18 20 7 6 8 4.68~5 
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  6   Lack of 

Knowledge 

3 2 4 3 15 27 12 11 5.71~6 

  7   Over Production 4 9 4 4 5 6 18 27 5.88~7 

  8   Over Processing 5 3 1 4 5 11 29 11 6.18~8 

 

 
Fig. 1 Rank-wise major wastage of productivity in Indian automobile industry. 

 

V. CONCLUSIONS: 

 This work mainly focuses on exploration a major muda out of 8 types of muda occur in the Indian automobile industry. Every 

organization is facing some problems related to these wastes. To overcome the problem caused by these waste various lean tools 

are adopted in industry. Calculation carried out by using the average of ranks obtained from survey to find the major waste, which 

affects productivity in Indian automobile industry. From the results three major waste out of eight waste are identified. 

Mathematical results (Average of rank obtained from respondents) are in support to this major automobile waste and also 

theoretically explained about each waste in detail and how this type of muda affects the Indian automobile industry is also 

explained. The graph shown in above figure 1 states that how respondents responded to these different types of wastes. The 

majority of the response shows that three muda such as Transportation Muda, Inventory Muda and Unnecessary Motion Muda 

are the major muda, which affects the Indian automobile industry productivity. Hence, to demolish these major wastes from Indian 

automobile industry process planners, industrial experts and production managers need to have a close look at these three major 

muda. Taking necessary steps and adopting lean tools can counter these wastes. Removal of these major wastes form industry 

considerably increase the cash flow of company such that cash can be allotted to a places which produces maximum returns and 

also boost production rate and in turn have a pronounced impact towards the productivity of the Indian automobile industries.       
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