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Abstract 
Lahore Automobile Company operates in Lahore and its market is in small cities near 

Lahore. Company produces good quality Rickshaws and the demand of the customers are 

increasing. As the demand is increasing, on time delivery has become a great problem for the 

company. The study will reveal how to reduce lead time and waste to synchronize the 

processes. The waste and the extra lead time do not add the value to the final product. 

Synchronization of the processes and production flow plays a fundamental role to define 

value of the product.  

   The purpose of this study is to use the Lean and its tools, in accordance to the 

techniques as to increase throughput and eliminate waste. The main used in this study would 

Value Stream Mapping. 

 Value stream is a set of activities which shapes a product from raw material to the 

finished goods. It gives visual representation of every process from first stage to the last and 

harmonizes the processes. Value stream mapping gives better understanding about the current 

flow of the material and information. It also highlights the improvement areas which have a 

significant impact on the production system. It will also direct to find out clear production 

flow, what are the hidden wastes and the resources of wastes. In this study, we will try to 

reach the root causes of the wastes. 

 Apart from the two pillars of lean, i.e. JIT and Jidoka, 5S is also considered to be 

default participant in the lean implementation technique, this is simply used to visual control. 

It maintains the quality of work and helps to reduce non-value added activities.  

    

             Both the techniques are the essence of the Lean Thinking and work in harmony to 

each other. The specialty of all the lean thinking techniques is that they can apply on the 

system at same time per problem. The combination and interdependence of these two 

techniques will lead to the minimization of long lead time and waste. The techniques will 

help in the removal of bottlenecks and will create a smooth production flow. The project will 

demonstrate about the value stream mapping technique and 5s methodology. 

Key Words: Lean Thinking, Value Stream Mapping, Automobile Industry,5S 
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Chapter 1 

1.1 Introduction 

 

Every organization wants to increase its efficiency, striving for work done in less 

time. The aim of any organization has been to match its activities with the demand of 

customer. In other words, to meet customer satisfaction and going beyond of it by addressing 

customers’ special requirements. Waste minimization and maximizing the flow, lead the 

organization towards cost reduction. Different methods are always adopted by the 

organizations to compete with their rivals.  

An important philosophy to eliminate waste is lean thinking. Occurrence of waste, 

non-adding value to the final product, bottlenecks, capacity problems and delays all can be 

visualized by using the lean tool value stream mapping. Value stream mapping examines all 

the processes from beginning to end to highlight the potential improvements. In lean thinking 

a frequent and common question is asked, do we add value for the customer? So, the value 

stream mapping provides the complete view to evaluate the business processes. It’s also 

known as Material and Information Flow Mapping.  

The study is about to develop a value stream map for Lahore Automobile Company. 

The company is producing Rickshaws. The demand of the Rickshaws in these cities always 

fluctuates but overall demand is increasing. The company has inventory to cater unexpected 

demand. Company operating cost and delays are increasing and company is losing their 

market share. They have some raw facts and figures about the capacity of their unit but actual 

figures were missing. On average their demand is 18 Rickshaws per day and shipping is also 

done on daily bases.  

The organization also wants to introduce and implement lean thinking techniques to 

meet customer demand without delays and matching capacity to its demand. The organization 

never ever used the value stream mapping on their shop floor. We used it for establishing 

flow, eliminating waste and adding value.  

We also suggested introducing 5S technique on their shop floor.  5S is a set of actions 

to be followed through every day activities to advance the operational surroundings and 

circumstances. Much non-value added activities were observed during the collection of the 

data and it’s necessary to implement this simple and valuable technique. To achieve all the 

objectives, we will suggest 5S Japanese technique, value stream mapping tool for the division 

of work and labor at minimum cost. 

1.2 Problem Statement 

 

At Automobile Company quality of the Rickshaw is not the issue. Customers have no 

argued about it. The problem reveals that the organization is struggling with their planned 

growth and losing market share because of long delays. Main problem is about the flow of 

the work. Processing and lead time is high. Organization has been failed completely to 
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maintain the flow of the work and insufficient division of labor and work are increasing the 

operating cost. 

 

1.3 Assumptions of the Study: 

 

 The results of the study are only limited to this automobile Company. 

 

 The research is restricted to one product family. 

 

 Outside factors are not considered may be all suggestions cannot be implemented. 

 

 Budget constraint is on.  

 

 Management will support on all levels. 

 

 Research only tells about the recommendations and suggestions we made not about 

the implementation criteria of it. 
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Chapter 2 

2.1 Literature Review: 

  Lean is a principle, a concept, a philosophy, an approach or a method whatever calls 

it but idea behind it is to enhance the value for customer more and more by utilizing less 

resources. Lean thinking helps the organizations to realize customer value within available 

resources.  Customer expects high quality, less delivery time and minimum cost (George 

2002 & Joseph C. Chen, Ye Li & Brett D. Shady 2010) from their purchases and 

manufacturers and this forced the producers to enhance their systems to compete with the 

global market.  

Improvement to the productivity exposes waste and quality problems and gives 

direction to the leaner operations (Bicheno 1991). Lean approach does not work in isolation. 

It works in collaboration with people, processes and assets. It completely changes the focus 

from working individually to harmony from vertically to horizontally. In January 1998 David 

E. Bowen and William E. Youngdahl in their article claims that lean is the methodology 

which not only enhances the efficiency but also brings flexibility. Lean assists the consistent 

flow of the service and product.  

Lean thinking is very much advanced technique which support to improve quality, 

effectiveness, efficiency and streamline capacity (Andrew Fearne, Nicholas Fowler, 2006). 

Lean approach eliminates the waste from the entire value stream. It minimizes the cost, 

capital, time and defects. Lean support the changing desires of customer with high quality 

and variety at low cost.  

 The famous delusion about lean is that it’s appropriate only for manufacturing 

processes which are not true. Lean is applicable on every kind of business and every kind of 

process. Lean tool and techniques can penetrate easily in any business. Businesses of all kind 

itself pave the way to implement lean for getting more and more business. Lean is a way of 

thinking and works for entire organization. Lean philosophy uses a variety of tools and 

techniques to integrate the processes leaving less space for processes and increase quality 

with flow of work (William M. Feld, 2001). 

 It adds value, create the effectiveness and enhance the performance level of all kind of 

business. Lean enhances efficiency, effectiveness and develops flexible systems by 

optimizing them (Todd, 1995). Lean tools and techniques assist the organizations to improve 

working methods and lessen the wastefulness. It’s an integral part of the organization. Lean is 

not the program but the way which helps to tell how company will operate. 

 Lean principles are universally successful. Lean thinking is a platform for the 

organizations to get maximum profitability by achieving customer loyalty. 

 A slogan was produced in 1980’s “Do it Right the First Time”. It will be better 

understandable if translate it as a “zero defect”. Defects are not acceptable. The idea behind 

it, if there is no defect there is no cost of failure and poor quality issues. In this way quality 
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becomes free which is constitute with the popular phrase that “Quality is Free” by Philip 

Crosby in 1979. 

Lean is a complete methodology which promotes 100% quality of conformance (S. 

Karthi, S.R. Devadasan, R. Murugesh, 2011).  

 “The Machine That Change the World” is the best seller book of 1990’s. This was the 

book which established the name of “Lean Thinking” in its two meanings. The book tells 

about the transformation of craft production to mass production. Large distribution centers, 

low employee’s involvement to the issues and lengthy distribution channels were the side 

effects of mass production.  

 In contrast lean combines the benefits of crafts and mass production. Lean minimized 

the space, cost, investment and human effort. Inventory levels are reduced and no of defects 

also have been decreased (Koskela. L, 2004).  

 In their book Staying Lean: thriving, not just surviving by Peter Hines, Pauline Found, 

Gary Griffiths and Richard Harrison describes the stages of lean which are shown in figure 1. 

 

Figure 1: Stages of Lean thinking 

  These stages can be achieved by commitment, understanding and acceptance. 

There are also some modes of failure to achieve these lean stages which are: 

 Absence of knowledge 

 

  Confusion 

 

  Negative insight 

 

  Decisions does not support to implement 

 

  Change terminated after initial or extensive utilization 

 

Contact & 
Awareness

Understandin
g & Positive 
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Adoption & 
Implementation

Institutionalizati
on

Internalization
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There are some important points to understand the implementation of lean thinking (Peter 

Hines, Pauline Found, Gary Griffiths and Richard Harrison, 2010). 

 

 Always consider lean is philosophy not a set of tools and techniques. 

 

 Apply lean to whole industry, not on some parts of the it. 

 

 Improve processes not departments. 

 

 Synchronize everything like customers, organization and people to create value. 

 

 Identify the area which want to achieve and don’t imitate everything. 

 

 Communicate everyone about the objectives that how and why want to achieve. 

  

 Sustain a lean organization by aligning communication and key performance measure. 

 

 Provide resources to train people across the organization.    

  

Implementation of lean thinking approach gives a competitive advantage over the rivals. 

The big flaw of mass production was the workers were focused towards the production of the 

products not towards the quality. They were not bothering about the improvement of the 

processes. So, the need for change rose. The time was creating space or gap which urges a 

new or novel idea to do the work in structured way. Lean thinking made the workers 

responsible about the quality of product and for continuous improvement of the systems 

(Poppendieck, 2002).   

In 1996 Womack and Jones also described five lean thinking principles in the following. 

 Define value 

 

 Map the value stream 

 

 Value flow 

 

 Establish customer pull 

 

 Chase perfection 

Value:  

Willingness of the customer to pay is called value. It’s an important thing for any 

company to care about that value is what the customer thinks it to be. It is more important to 

understand what is considered and what is not considered as a value. 

Specification of value is the specification of product (Koskela. L, 2004). 
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Synchronization between the customer’s desire and production process creates the 

value. It has been analyzed many times from the customer’s side that value turns out to be 

wrong. Once it has been assumed by the producer that he knows the customer value, means 

there is a big risk. It is predictable but not confirms whether customer give acceptance or not. 

It can be unsatisfactory for the customer and can devastate the business completely. Needs 

and wants of the customer should be addressed from the beginning stage of the process by 

determining what is value added and what is not, it needs careful evaluation from the 

beginning to end that up to what extent it can create value for the customer.  

Achieving customer satisfaction is good but going beyond of it by achieving customer 

focus gives competitive edge to the business. These ideas of customer focus are not new but 

the industry did not develop them (Bennett, J., Pothecary, E. and Robinson, G., 1996). 

Map the value stream:  

All the steps taken to make a product defines value stream. Process mapping is the 

core technique behind value stream mapping. Process mapping gives completes 

understanding that how the value has been created from the customer perspective. Strategic 

level defines what to be done. Value streams come into being by defining the complete 

structure and considering the design of the systems which enables how to be done. It is also a 

mean of finding out waste. If any specific action or activity in the value stream is failed to 

create customer value, means it is a non-value added activity. These lean principles help to 

remove waste (Naomi Garnett, Daniel T. Jones and Simon Murray, 1998). 

Reducing change over time, creating pull systems in the implementation of the 

process contains secondary position in the stream. First and the most important goal in the 

value stream are to remove waste. Lean implementation can only be successful if the waste in 

the value stream reduced to the minimal level. 

Value flow: 

Continuous material movement from beginning to end production process is called value 

flow. Once perfect flow is established all wastes associated to it like waiting time, space, 

inventory and transportation will be eliminate automatically. Flow has direct impact mainly 

on two areas (John Allen, Charles Robinson &David Stewart, 2001).  

 Cash flow 

 

 Inventory flow 

Efficient flow within the processes move the product fast to the customer and receivables 

are collected in short period. Flow has another direct impact on inventory which is the asset 

for the company. Continuous flow supports to maintain minimum inventory level and cost 

can reduce. Allen, Robinson and Stewart (2001) also claim that consistent flow can achieve: 

 Fewer inventories: when process flow is consistent and continuous the inventories do 

not collect in the storage areas. The ultimate result is less inventories. 
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 Fast throughput: As the product, does not stop between the processes, not become the 

part of work in progress inventory and finish good inventory, product travels 

horizontally and gets its shipping point very soon. So, the response to the customer 

becomes very fast.  

 

 Shorter lead time: Because of continuous flow material does not stop and WIP does 

not accumulate in the processes lead time reduces. 

 

 Minimum space: Work floor should be clean and less burdened during to perform the 

activities. Efficient and consistent flow does not accumulate inventory and uses less 

floor space. 

 

 Better quality: Flow also enhances the quality of the product. Scrap, rework and 

defects become low. 

Establish the customer Pull: 

 It also means “ship one, make one”. Pull defines to deliver the product to the 

customer when needed (Badr Haque & Mike James-moore, 2004). Uncertainty and risks are 

prevented. Customer pull arise the need of the product and organization delivers it. Using 

Kanban cards are the most adopted method to communicate the requirements. In pull 

production takes place only what and when the customer wants. Pull allows the elimination 

of waste like inventories, “left overs” and finish goods.  

Push system only busy the people. In this system product is pushed for the next 

operation without matching the customer demand and waste takes place. Pull is the best 

option to be chosen. Pull can be achieved by introducing continuous flow, leveling and first 

in first out (FIFO) lanes.   

 

Chase Perfection:  

Lean thinking sets high standards of perfection through the business. Total quality 

management is the systematic approach to remove the poor-quality issues. The main slogan 

of the perfection is “Zero Defects”.  

Lean thinking principles establish the focus on perfection. First four principles of lean 

provide the grounds for perfection.  
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Figure 2: Continuous cycle of Lean Implementation 

The above in Figure 2 is the continuous cycle of lean thinking principles. Once 

achieving all five principles of lean cycle does not stop it goes on and on. 

2.2 Lean tools & techniques: 

There are many ideas to explore lean. Many tools and techniques to implement lean 

can be counted and more interestingly all the tools and techniques are integrated to each 

other. Lean thinkers use many tools and techniques like inventory management, visual 

control, work place organization and kaizen to reduce waste (Russell and Taylor 1999). 

These are the following tools and techniques. 

2.2.1 Value Stream Mapping:  

Value stream mapping is the most integral and important tool of lean thinking.  It is 

about the flow of value adding activities that translate the customer needs. This approach was 

first introduced and developed by Mike Rother and John Shook in “Learning to see”.  

 To visualize and understand the process mapping is value able technique provided by 

value stream mapping. Lean tools have been developed to support value stream and still 

developing (Cusumano and Nobeoka 1998) to enhance the capacity of value stream. Value 

stream mapping is very simple but powerful tool which allows the users to realize throughout 

the complete value stream. It helps in reducing lead time, inventories, over production and 

improves output, efficiency and quality. It is basically a drawing that illustrates the flow of 

materials and information of a product family, Tapping, Lyster and Shuker (2002).  

Value stream mapping contributes a dynamic role in the lean process. It is a basic and 

fundamental tool of lean which creates lean strategy in first step.  

 In “Lean Thinking” Womack and Jones (2003) describes value stream that there is a 

supplier in the upstream that facilitates raw material and information and in the downstream 

customer gets products and services, in between of them process add value to the final 

product or service.  

1. Define 
value

2. Map the 
value stream

3. Value Flow
4. Establish 

customer flow

5. Chase 
perfection
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 Value Stream mapping allows: 

 To draw a current state map 

 

 Identify the non-value added and bottlenecks in the process 

 

 Provide a vision for the better future in lean system. 

According to Ishiwata (1991), Monden (1993) there are three types of operations:  

 Value adding 

 

 Non-value adding 

 

 Necessary but non-value adding 

 

In the physical environment, the ratio between the various activities is commonly 

observed which are: 

 

 5 percent Value added 

 

 60 percent non-value added 

 

 35 percent necessary but non-value added 

 (John Allen, Charles Robinson, David Stewart. 2001) 

 

Value stream gives immediate feedback and depicts holistic picture of the floor. Value 

stream is about to bring the product through main flow from the raw material to the end 

customer by using the resources (Browning, 1998). To communicate each process value 

stream mapping is the core technique which gives complete visual representation of the 

waste. 

There are various additional mapping tools that can be used in a Lean thinking 

environment includes: 

 

 Process activity mapping 

 

 Supply chain responsiveness 

 

 Product variety funnel 

 

 Quality filter mapping 

 

 Decision point analysis 

 

 Bullwhip effect mapping 
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 Overall structure mapping 

 

These tools were first described as the Seven Value Stream Mapping tools by Peter Hines 

and Nick Rich (1997). 

 

In their book “Mapping the Tool Value Stream” Mark A. Nash and Sheila R. Poling 

(2008) divided Value Stream in three sections. 

 Process flow 

 

 Information flow 

 

 Timelines 

The purpose of value stream mapping is to visualize, identify and eliminate waste from 

the system.  

2.2.2 Seven types of waste: 

Taiichi Ohno was the founder of Toyota production system. In 1988 he introduced an 

objective to enhance productivity and efficiency by eliminating waste. According to him 

there are seven elements of waste. 

 Overproduction: 

Overproduction discontinue the smooth flow of product and services, affects 

the quality and productivity. Over production causes to spend more time in storage, 

raise quality issue and require more space in warehouse and in the production area by 

accumulating WIP. Overproduction encourages other wastes like waiting, inventories, 

transportation. Produces more and before the customer need. It requires extra labor, 

space and cost (The seven-value stream mapping tool by Peter Hines and Nick Rich). 

 Waiting: 

Long change over time, inefficient use of time and inconsistent flow of work 

causes waiting. Waiting between the operations and idle time by person or job is 

waste. 

 Transport: 

 

Moving that item unnecessarily and creating no value refers to the transport 

waste. It also includes double handling of products. Multiple storage places, poor 

housekeeping and work place arrangements are the causes of waste. 

 

 Processing: 

This waste delineates about those activities that do not add value and the 

customer does not show will to pay for it. Complex methods of producing goods and 
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services, poor maintenance of equipment and poor execution techniques are the 

causes of this waste.   

 Inventories: 

This represents to the storage of the parts from raw material to finish goods. It 

indicates that the inventory which is not needed (Carreira, Bill, 2004). Extra lead 

time, cost, paper work and space are required for it. Inventories hide many problems 

and could not help to find out solutions. 

 Motion: 

It represents excess movement to perform an operation. The movement which 

does not add value to the product or service is waste. Poor layouts and designs of 

machines are its causes (Carreira, Bill, 2004). 

 Defects: 

Producing defective products, not fulfilling the customer requirements is 

waste. It needs extra material, time, resources and work. Unnecessary features which 

do not meet the customer demand also the form of waste and included in defects. 

2.2.3 Visual Management: 

There are two types of visual management: 

 Visual control 

 Visual Display 

Visual control gives complete understanding about the production line whether is running 

according to plan or not. This demonstrates the current situation of the area and highlights the 

problems. 

Visual display means information. Information is displayed on graph or charts. Visual 

management is the proactive approach towards the removal of waste, improvement of quality, 

productivity, labor morale and involvement. It provides the environment to the stranger on 

the workplace to recognize and visualize the area’s vision in five minutes (Forrest W. 

Breyfogle III, 2007). 
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Figure 3: Knowledge Transfer 

The above figure demonstrates that visual management is much faster to share the knowledge 

and towards problem solving if the information is shared to the group of people. Information 

should be visible and up to date. 

2.2.4 5S: 

In lean environment 5S is a tool used to visual control. It’s a Japanese technique and 

promotes save and healthy environment to maintain quality of work and reduce waste (5 

pillars of the visual workplace by Hiroyuki Hirano, 1995). 

5S Description 

Sort Distinguish between the tools and other material which are needed and not 

needed. Keep needed items and tag those items which are not used within a week 

and discard accordingly. Watch the nature of usage whether daily, weekly, 

monthly or off and on.  

Simplify Organize and label all the sorted items that other can find out easily. After use 

return them to proper place.  

Shine Make sure all the area, machines and tools are neat and clean. Everything is spot 

less and shinning. 

Standardize First three pillars of 5S are applied consistently and in disciplined way. 

Sustain Make a habit to maintain and improve the procedures every day. 

 

2.2.5 Just in Time (JIT): 

Just in time is a philosophy that works towards the continuous improvement ideology, 

which excludes waste and solve problems (Heizer and Render 2002). Just in time is a set of 

changes designed to reduce waste and improve the quality of product, Brown & Mitchell 

(Dec 1991). Many researchers define JIT with slightly difference. All the researchers agree 

that it reduces waste and improve the overall product quality (Heiko, 1989; Schonberger, 

1982). Another concept of JIT methodology is based on pull system rather than push system 

(Heiko, 1989). 

See Together

Act Together
Know 

Together
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  JIT concept helps to produce, high volume by using fewer inventories. Toyota 

Production Corporation introduced first JIT system as a source of eliminating waste from the 

processes. JIT also refers an on-time movement of material to the specific place. When the 

processes are harmonized, and synchronized means this technique is ready to install. It is a 

method to control inventories and shift them just before of use. Kanban systems are often 

using to achieve JIT. It focuses on pull systems and ensures only needed material should be 

on workplace and remove excess inventory between the processes. On a gist, you produce 

only when there is a demand, thereby reducing the over-production, consequently less 

obsolescence and evident reduction in Inventory cost. 

2.2.6 Kaizen: 

It is also a central lean tool which enhances the quality of service or product and creates 

customer value. “Kai” means change and “Zen” means good. Kaizen technique able the 

companies to transform the arrangement of work and the goal behind are to continuously 

reduce muda (waste) from the system (Joseph C. Chen, Ye Li & Brett D. Shady 2010). 

Kaizen refers to continuous improvement and involve everyone from CEO to low level 

worker. More importantly kaizen represents the series of small steps to the continuous 

strategic improvement and adds value to the increased efficient system (Bodek, 2002) and 

this should be realized. Kaizen indicates long term betterment and improves work methods. It 

allows workers to find out areas of improvement and bring change. It’s a team approach 

which brainstorms to measure waste and adopt the ways to remove them, establish control 

and sustain improvement which already has made.  

The implementation process of kaizen method is: 

 

Figure 4: Stages of Kaizen Implementation 

August 2009 in their journal T. Kakoszka and J. Honorowicz says there is no hard and 

fast rule to achieve continuous improvement. Any tool and technique which brings 

improvement and change to betterment is interrelated to kaizen. 

2.2.7 Heijunka: 

Heijunka is an old-style Lean scheduling technique for environments and it covers a 

repetitive mix of a family of products. Usually at the pacemaker process heijunka is a kanban 

card post-box system. A Heijunka box highlights the problems in early stages and provides 

process level visibility of schedules (Forrest W. Breyfogle III, 2007). 
 

Heijunka is a procedure of reducing discrepancy for scheduling the production system. 

Often call it “Level the load.” It derives in two steps: 

 It eliminates the variations in the takt time and level the load of work. 
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 Leveling the product mix within the daily load of work by smoothing out variations in 

the demand from upstream processes. 

Production leveling is difficult and the management must have the courage to do it. 

Honestly, most don’t. They don’t like to intentionally set the needed inventory and backlog 

buffers into place. 
 

Customer orders, in the short term are highly inconsistent, but as the time increases, 

there is more evenness to demand. Product mix also likely has similar variation. The 

breakdown of what people order every day perhaps fluctuates. Over a longer period, product 

mix becomes smooth, but everyday change in product mix might be significant. 

 

Small sequenced cycles yield the required amount of demand and family of product. 

In a Heijunka box, customer monthly or weekly volume demands can be converted and 

leveled into daily demands. Pull systems and Heijunka work well in harmony. However, 

system improvement may be needed for success, e.g., through speedy change over. Whence 

the visual system indicates, and identify problem, corrections are essential.   

 There are some advantages of load leveling (McBride, D. March 2004): 

 Flexibility to make what the customer wants when they want it. 

 

 Minimize the risk of unsold goods. 
 

 Balance the use of no of labor and machines. 
 

 Smooth the demand on the upstream processes and suppliers. 

2.2.8 PDCA Cycle:   

In 1939 Walter Shewhart was a famous statistician who introduced statistical process 

control and introduced his cycle which was based on three stages. The three stages were 

specification, production and inspection. 

 In 1950 W. Edward Deming modified and promoted this cycle effectively and 

consequently known as “The Deming Wheel” (Evolution of PDCA cycle by Ronaldmoa & 

Clifford Norman).  

 In lean thinking PDCA is a four-stage checklist. These stages are plan, do, check and 

act.   

http://www.velaction.com/variation/
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Figure 5: PDCA Cycle 

           The clockwise cycle introduced harmonization between the efforts towards 

continuous improvement. It’s a four-step problem solving lean technique to improve 

business processes.  

 Plan is the phase where objectives are set, data and information is collected 

for improvements and plan is developed to improve the quality of processes. 
 

 Do is the phase where experiments are conducted according to plan on 

prototype phase. 
 

 Check is the stage in which previous step is observed and indicates is the 

desired change have been made, compare the results with the expected results 

and measure processes to evaluate the differences. 
 

 Act is the last phase of the continuous cycle where plan is build.  

2.2.9 Total productive maintenance (TPM): 

Total productive maintenance is itself a complete concept. It comes under the 

umbrella of lean thinking. It is a technique which optimizes the performance, productivity, 

quality and credibility. Nakajima (1986) claims that when the Japanese company raised the 

issue to the preventive maintenance and allows the operator to carry out routine maintenance 

that was the beginning of total productive maintenance. Organizations implement many 

strategies and techniques to gain competitive edge to their rivals, total productive 

maintenance is one of them which is the part of the lean (Rubrich, L & Watson, M. 2000). 

Total productive maintenance is a valuable tool to reduce waste and enhance productivity 

through continuous involvement and devotion to the machines and the processes. The core 

principle of the TPM is to maximize the usefulness of equipment across its life span and 

addresses the “six big losses”. 
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The six big losses include: 

 Breakdown 

 

 Changeover or set ups 

 

 Idling and minor stoppages 

 

 Speed reduction of equipment 

 

 Rework and defects 

 

 Startup losses 

                The six big losses are mainly divided into three categories like availability, 

performance and quality (Nakajima 1989). 

Availability represents breakdown and changeover. Breakdown losses are due to 

failure of equipment that needs to repair. If the stoppage is more than ten minutes, then it is 

quite necessary to find out the nature and cause of the stoppage.  

Change over represents set up losses that occur when the nature of the product is 

changed. It needs fast change over from one product to the other. 

Performance parameter is based on idling and minor stoppage which should be of less 

than ten minutes. It is noted that the most of the minor stoppages creates much downtime. 

Reduction of speed during production process is another loss associated to machine which is 

running slowly due to some problem and expected production suffers. 

Quality takes account that the defects are rework or scrap means when machine is not 

working per its specifications. Poor materials reduce the yield and produce more defects 

(Peter Hines, Pauline Found, Gary Griffiths & Richard Harrison 2010).   

Generically TPM is defined in terms of OEE (Dal, Tugwell, and Great. 2000) 

Overall Equipment Effectiveness (OEE) is contributed by six big losses and can be evaluated 

by 

                         OEE= Availability X Productivity X Quality 

TPM involves everyone from bottom to top through systematic equipment 

maintenance. TPM mainly requires four techniques toward equipment maintenance: 

 Preventive maintenance is used to prevent the downtime. 

 

 Corrective maintenance to improve and enhance the efficiency of the equipment. 

 

 Design and install such equipment which is maintenance free. 
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 Maintenance of equipment quickly after breakdown.  

              TPM is an essential technique in lean thinking. Equipment reliability is directly 

associated with the inventory levels. Poor management of equipment maintenance will lead 

towards poor quality, high stock level and lost time to cover breakdown.    

The above stated tools and techniques are sum-up in figure 5. 

 

Figure 6: Lean Tools 

There are many tools and techniques to implement lean thinking like Key 

performance indicator, Fish bone diagram, Six Sigma, Poka-yoke, FMEA and much more. 

We chose value stream mapping for the thesis work. If critically analyzed this tool in 

lean implementation will help to realize that this tool is integrated to all the lean tools. It 

helps to identify seven wastes, 5 why’s, non-value added and six big losses. It is integrated 

with the Kaizen, 5S and PDCA cycle. It visualizes the current situation of the business 

process and gives suggestions about the implementation of other lean tools.  

2.3 Advantages of Lean tools: 

 Grab all the areas of the organization. 
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 Implementation of lean tool becomes habit in the organization towards improvement. 

 Helps to sustain lean environment. 

 

 Helps to understand the voice of the customer. 

 Brings change, thoughtfulness and introduce new ways of job execution. 

 Change the culture of the organization completely. 

 Keep aware about the waste and suggest how to eliminate it. 

 Optimize all the business processes of the organization. 

 Create flexible systems and workforce. 

 Strive perfection and drive kaizen on regular bases. 

Following are some common understanding about the terms that are used in this research 

work.  

Value Stream:  

Value stream is a series of activities that take a product from supplier to customer.  

 

Value Stream Map:  

It’s a drawing that illustrates the flow of material and information. 

 

Continuous Flow: 

All the processes are designed in such a manner that work continues without stopping to 

completion. 

 

Value Added:  

Any step within the process which improves the product or service to the customer and create 

customer value.  

 

Non-value Added: 

Activities that do not create value to the product or process, non-value added steps are just 

waste.   

 

Leveling:  

Work Load of all the processes is balanced in leveling. 

 

Cycle Time: 

Cycle time is the actual time taken to perform a task or activity and forward it to the next 

step. 
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Chapter 3 

3.1 Methodology: 

Methodology is a guide line, a set of practices and a system of method to an area of 

study. 

3.2 What is a research? 

It is a detailed study to discover new information. It’s a systematic and scientific 

search for relevant information on specific topic. Basically, research is a general term which 

covers all kind of studies. It’s a systematic approach to gain new knowledge as well. Many 

things are learnt from personal experience and observation. Most of the things in our daily 

lives are based on common sense but some time on many situations only common sense is 

not reliable. Based on common sense hard decisions cannot be taken every time. A completed 

framework is needed so the research is needed.  

3.3 Types of research: 

 Descriptive research: This term refers to the type of research questions, design 

and data analysis that will be apply for a given topic. Descriptive research can 

either be qualitative or quantitative. There are mainly three methods of 

descriptive research  

o Observation method 

o Case study method 

o Survey method 

The descriptive research uses description and comparison to describe. 

 Analytical research: The analytical research usually concerns itself with cause-

effect relationship. This research is based on already available facts and 

information. 

 

 Qualitative research: Qualitative research specifically deals in behavioral 

sciences. Qualitative Research is primarily subjective in approach as it seeks 

to understand human behavior and reasons that govern such behavior. 

Qualitative research is much more subjective than quantitative research and 

uses very different methods of collecting information, mainly individual, in-

depth interviews and focus groups. It is based on words and meanings. It 

generates non-numerical data. It focuses on gathering of mainly verbal data 

rather than measurements. 

 

 Quantitative research: By default, measurement must be objective, quantitative 

and statistically valid.  This research involves obtaining information in some 

numerical form. It is bases on quantity, objective and hard data. Basically, 

quantitative research is objective; qualitative is subjective. 

 

 Experimental research: It is a systematic and scientific approach to research in 

which the researcher handles one or more variables, and controls and measures 

http://www.experiment-resources.com/what-is-the-scientific-method.html
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any change in other variables. It depends on experiments. This research is very 

useful when one variable affects other variables. 

 

 Conceptual research: It defines the role of concepts in concept field. It is not 

research by concept but on concept. It is based on abstract ideas or theory. 

Generally, philosophers and thinkers establish it for new concepts. 

 

3.4 What we chose?  

Our research methodology is based on case study method. Case study research 

involves an in-depth study of a case. Closely examining the data within a specific context and 

case study method allows for both quantitative and qualitative analyses of the data. It also 

helps to describe the complexities of real situations which may not be captured through 

experimental or survey research. Various methods of data collection and analysis are used but 

this typically includes observation and interviews and may involve consulting other. Case 

studies examine the data on micro level as an alternative research approach to qualitative or 

quantitative. 

 

3.5 Objectives:  

 

 Minimizing bottlenecks and developing of consistent flow. 

 

 Elimination of non-value added activities. 

 

 Minimization of WIP, lead time and cost of work. 

 

 Matching the capacity to the demand of the customer. 

 

 Enhance efficiency and output.  

 

 One piece flow, no u turn, ten principles’ of continuous improvements 

3.6 Scope: 

The research is limited to 3-seated rickshaws at an automobile Company. Limited 

number of workers and resources are available to implement new system and to train the 

workers. Management is very much serious to adopt new system. In this project, all the 

suggestions are implementable within the assembly line and per all limitations. Labor cost 

will be reduced and the capacity of the line will be enhanced. As the company was losing 

market share due to delays but now cycle time of the processes will also be reduced to 

minimum level and non-value added activities will be subtracted from the system. External 

factors are not considered. To achieve all these objectives, 5S a Japanese technique, value 

stream mapping tool are used in this project. 

 

Instrumentation:  

  Value stream map is used to map work processes, material flow, and information 

flow. It is generally easy to create and understand. For this project, Microsoft Visio was used 
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to create the current state map. The first objective was to create a current state VSM for the 

Rickshaw Automobile Company. The “value stream map” template within the Visio 2007 

program is used to draw. Different symbols are used to represent the various processes in the 

value stream mapping. 

Time Studies:  

Time study is a process which directly observes and measures human work. We 

recorded the time by using stop watch. Lead time, cycle time, no of operators and no of 

pieces produced were important information which used in value stream. Sometime cycle 

times are hard to distinguish. We took more time samples on operations whose times varied 

greatly. To show the cycle times and other obtained information in a meaningful manner, the 

data is portrayed on VSM.  

Data Analysis: 

Mapping the value stream is always starting with the customer demand. On current 

state map orders are taken from the customer three times in a week and enter ERP system. 

Supplier receives orders on daily bases.  

There is not a proper scheduled flow of Chassis from supplier. When the schedule is obtained 

from the customer it is sent for order. The focus of the study is about the production of 

rickshaws. Planning and scheduling activities are performed by production department. Jobs 

are assigned to every worker on every assembly process.  

Important Findings: 

1. Chassis remain on floor for 60 minutes before processing. This is non-value added 

activity.  

2. No change over time has been observed through all the processes. Process time is 

calculated in seconds. Following Table 1 will show the cycle time and no of operators 

utilized in every process. 
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Chapter 4 

 

4.1 Current State Map of Lahore Automobile 
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Figure 7: Current State Map of Lahore Automobiles 

4.2 Analysis of current State Map: 

As shown in the current state map above in figure the central point of all information 

gathering is the production control point. The focus of study for the value stream mapping is 

three seated Rickshaw. Daily orders are taken by customer service and entered in the ERP 

System. Thereafter, information is sent to the receiving department as how much raw 

material, chassis is needed from the supplier (Uhad Engineering) to be delivered at the 

receiving area. 
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As observed from the current state map the total cycle time is 11290 seconds while it 

takes 970 minutes for the product to be transformed from raw material to finished goods till it 

reaches the end customers. It also has been seen that value-added time for processing is high 

than the non-value added activities but non-value added time still exists. Lean is all based on 

elimination of waste and it can be achieved by continuous improvement. 

 It ignores the fact that lead time and processing time increases and customer demand 

can be delayed accompanied with mishandling of work and inefficient use of floor space.   

Another serious issue with the value stream is that the raw material is delivered to the 

company at the will of the customers. This allows shortages or excess inventory to manage 

shortages, quantity to be received is not prescheduled. There is no determined floor space 

allocated for the raw materials. This leads to waste of motion and time in finding the right 

material. Many tools which assist the workers are far away from the work station. 

Information flow is not the problem, communication and information flow is smooth and on 

timely manner.  

Cycle times of individual processes also show that the flow is not continuous, hence 

bottlenecks can be observed within the processes. Cycle time of every process should be less 

than the takt time, which is also the otherwise here.  

 

Demand per day Available time in seconds Total No of operators Total Cycle Time 

18 27600 14 11290 

  

  

  

  

  

  

  

  

  

Takt time = Available time per day Capacity = Available time * total operators 

                        Demand per day 

 

Total Cycle Time 

  

  

  

Takt time =27600 
 

Capacity = 27600*14   

                      18 
 

                      11290   

  

  

  

Takt Time = 1533.34 sec Capacity = 34.22 unit   

        
Table 1: Table illustrating the calculation of capacity and Takt Time 

 Company is struggling with the capacity problem also. Genuinely company has a 

capacity of 34 Rickshaws per day but it produces 18. Capacity is more but utilization is 

approximately half of it as the demand is low. Current situation of the company depicts that 

resources are available but underutilized.  

 Cycle time of process3, 5, 7 and 8 is more than the takt time, Cycle time of process 3, 

5, 7 and 8 are bottlenecks.  Cycle time of every process should less than 1533.33 seconds 

which is the takt time. 

In following table activity times in seconds is given of each operator within the 

specific process.  
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The following table represents the cycle time of each process and the concerned operator in 

charge. Here the workload is calculated as the value which is ultimately used in the deduction 

of the Utilization Rate of the worker. 

Process Types of Process Cycle 

time of 

individual 

process 

Number 

of 

Operators 

 

Total Workload 

Utilization 

Process 1 Strips 

Front Show 

Wiring 

Monogram 

371 

414 

110 

156 

 

1 628*18=11304 

(11304/27600) *100 

=40.96 

 

2 737*18=13266 

(13266/27600) *100 

=48.07 

Process 2 Leaf Spring 

Differential  

Rear Shock 

propeller shaft 

Plate& u bolt 

233 

339 

273 

372 

221 

 

1 710*18=12780 46.30 

 

2 751*18=13518 48.98 

Process 3 Break pipe metal 

Break pipe rubber 

Break Tee 

Oiling & Brake 

Pedal 

Break Master 

cylinder 

Break Drum 

Channel Strip 

411 

289 

186 

341 

 

187 

 

341 

57 

 

1 906*18=16308 59.09 

 

 

2 906*18=16308 59.09 

Process 4 Silencer 

Radiator 

Engine Bridge 

309 

411 

270 

 

 

1 
990*18=17820 64.57 

Processes and the 

corresponding Operator 

Time for each Operator 

(Sec) 

process1 operator1 628 

process1 operator2 737 

process2 operator1 710 

process2 operator2 751 

process3 operator1 906 

process3 operator2 906 

process4 operator1 990 

process5 operator1 786 

process5 operator2 885 

process6 operator1 530 

process6 operator2 487 

process7 operator1 1842 

process8 operator1 765 

process8 operator2 803 

Table 2: Time consumed per Operator for corresponding Process 
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Bracket & 

Foundation 

Process 5 Engine 

CNG Cylinder 

Gear Changer & 

Shifter 

Reverse Gear 

Kick Shaft & Starter 

Filter 

191 

411 

137 

171 

313 

349 

 

1 
786*18=14148 51.26 

 

2 
885*18=15930 57.72 

Process 6 Dash Board 

Fuel Tank, stand & 

water bottle 

Horn 

passenger Cabin 

316 

267 

 

33 

401 

 

1 
530*18=9540 34.57 

 

2 
487*18=8766 31.76 

Process 7 Wiring 

Handle bar & 

Wiring 

Battery 

Fan Cover, Front 

Panel 

Mud Flap, Bumper 

Goat 

509 

480 

143 

299 

 

411 

 

 

 

1 1842*18=33156 120.13 

Process 8 Cover 

Front Fork 

CNG kit 

Tire 

checking wiring 

311 

184 

212 

175 

686 

 

1 765*18=13770 49.89 

 

2 803*18=14454 52.37 

Table 3: Overall Utilization Rate of the Worker 

The average utilization of all the workers is: 

             = ((11726 * 18)/27600) * 100 = 764.74/14 = 54.24 

The overall utilization is only 54%. 
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Chapter 5 

 

5.1 Possible Improvements: 

The purpose of this study is to reduce lead-times, operating cost and increase throughput. 

Super market and first-in-first-out lanes are designed to limit the amounts of inventory that 

can accumulate between processes which damage the continuous flow. 

 

        One-Piece flow concept is applied to realize the maximum efficiency from each 

machine and to reduce the number of labors as well.  

 

         The analysis suggested that the process3, 4, 5 and process 6, 7, 8 should be combined as 

a group of processes so that continuous flow can be achieved without any hindrance. Workers 

will work in collaboration and harmony within the processes. Workers should train to 

perform any activity of any process. All the process at the assembly processes and simple 

training is required for operators. It will make capable of doing the other’s job in his or her 

absence. The benefit of cross training is that the operator does not need to wait for another 

person to carry on the work so the follow will remain constant. 

 

We suggest maximum 8 workers are needed to perform all the processes.  

Following table illustrate this clearly. 

 

 Total work time Operators = Total time 

                      Takt time 

Operator 

Process1 1365sec = 1365/1533.3 

= .89 

.89 ≈ 1 

Process2 1461sec =1461/1533.3 

= .95 

.95 ≈ 1 

Process3,4,5 4473sec =4473/1533.3 

= 2.92 

2.92 ≈ 3 

Process6,7,8 4257sec =4257/1533.33 

= 2.78 

2.78 ≈ 3 

Table 4: Cell Dimensioning with respect to number of Operators 

 Cycle time of process 1 and 2 has increase from the current state map but no of 

operators have been decrease, cycle time of these processes is still less than the takt time. In 

further processes, it is suggested that how many operators are needed to full fill the demand. 

 

  

 

 

 

 

       

  Each operator time(seconds) Utilization 

process1 1365 89.02 

process2  1461 95.28 

process3,4,5  1491 97.24 

process6,7,8 1419 92.54 
Table 5: Improvised Utilization rate in Future State 
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The above table displays the utilization of each operator is analyzed. The average 

utilization of all the processes is 93.52. It is evidently depicted that the suggested system is 

more efficient than the previous one. 

Non-value added time at process 8 has been removed as it was using for checking and 

must rework mostly on wiring activity which has been done in process7. It should be done 

right at the first time.  

Icon of kaizen burst has been attached to this process to indicate quality control.  

It is also suggested to have a pull system between the process6, 7, 8 and shipping department. 

The shipping department would pull the required quantity, based on daily customer orders. 

This would automatically be replenished as information would be updated instantly with the 

interaction of production department. Communication with the production department is 

necessary to realize about what number of Rickshaws have been produced and what is 

needed. Timely and accurate communication between the production and shipping 

department will refrain to produce more than the demand of the customer and will also avoid 

much inventory.  

It can be determined that implementing the above stated lean techniques would reduce the 

lead time and will continue the production flow. 

5.2 Road Map of Suggestions: 

The objective of research was to create current state map and future state map so that lead 

time, cycle time, cost of work can be minimized and proficient division of work and labor can 

be achieved. Another objective of the research was also to match the demand with the 

capacity of producing Rickshaws. The capacity should not be under or beyond the level of 

demand. The company has no issue with the quality and to meeting customer requirements 

per quality.  

1. The core issue for the company was that to coup up with unnecessary delays. These 

are the following recommendations for the company. 

2. Supermarket is recommended before receiving through kanban system so the material 

will automatically be replenished. 

3. First in first out lanes should introduce to limit the amount of inventory. 

4. 5S technique is proposed to be initiated and implemented in its true sense for the 

workplace standardization. The finished product storing areas and the assembly line 

needs immediate attention. 

5. For achieving continuous flow process3, 4, 5 and process 6, 7, 8 are combined as a 

group of processes. All the work in progress between the processes will be eliminated.   

6. No of operators should reduce to 8 as they were underutilized before. 

7. Do the things right at first time. Quality control on wiring activity is introduced to 

eliminate the non-value added time. 

8. Pull system between the process6, 7, 8 and the shipping process is advised. Shipping 

department will pull the daily customer orders. 
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9. For better and getting timely information an information arrow is suggested for the 

interaction between the production and shipping department. 

10. It is easy to perform any activity within any process in Rickshaw Automobile 

Company. However, workers can be train properly and their skills can also be 

enhancing so that they can perform any activity. The main advantage is the flow 

cannot be disturbed in the absence of any worker.   

 

The goal of this research was to study the production process of an Automobile Company for 

the family product of 3 seated rickshaws. The research was conducted successfully and 

current and future state maps are developed. It served as a significant tool in identifying 

wastes, documenting details of the operation and proposing recommendation for potential 

improvement. 
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Chapter 6 

6.1 Conclusion: 

         Value stream mapping is a visual technique which illustrates the production systems 

graphically. Value Stream Mapping helps to identify the current flow of material and 

information in processes for a family of products, highlighting the opportunities for 

improvement that will most significantly impact the overall production system. However, it 

takes an understanding of the systems to properly interpret the value stream map and to 

derive an improved future state map. 

 The purpose of study was to create value stream maps and suggest possible 

improvements. The objective was to identify and eliminate waste which does not add value to 

the final product in production process. It is also targeted to reduce operating cost, lead time 

and increase output by matching the demand of the customer.  

 Current state map was developed to understand the process flow, information flow, 

document lead time, cycle time and inventory levels. Current state map is a good tool to 

identify waste in the processes. The current state map indicates that most of the waste in the 

process contributing to long lead-times is the non-value added times while the product waits 

in queue. Large reductions in lead-times can be achieved just by reducing time that the 

product waits in queue. The difference between the lead time and the processing time gives 

the non-value added time.  

  

            Total lead time is 970 minutes and total processing time is only 188 minutes. The 

difference between them is 782 minutes, it’s a big difference. Here the picture is very much 

bright that the focus should be on the reduction of lead time. This clearly shows that there is a 

huge amount of non-value-added activities in the process flow which is in the form of waiting 

for materials, moving of materials and work in process inventory. It’s a fundamental truth 

that the lead time will always be more than the processing times as the time of processing 

automatically becomes add in lead time or the part of the lead time in the whole value stream. 

In meaningful way, it can be say that the lead time cannot be less than the processing time but 

it can cut down the lead time and can reduce the gap between the lead time and processing 

time.  

 

Analysis of the current state map also shows that the place appears to be disordered 

when it comes to storing raw materials, work-in progress and finished product. There is no 

specific place for an item as the space is much but over burden because of the inefficient use 

of the raw material. Floor space is not efficiently used as chassis remains on the assembly 

line for 60mints. 

 

  The future state is foreseen for the current state map which showed the ways where 

improvements could be made. In the future state map, no new machines will be purchased. 

Procedures and layouts should be changed to allow the product to flow more smoothly 

through the production process. Future state map clearly shows that no of operators has been 
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reduce because they are underutilized. The processing time of the process 1 and 2 is increased 

but does not matter because the time still less than the takt time and leveling are done here.  

            The main problem was that the lead time was very much increased and the gap 

between cycle time and lead time was wide enough. So, the gap has become narrow per the 

future state map. Both the cycle time and lead time has not only been reduced but the gap in-

between is also reduced 

            Another dimension is also being studied in both cases, about the capacity of the 

Automobile Company. We know that initially the capacity was much more but the output 

was not per it. The company is using more resources, which are just the example of 

wastefulness. In a possible future state, capacity should be reduced per demand by cutting 

down extra resources which is successfully depicted in the future state map.   

 Lean techniques are used to reduce lead time by creating cells, Value stream mapping 

is an excellent tool to analyze the production process, identify the areas of waste and suggest 

ways for potential improvement and 5S provides the better work condition reduce the non-

value activities. 
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Appendix 

Customer/supplier

 

This icon represents the Supplier when in the upper left, the 

usual starting point for material flow. The customer is 

represented when placed in the upper right, the usual end point 

for material flow. 
process

 

A value stream mapping symbol used to represent a single 

operation. Process boxes are located along the bottom of the 

value stream map. 

Inventory
 

Used to represent raw materials before processing, parts in 

varying stages of completion between processes, or finished 

goods in storage before shipment to a customer. 

Push arrow

 

Used to show on the map where products are being "pushed" 

through the system. 

Finish goods to customer

 

Indicates movement of finished goods. 

Information Flow
 

A straight, thin arrow shows general flow of information 

Shipment truck  

Symbol used to represent the shipping and receiving of goods.  

Data Box

 

Used to represent information related to a particular process. 

Data boxes are located directly beneath a process box. 

work cell 

Indicates that multiple processes are integrated in a 

manufacturing work cell. 

Time line segment

 

The timeline shows Cycle Times and wait time. Use this to 

calculate Lead-time and Total Cycle Time. 

Total time line

 

Represents total cycle time and total lead time. 

 It signals the movement of parts between cells, gives the basic 
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kanban withdrawal 

information about the batch such as the number of pieces and 

weight.  

Kanban Post  

Used to indicate an area of the value stream at which kanban 

signals are waiting for transport. 

Kaizen 

Burst

 

Used to indicate an area of the value stream at which attention 

from a kaizen workshop should be sought. 

FIFO

 
First in first out 

A value stream mapping symbol used to represent first-in-

first-out inventory. 

Super market 

Used to represent a stock point of inventory that supplies 

multiple downstream channels. 

physical pull  

Lean manufacturing method in which items are not delivered 

to a stage of the process until they are needed. Pull systems 

help reduce inventory. 

 


