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Abstract 

Implementation of Lean Philosophy in a SME 

Akhil Deshmukh and Shivani Vijay Vidre  

 

Globalization is rising progressively, with companies facing many challenges and 

complexities in recent times. Also, the demand for high-quality products at a 

lower price is driving companies to change their production systems. Lean 

production is one of the proven approaches to gain an advantage. The lean 

approach is about eliminating activities that do not add value and delivering the 

best possible qualitative product to the customer. Implementation of lean is 

feasible in any organization irrespective of its size or industry. For initiating lean 

in an organization, there are many tools and techniques available. Value Stream 

Mapping (VSM) is one such tool that is economical and easy to implement. VSM 

identifies waste and discovers opportunities for improvements as it observes 

material and information flow from the collection of raw materials to delivery 

to customers (Forno et al., 2014).   

 

The current research is based on a case study performed at an aircraft heater 

manufacturing firm, which is willing to implement lean for an efficient 

production cycle. Since the company is not subjected to the lean methodology, 

the study attempts to understand the VSM implementation process and its 

favorable circumstances. VSM has been implemented and data were analyzed. 

The results obtained from this study concludes that, VSM is a suitable technique 

to initiate lean ways of work in an SME that lacks sufficient knowledge 

and experience on lean.  

In addition, successful removal of wastage and increase in productivity are the 

key factors, necessary to initiate lean in an organization from a technical point 

of view whereas management support and acceptance of change is essential 

from an organizational point of view. However, there are few barriers and 

challenges that the company may have to face. Besides, the study suggests that 

it is better to have a lean training or a workshop before its implementation. 

This study will lay the foundation for future studies related to the initiation of 

lean methodology through implementing VSM when the case company is not 

familiar with the process as there are very few studies on this topic. 
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Popular Science Summary 
 

In today’s world, technology and innovations are increasing rapidly; with this constant change, 

customer needs are increasing for better products and services. There is increasing pressure on 

firms for producing high-quality products at a lesser price. It becomes difficult to meet this 

demand through the old traditional manufacturing processes and companies are looking for an 

effective way of manufacturing. Lean manufacturing is one such technique that can be used to 

eliminate all the unwanted activities in the manufacturing process, which does not add value to 

the customer.  

The study was conducted in an aircraft heater manufacturing company in Sweden. The case 

company wants to shift from its old traditional way of manufacturing to a new effective way. 

For this, there are various lean tools available out of which Value stream mapping (VSM) is 

the most common tool used to initiate effective manufacturing. VSM is a tool that improves 

flow within a manufacturing process by eliminating the non-value adding activities. Before the 

implementation of such tools, it is significant for the practitioners to have knowledge of them. 

The case company wants to implement lean but lacks sufficient knowledge on VSM and lean 

methodology. The present study makes an attempt to understand is VSM a suitable technique 

to initiate lean ways of work in an SME that lacks explicit knowledge and experience on lean.  

For deeper analysis and results, interviews were conducted and observations were analyzed. 

This thesis also gives the reader a brief idea of the tool Value stream mapping and evaluates 

how this tool can be put in practice and what aspects of this tool can be used as a starting point 

for a company that wants to introduce lean and lacks sufficient knowledge on it. This study will 

lay the foundation for studies related to using VSM for implementation of lean in an 

organization with limited knowledge on lean.  
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1. INTRODUCTION  

The introduction consists of a background of the thesis along with problematization. In this 

section, the main purpose of the study will be an introduction, followed by defining the research 

questions. The introduction also consists of limitations of this study and a brief structure of the 

thesis.  

1.1 Background 

The rapid change in the global market and business environment over the years has forced 

companies to face many challenges and complexities. Consequently, customers these days, do 

not prefer products with lesser quality, long lead time, higher cost, and limited variety. With 

the increase in demands, traditional production systems fail to meet this new level of customer 

expectations. Hence, in today’s competitive global market, a greater need for implementation 

of new production methods in order to produce a high-quality product in lesser time with low 

price becomes essential for any organization to survive. Lean production is one such proven 

approach that can be used to gain an advantage. 

Lean manufacturing can be used for maximizing resource utilization by reducing waste. It is all 

about eliminating activities that do not add value and delivering the best possible qualitative 

product to the customer quickly and by having the least barriers in the system as possible. Since 

the 1990s large companies implement Lean production to increase their product’s productivity 

and performance. By then, many companies’ mainly larger ones, get the advantage of 

implementing lean manufacturing. Many smaller companies find it challenging to implement 

lean. Many types of researches are made to investigate this topic. It was claimed by Womack 

(1990) that lean could be applied from a small to large organization despite their size (Womack 

et al., 1990).  

Achanga (2006), in his study, states that knowing about lean is an essential factor for successful 

lean implementation. Knowledge here is understanding the importance of lean, its tools, 

techniques, skills which are required when performing lean (Achanga et al., 2006). Because of 

the limited budget available within small medium enterprise (SME), many rganizations are 

cautious regarding investments on lean or in quality and efficiency improvement programs. 

This reduces the range of lean tools that can be used. In this case, SME must consider using a 

tool such as 5S, Kanban, and VSM that would give a lesser financial burden on them. 

The lean tool Value Stream Mapping (VSM) from the past few years has emerged as the most 

preferred way for lean implementation. VSM is a tool used to identify waste and improve the 

flow of the production process. VSM enables a company to see the entire process in its both 

current and future state (Karen and Mike, 2013). Implementation of VSM can be done for 

different types of product manufacturing, and it is easy to learn and can be used by everyone. 

VSM is highly dependent on the skills of the person who is executing it. One must have an 

understanding of basic concepts, and how to create processes that can be linked if proper 

understanding and knowledge cannot be seen, then there could be many problems and 

limitations when implementing VSM. This dissertation, therefore, seeks to understand is VSM 



2 
 

a suitable technique to initiate lean ways of work in an SME that lacks sufficient knowledge 

and experience on lean. 

1.2 Problematisation 

In order to meet the market demand and maintain competitiveness, the firms these days need to 

redesign their production systems. Womack and Jones (1997) claim that VSM is a functional 

method developed to redesign the whole production systems with a lean vision (Womack and 

Jones, 1997). To date, many types of researches and studies have been conducted to discuss the 

success of this tool’s application. Researches on lean philosophy, principles, tools, and 

applications have been developed. However, very fewer researches stated empirically about the 

difficulties faced by the practitioners when using this tool, when the firm has little knowledge 

of lean. Therefore this study evaluates how VSM is put in practice and what aspects of the VSM 

tool can be used as a starting point for a company that wants to introduce lean with limited 

knowledge on it. So this is the research gap found during the literature review. This topic is not 

entirely explored and is yet to be researched. Therefore this study provides proper evidences on 

how the lean tool VSM is a suitable technique to initiate lean ways of work in an SME lacking 

explicit knowledge and experience of lean manufacturing. 

1.3 Purpose and Research Question 

The purpose of this study was to investigate is VSM a suitable technique to initiate lean ways 

of work in an SME lacking explicit knowledge and experience of lean manufacturing. This 

thesis will focus on understanding the implementation of Lean philosophy in an SME. The 

research question will address the research gap of how a small company with very little 

knowledge of lean, implements lean tool Value stream mapping to minimize waste, and 

increase their efficiency. Two sub questions were developed as the answer to the research 

questions can be broken into two sub themes. The first sub question was developed to discuss 

the use and application of VSM from a technical point of view and the second from an 

organizational point of view.    

 

Research Question: 

1. Is Value Stream Mapping (VSM) a suitable technique to initiate lean ways of work in 

an SME lacking explicit knowledge and experience of lean manufacturing?  

Sub questions to guide work: 

1. Is the use and application of VSM advisable from a technical  point of view? 

2. Is the use and application of VSM advisable from an organizational point of view? 

1.4 Background of Case Company  

This research is carried out at a small-sized aircraft heater manufacturing company, which 

comes under the aviation industry situated in Stockholm, Sweden. The company manufactures 

heaters for all types of aircraft, from a small civilian plane to large military aircraft. These 
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heaters are used for both cabin heating and engine dicing. Two types of heaters are 

manufactured; one is an electric heater E42, and the other is the hybrid heater D120. The electric 

heater E42 is directly driven by an electric motor and speed controlled by a frequency inverter, 

and the hybrid heater is equipped with engine and diesel (Nordic, 2019). Both the heaters have 

almost a similar traditional way of manufacturing. This conventional process has much wastage 

which affects the overall efficiency. In order to reduce these wastages and increase productivity, 

the company wanted to implement lean. Lean production philosophy is an essential place in 

Nordic heaters’ strategy for the future.   

This company is a small-sized enterprise with an overall five people working, the CEO, a sales 

administrator, a production planner and designer, and two-line engineers. All these employees 

have very little knowledge of lean. In this case, the company wants to start with a simple and 

economic lean implementation process. Therefore, the focus of this thesis is to investigate 

whether value stream mapping could be advised to initiate lean.   

1.5 Delimitation 

This study had a limitation of time and resources because of the COVID19 outbreak. Also the 

only focus was on initiating lean by using the VSM tool and the knowledge of the case company 

on the lean philosophy. Among several data-driven tools, this study mainly focuses on the lean 

tool Value Stream mapping because of the benefits it provides of removing wastage and 

maintaining the flow within complex assembling systems. Furthermore, this study is based on 

a single case study. The names of the interviewee were not revealed so as to make the 

interviewee comfortable and avoid biasing. The language was also an issue during walkthrough 

interviews, and observational study as employees were not comfortable in speaking English. 

This made the communication difficult which lead to some biasing in the study.   

1.6 Structure of the Thesis 

This thesis first presents the background of the study and problematization, which defines why 

this research has been conducted. It then discusses the research gap and the research questions 

developed. Section 2 comprises of prevailing theories and concepts that were brought up 

through literature review in the related field of study. Section 3 is a methodology that explains 

how this research is conducted by describing the research strategy, research design, research 

approach used, and an overview of the methods chosen for data collection. Section 4 explains 

the empirical data analysis. Section 5 explains how the analysis was conducted for the obtained 

results. Section 6 discusses how the research question is answered, gives suggestions, and also 

discusses the general challenges. In the last section 7, the conclusion and future scope of the 

study are discussed.  



4 
 

2. LITERATURE REVIEW 

This literature review aims to understand the implementation of Lean philosophy in SME where 

the first part is about lean tool VSM and its implementation in SME and the second part is 

about the manufacturing industry before Lean, lean philosophy with its principles which 

investigates the main idea behind lean and its value-adding characteristics. Both parts are 

related to the field of the study, which is to implement lean in an SME. This literature review 

consists of a critical analysis of published sources, literature, on the topics related to the field 

of study. The evaluation of this literature provides a summary, classification, comparison, and 

evaluation of previous research and studies in the relevant field. 

2.1 The Emergence of Lean Thinking 

Before lean, manufacturing started with craft production where to buy a car in 1900, a person 

had to visit a craft producer, and it took months for a single car to be manufactured. Craft 

production was nothing but a workforce with quasi-independent tradesmen who could design 

and fit (Pascal, 2016). This was a decentralized system with an expensive and low production 

output where the quality was unpredictable. Today craft production survives for luxury cars 

such as Lamborghini, Ferrari, etc. Then Frederick Taylor came up with mass production, which 

was later developed by Henry Ford that gave the liability of higher production, 

interchangeability of parts and helped to reduce the cost. But the breakdown in the assembly line 

would affect the whole production (Pascal, 2016). To avoid this Henry Ford came up with an 

idea to line up all the steps in a sequence. This made the process more organized and effective. 

Toyota was facing challenges financially and technologically, Eiji Toyoda visited Ford and tried 

to study Ford’s production system. On his return to Japan, Eiji concluded that the exact Ford 

production system wouldn’t fit in Japan, but there is a chance for improving and establishing a 

similar production system. Hence inspired by Ford, Toyota came up with the Toyota Production 

System, which is a production system with continuous improvements. Lean manufacturing was 

the western version of the Toyota Production System (Womack et al., 1990). “Where mass 

production focused on increasing total output to increase profit but lean focuses on smaller 

batches to smooth production flow in the plant”(Pascal, 2016, p.2) 

Lean philosophy in simple terms is adding value to customers by reducing time, space, 

resources, human effort, and money. The non-value adding activities are reduced without 

adding new equipment, labor, or resources. In technological terms, it is a “continuous 

improvement philosophy promoting system-wide efficiency” (Chavez et al., 2015, p.159). The 

entire value chain gets harmonized by this value-adding process. Lean manufacturing principles 

focus on overall efficiency rather than only for individual productivity. Radnor and Osborne 

(2013) define lean philosophy as “a management practice based on the philosophy of 

continuously improving processes by either increasing customer value or by reducing non-

value adding activities, process variation, and poor work conditions respectively called as 

Muda, Mura, and Muri” (Radnor and Osborne, 2013, p.3). 

The authors of the book “Lean Thinking: Banish Waste and Create Wealth in Your 

Corporation” approach lean concept from a functional to business level (Womack et al., 1990). 
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They suggest five key principles to address challenges that occur in business from differences 

in business culture and management when implementing lean. The five principles of lean are: 

 Define value from the customer perspective,  

 Identifying the value stream, 

 Make the value flow, 

 Using a pull system, 

 Pursuing perfection continuously (Womack et al., 1990) 

Lean helps to define the value of a product according to the customer’s point of view. This 

principle helps to estimate and evaluate their actual customers, what is the value of the product 

or service they offer. Womack and Jones (1997) suggest that “organizations need to define 

value in terms of specific through a dialogue with specific customers” (Womack and Jones, 

1997, p.31) from which they mean that organizations must define value for a product or service 

are valuable or not from a customer’s perspective. Making sure that customer demand is 

fulfilled by providing them what they had asked for, Emiliani (1998) urges that defining value 

as per customer would lead to a comprehensive reorganization of currently used business 

processes and organization culture (Emiliani, 1998). 

Identifying value stream is the next step, Womack and Jones (1997), in their book, define value 

stream as a set of all specific actions that required to bring the specific product by problem-

solving tasking, information management task and physical transformation task. VSM is a tool 

used for determining activities going on in a value stream a process of adding value. Howell 

and Ballard (2010) define value stream map as flow charts which helps to identify actions 

release work to the next operation. Value stream mapping uses logical or pictorial 

representation from current to future state after improvements are identified and made (Howell 

and Ballard, 2010). 

The third principle is the introduction of flow, which happens after eliminating the obvious 

waste. Conducting the flow urges management to recognize the need for flow in the value 

stream. The process of transforming conventional manufacturing to flow-based production is 

itself a challenge, radical transformation and continuous improvements are essential to establish 

a flow in operation (Howell and Ballard, 2010). 

The fourth principle is using a pull-based production. Pull can be defined as continuous flow in 

the production process by associating actual customer orders with production rate (Womack et 

al., 1990).  

The fifth principle is pursuing perfection continuously. The fifth principle help management to 

continuously explore new opportunities of improvements, its principles strives for perfection 

and focuses on establishing the thinking among lean believers that waste elimination in the 

value stream is not a one-time process but an iterative and a continuous process by giving an 

output as per customers’ expectations and demand (Howell and Ballard, 2010). 
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2.2 Waste 

Muda, Mura, and Muri are three terms that are often used in Toyota Production, which is used 

to eliminate wasteful practices. Muda is the activity that consumes resources without creating 

value for customers. Mura is the unevenness and Muri is overburdening. All of them are 

interrelated, and eliminating one affects the other two (Womack et al., 1990). 

Main kinds of Waste – 

 Overproduction – Overproduction can be defined as producing more than customer 

demand or producing earlier than it is needed.  

 Over-processing – Tasks such as extra work, usage of more components, and having more 

steps or motion in the making of a product can be defined as over-processing. 

 Waiting – Time spent on waiting for the next process step to occur, which includes 

people waiting for material or equipment and idle equipment.  

 Motion – Motion is an unnecessary movement of people, equipment, or machinery like 

walking, lifting, etc. 

 Inventory – It is waste from extra materials or products which are not used or processed. 

 Defects – When a product is not fit to use or fails to meet customer expectations.  

 Transportation – It is waste occurred by wasting resources, time, and cost on the 

unnecessary moving of products or materials.  

 Skill – It is the waste of human potential or unused ingenuity and human talent. 

(Womack et al., 1990)  

It is important for this waste to be identified and removed for which the very first step is 

recognizing that they exist and identifying them. For this lean approach, practices such as Value 

Stream Mapping, 5s, Total productive maintenance, work standardization, visual control, and 

mistake-proofing can be used. 

2.3 Waste Elimination Techniques and lean Tool 

Implementation of Lean can be classified into two types, hard and soft practises. Hard practises 

invovle many tools and techniques. Pavnaskar, Gershenson, and Jambekar (2003) in their study, 

have mentioned that there are more than 100 tools available for implementing lean (Pavnaskar, 

Gershenson, and Jambekar, 2003). Hard lean practices used to reduce waste are 5s, Total 

productive maintenance, work standardization, visual control, and mistake-proofing. Practices 

such as Kanban and pull production are used for meeting production with demand. Kaizen is 

used for continuous improvements which also helps to eliminate waste (Womack et al., 1990) 

(Rachna and Peter, 2015). VSM is also one such method that is used to analyze the current state 

and also for creating the future state. It helps to understand the flow of information and helps 

to map out the unwanted process and resources involved, which directly eliminates waste.  

VSM helps in depicting the flow of both materials and information which controls the overall 

material flow (Pavnaskar, Gershenson, and Jambekar, 2003). Also, VSM is a simple and 

economic lean implementation process. As our study demands the same as waste reduction, 

maintaining flow, and increasing productivity; thus only lean tool VSM and the focus to 

develop it will be discussed throughout the thesis. 
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As per Chiarini, Found and Rich (2015) “Soft practices concern people and relations, while 

hard practices refer to lean technical and analytical tools” (Chiarini, Found and Rich, 2015, 

p.6). Soft lean practises are crucial when it comes to achieving better and sustaining 

performance in the long term. They also argues that usually companies only focus on using 

technical tools, avoiding the soft practises may lead to their failure (Chiarini, Found and Rich, 

2015). Rother (2009) in his study discusses about various factors that lead to lean 

implementation failure, out of which ignoring soft lean practises remains the most important 

one (Rother, 2009). An example of hard lean practise is VSM on which this complete study 

depends on. Chiarini, Found and Rich (2015) describes examples of soft lean practises such as 

management leadership, continuous improvements, group problem solving, employees’ 

training to perform multiple tasks, customer involvement and supplier partnerships. They also 

states how involving these soft practises lead to greater quality products, better output and 

ability to achieve greater competitive advantage (Chiarini, Found and Rich, 2015). Thus along 

with hard technical lean tool use of soft practises is also essential.   

2.4 Introduction to VSM 

For eliminating waste, one of the most important steps in the lean process is value stream 

mapping. Since the 1970s implementation of lean was started by Toyota. It was designed in a 

simple approach that characterizes the way a company works. Challenges then faced by Toyota 

was to change the companies’ activities according to the principle of the Toyota Production 

System (Taiichi, 1988). Around the 20th century, the demand for mass production increased. 

For this, the company required an even flow with lesser lead and changeover times. A flow 

without unnecessary stops, disturbances, losses, and waste was needed.     

There came a need for improvements and refining of the process in order to remove waste and 

be able to keep a watch on the flow of activities. As a result, VSM was developed with the goal 

of eliminating waste and improving the process. In VSM, a pencil and paper are used to draw 

a map for material and information flow. VSM aims to keep the flow from raw materials to 

customer delivery (Rother and Shook, 2003). Over here, symbols are used to illustrate 

customers, information flow, inventories, and suppliers.       

2.4.1 Defining VSM     

It has become a need to maintain a balance between supply and demand. Also, customers these 

days, are becoming more demanding for products of greater quality at a lesser price. As a result, 

lean helps to visualize and enhance the value stream, which has to be delivered to customers. 

VSM can be defined as a tool used for identification, implementation, and maintenance of the 

lean approach (Forno et al., 2014). The goal of VSM is to identify waste and finding 

opportunities for improvements. It observes material and information flow from gathering of 

raw materials to delivery to customers. VSM deals with developing an action plan, auditing the 

current state map, creating a future state map for improvements (Forno et al., 2014).  

“Management of value stream includes understanding, measuring and improving the flow of 

information and materials” (Forno et al., 2014, p.2). Hence, this helps the firm to have a 

competitive advantage in terms of finance, services, and quality.    
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Karen and Mike (2013) in their book “Value Stream Mapping” define VSM as a tool that offers 

a holistic view of how work would flow through the entire process. VSM helps in determining 

how to improve delivery chains that require a complex process. Value stream maps can be used 

to determine waste and create flow for any product and service and for any type of business. 

VSM helps to identify where the actual value is being added in the process, which helps to 

improve the overall efficiency (Karen and Mike, 2013).  

Talking about lean and VSM implementation in different industries, Womack and Jones (1997), 

state that to meet the competitive challenges, any organization can implement lean and its tool 

irrespective of the industry or the filed they belong for example automotive, medical, aerospace 

or process industry, etc (Womack and Jones, 1997). Doolen and Hacker (2005) in their study, 

discuss the use of lean principles and techniques for the production of electronic items (Doolen 

and Hacker, 2005). Serrano, Ochoa and De Castro (2008) discusses the implementation of Lean 

in administrative fields and in offices (Serrano, Ochoa and De Castro, 2008). As a result, we 

understand VSM, and lean implementation is possible in any industry.  

Rother and Shook (2003) discuss that Value Stream Mapping (VSM) is used for defining and 

analyzing the current state of a product value stream and is used to design a future state focused 

on reducing waste, maintaining flow and improving workflow (Rother and Shook, 2003). VSM 

is used to visualize the process flow and eliminate waste (Zayko and Broughman, 1997). Shingo 

(1989) suggests strategies such as forming loops for identifying similar processes where they 

help to search non-value adding activities and define ways that can remove these non-value 

adding activities and he has proposed measures to improve value ratio for the effective 

implementation of Value Stream (Shingo, 1989). McDonald, Van Aken and Rentes (2002) 

argues that VSM creates a common language for the production process, which improves the 

value stream by effectively reducing wastes and improving efficiency (McDonald, Van Aken 

and Rentes, 2002).  

Therefore, various authors have different perspectives and findings on VSM; further, various 

steps involved in conducting a VSM are discussed.   

2.4.2 Preparing for VSM 

The preparation of VSM starts with selection of a product family where a particular product or 

a product family must be defined before starting value stream mapping for future 

improvements. In the factory, not all the products can be selected to map the flow. “The 

mapping of value stream means to walk along with the processes and to draw all the steps in 

the process required for a product family” (Manos, 2006, p.65). It is a physical and information 

flow from door to door in a factory. Only those product family is recommended, which passes 

along the same processes and machinery in the workshop. It is recommended to avoid large 

batches (Rother and Shook, 2003).  

The next step is to form a team before the actual implementation of lean in an organization. The 

team needs to be cross-functional, which includes employees, supervisors, and management 

heads throughout the organization. Teammates from all departments need to be considered from 

scheduling, purchasing, sales, manufacturing, and quality and information technology (Manos, 

2006). A dedicated team is required who is willing to work for the implementation of lean.  
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Before starting with VSM, it is essential to understand the scope of the process. As per Manos 

(2006) scope of VSM can be taken as a “door to door process for a facility level map” (Manos, 

2006, p.64). He claims that the “scope of the value stream under examination is an important 

place to start the VSM task” (Manos, 2006, p.64). Womack and Jones (1997), in their book 

Lean thinking, define VSM a step by step process to become leaner in production. The three 

main steps in VSM are 

 Creating a current state map that shows the value stream for the current process. 

 Creating a future state map that shows how the process would look in the future. 

 Implementing changes that will get the process closer to the ideal state map (Womack 

and Jones, 1997).  

The next step is to plot a current state map, where this mapping is a snapshot of activities that 

are required to deliver the product or services. First, the product line is selected, which would 

be mapped, for that the customer needs for the product line must be known. This can include 

parameters like delivery time, average volume demand, and quantity and quality requirements. 

The next step is to identify the main processes, which is to create a process box for each process. 

This process box would show material flow. For each new delay, a new process box will be 

created. After understanding the processes, metrics need to be identified. The metrics include 

processing time, lead time, inventory, yield, changeover system time, etc (Manos, 2006). These 

parameters of metrics will be discussed below 

 Processing time – It is defined as the amount of operating time or machine time spent 

on one unit.   

 Lead time – It is defined as the elapsed time in a process which includes waiting time 

upfront as well as the processing time.  

 Inventory – A count of any inventory waiting between processes, it is represented in a 

triangle inventory icon.  

 Yield – It can also be called a defect per unit, which is a quality metric for the 

manufacturing process.  

 Changeover time – It is a step-up time between different products run on a machine.  

 Machine uptime or reliability – The amount of time a machine works, without 

maintenance or repair  

 Information Flow – This section deals with the connection and communication of the 

transmission of data and process-related information.  

 Time Ladder – This helps to have a simple visual representation of the value stream 

timeline.  

 Cycle Time – It is the frequency of units/features produced or the average time between 

the completed productions of one unit/feature to the completed production of the next. 

 Setup Time – Can be defined as the amount of time needed to prepare for a given step. 

 Up Time – Helps to give an idea of the percentage of the total time that the processes or 

systems are actually active. 
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 Takt Time – It refers to the rate at which you need to produce your products in order to 

meet customer demands. 

In plotting of current state map, layouts of each process box are created. After this, the process 

boxes are connected to each other as per the process, and calculations of total lead time versus 

value-creating time are done. Related process boxes are connected to each other; it is decided 

on the basis of relationship or defined agreement between the production processes. The total 

value-creating time is calculated by adding up all the processes times, and lead time is 

calculated by adding up the lead times of all the processes (Manos, 2006).  

The final goal of the lean improvement process is the future state of value stream mapping. This 

process requires the help of a person who is familiar with lean manufacturing and its principle. 

Over here after the current state map is plotted the focus must now be only on the steps which 

would add value defined by the customers, the non-value adding steps are removed or 

minimized. The flow of the values through the value stream needs to be defined, which is 

achieved by a detailed process mapping of parts. There must not be any delay or obstacles. 

When the current state map is being conducted, ideas on how to improve evolves. These ideas 

of improvements will now be the foundation of the future state map. The aim is to redesign the 

map to have a continuous flow. If it’s difficult to have a continuous flow, a simple Kanban 

system is used to implement a pull between the work centres (Rother & Shook, 1998). Kanban 

is a tool used for achieving pull production (Langstrand, 2016). 

Peter (2009) has given two approaches to creating a future state map. The first approach is to 

study the current state map and try to picture how an ideal future state would look. The second 

approach is  

 After analysis of the current state map, prioritize all improvement opportunities.  

 Implement a future state map.  

 Implement a second-generation future state VSM  

 These steps must be repeated until the future state is similar to the ideal state map 

(Peter, 2009).   

When developing a future state map, it is important to keep in mind that an ideal state is not 

always static and the future state map has to be designed in a broader way. Another thing to 

remember is that in a current state map, not all the waste and non-value-adding steps are 

identified, the key is the lean maxim of continuous improvement.  

The drafting plan is an essential part of VSM. Usually, a draft plan is based on the information 

which is obtained from the future state map. The plan helps in determining the required 

resources, time, people, and budgets (Manos, 2006). A draft plan must include “a description 

of the project, name of the project leader, possible team members, a schedule (or Gantt chart), 

events and deliverables” (Manos, 2006, p.69). In order to have a proper implementation of 

further process drafting a plan is important.    

The benefits of VSM is that it can be done for different types of product manufacturing; it is 

easy to learn and can be used by everyone. During VSM the team walks through manufacturing 

systems and measures cycle time, takt time, and buffer sizes and personnel requirements. These 

measurements are graphical then turned into a map that describes a system with standardized 
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icons (Forno et al., 2014). There are many benefits of implementing lean which are discussed 

below   

 Fast and easy to carry out. 

 Simple to learn and understand 

 Cheap, as no tools or computer programs, are needed; the only tool needed is pen and 

paper. 

 Provides the understanding from the customer’s perspective 

 They are usually performed by people involved in the system with the help of an 

experienced person (Forno et al., 2014).  

Value stream mapping also has few limitations as it is depended on the skills of the person who 

is executing it. One must have an understanding of basic concepts and how to create processes 

that can be linked. If proper understanding and knowledge cannot be seen, then there could be 

many problems and limitations when implementing VSM (Forno et al., 2014).   

 Lack of integration between two processes 

 No clarity of procedures can lead to materials and parts traveling in different parts 

within the production line. 

 Difficulty in manufacturing and assembling if the product lacks modularity. 

 Lack of standardization and process stability. 

 No proper data and quantity measurements due to layout problems or process types.  

 The production line becomes too flexible because of constant changes due to keeping 

up with market and customer demand. 

 The process becomes too intuitive where the process flow is too depended on operators, 

who decides the real-time way that the product should go into production (Forno et al., 

2014) 

 

The goal of VSM is to identify, demonstrate, and decrease waste in the production process. 

Waste here is a non-value-adding step that needs to be eliminated. After knowing and 

understanding VSM, it can be concluded that VSM can act as a starting point for an organization 

that wants to implement lean. Also, VSM can be taken as communication, planning, and a 

change management tool which helps an organization to understand the voice of the customer 

by determining exactly what the customer has asked for. Thus VSM helps leaders, stakeholders, 

and team members within an organization to have a unified view (Karen and Mike, 2013).  

2.5 Implementation of VSM to Introduce lean 

Many authors have described the implementation of VSM, few of them are discussed in this 

study. Serrano, Ochoa and De Castro (2008) for implementing lean discuss VSM as a suitable 

tool when it comes to redesigning a production system. But as per them, there is a need for a 

team with established roles in accordance with the VSM technique, the need of involving 

management in decision making, showing the importance of the project to the employees. They 

suggest proper monitoring of the stages of VSM, the importance of information systems for 

obtaining, comparing and processing data concerning the production flow and the need for 

knowledge and skills to implement VSM (Serrano, Ochoa and De Castro, 2008). 
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Nuno and Rei (2015) conclude from their study that when implementing lean in Ford, it 

was difficult to convince the company and the operators to adopt changes. Also, they 

observe the lack of inclusion of the management executives in this process, which was the 

root- cause for this difficulty (Nuno and Rei, 2015). Jasti and Sharma (2015) argue that 

most manufacturing organizations are not able to implement advanced manufacturing 

techniques like lean are because support from top management and knowledge and skills 

of workers is required. They suggest other limitations like the application of the VSM tool 

restricted to a specific production (Jasti and Sharma, 2015). Smits (2012) concludes that 

Value Stream Mapping can offer useful guidance in the quest of SMEs to become more 

productive and to be more responsive to customer demand,  provides evidence that supports the 

conclusion that VSM is the most appropriate lean implementation method for SMEs and is 

substantial (Smits, 2012) 

From a case study of using VSM in the construction supply chain, it can be concluded that 

researchers should take into consideration that the use of the VSM tool only gives information 

on the data which is put into it. The model is very dependent on quantitative information which 

is of transforming input into an output. Therefore this study argues that there could be 

challenges in using the VSM tool on projects that lack information, for example, start-up 

projects. The author thus recommends using VSM that would use a very comprehensive 

database of quantitative data as that would give the best outcomes (Gustafsson and Marzec, 

2007).  

Another study drafts an important conclusion which is that there is a “large gap between 

the theory which is proposed in the VSM literature and the level of usage in real -world 

applications” (Serrano, Ochoa and De Castro, 2008, p.25).   

Manos (2006) concludes that VSM can be an effective tool to build improvements and 

efficiencies for any organization, VSM requires a dedicated team ready to ask difficult 

questions and a team which is not afraid to admit errors. A team with knowledge of lean and 

VSM (Manos, 2006). Thus different authors have different insights on implementing Value 

Stream mapping and lean.  

When implementing VSM and lean, many challenges are encountered. Cornelissen (2013) 

classifies lean implementation challenges in three type’s resource management, people 

management, and standardization. Where the author claims that people-related issues are the 

part of lean implementations that are most vulnerable to problems and misfits. For the 

workforce to accept lean, it is essential that there is clear communication about the purpose and 

priorities of lean. He suggests keeping track of the lean implementation results, combined with 

appropriate compensation, will make sure the workforce keeps motivated and does not slide 

back to old ways of doing things. He argues that providing proper lean training for management 

and employees, will help the organization in successful implementation (Cornelissen, 2013).  

A study claims that management commitment and support are the key factors, along with 

management knowledge of lean. More specifically, the critical success factors were identified 

as management leadership and commitment, upfront training in lean, good understanding of 

lean concepts, tools and approach to implement lean, a good understanding of ‘waste’ (any 
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activity that does not add value), management providing appropriate resources towards 

implementing lean and communication (Azyan, Pulakanam and Pons, 2017). 

Salonitis and Tsinopoulos (2016) from their study conclude that the major challenge faced in 

lean implementation were employee engagement and commitment to change. They also state 

that having knowledge of lean for its successful implementation is important (Salonitis and 

Tsinopoulos, 2016). In another study, challenges such as poor communication, leadership, not 

defining waste properly, and not having a focused target were identified (Grove et al., 2010).  

Thus after going through various kinds of literature, we can conclude that having knowledge of 

lean is a very important factor for implementing lean or any of its tools. Different authors and 

researchers have discussed this topic, but few of them were able to answer if and how the lean 

tool can be implemented in an organization when they lack knowledge and skill. Hence, this is 

a research gap found, which is not completely explored. Therefore, this study aims to fill this 

research gap and provide proper evidence on if VSM can be used and how when the case 

company lacks knowledge of lean. Further data will be collected and analyzed for answering 

this research gap.   

2.6 SME  

Small and medium-sized enterprises are a term that is often found in the European Union's 

business policy. Even after globalization and the dominance of larger firms, the importance of 

smaller companies is emphasized. One problem has been to define exactly how large a 

medium-sized company is. But one way to define SME is through its staff headcount and 

turnover or its balance sheet total. 

An enterprise is considered small if its total staff is 50 with a turnover between 2 and 10 million 

€ or a total balance sheet between 2 and 10 million €. Enterprises with total employees between 

50 and 250 and a turnover of less than 50 million € or a total balance sheet of fewer than 43 

million € are considered as medium enterprises (Development, 2019).  

2.6.1 Implementation of lean in SME 

Small and medium-sized organizations are important, and they contribute largely to the 

European economy. The rapid change in the global market and business environment over the 

years has forced SME to face many challenges and complexities. Consequently, customers, 

these days, do not prefer products with lesser quality, long lead time, higher cost, and limited 

variety. With the increase in demands, traditional production systems fail to meet this new 

level of customer expectations. Hence, in today’s competitive global market, a greater need 

for implementation of new production methods in order to produce a high-quality product in 

lesser time with low price becomes essential for any organization to survive. Implementing 

Lean is the need for all the SME. Majava and Ojanperä (2017) claim one good thing about 

SME is that they are flexible when compared to larger companies (Majava and Ojanperä, 

2017). 

Zhou (2016) from his study confirms that small and medium-sized organizations have the 

advantage to be more flexible than larger companies (Zhou, 2016). Small firms often bring 

https://www.researchgate.net/profile/Konstantinos_Salonitis2
https://www.researchgate.net/profile/Christos_Tsinopoulos


14 
 

change more quickly than larger firms because of having less bureaucracy, short 

communication lines, and also the informal nature of small firms make application of Lean 

production programs simpler (Matt and Rauch, 2013).       

2.6.2 Barriers in Implementing lean in SME 

Being smaller in size cause many constraints like lack of resources, skilled labor, money, and 

also knowledge (Almanei, Salonitis and Xu, 2017) (Achanga et al., 2006). Also lack of 

sufficient suppliers makes it difficult to develop a strong lean supply chain, and lack of support 

from supplier also hinders in implementing lean (Almanei, Salonitis and Xu, 2017). Moradlou 

and Perera (2017) state in their research barriers which are lack of top management support, 

financial capabilities, employee skills, expertise and organizational culture (Moradlou and 

Perera, 2017). 

Zhou (2016) provides evidence that major lean barriers in SMEs are because of management 

or employee-related factors like not accepting change as well as no knowledge on lean and its 

benefits (Zhou, 2016). Boyer and Sovilla (2003) analyzed the issues faced when implementing 

lean while exploring the barriers and challenges. They argue that individual companies are 

segmented due to their individual personalities, knowledge, skills, and abilities (Boyer and 

Sovilla, 2003). For ensuring a successful lean implementation there must be the inclusion of 

the lean principles in strategy, identifying the facts of change, focusing efforts and attaining 

fast results, also identifying, and resolving cultural and managerial constraints (Shrimali and 

Soni, 2017). 

Therefore, when an organization is small, there are many challenges and barriers. For the 

successful implementation of lean in these organizations, it is important to eliminate or 

overcome these challenges.  
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3. METHODOLOGY 

The section provides a detailed understanding and structure of how the study has been carried 

out. It first discusses the research approach along with research design. An overview of the 

methods chosen for data collection is also included. This section is mainly inspired by the book 

written by (Bryman and Bell, 2011). 

3.1 Research Strategy 

There are two types of methods available in data collection, quantitative method depends on 

measurements, mathematics, statistics, surveys, or numerical analysis of data, whereas 

qualitative method aims to gather an in-depth understanding of a focused sample (Bryman and 

Bell, 2011). A combination of both these methods is a mixed-method were “The goal of mixed 

methods research is not to replace the either of these approaches but rather to draw from the 

strengths and to minimize the weakness of both in single research studies and across studies” 

(Johnson and Onwuegbuzie, 2004, p.14).  

In this study considering the aim and the developed research question, a mixed method was 

adopted. Wherein a quantitative method was used for the purpose of knowing the current 

manufacturing system and for conducting VSM. A qualitative method was adopted for 

conducting interviews and knowing the knowledge of the employees on lean. Another major 

reason for adopting a mixed-method was to obtain general results from quantitative analysis 

and later using qualitative data to refine, extend, or elaborate on the quantitative results (Subedi, 

2016).  

This research will have a mixed method because it offers a range of benefits such that it allows 

together in-depth information on human behavior and their justifications. It helps to know why 

and how the decision was made with its timing and location. Also, the strengths of both methods 

can be used in one study so as to overcome the weakness of each method (Johnson and Turner, 

2003). The research claims much more evident when data is collected from a variety of 

methods, and this result becomes more convincing for policymakers (Gorard and Taylor, 2004). 

As per Bryman and Bell (2011), there are few research questions that are only answered by 

combining these two approaches (Bryman and Bell, 2011). Thus, the research question 

developed in this study can only be answered through this mixed method.  
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Figure 1: Mixed Research Method (Source: (Bryman and Bell, 2011)) 
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3.2 Research Approach 

Inductive and deductive are two types of approaches that can be applied to a scientific study. 

Inductive is used when the hypothesis is developed from the study conducted. Whereas the 

deductive approach aims to test well establish theories (Dubois and Gadde, 2002). The scientific 

approach used in this master thesis is abductive, as the study took advantage of both the 

literature and the empirics. Going abductive in case studies, have more benefits compared to 

single approaches (Dubois and Gadde, 2002). 

This study is more towards the deductive approach than inductive as the research has majorly 

been influenced by previous study and research on implementing VSM and lean. Using VSM 

for implementing lean in the organization provided a deductive approach where the theory was 

used to map the floor from the collection of interviews and observations. This study will still 

have an abductive approach because even if the research is based on previously established 

theory, it still requires the building of a new theory to understand, under which conditions VSM 

can be implemented if there’s no knowledge on lean. Thus, an abductive approach was used in 

this study. 

3.3 Research Design 

When it comes to selecting a perfect research design, it is not easy, and authors need to consider 

the type of research and its time duration. This research depended majorly on observations, 

organizational documents, and data such as production plans, cycle time, etc. Ensuring such 

high levels of data access from different companies is difficult. Hence considering the above-

mentioned factors and limitations a single case study design was adopted. Also opting for a 

single case study research helped to obtain specific, detailed, and focused information which 

resulted in a narrow down of research aim and focus (Yin et al., 2009). Flyvberg (2006) upholds 

the scientific importance that case studies provide, he argues that a case study is useful both to 

develop theories and to test new knowledge (Flyvbjerg, 2006).  

According to Yin (2009), it is better to use a single case study when a researcher wants to study 

a person or group of people (Yin et al., 2009). This study wanted to study a group of people for 

knowing their knowledge of lean. Hence, this study adopted a single case study design with a 

combination of a mixed-method and an abductive approach. 

3.4 Data Identification and Collection 

The identification of data is very important before it is collected. As the system involved in this 

research is complicated and huge, large data is obtained. Therefore, it becames important to 

include and use only the data that will add value to this research. Value stream mapping, which 

is the major focus of this study helps to identify the value-adding data.    

The data for the thesis is obtained from primary and secondary sources. The primary source of 

data collection is through interviews, observation, analyzing company reports, including its 

annual report. The secondary source of data collection is from books, literature, journals, and 
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academic articles. The secondary data gave knowledge on the current literature related to our 

research topic. Qualitative data is obtained through interviews and literature review. 

Quantitative data is obtained through observation and analyzing the organizational documents.    

 

  

 

 

 

 

 

 

 

 

 

 Figure 2: Data Collection (Source: Authors Own) 

3.4.1 Literature Review     

To identify and collect the appropriate theories for this study, a literature review was conducted. 

A literature review is the identification and evaluation of the available theory in the area of 

interest. Various literatures on lean and VSM implementation were used. For this study 

literature review also helped in formulating the research questions. Challenges were seen as 

limited literature was available in this topic of study of whether or not VSM can be implemented 

in an organization that lacks sufficient knowledge on lean. 

3.4.2 Observational Study 

Data collection of observational study was done by observing one production employee during 

the production of the two heater machines. Observing a single employee enabled researches to 

observe and collect detailed and accurate reading of the production process. Process Activity 

Mapping was used for analyzing this observation (Hines and Rich, 1997) which helped in 

collecting the data in a structured way. In the process activity mapping, each step is written 

separately, such as time duration, number of people involved, tools required, and also the 

distance moved during that step. These observations helped in identifying wastages and 

disturbances. While observing any improvements identified and are quantified, which helped 

in the VSM analysis.  

Challenge such as the presence of observer affecting the production employee was seen. 

Bryman & Bell (2011) argue that the presence of the observer might affect the data collection, 

reducing the validity (Bryman and Bell, 2011). In order to overcome this challenge, the 

employee was informed that no judgments would be made on his performance and he was 

informed about the gathered information and the obtained result. Also, as data was collected 
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for conducting VSM, which is an iterative process, a large amount of data was collected, and 

the challenge was seen in sorting the required and unwanted data.   

Observation Running time Aim of observational study 

Participant Continuously during the study To collect data for VSM 

Time Study  

Identifying Wastes 

Disturbances & Downtime 

Table 1: Observational Study Methodology 

 

3.4.3 Interviews 

For collecting data and to understand human behavior and mind, interviews were conducted 

(refer Appendix 1 for interview questions). Interview questions were framed such that the 

authors get to know the knowledge of interviewees on their current production system, the 

loopholes in the system, the view of employees on change, and lean. Semi-structured interviews 

were conducted as the questions were explorative in nature, and the interviewee got a chance 

to answer freely (Bryman and Bell, 2011). For collecting data qualitatively, interviews are the 

most preferred data collection methods. To have a more precise collection of data, the whole 

population was interviewed so as to have constructive feedback.  

Sampling population – The sampling population is all the employees of the organization. 

Sample size – 5 interviews were conducted. 

Sampling frame – Both male and female employees. 

Sampling method – A convenient snowball sampling would be used to find more generalized 

information about the study and to avoid bias information (Bryman and Bell, 2011).  

Interview Position Number of 

Interviews 

Duration (min) Mode of Interview 

1 Production planner and 

designer 

1 Semi-Structure 22min Face to Face 

2 Sales administrator 1 Semi-Structure 30min Face to Face 

3 Production Line Engineer 1 Several 25min Face to Face and also 

during observations 

4 Production Line Engineer 2 Several 25min Face to Face and also 

during observations 

5 Board member 1 Semi-Structure 27min Skype 

Table 2: Interview with employees of the case company  
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A total of five interviews were conducted with the employees of the case company. Four of 

these interviews were in person, and one interview was by Skype. All of them were transcribed. 

Data from these interviews were analyzed by conducting a thematic analysis were data obtained 

were coded, and themes were generated. First basic themes were developed, from which later 

organizational and global themes were generated. These final global themes were then analyzed 

to provide results. 

3.4.4 Organizational Document 

Different types of documents were used such as an annual report, scientific report, bill orders, 

memos, and part manuals for knowing the organization's goals, financial data, process flow and 

specifications of heaters and this is not available on a public domain (Bryman and Bell, 2011).  

This data collected acted as secondary data.  

3.5 Ethical Consideration 

This study focuses on implementing a lean tool which is a change within an organization. This 

thesis deals with an aircraft industry that is an SME. It is a small closed organization; hence the 

interviews were kept anonymous, to avoid misunderstandings. This is very crucial in data 

collection, understanding the real problem, and performing the data analysis. Before the 

interview, the interviewees were informed about transparency and were notified about the audio 

recording. Responses were not manipulated, and the derived data was as per the replies 

obtained. 

3.6 Research Quality  

The trustworthiness of any study is demonstrated through its reliability and validity. Reliability 

and validity are essential as it portrays the quality research of a study. A mixed method was 

used in this study where the qualitative method deals with interviews and literature and the 

quantitative method collected data from observation and organizational documents. The study 

needs to differentiate between reliability and validity.  

Reliability deals with dependability, precision, accuracy, and consistency of the research 

conducted. The quantitative study deals more with reliability as compared to qualitative. This 

study has more of a quantitative study and observations. The validity, on the other hand, 

depends on the relevance of the data collected (Matthews, Ross and Ellison, 2010). To maintain 

the research quality, both observations and interviews were used. In this study, reliability can 

be considered moderate as this research was developed in an organization which is an SME and 

where changes occur frequently. As per Bryman and Bell (2011) reliability is when the results 

from the study are used again or the results obtained can be repeated (Bryman and Bell, 2011). 

As VSM is a continuous and iterative process, similar results were obtained each time VSM 

was repeated. Also, in the interview, similar concerns and repeated answers were observed. 

Hence giving this research moderate reliability.   
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Case studies usually deal with criticisms that they cannot be generalized and are not relevant 

for broader perspectives (Bryman and Bell, 2011). Flyvbjerg (2006) in his study, debates and 

corrects the five misunderstandings about generalization of case studies. One common 

misunderstanding is that one cannot generalize on the basis of an individual case; therefore, the 

case study cannot contribute to scientific development (Flyvbjerg, 2006). 

Correcting this misunderstanding Flyvbjerg (2006) debates that one can transfer the results 

developed from a case to other organisations which are not a part of the same study. Thus, the 

results and understanding developed from this study, could be used by other firms who are 

willing to initiate lean through VSM. Flyvbjerg (2006) also argues that a case study gives an 

advantage of learning and gaining knowledge and providing particular theories. Considering 

this, a greater validity of this study was obtained due to having a close relationship with the 

employees and management within the organization, which gave an advantage for 

understanding the problems and helped in having clear communication with the company. 

Generalization majorly depends on the validity of the study. As validity is high in this study, it 

can be easily generalized across various firms who want to initiate lean through VSM, even 

when they are not a part of this study.  

To further increase the validity of this study, all the data collected through observations and 

interviews were shared with the manager, to confirm if the obtained data were right. The waste 

and its causes were analyzed, and later, the results were tested with the empirical findings that 

were developed from observations. Transcripts and recordings were analyzed carefully many 

times to avoid misunderstandings which increased internal validity. To make the reliability and 

validity of this study stronger, data was also obtained by literature review, observation and the 

whole population was interviewed. 
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4. EMPIRICAL DATA  
 

This section is about empirical data analysis which is based on observational studies, 

Organizational documents, and interviews which wore conducted for this study. This section 

provides the plant description of the case company, product and product flow description, value 

stream mapping, and other findings obtained from data analysis.  

4.1 Plant Description  

This study is performed in a small, medium-sized Swedish company that produces heaters for 

all types of aircraft. They produce heaters of various sizes and different heating capacities so 

that it fits different kinds of aircraft including civilian aircraft from small private or military 

aircraft to large passenger aircraft. These heaters require less maintenance and their refueling 

cycles have a longer lifespan. They also have heaters running on either electricity or diesel that 

have heat capacity from 42 kW to 200 kW. The diesel heater that they produce is called D120, 

and the electric heater is E42. To ensure that the highest quality of aircraft heater is produced, 

they pay greater attention to quality, durability, and safety in the design and manufacturing 

process. To make the heaters more customer-friendly, they produce heaters that are easier to 

use on the ramp, improvements, and changes in the heaters are made depending on the needs 

of the customers. These heaters are built such that they can operate even in the worst weather 

conditions.  These heaters are used for both cabin heating and engine dicing (Nordic, 2019).  

The case company produces various kinds of heaters, but the study will focus only on two of 

them, which is an electric heater E42 and the other is the hybrid heater D120. The electric heater 

E42 is directly driven by an electric motor and speed controlled by a frequency inverter, and 

the hybrid heater is equipped with engine and diesel (Nordic, 2019). Both the heaters have 

almost a similar traditional way of manufacturing. This traditional process has much wastage 

which affects the overall efficiency. In order to reduce these wastages and increase efficiency, 

the company wants to implement lean. Lean production philosophy is an important place in 

Nordic heaters strategy for future, as the company isn’t well versed on lean, they are willing to 

initiate lean with VSM for increasing productivity by reducing waste.    

4.2 Production Flow Description  

Below is the Pictorial view of how the process takes place in Nordic Heater from the ORDER 

receipt to the customer delivery. In simple terms, it shows broadly the different steps involved 

in producing heater and delivering it to the customers. 
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 Figure 3: Overall Process at Nordic Heater 

The product flow starts with Orders where the Sales/Marketing Department gets the order from 

the customers. Plant retrieves the work order from the entered order in the business system. The 

order is then sent for review. The work order/ Technical specification department reviews the 

order to identify the technical documentation and customer requirements required for 

production. During this time quality control form and addition of any spare parts for the heater 

will be added and noted. Revision change and any new development will be made if necessary. 

Any changes from the predetermined delivery time are notified to the customer at this stage 

itself. If technical specifications are known as per the standard products, it directly goes to the 

next step for development and revision. 

Development/ Revision department checks for new customer requirements or new technical 

specifications listed by customers. The need/inventory department identifies needs based on a 

given work order. The need for materials is made on the basis of component lists in the form of 

excel sheets, alternatively an extract from the business system. The availability of the inventory 

is the job of material procurement division before the start of assembling.  

Assembling department does the assembly on the basis of drawing documents for each product. 
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The material flow is adjusted to the different Assembly Stages. The material procurement 

department is responsible for the purchasing of raw material and components for ensuring that 

the material comes in the right order. The installation manager is responsible for the 

installation/assembly and announces if there is a risk that the delivery date cannot be complied 

with.  

The test run department tests each product as per the procedure laid down before delivery. The 

test run takes place according to a test run document. The test score and challenge checks must 

be protocoled. A certificate on the test performed is signed by the test personnel and the 

production manager without which the product will not go to packaging. 

All machines are packaged so that it cannot be damaged in transport, primarily in wooden 

boxes, unless the customer has specified another form of packaging. On the wooden box, a 

technical passport must be affixed where it shows, among other things, what type of machine 

it is. The quality control form is checked, signed and packaged by the Nordic Heater. The 

delivery department takes care of the delivery and shipping of the final product. All forms of 

delivery must take place via the delivery manager. He makes the invoice and book transport 

and notifies the customer that their material is on the way, including any tracking number. In 

the business system, delivered is marked when the goods are delivered. Sometimes Nordic 

heater makes the standard products without the actual order in hand, expecting the orders 

shortly. These products are stored in Stores as stock/inventory. When an order is not in the 

business system, the administration is notified that the goods have been delivered to Stock. This 

is how the overall process takes place at Nordic Heater. 

4.3 Products Flow Description  

It describes the major steps in the Heater assembly process. It gives a brief idea of what are the 

major steps involved in the assembling of the heaters. A lot of sub-components that are part of 

major systems go into the assembly. 

 

D120 Heater assembling process 

                          Figure 4: Current assembling steps for D120 Heater (Source: Authors Own) 
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The assembling sequence of D 120 heater starts with the assembling of wheels with the rear 

and front carriage. The electrical system, which includes the fuel system, is routed through this 

carriage. Heat exchanger and burner are also fitted to the carriage. The next step is to fix the 

fan and hoses with the motor and generator. Pre welded and painted roofs and covers are fitted 

to the carriage. Labels and signs are posted at designated places. Then it goes for testing, where 

testing of the heater is carried out as per laid down procedure. Finally, for delivery, the heater 

is packed in wooden boxes. 

E42 Heater assembling process 

 

        Figure 5: Current Assembling Steps for E-42 Heater (Source: Authors Own) 

The assembling sequence of E 42 heater starts with clubbing wheel assembly with the front 

carriage. As this is an electric heater, it has no fuel system, a heating element and equipment is 

fitted to the carriage. Pre welded and painted roofs and covers are fitted to this carriage. Labels 

and signs are posted at designated places. Then it goes for testing, where testing of the heater 

is carried out as per laid down procedure. Finally, for delivery, the heater is packed in wooden 

boxes. 

4.4 Value Stream Mapping (VSM) 

Value-stream mapping as discussed in the literature review is a material- and information flow 

mapping (Forno et al., 2014). It visually identifies all the steps needed to deliver the product 

and highlights value-added and non-value-added activities in the system. Any expenditure on 

resources for any purpose other than the creation of value for the end customer is wasteful. 

There are many lean tools that are being practiced in Lean philosophy out of which value stream 

mapping (VSM) is one of the powerful lean tools which can be used in any type of organization. 

The results of this study completely depend on the findings from the current and future state 

maps of VSM.  

4.4.1 Current State Map at Nordic Heater 

Current state mapping describes how the present state of the process is with visual identification 

of all the steps in the organization from the starting to the end to deliver a product. It is basically 

being used to analyze the existing process and to identify the different wastes to improve upon.  
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After understanding the basic concepts of VSM, a walk through the entire process of the case 

company along with their management personnel was done, from the order receipt to the 

delivery where the information flow and material flow were understood. Before drawing the 

current state map, material flow and information flow symbols were understood which were 

used for drawing VSM. 

For starting the current state map, the boundary of study needs to be identified, i.e. which starts 

from customer orders and ends at delivery. Langstrand (2016) in his study states that results of 

current state map includes current cycle times, change over time, lead times, uptimes, takt times, 

inventories which are noted when walking through the production floor (Langstrand, 2016). 

This current state version is very important to keep and use as the baseline. The current state 

helps to understand the entire process. This enables the team to develop better solutions and to 

identify hot points.  

 
 

Figure 6: Current State Map of Both Heaters (Source: Authors Own) 

PPC: Production planning control 

MRP: Material requirement planning 

ILT: Inventory lead time 

PT: Processing time 
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Result of Current State Map: 

Cycle Time (CT) – “The time required to complete one cycle of an operation” 

(Langstrand, 2016, p.3).  

In this case, the cycle time was calculated by using time study. The time required in each step 

of assembling was calculated and summed up. After calculation, the Cycle Time obtained is 26 

hours for D120 and 8.5 hours for E42. The amount of time taken in each step is mentioned in 

the time study table (refer data analysis). Here, the wheel assembling, carriage, are excluded, 

and it is not a part of assembling as it is coming from the supplier. 

Change Over Time (CO) – “Activities that are required to prepare an operation or process 

for another type of product” (Langstrand, 2016 ,p.3). Which is also the time from last good 

piece of one batch to the first piece of next batch (Setup time). The CO time obtained is 0.  

Uptime –The percentage of time when the equipment is available to run (Langstrand, 2016). 

Here it is 100% 

Inventory lead time – The process lead time for D120 is 21 days and that for E42 is 10.5 days. 

Processing time – The processing time for D120 is 26h + 10h = 36h and for E42 it is 8.5h + 4h 

= 12.5h. 

4.4.2 Future State Map 

After the development of the current state map with the team, several, improvements were seen, 

and the entire process is observed again by keeping the targets in mind. During this, the 

wastages occurring in the process and improvement opportunities were noted. In this process, 

all the wastages occurring were identified. A time study is also conducted to identify how much 

the operator is getting loaded. After identifying the wastages and eliminating them, the future 

state map was drawn.   
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Future State Map D120 Heater 

 

Figure 7: Future State Map D120 Heater (Source: Authors Own) 

Future State Map E 42 Aircraft Heater  

 

Figure 8: Future State Map E42 Heater (Source: Authors Own) 

The output of the future state map is the identified wastages. The wastages identified were 

waiting, transport, inventory, motion, non-utilizing talent, overproduction, and defects. These 

wastages were removed, and improvements were made, which increased the production (refer 

to data analysis 5). Along with this, a well-structured assembly flow was also developed, as 

shown below.  
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Stages Assembly D120 Hybrid Aircraft 

Heater 

Assembly E42 Aircraft Heater Stages 

Stage 1 

1 Fuel System 1 Heating Element 

Equipment 

Stage 1 

2 Heat Exchange & Burner 2 Fan & Hose 

3 Fan & Hose 3 Electrical Equipment Stage 2 

4 Motor & Generator 4 Roof & Covers 

Stage 2 5 Electrical System 5 Signs & Labels 

Stage 3 
6 Roof & Covers 6 Testing  Stage 3 

7 Signs & Labels 7 Packing 

Stage 4 
8 Testing     

9 Packing    

Table 3: Assembly Flow  

 

4.4.3 Improvements Achieved by Eliminating Wastages 

A. Idle Time 

 

 

Figure 9: Idle Time (Source: Authors Own) 

Idle time reduced from 274.20hrs to 43.75 hrs. which gives a reduction of 230.45hrs i.e. 84% 

improvement (Refer to data analysis 5.8).  
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B. Production 

 

 

Figure 10: Production (Source: Authors Own) 

Monthly production increased from 3 (1 D120 + 2 E42) to 30 (7 D120 + 23 E42). The 

percentage increase is 900% with an increase of extra one manpower along with the already 

working two employees (Refer to data analysis 5).  

 

C. Inventory Lead Time (D120) 

 

 

Figure 11: Inventory Lead Time (Source: Authors Own)  

Inventory lead time for D 120 reduced from 20.83 days to 15.015 days. Reduction of 28% 

achieved (Refer to data appendix 3). 
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D. Inventory Lead Time (E42) 

 

 

Figure 12: Inventory Lead Time (Source: Authors Own) 

Inventory lead time for E42 reduced from 10.53 to 5.478 days. A reduction of 48% achieved 

(Refer to data appendix 3). 

 

E. Cycle Time (D120) 

 

 

Figure 13: Cycle Time (Source: Authors Own) 

Cycle time reduction for D 120 is from 36hrs to 33hrs with improvements like Sub Assembly 
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stations moved nearer to main Assembly stages and tooling’s availability at all stations (Refer 

to data analysis 5). The cycle time for E-42 remains the same. As per Chan (2019), reducing 

cycle times will ultimately reduce lead times, so reducing the cycle time should be the most 

important aspect of any lean manufacturing or continuous improvement project (Chan, 2019). 

4.5 Current & Future State Maps: Before and After 

The below table gives inventory lead times(ILT), production lead times(PLT) and production 

quantity before(Present) and after (Future state) which are mentioned in the Current state map 

(Refer to Figure 6) and future state map (Refer to Figures 7 & 8) respectively and for calculation 

(refer to data analysis 5). 

Current Map: 

 

 Carrier Dock Stage 1(hrs)-ILT Stage 2(hrs)-ILT Production 
Lead Time 
 (Days)PT 

Production 

Present D120 – 21 21 21 

E42 – 10.53 10.53 10.53 

Table 4: Current Production 

 

Future Map:  

 
D120 Carrier 

Dock -ILT 
Stage 

1(days)-
ILT 

Stage 
2(days)-

ILT 

Stage 3-
ILT 

Stage 4-
ILT 

Production 
Lead 

Time(days)PT 

Production 

Future 3,003 3.003 3.003 3.003 3.003 15.015 7 

Table 5: Future Production D120 

 

 

E42 Carrier Dock-
ILT 

Stage 
1(hrs)-ILT 

Stage 
2(hrs)-ILT 

Stage 3-ILT Production 
Lead Time-PT 

Production 

Future 1.826 0.913 0.913 1.826 5.478 23 

Table 6: Future Production E42 

4.6 Qualitative data results 

Shown below are the key insights obtained from the interviews conducted at the case company.  

These are insights from the employees within the organization. A total of five interviews were 

conducted; all of them were transcribed. 
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        Basic themes  Organizational theme Global theme 

No proper tool for placing       System in capabilities 
“The current process is not well 
organized, there is no flow, and 
sometimes we have to search for 
tools which cause waiting ”    

  Wastages 

Waiting for inventories 

No flow in the system 

The time lag between each product 

Ready to provide financial invest      Management capabilities 
“Yes in some way, for efficiency I 
support it to have a proper flow 
and to have JIT “ 

 

Management and 
Organization support Provision of lean training for practical 

implementation 

Commitment to lean implementation 
Flexibility and support of employees 

Adaption of change      Organizational capabilities   
“Yes, because it’s a beneficial and 
good idea, we will definitely adopt 
change, but first we need to test it.” 
“As we are a small firm, it is easy to 
communicate and take up issues”.   
               

Cultural support 

Smooth communication within the 
Organization 
Dedicated Team 

Table 7: Analysis of Interview  

 

The table given above presents only the main findings. Various findings were generated which 

were converted into basic themes, organizational, and global theme. From the basic themes, 

three organizational themes were generated which wore the system in capabilities, management 

capabilities, and organizational capabilities. Then three global themes were developed 

wastages, management, and organization support and cultural support.  
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5. DATA ANALYSIS 

This section describes the results and the findings concerning the research questions. This 

section brings up results relevant to each of the research questions addressed in this study.  

5.1 Analysis of Value Stream Mapping (VSM) 

Rother and Shook (2003) argue VSM to be a powerful tool because of the following reason 1) 

To analyze how a current process operates. 2) To see a big picture, rather than an individual 

process. 3) For identifying linkages between information and material flow. 4) For identifying 

waste and sources of waste. 5) Creating a basic foundation for designing the lean flow and the 

future state as it operates on lean concepts and techniques. 6) It forms the basis for improvement 

plans and implementation steps (Rother and Shook, 2003). 

Due to the subject power of VSM as a lean tool, this study claims VSM to be an appropriate tool to 

initiate lean in this organization. 

Why VSM was selected for this study: 

 In the case company, the process has a long lead time/throughput time. 

 Several operations involved in this Heater Assembly process, complex and different 

models need to be made in the same line. (Shared lines) 

 Customer orders fluctuate. 

 An accurate capacity calculation is needed. 

 Sudden ramp up occurs if many customer orders are received. 

 Detailed sequence wise process flow is needed. 

 The current process has a lot of idle time in the process. 

 Many wastages occur in the current process. 

According to Niland and Blackman (2016), this study follows the below systematic ten-step 

process in the case company to create the value stream map: 

1) One value stream was selected (Product family) – This study selects the heater family 

for VSM in this organization.  

2) Walk the physical flow of material where no data is collected. In the case company, the 

boundaries selected for walking through the process are “Flow from Customer orders 

to the dispatch” (Niland and Blackman, 2016). 

3) Walk the flow again, now collecting data – In the case company X, observation 

(walking) through the entire process from customer orders receipt to the shipping of 

heaters and collected the data was done, e.g. How the customer order schedules are 

received to PPC, information flow, i.e. how the PPC sends the schedules/work orders to 

the supplier and production department, carriage inventory at stores, detailed operation 

steps in the assembly, testing and packaging of the heater and how it is getting shipped 

to the customer.  

4) Draw the current state map – After collecting the subject data as mentioned the study 

then draws the Current State Map. 
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5) Identifying opportunities to minimize waste and create flow – While walking through 

the process of Case company X, wastes are identified, opportunities, improvements to 

enhance the efficiency, and process steps were achieved in order to create a proper lean 

flow to eliminate idle time. 

6) Draw the future state map – Then this study draws the suggested future state map of 

Nordic heater considering the improvements needed to improve efficiency. 

7) The Value stream plan is generated. 

8) Improvements are made. 

9) Value stream reviews were conducted 

10)  This cycle was repeated 

So, it is the continuous process of looking into the steps, again and again, to identify the 

wastages and suggest improvements. It is an iterative cycle (Niland and Blackman, 2016). 

5.2 Time Study  

A time study is an essential part of the manufacturing process, which determines how much 

time is taken in each step in the manufacturing process. This helps to analyze how the time 

period can be improved without compromising on the quality of work and the product. It is a 

great tool to determine where the workers are wasting time and energy, and if there are any 

unnecessary movements occurring. It takes the manufacturing process in a proper direction by 

making the workplace more efficient and timely (Hashim, 2008). 

Here the time study is needed to calculate the accurate cycle time (CT) for each stage in future 

state map. (Figure 7 & Figure 8). The processing time (PT) of the product is calculated by 

adding the cycle times of each stage. In the VSM study cycle time for each stage is very 

important to know the idle time available and to improve the efficiency of the line.  

Here, the time study is being done of the models E42 and D120 where E42 is an aircraft heater 

which works only on electricity while D120 works both with fuel and electricity. While doing 

this time study, a note on a few things was made like which steps in the process consume most 

of the time or which steps might need improvement. 

Steps to perform a time study 

Observation: 

It is observed how the overall process took place, understood how the end product in each step 

takes place, made a note on the role of a worker in each step, and analyzed how the process 

moved from one step to another. 

Determining the Process: 

Took into account the number of steps involved in assembling and which process comes first and 

which comes later. The exact point at which the assembly begins, and ends was determined. This 

is a step that gives us an idea about the way assembling is done and how various tasks are 

implemented. 
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Recording of data: 

The data was recorded by using the stopwatch to record the time for each step in the assembly. 

A note reading each step of the assembly was kept. A lot of readings were taken for a single 

step. The more the number of readings obtained for the individual step, the higher would be the 

accuracy in the results. 

Analyzing the data: 

As recorded, the time is taken in each step as mentioned above, a huge data of time taken during 

each step was obtained. The average of the readings was taken by summing all the reading that 

was recorded and then dividing it by the number of readings.  

Time for D120 HYBRID 
 

Sr.no Process of The Product Time Taken (in 

hrs.) 

1 Wheel Assembly 

Rear Carriage and Front Carriage 

Outsourcing 

2 Fuel System 0.5 

3 Heat Exchange & Burner 3.5 

4 Fan & Hose 2 

5 Motor & Generator 3 

6 Electrical System 9 

7 Roof & Covers 5 

8 Signs & Labels 1 

9 Testing 7 

10 Packing 2 

11 Total 33hrs 

Table 8: Time for D120 HYBRID Heater 

 

As shown above, a total of 33 hours are required for manufacturing a D120 HYBRID heater.  
 

Time for E-42 Heater 
 

Sr.no Process of The Product Time Taken 

(in hrs.) 

 1  Front Carriage Wheel Assembly  Outsourcing 

 2  Heating Element Equipment  1 

 3  Fan & Hose  3.5 

 4  Electrical Equipment  2.75 

 5  Roof & Covers  1 

 6  Signs & Labels  0.5 

 7  Testing   2 

 8  Packing  2 

 9  Total  12.75hrs 

Table 9: Time for E-42 Heater 

To be noted that wheels and carriages are already being manufactured and assembled from 
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outside, so its time is not considered in calculations and study. Thus, time for D120 HYBRID 

is 33 hrs and for E 42 Heater is 12.75 hrs. 

5.3 Explanation of Current State Mapping  

Current State mapping helps to describe the current scenario of the production system with 

visual identification of all the steps in the organization from the starting to the delivery of the 

product. It is basically being used to analyze the existing process and to identify the different 

wastes to improve upon (Refer to Figure 6). 

 Orders are obtained from customers and given to the production planning control unit 

which further sends electronic messages like monthly forecast, weekly orders, and 

emails specifying the details of the requirement and quantity to the supplier Y in our 

case. 

 According to the requirement given to Supplier Y, wheels and carriages are 

manufactured and assembled. They are then weekly transported to Nordic Heaters AB. 

 Carriages are stored in the inventory. All other components are stored in the Warehouse 

(storage unit). 

 The parts are drawn from the warehouse and are assembled to make either an E42 or D120 

heater. Nordic heater is working in a single shift of 8hrs.  

 Total assembly is being done in one place. It is a craft production. Not a continuous 

flow. 

 After assembling the heater, it is sent to the testing and packing stage where it is tested 

as per norms and packed. 

 From there, the packed product is sent either to the customer or the storage unit, and the 

whole cycle is repeated. 

 Process lead time is the time for a unit to make it all the way through the process. This 

is the addition of inventory days at each stage and the sum of cycle times. 

 Processing time is the time spent on actually performing the work on the unit. This is 

equal to the sum of cycle times.  

Calculations:  

Cycle Time (CT) – Time taken for the assembly to complete.  

In this case, the cycle time was calculated by using time study. Calculated the time required in 

each step of assembling and summed up the amount of time needed in each step to know the 

cycle time. After calculation, the cycle time obtained to be 26 hours for D120 and 8.5 hours for 

E42. The amount of time taken in each step is mentioned in the time study table. Here, the wheel 

assembling, carriage, are excluded, and it is not a part of assembling and it is coming from the 

supplier (Refer to Figure 6). 

Change Over Time (CO) – The time from last good piece of one batch to first good of next 

batch. (Setup time). The CO time here is 0.  

Uptime – The running time of the equipment and machines can be defined as the uptime. Here 

it is 100% 
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Inventory lead time – The process lead time for D120 is 21 days and that for E42 is 10.5 days. 

Processing time – The processing time for D120 is 26h + 10h = 36h and for E42 it is 8.5h + 4h 

= 12.5h. 

Takt time is a very important measure in any continuous flow type of production (Lean 

production) which is the result of the VSM study. It is nothing but how often the customer 

needs another unit. For calculating the tact time, refer to the Current state map (Refer to Figure 

6) for the number of units customer required /month.  

 

Takt Time Calculation 

Manufacturing per month (D 120) = 1, (E 42) = 2 

Number of Shift = 1 = 8hrs 

Working days per month = 21 

Requirement per shift (D120) = 1/21 = 0.048, (E 42) = 2/21 = 0.095 

Working time in a shift = 8x60 = 480min 

Takt time (D 120) = 480/0.048 = 10000min = 166.66hrs, (E 42) =480/0.095 =5052.6min = 84.21hrs 

Table 10: Present Takt Time observation 

 

Takt time is the measure of how often the customer needs another unit. Here, the calculation 

for the takt time of D120 and E42 was done. 

In the present situation, the number of units that are manufactured per month of D120 is 1, and 

that of E42 is 2. The work is done in a single shift. There is a total of 21 working days in a 

month and the total numbers of working hours are 8 hours/day 

According to the data given above, the amount of D120 manufactured in a single shift is 4.76 

percent, and the amount of E42 manufactured in a shift is 9.52 percent. The total amount of 

working time in a shift in minutes is 480 min (9 hours-1hour break). 

To calculate takt time, the formula used was available work time per day divided by demand 

per day. Here the available working time is 480 min, and the demand per day is 0.047 for D120 

and 0.095 for E42. Using the formula, takt time achieved for D120 is 21 days and for E42 is 

10.5 days. 

5.4 Identification of Waste 

One major task of VSM is to find waste and eliminate or minimize it (Rother, 1999). In VSM, 

the main goal of conducting a present and future state map was to improve the current 

production of the case company, which was achieved by finding improvements through 

identifying and reducing waste which is discussed further.      

Muda (Waste) – As per Rother and Shook (2003) “Waste can be defined as an activity or a 

material that is not value-adding according to the customers” (Rother and Shook, 2003, p.9). 
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Value – Value is anything for which the customer is willing to pay. Waste is the opposite of 

“value” which needs to be removed. 

Waste – non-value-adding step or activities 

Wastes are categorized as TIMWOOD+ human talent waste (Rother and Shook, 2003) (El-

Namrouty, 2013).  

T – Transportation 

I – Inventory 

M – Motion 

W – Waiting 

O – Overproduction 

O – Over-processing 

D – Defects 

Lean Manufacturing is a manufacturing philosophy that shortens the timeline between the 

customer order and the product shipment by identifying and eliminating waste. The below 

figure is self-explanatory. By reducing this timeline, the production of the case company got 

increased tenfold. Future state maps (Figure 7 & figure 8) are the results after the 

elimination/removal of wastages as mentioned below.  

Business as Usual 

 

 

 

Time 

Figure 14: Business as Usual (Source: Authors Own) 

Lean Manufacturing  

 

 

 

                                                          Time 

Figure 15: Lean Manufacturing (Source: Authors Own) 

After going through the entire activity of Nordic heater critically from customer orders to the 

final shipping through current and future state of value stream mapping, different types of 

wastages occurring at each stage were identified.  

 

Waste 
Customer 

Order 

Product 

Shipment 

Customer 

Order 

Product 

Shipment 
Waste 
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1. Waiting: 

Waiting is “When time is not being used properly and the waste of waiting takes place” (Hines 

and Rich, 1997, p.48). 

A. Waiting in order taking process: 

The trigger point for the production activities to start is the customer order at this organization. 

Once the order is received, the planner sends the order to the supplier and the activities of 

procuring the carriages from the supplier and the major A-class items procurement will start. It 

usually requires one week to receive the raw material and components. So the workshop waits 

until the needed components are received. It was observed that almost a week of waiting to start 

the production, which is non-value added. Some times in the middle of the production, the 

operator observes some shortages which halts the line. 

After one order is completed the production waits for another order to start the operations. 

B. Waiting in the mechanical workshop: 

The organizational structure of the workshop is as follows the PPC Planner and designer and 

two-line engineers. The duty of line engineers has to see the availability of all parts in the line 

and inform the MRP to procure. Sometimes they miss, and the component shortage occurs in 

the middle of the assembly. Heater assembly stops and will be waiting for the components from 

the supplier. 

C. Waiting in Warehouse: 

It is observed that the excess quantity of some components is in the warehouse, and these parts 

are waiting to be assembled for weeks to receive customer orders. It is also observed that 

sometimes, there is the excess quantity and sometimes there is a shortage of packaging material. 

Vehicles will be waiting for delivery due to a shortage of packaging material. Sometimes even 

the final packed boxes will be waiting for delivery due to final settlement with customer and 

non-receipt of delivery instructions from them. 

D. Waiting for equipment and tool: 

All the tools are placed at tool crib and not at the assembly line. It requires the operator to go 

to the tool crib and collect the tool. At present layout, the proper placing of tools near the 

production line does not exist. The same tool is being used for different assembly lines. i.e. the 

same tool for sub-assembly and main assembly different stages. So the operator forgets where 

he kept the tool and searches for the same. 

E. Waiting for Assembling:  

The operator needs to bring the components from the warehouse for assembling and 

accumulating the components to start the assembly process. So the process of assembling is 

waiting for the parts to be brought from the warehouse.  The entire process is time-consuming. 

The operator refers to the assembly sheet before assembling the parts, which also is time-

consuming. The delay is because one operator has to assemble the total vehicle at one stage as 

it is Crib production and not the mass production concept. 
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2. Transportation:   

Transportation waste is “Waste that occurs when goods move from one process to the next 

without adding value to the process” (Hines and Rich, 1997, p.49).  

There is an unnecessary movement of materials, such as WIP being transported from one 

operation to another or storage location. It should be minimized for two reasons: 

a) It adds time to process during which no value-added activity is performed. 

b) Goods can be damaged during transport.  

Moving the carriages from the warehouse to the assembly line is a transportation waste, and 

non-value added activity which is a type two muda. Similarly moving the materials from the 

warehouse to the assembly line is also a transportation waste. A lot of transportation wastage 

is taking place due to the transport of materials from the sub-assembly stage to the main 

assembly line with a poor layout. In supply chain management also authors could observe the 

subject wastage. At present system with very low customer orders, components are getting 

procured for every order they get for which transportation needs to be arranged to get the parts. 

In the present scenario, trucks are being organized even for transporting one single heater 

assembly to the customer.  

3. Inventory:  

“The waste of unnecessary inventory is a sign that flow has been disrupted, and that there could 

be problems in the process” (Belova and Zhu, 2008, p26). 

A problem such as the increase in the lead time, more use of space, and preventing rapid 

identification of problems is caused by the presence of unnecessary inventory. The case 

company has unnecessary inventory in three areas of warehouse A, warehouse B, and the 

mechanical workshop. The unnecessary inventory was considered as the Type Two Muda or 

non-value-added activity. 

Excess carrier inventories and raw material inventories in the warehouse were observed.  The 

calculation for the line side inventory lead time with the present set up was also done. 

4. Motion/Movements: 

Motion waste is an unnecessary movement that can be avoided. Walking between two 

processes, taking a store’s requisition for signature or emptying parts from one container into 

another” are few examples of unnecessary motion wastage (‘Value Stream Mapping for Waste 

Reduction in Playing System Components Flow’, 2008). These kinds of waste are tiring for the 

employees leading to poor productivity and other quality problems (Hines and Rich, 1997). 

A. Unnecessary motion in delivering the raw material: 

It was found that there was a lot of unnecessary movement of workers in delivering the carriage 

and wheel assembly from warehouse A to the mechanical workshop. As mentioned earlier, 

Supplier X delivers the carriage and wheel assembly either to warehouse A or to the mechanical 

workshop. Warehouse A locates not that far away from the main Nordic Heater building, i.e. 
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0.5 kilometers, but still, it takes time and workforce to bring the raw material to the workshop. 

It implies extra costs for Nordic Heater. This is as a waste of the Type One Muda, i.e. activity 

is non-value added, but necessary. However, it can also be taken as the waste of type two Muda 

because this time can be used by a worker on performing other tasks in the mechanical 

workshop instead of wasting efforts and time in the activity that adds no value to the product. 

The operator also needs to get other components from the warehouse to the workshop, which 

is also an unnecessary motion. 

B. Unnecessary movement in the mechanical workshop: 

In the current scenario, the worker has to move to the Subassembly area to do the sub-assembly 

of parts and carry the sub-assembly to the main assembly. 

C. Unnecessary movement in the production process: 

During the production process, there is an unnecessary movement of workers. Each working 

area needs a set of tools. The worker needs to travel to the tool crib to collect the tool. It also 

happens that the tool is missing and the worker needs to find it or take it from the other working 

area. It happens due to the same tools that are being used in the sub-assembly area and different 

main assembly areas. Sometimes a tool is lying between the working, but there is no idea of 

which working area it belongs to. This implies the Type Two muda. This waste is due to poor 

workplace organization.  

5. Not utilizing employee’s talent:  

In an organization, the most valuable resource is its employees. “Non- utilized talent is not 

utilizing the talent of the employees working in an organization” (Namrouty, 2013 p.75).  

Examples of not utilizing employee’s talent are such as the lower level employee would be able 

to be flexible for more than one job and making an employee with multiple skills in one position 

would lead to passing up opportunities to his role and involvement in plant.   

A lot of wastage occurring while waiting for orders and the production to start and till that time, 

the workers sit idle. Even during the assembly process, a lot of idle time available to the 

operator, as shown in our calculations. As it is considered a waste because this time can be used 

by workers for some value-adding activities.        

6. Over Production:  

Overproduction occurs when more than the required amount of products are produced 

(Namrouty, 2013). 

A product is made before the customer needs them. Sometimes the case company produces one 

or two heaters and keeps them ready in the warehouse and waits for orders to arrive. This is 

because it is not a pull system, and the product might get damaged due to handling. 

7. Defects:    

Defects are damage to the product or when the product quality is not as per the customer 

expectations.   
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The case company has its internal quality system, i.e. going through the quality assurance 

checks of the product and certifying the same before getting delivered to the customer. Their 

Internal defect rate = X defects/heater.  

Nordic heater also provides warranty and servicing of the product after delivering it to the 

customer. The external defect rate =Y defects/heater. The lesser the defect rate, the more 

customer satisfaction. 

5.5 Develop Targeted State Value 

After completing the current state VSM, it is next endeavor to develop a targeted state VSM. 

The targeted state represents a clear target of where the process wants to end up. It was 

discussed with the management representatives and brainstormed where to reach and decided 

on broad targets. 

a) Shift from the present craft production to continuous flow. 

b) Improve the current production capacity/month to 20 to 30 heaters 

c) Work for a pull system 

d) Remove the wastages in the system. 

e) Work on inventory improvement 

f) Reduce the idle time of the operator. 

g) Availability of resources near to the operator. 

h) Think of cost optimization (Low cost) for the implementation of improvements. 

5.6 Elimination of Wastage 

After identifying wastages, they are then eliminated or minimized as explained below. Then 

the future state maps (Figure 7 and Figure 8) are drawn considering the waste elimination 

(Rother and Shook, 2003). As explained earlier in the VSM process main concentration is the 

elimination of wastages by critically looking into the total process. 

1. Waiting in Order taking process: 

As the Organization is planning to increase the production to 20 to 30 heaters /month, so they 

are expecting the firm customer orders once in a month and forecast of 15/30 days. With this 

kind of schedule expected, it is suggested that the material planning releases weekly schedules 

to the carriage supplier and daily orders. MRP releases the weekly material requirement report. 

It is also suggested that the MRP releases the monthly schedules to other critical component 

suppliers and weekly confirmed orders.  

It is also suggested to go for a scientific approach in inventory management. Inventory 

replenishing schedules will be in place. Suggested to keep ERP system such that whenever 

inventory reduces to a certain quantity, automatically it triggers for order release to avoid 

waiting time and unexpected shortages. So the week-long waiting time can be avoided. 

A. Waiting in the mechanical workshop: 

The scheduled release frequency to the suppliers needs to be modified due to the continuous 

flow of production. i.e. Weekly schedule release to the carriage supplier and daily orders and 
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monthly schedules to the other critical suppliers and weekly orders. Apart from this inventory 

management, as suggested above, to be followed. So the waiting for component shortages can 

be awaited. The above wastage can be minimized or overcome with the subject countermeasure. 

B. Waiting in Warehouse: 

As explained earlier, with the schedule adherence of orders and inventory management, the 

above wastage can be overcome. It is also applicable to the packaging material. As per Nordic 

heaters, sometimes they could not avoid waiting for the final product to deliver as the customer 

might not give delivery clearance instructions in time even with follow-ups.  

C. Waiting for equipment and tool: 

The total process is being divided into different stages and sub-assemblies brought near to the 

main assembly stages, and the tools and equipment are planned to be placed at respective stages. 

It needs procuring some tools to duplicate at different stages. With this, the subject wastage can 

be totally overcome. 

D. Waiting for Assembling: 

It is suggested to divide the process into stages as mentioned in the Future state map (Ref Fig. 

5 & 6) and line-side storage is planned for the continuous flow. So parts are available near to 

the assembly and not waiting for the parts to be brought from the warehouse. As the assembly 

is divided into stages and specific operator assigned to the specific stage, there is no necessity 

to refer to the assembly sheet. It is suggested to make standard operating sheets (SOP) and to 

be made available at every stage. 

2. Transportation: 

Carriages are being supplied from their sister concern which is very nearby. It is suggested to 

follow just in time concept (JIT) for the carriages and being fed directly to the assembly line 

not to the warehouse to avoid transportation from warehouse to assembly line. As explained 

earlier, line side storage is planned at different stages to avoid the transportation of components 

from the warehouse to the assembly line. 

As previously explained, the schedule adherence of supplier orders and inventory management, 

the parts are getting procured in a systematic way. Due to this, a lot of transportation costs from 

suppliers can be avoided. As it is expected by the management that the customer orders flow 

increasing, it is suggested to transport many heaters in a big truck and deliver the same to 

different customer’s base if logistics permit the same. 

3. Inventory:  

JIT for carriers has been suggested. As explained earlier, the schedule adherence of supplier 

orders and inventory management, the parts are getting procured in a systematic way which 

avoids excess inventory in the system.  With the future state map, which has been suggested 

(Refer to Figures 7 & 8) readers could see the improvement in the inventory lead time, which 

is also shown in the improvement graph. 
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4. Motion/Movements: 

Unnecessary motion in delivering the raw material – 

Supplier Y needs to deliver the carriage and wheel assembly directly to the mechanical 

workshop at JIT, and the unnecessary motion from supplier to warehouse and warehouse to the 

mechanical workshop is eliminated. Due to this unnecessary motion, the working time is not 

productively used which can be utilized for some other activity, hence removing the activities 

that do not add value to the product.    

Unnecessary movement in the mechanical workshop –  

As the sub-assembly brought beside the main assembly area in the new layout, the unnecessary 

movement of the operator moving from sub-assembly to the main assembly can be avoided. 

Unnecessary movement in the production process – 

A proper placing and no sharing of tools will eliminate this waste. As suggested, dedicated tools 

are going to be placed at all stages. 

5. Not utilizing employee’s talent: 

As per the suggested Future state map, i.e. continuous process- idle time reduces from 274.2 to 

43.75 hrs. The workers are able to use their time and talent wisely. It is also suggested to train 

the operators in multiple stages to improve the multi-skill of the operators by which 

management will have the flexibility to shift the operators. 

6. Over Production: 

It is suggested to have only a pull system. i.e. Schedules will be released based on customer 

orders only. With increased demand and production envisaged by management, the change in 

the approach, i.e. continuous flow with a pull system as explained above can eliminate this 

waste totally. 

7. Defects: 

It is suggested to prepare the a countermeasure sheet for all the defects, either internal or 

external and to be stored in the data bank. The defects need to be segregated as assembly defects 

or supplier defects, and accordingly, actions to be deployed and check sheets need modification 

and to be dynamic. The supplier audit program needs to be incorporated. With the production 

increase, the supplier quality is the most important parameter to be monitored.  The targets to 

be decided for internal and external quality defects and plan to be made to achieve the same. 

5.7 Explanation of Future State Map 

A future state map is a map which is used as a guide for a more efficient process.  

Our aim to build a chain of production such that the individual process is linked as closely as 

possible to their customers either by continuous flow or pull. After identifying the 

improvements, the future state map is developed as given below (Refer to Figures 7 & 8). 
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 A forecast of 15 or 30 days and monthly orders are received from the customers and are 

given to the PPC unit. From PPC, weekly forecast and daily orders are given to Steelex 

Group AB from where wheel assembly and carriage are sent on a daily basis accordingly 

to Nordic heaters AB. Carriages are supplied to the line directly (JIT). The MRP sends 

weekly schedules of materials required to all the stages to the Nordic heaters AB.  

 The process for both E42 and D120 is the same except for a few changes in the stages 

as you can see from the table (Refer to Figures 4 & 5). 

 The whole assembly process is operated by a pull system.  

 There is inventory in between each stage, and the inventory consists of one carriage.  

 For D120, the whole process is divided into four stages. The first stage includes a fuel 

system, heat exchange, and burner, fan and hose, motor, and generator. Stage 2 has 

electrical systems. Stage 3 includes roof and covers and signs and labels. Stage 4 has 

testing and packing. The time spent in processes 1, 2, 3, and 4 are 9hrs, 9hrs, 6hrs, and 

9hrs respectively.  

 For E42 the process is divided into three stages. The first stage consists of heating 

element equipment and fan and hose. The second stage consists of electrical equipment, 

roof and cover, and signs and labels. The third stage includes testing and packing.  

 The work is done on a continuous basis as all the work in each stage is done 

simultaneously.   

 After all the stages are completed, the machines are sent to the storage unit daily. 

5.8 Observation analysis 

The first step in the study was related to data collection and observation. Observations were 

done by  

1) Walking through the process and interacting with the employees. 

2) Observing a line engineer throughout the heater making process. 

5.8.1 Future Takt Time 

Tact time is a very important measure in any continuous flow type of production (Lean 

production) which is the result of the VSM study.  It is nothing but how often the customer 

needs another unit.  For calculating the tact time, refer the future state maps (Refer to Figure 7 

and figure 8) for the number of units customer required /month.  

Takt Time = (Available work time per day) / (demand per day) 
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Takt Time Calculation 

Manufacturing per month (D 120) = 07, (E 42) = 23 

Number of Shift = 1 = 8hrs  

Working days per month = 8 days (for D120); 13 days (for E42) = 21 Days 

Requirement per shift (D120) = 7/8 = 0.875, (E 42) = 23/13 = 1.77  

Working time in a shift = 8x60 = 480min (9hrs – 1hr Rest Time) 

Takt time (D 120) = 480/0.875 = 548.6min = 9.1hrs,  

Takt time (E 42) =480/1.77 = 271.1 = 4.5hrs 

Table 11: Takt Time Calculation  

Takt time is the measurement of how often the customer needs another unit. Here calculate the 

takt time of D120 and E42 considering 8 days working for D 120 and remaining 13 days for E 

42. In the present situation, the number of units that are manufactured per month of D120 is 

seven and that of E42 is 23. The work is done in a single shift. There is a total of 21 working 

days and the total number of working hours is 8 hours.  

According to the data given above, the amount of D120 manufactured in a single shift is 0.875, 

and the amount of E42 manufactured in a shift is 1.77.  Calculating the total amount of working 

time in a shift, result obtained is 480 min for each shift. (9 hours -1hour break) 

To calculate takt time, the formula used was available work time per day divided by demand 

per day. Here, the available working time is 480 min, and the demand per day is 0.875 for D120 

and 1.77 for E42. Using the formula, takt time obtained for D120 is 9.1hrs days and for E42 to 

is 4.5 hrs.  

5.8.2 Idle Time Calculation 

Idle time refers to the time when an employee/operator is not producing anything(r).. i.e not 

working.  It is also called a downtime or waiting time. Some times management causes are the 

reasons for the downtime, but not always. The idle time is associated with waiting which are a) 

waiting for orders b) waiting for material c) waiting/searching for tools d) waiting for carriages 

etc which is resulting in idle time.  Table 12 refers to present idle time calculated with reference 

to current state map (Figure 6) and table 13 refers to future idle time with reference to future 

state maps (Figure 7 and Figure 8).   

A very important point to be noted here is during idle times, employees are still paying their 

workers even though they are not doing any work. In other words, it is the unproductive time 

of employees, for which they are still receiving money.  For companies which mean they are 

losing money.  Organizations are incurring the loss by still having costs but are getting nothing 

in return.  

By clearly identifying the wastages due to waiting and minimizing the same as explained and 

reducing the cycle times with time study, a considerable reduction of idle times /month is 
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achieved i.e. ref table 12-Present idle time/month: 275 hrs, ref table 13 Future idle time/month 

43.75 hrs.   

 

Present Idle Time /Month 
Sr.No Stages Idle Time(hrs) 

1 Operator 1 125.0 

2 Operator  2 150.0 

3 Total 275 

 Table 12: Present Idle Time  

 

Future Idle Time/Month  
Sr.No Stages Idle Time(hrs) 

1 Operator 1 1.5 

2 Operator 2 7.25 

3 Operator 3 22.0 

4 Operator 4 13.0 

5 Total 43.75 

 Table 13: Future Idle Time 

 
Idle time Calculation sheet (Refer to Appendix 5)     

5.9 Barriers and Challenges in Implementing VSM 

In this section, major barriers and challenges are explained for implementing Lean concepts in 

the case company. The major challenges would be a cultural change in the organization mainly 

the management inclination towards this.  

 

A. The earlier process was too intuitive where the process flow is too dependent on the 

operator as only one skilled operator is available. (Refer to Current state map Fig 6). 

Line engineer decides to get the material from stores and sequencing the operations. If 

he confuses, he refers to the operation sheet. This barrier is removed by implementing 

the Future state map (Refer to Fig 7 and Fig 8). 

B. Lack of knowledge on lean tools and VSM is observed in the Nordic heater organization 

which needs to be enhanced by education and training. Cultural change is needed in the 

organization. Mind-set change of management is very much required in the Nordic 

heater. In the present scenario, there is no pressure on management to follow procedures 

and standardization. It is a major challenge that could be seen that with the 

implementation of Future state map (Refer to Fig 7 and Fig 8), a lot of pressure on 

management is seen to follow procedures, availability of raw material at the correct 

time, schedule releasing, inventory management, etc.  

C. Presently lack of clarity of procedures is seen. For example, shortage of material 

occurring in the process after the production starts due to improper coordination with 

suppliers. Also inventory follow up and replenishment procedures are not adequate. 

Explained in 5.4 and 5.6 i.e. Wastages identification and elimination 
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D. Poor process stability was observed. Lack of standardization and stability of the process 

was seen in the Nordic heater. Still, the old methodology of Craft production is followed 

where there is no sequencing of assembly. (Fig 6 –Current state map refers to Craft 

production with only one stage. Suggested Fig 7 and Fig 8- Future state maps which 

shows the continuous flow and process robustness is improved)  

E. Operator flexibility is not seen. i.e. Total production depends on one operator. Multi 

skilling is not seen presently. It is also explained in wastages 5.6 points no 5. With the 

implementation of future state maps, multi-skilling of operators can be done between 

stages 1 to stage 4. 

F. Operators may not be inclined with this new change due to idle time reduction as they 

are loaded more than the present (Refer to Table 12 and 13).  May demand incentives.   

G. Low level of integration between the processes. Presently a low level of integration in 

some process was seen. For Example- production process integration with the 

procurement cell, procurement cell integration with the supplier, and custom integration 

with Nordic heater. These are discussed in wastage sections (Refer to 5.4 and 5.6) also 

like schedule adherence, inventory management, and customer order adherence for 

successful implementation of future state maps (Refer to Fig 7 and Fig 8). Robust 

management with standardization of process is needed. 

H. Cost of implementation.  Management will incur some cost to set up Layout as per 

future state maps (Refer to Fig 7 and Fig 8). If cultural barriers are overcome, it is not 

to be seen as the major barrier due to cost-benefit analysis done which is most beneficial 

to the company to implement.  

I. Challenge to maintain flow in the production system was observed when the production 

demand as expected by management is not achieved, it creates a problem to maintain a 

flow. This needs realignment of stages and manpower. The future state map is designed 

for the total monthly production of 30 heaters (Refer to Fig 7 & Fig 8). If any major 

reduction or increase in demand needs redesigning of stages and manpower which is 

the concept of Lean management.  

J. Supplier challenges: With increased demand, the Nordic heater may face challenges 

from component suppliers to get quality components at the desired time and follow JIT 

for carriages. Not only the schedule adherence from suppliers, but quality adherence is 

also important as it creates defects as mentioned in the wastage section in 5.6 which 

results in customer dissatisfaction. 

After going through the barriers and challenges mentioned above, for implementation, it needs 

basic lean knowledge by Nordic heater management and understanding of benefits and looking 

into the wastages from the customer point of view and economic point of view. This needs a 

cultural and attitudinal change of management and in fact, the total organization (Forno et al., 

2014). 

5.10 Interview Analysis 

Thematic analysis was used from which three global themes were identified wastages, 

management, and organization support. 
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The first global theme, wastages, deals with the problems and barriers that the current 

production system has at the case company. The related organizing theme is the system in 

capabilities. The interviewee mostly discusses that there is no flow in the system; they have to 

wait for inventories for long times; no proper tool placing causes delay and time lag between 

two products. According to the interview, these issues cause hindrance in the current system. 

They are thus affecting the production rate and efficiency. Employees believe that these are the 

non-value adding activities and must be avoided.   

Management and organizational support was the second global theme developed with 

organizing theme of management capabilities. Almost all the interviewee discusses regarding 

the support the management and organization are willing to provide for the implementation of 

VSM. They discuss management providing financial investment, how committed are the 

employees and management on implementing VSM, the employees also discuss that being 

small in size, makes them flexible. The management person interviewed spoke about the 

willingness of providing lean training to their employees before practical implementation.    

The final global theme is cultural support with the organizing theme of organizational 

capabilities. Most of the employees find lean an effective way of increasing the production and 

believe it’s beneficial, so they are ready to adapt to this change of transformation from a 

traditional to effective way of production. The authors learned that the team is dedicated to the 

implementation of VSM and the employees state that as the organization is small there is 

smooth communication between all employees and there won’t be an issue when implementing 

lean.  

To sum up, all the employees in the case company know that there are some issues in the current 

production system, which is decreasing their efficiency and productivity. When they were told 

about lean and VSM, they felt that implementation of this tool is much needed and they support 

this idea of implementing VSM to initiate lean. They also discuss how willing and committed 

the management is on this implementation. They discussed their view on lean and how being a 

small organization makes it easier to accept change and implement lean. 
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6. DISCUSSION 

In this section of the thesis, the analysis and the findings of the study are discussed with the 

challenges encountered and how they are surmounted along with other author’s point of view. 

This section also includes the proposed improvements and suggestions.  

6.1 Discussion on research questions  

Research Question: 

1. Is Value Stream Mapping (VSM) a suitable technique to initiate lean ways of work in 

an SME lacking explicit knowledge and experience of lean manufacturing?  

Sub questions to guide work 

1. Is the use and application of VSM advisable from a technical point of view? 

2. Is the use and application of VSM advisable from an organizational point of view? 

For answering the main research question, two sub-questions were generated that describes how 

VSM can be used and applied from a technical and organizational point of view. This section 

of the study discusses and provides evidence on how VSM can be taken as a suitable technique 

to initiate the lean way of work in an SME that lacks explicit knowledge and experience of 

lean manufacturing.   

6.2 Technical Point of View  

To support that it is advisable to implement VSM from a technical point of view, the evidence 

is provided on the basis of an increase in productivity and the successful elimination of 

wastages.       

6.2.1 Increase in Productivity   

This study states that it is possible to initiate the lean way of work by using VSM from a 

technical point of view because of the major increase in production. The production increases 

from 3 to 30 products per month. The question now arises, how was this increase in production 

achieved, and will it be possible for the case company to achieve this rapid increase in 

production?   

Yes, it will be possible for this organization to achieve an increase in productivity because the 

organization has received many orders from customers that match the productivity increase, 

also the management is planning to make around 25 products per month as they are expecting 

a big surge in customer orders. Answer to how come the productivity increase by 3 to 30, which 

was because of loopholes in their current systems which is no proper planning and management 

losses. For example, order management was very poor, and production took place only after 

receiving a customer order, till that time, the employees were sitting idle, which also increased 

the ideal time. Inventory management was poor. Sometimes shortages of inventories and 

availability of excess material were seen. There was no proper tool placing which caused time 
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loss and wastage of movements. Time for operator movements to fetch the material from the 

warehouse, shifting the carriages from stores to the assembly area, fetching the sub-assemblies 

from the sub-assembly area, and getting the tools from the tool crib and search for tools as a 

single tool is used for many operations. This hammered the productivity of the workers. There 

was also no sequence of assembly as the total vehicle was getting assembled in a single place. 

After using VSM, there was a continuous flow which, sequenced the operations into stages and 

increased the manpower from 2 to 4 for D 120. For E 42 manpower increase is from 2 to 3. 

Also, these issues hammered the productivity at Nordic Heater. By using VSM, almost all of 

these non-value adding activities and wastages were identified and removed; the continuous 

flow was obtained by dividing the assembly into stages and standardizing the different 

processes. This helped in achieving the subject production, which is the effect of the 

implementation of lean concepts and VSM. 

6.2.2 Successful Removal of Wastages   

As mentioned in the data analysis, many wastage were identified and removed while 

implementing VSM. Supporting this Womack (1990) states that it is important for an 

organization to remove wastage for the purpose of increasing efficiency and product quality 

(Womack et al., 1990). Removal of these wastages at the case company not only increased 

efficiency and product quality but also helped in maintaining continuous flow, proper 

optimization of space, employees, and inventories. Due to successfully eliminating these 

wastages, the implementation of VSM becomes easier.  

 

This study was successful in removing all the non-value-adding activities (wastages) and has 

achieved a major increase in production. Thus, considering these factors this study claims that 

it is possible and advisable for a company from a technical point of view to initiate a lean way 

of work when the case company lacks explicit knowledge on lean.     

6.3 Organizational Point of View  

This study provides evidence that from an organizational point of view, it is possible to initiate 

a lean way of work by using VSM in an SME lacking explicit knowledge and experience of 

lean manufacturing. This is due to clear support and commitment from management and readily 

acceptance of change within the organization. Discuss below are the evidence of this claim. 

6.3.1 Support from Management   

After analyzing the interviews and through observations, this study gets to know that the case 

company is flexible, as it is an SME, and is ready to standardize the processes as suggested. 

Supporting this Math and Rouch (2013) from their study confirm that small and medium-sized 

organizations have the advantage to be more flexible than larger companies (Matt and Rauch, 

2013).  

Management commitment and leadership come under the soft lean practises, connecting with 

literature Rother (2009) in his study argues that success of lean implementation usually depends 

on the use of soft lean practises. The reason that many Lean implementation practises fail is 
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due to only considering technical hard tools and ignoring soft practises (Rother, 2009). 

Discussing management support from the case company is that they are ready to provide the 

required resources and incur all the initial expenditure in setting up the line, after seeing the 

benefits out of it. After understanding the basic lean philosophy and benefits out of it, the 

management and employees are now clear with the purpose, benefits, and vision of conducting 

VSM. Through interviews, it can be concluded that the employees and management of this 

organization are highly committed and have a dedicated team for conducting VSM. 

Management was suggested to have lean training, which they are ready to provide before VSM 

implementation.  

Supporting this Azyan, Pulakanam and Pons (2017) state that management commitment and 

support are the key factors, along with management knowledge on lean. More specifically, the 

critical success factors were identified as management leadership and commitment, upfront 

training in lean, good understanding of lean concepts, tools, and approach to implement lean, 

good understanding of ‘waste’ (any activity that does not add value), also management 

providing appropriate resources towards implementing lean and communication (Azyan, 

Pulakanam and Pons, 2017). 

Extending the conclusion Serrano, Ochoa and De Castro (2018) state VSM as a suitable tool 

when it comes to redesigning a production system. But as per them, there is a need for a team 

with established roles, the need for involving management in decision making, showing the 

importance of the project to the employees. They argue management support to change as an 

essential factor for the implementation of VSM (Serrano, Ochoa and De Castro, 2008). 

Considering the support of different kinds of literature and through the findings of this study, 

authors conclude that this organization is quite flexible and is ready to provide the required 

support, commitment, and resource for VSM implementation. This makes VSM 

implementation easier from an organizational point of view.   

6.3.2 Acceptance of Change   

After analyzing the interviews and after having a discussion with the management and workers 

about the benefits, the authors get to know that the case company is ready to accept change. 

The major reason for an organization to accept change is that the idle worker time is reduced. 

As the production increase is tenfold with the addition of only two operators, management may 

think of giving incentives to the workers after a certain level of production crossing as the 

company is getting benefited with high profitability. Available working time for the worker is 

8 Hrs. (480Mts), i.e. 9hrs-1hr break. It is according to the industrial norms of Sweden. The 

working time of the employees remains the same after implementing VSM.  

Operator fatigue is getting reduced by a change in the layout by implementing lean. Presently 

operator is literally carrying the components from the warehouse (Ground floor) to the assembly 

area (1st floor), sub-assemblies from the centralized sub-assembly area to the vehicle assembly 

area. The operator is searching for the tool as the same tool is being used in multiple operations. 

Above fatigue is getting eliminated with the changed layout. Presently total heater assembly is 

getting done at single-stage and the operator is getting confused and referring to the assembly 

sheet. With changed layout operations divided into different stages and planned to put SOPs 
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(Standard Operating Sheets) at all stages for training operators. As a result, the employees are 

ready to accept lean. 

Supporting the claims of this study Cornelissen (2013) states for a workforce to accept lean, it 

is essential that there is clear communication about the purpose, priorities, and benefits of lean 

(Cornelissen, 2013). Extending this Nuno and Rei (2015) concludes from her study that 

when implementing lean in Ford, it was difficult to convince the company and the 

operators to adopt changes. Also, they observe the lack of inclusion of the management 

executives in this process, which was the root- cause for this difficulty (Nuno and Rei, 

2015). Matt and Rauch (2013) in their study state that smaller firms often bring change more 

quickly than larger firms because of having less bureaucracy, flexibility, short communication 

lines, and also the informal nature of small firms make application of Lean production programs 

simpler (Matt and Rauch, 2013). Due to the above- mentioned benefits, the case company is 

ready to accept change.  

Acceptance of change is concerned with people and relations which as per Chiarini, Found 

and Rich (2015) comes under soft lean practise. They usually argue that companies only focus 

on using technical tools by avoiding the soft practises which later leads to their failure (Chiarini, 

Found and Rich, 2015). Soft practises include management support, acceptance of change 

continuous improvements, group problem solving, employees’ training to perform multiple 

tasks, customer involvement and supplier partnerships. Supporting the claims above, this study 

argues that by ignoring issues related to human behavior and people management, will lead to 

lesser  product quality, lower output and difficulty in achieving a greater competitive advantage. 

Also, the authors observe that soft lean practises are crucial when it comes to achieving better 

and sustaining performance in the long term. Thus, it is important to consider both soft and hard 

practise when implementing lean.  

By having support from various literature and from the findings of different authors, it 

can be claimed that the use and application of VSM are advisable from an organizational point 

of view majorly because of the support and commitment of management and acceptance of 

change with in the organization.       

6.4 Challenges and Barriers when Implementing VSM   

Many challenges were observed when implementing VSM, out of which the major one was to 

make the employees and management understand the need for VSM as they lacked sufficient 

knowledge of it.  But this challenge was partially overcome by involving the employees in the 

theoretical implementation of VSM. Also, as discussed previously, the management will be 

providing their employees with professional training on lean before its practical 

implementation. Challenge such as low level of integration between the processes was 

observed. For Example- production process integration with the procurement cell, procurement 

cell integration with the supplier, and the customer integration with Nordic heater. This was 

partially overcome through VSM. The challenge to maintain flow in the production system was 

found; for example, if the product demand as expected by management is not achieved, it 

creates a problem of maintaining the flow. This was overcome through proper realignment of 

stages and manpower. Extending this, major challenges listed in the literature by Cornelissen 
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(2013) to implement VSM wore people management, standardization, and resource 

management, which wore overcome in this study (Cornelissen, 2013). 

By considering the barriers from the literature Gustavsson and Marzec (2007) argue that the 

VSM model is very dependent on quantitative information which is about transforming inputs 

into the output. Therefore problems would be faced in using the VSM tool for projects that lack 

information, for example, start-up projects (Gustafsson and Marzec, 2007). This issue is 

overcome as no information was lacking, and real-time readings were continuously observed; 

also, information used in this study was taken from a genuine source.     

Other issues such as supplier challenges were difficult to overcome, for example, with an 

increase in production, the case company faces challenges from component suppliers to get 

quality components at the desired time. Also, it was difficult to keep operator flexibility. As 

there were only two people working on producing heaters and one person will be included after 

the implementation of VSM. The process flows completely depends on the operator, and having 

multitasking and flexibility with these operators was not possible to overcome.   

Serrano, Ochoa and De Castro (2008) draft an important conclusion that there is a large 

gap between the theory which is proposed in the VSM literature and the level of usage in 

real-world applications (Serrano, Ochoa and De Castro, 2008). According to them, there 

is a major difference in implementing VSM theoretically and practically. The authors of 

this study could see this as a barrier because this study only aims to implement VSM 

theoretically, this barrier could not be overcome because for this a practical VSM 

implementation is necessary to know the level of usage in real-world applications. Thus 

to overcome this a practical VSM implementation needs to be done and tested.  

When conducting VSM, the authors encountered challenges such as lack of control over 

the VSM process, slower turnaround time, language barrier, lack of domain and business 

knowledge. These challenges wore seen because the case company had appointed an 

external consultant (authors) for conducting VSM. Such challenges could have been 

avoided if the employees of the organization had conducted the process. Challenge was 

seen as the authors had to first understand and have knowledge of the business, product, 

process and the shop floor. Supporting this Jimmerson (2009) states that staff that owns the 

process and performs it will have better ideas when conducting VSM more than a new outsider 

(Jimmerson, 2009). Extending this Roser (2015) states that consultants usually have experience 

in improvement projects, but they lack knowledge on the products and the manufacturing 

process. He advises the consultants to first understand the shop floor before starting 

implementation of lean (Roser, 2015).  

But outsourcing for this case company turned out to be beneficial because the organization 

got to know, that it is possible for them to implement lean through VSM theoretically, 

they also got to know how feasible it was for them to invest on this change. Supporting 

this Mirzaei (2011) concludes that when an organization is new to lean and lacks skilled 

employees, it is advisable to use an external consultant for SMEs. But he argues that for this 

the SME must be able to afford it (Mirzaei, 2011). Authors had to go through various challenges 

which are discussed above for bringing in external competences. They had to first understand 

and have knowledge of the business, product, process and the shop floor. This resulted in 



55 
 

delay and issues for implementing the VSM process. Thus, this thesis argues that it is 

always better to involve employees, along with external consultants when conducting VSM.  

A major barrier or limitation in this thesis was that out many soft practises discussed in 

literature, authors could only implement a few of them which wore management support and 

commitment and acceptance of change. Discussing about management support from the case 

company is that they are ready to provide the required resources and incur all the initial 

expenditure in setting up the line, after seeing the benefits out of it. After understanding the 

basic lean philosophy and benefits out of it, the management and employees are now clear with 

the purpose, benefits, and vision of conducting VSM. After analysing interviews, it can be 

concluded that the employees and management of this organization are highly committed and 

have a dedicated team for conducting VSM. After understanding the benefits of this change 

(refer 6.3.2) the management and employees are willing to accept change.    

Also, as discussed previously VSM is an iterative and a continuous process, which helps in 

achieving continuous improvements. Thus the VSM implementation shown in this study 

includes only few use of soft practises. Other soft lean practises such as group problem solving, 

customer involvement and supplier partnerships are not included in the study. This is a big 

problem because soft practises enable in achieving better and sustaining performance in the 

long term, and in having a competitive advantage. Ignoring this will not allow the case company  

to create a culture which is based on an organizations philosophy with the principles guiding 

people's way of thinking and behaving (Halling, 2013). This will also cause issues in behavior 

and subject of managing people. It was not possible for authors to include all the soft practises 

which is the delimitation of this study. For future study, to make the thesis more strong, the use 

of both hard and soft practises is suggested. Also, this study suggests that one should first use 

the soft practises before conducting VSM.          

Supporting the results of this study Shrimali and Soni (2017) claim that identifying and 

accepting the facts of change, identifying and resolving technical, cultural, and managerial 

constraints leads to the successful implementation of lean in an SME (Shrimali and Soni, 2017).  

Therefore, many challenges and barriers were encountered when performing VSM to 

initiate a lean method that needs to be overcome. For having less of these challenges, it is 

advisable for any organization to provide lean training to its employees before the 

practical VSM implementation.      

6.5 General Challenges  

This study had both technical as well as ethical difficulties. As VSM is an iterative process, 

data collection was done throughout the thesis. The amount of data collected was large. 

Challenge encountered during this study was identifying the required data which must be 

included. Time was also a constraint for this thesis. The major challenge was to educate the 

management and employees on the using VSM tool and its benefit. Also, another major 

challenge that was overcome in this study was to make the organization accept lean. This study 

was majorly depended on its organizational document, which was used in order to understand 

the flows and processes. All these documents were in Swedish, which made it difficult for the 

authors to interpret caused delays in data collection. The language was also an issue during 
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walkthrough interviews, and observational study as many employees were not comfortable with 

speaking in English. This made the communication difficult which lead to some biasing in the 

study. Consequently, delay was caused in data collection and analysis. 
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7. CONCLUSION  

This section concludes the study by giving a brief summary of the aim, motivation, and results 

of the study. This section ends with a discussion about the limitation of this study and possible 

areas where future research could be done. 

7.1 Concluding the study 

Nowadays, with the increase in globalization and change in technology, customers these days 

prefer products with high quality and at a lesser price. With this increase in demand, traditional 

production systems fail to meet this new level of customer expectations. Hence, in today’s 

competitive global market, a greater need for implementation of new production methods in 

order to produce a high-quality product in lesser time with low price becomes essential for any 

organization to survive. Lean production is one such proven approach that can be used to gain 

an advantage. For implementing lean in an organization, it is very important for its employee 

to have knowledge of lean. Therefore, this thesis is a study on the case company where they 

want to implement lean. For implementing lean, there are various tools available, but due to the 

benefits that Value Stream Mapping (VSM) offers, this study only focuses on implementing 

VSM.  

In this study, VSM was conducted for which data was collected through interviews, 

observations, and the organizational document. After conducting VSM, waste was identified 

and removed, which resulted in an increase in productivity, a decrease in idle time, lead time, 

and cycle time. Various challenges and barriers were also identified and removed when 

implementing VSM.  

Answering the research questions, it can be concluded that VSM is a suitable technique to 

initiate lean ways of work in an SME lacking explicit knowledge and experience of 

lean manufacturing. To prove this evidences on the use and application of VSM from a 

technical and organizational  point of view was provided. An increase in productivity and 

successful removal of wastages are the two shreds of evidence provided to implement VSM 

from a technical point of view. Support and commitment of management and acceptance of 

change are the two pieces of evidence that support the study claims of use and application of 

VSM from an organizational point of view.      

This study claims that management must have a dedicated team with well-established roles. 

The management must be able to provide the required resources and incur some initial 

expenditure in setting up the line. The shift from the traditional way of manufacturing to an 

effective way is a change within the organization. For this, each and every employee connected 

to this organization must accept this change. Supporting this Cornelissen (2018) states for a 

workforce to accept lean, it is essential that there is clear communication about the purpose, 

priorities, and benefits of lean. (Cornelissen, 2018). As a result, the company thinking to 

implement lean through VSM needs to have a clear purpose, set priorities, and needs to 

understand the benefits of lean.  

Also, this study suggests that theoretically, it should be possible for the organization to have a 

certain increase in productivity and the output of the VSM must have maximum amount 
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wastages being reduced. This study has experienced few challenges, such as supplier and 

external consultant challenges. These challenges and barriers must be identified and must 

be overcome. This study suggests to first apply soft lean practises before conducting VSM. It 

also suggests the organization to conduct training and workshop on lean for successful VSM 

implementation.     

7.2 Academic Contributions 

It was possible for the authors to apply and contribute to the knowledge of industrial 

engineering and management. As discussed there aren’t many studies or research conducted 

on this topic. This study gives the readers a brief idea of the tool Value stream mapping 

and evaluates how this tool can be put in practice and what aspects of this tool can be used as 

a starting point for a company that wants to introduce lean and lacks sufficient knowledge on 

it. This thesis will lay the foundation for studies related to using Value stream mapping for 

implementation of lean in a small organization.  

However, as discussed before, this study paves a way for industries aiming for shifting from a 

traditional way of manufacturing to a more effective way. It helps in understanding the 

implementation of change, barriers to change, success factors of change, the role of leadership, 

and management in understanding the impacts of change. This study also discusses various 

conditions, challenges, and barriers that must be considered before implementing VSM for 

initiating lean, when an organization lacks sufficient knowledge on it. 

7.3 Future Work 

As discussed previously, this thesis is a starting point for an organization that wants to 

implement lean through VSM. Where VSM was conducted manually, which had few 

limitations. For future work, simulation can be used for the purpose of having accurate readings 

and output. The focus of this study was only VSM, but for further study, other lean tools can 

also be used which could help an organization to initiate lean. This study majorly focused on 

the importance of hard lean practices and fails to highlight the soft practices which are very 

important for introducing lean in an organization. For future work soft practices can also be 

considered.    

Since the study was based on a single case study, it resulted in issues with external validation. 

Conducting similar studies in other enterprises or having  multiple case studies will help better 

external validation and acceptance of the results.  

This research can be the base for other similar studies in the field of implementation of VSM 

and lean in an organization, that lacks knowledge on lean. Very few pieces of literature are 

available on this topic, so more research is needed in this field which encourages small 

organizations to implement lean and VSM in their production line. It will be interesting to know 

if any new research on this subject is made which has similar or different findings from this 

study.    
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APPENDIX 

Appendix 1: Interview Guide 

                                                               

 

 

 

 

 

 

 

     Interview Guide for initiating Lean through Value Stream mapping in a company, which lacks 

knowledge on lean. 

Introduction: Hello! Firstly thank you for this interview opportunity. We are two master 

students studying Industrial Management and Innovation at Uppsala University. This interview 

is conducted for the purpose of our master thesis which is to initiate lean through Value Stream 

Mapping at Nordic Heater. Few questions related to this organization would be ask. Before 

starting the interview we would like to inform that the data collected from this interview will 

be for study purpose. The identity of the interviewee is not revealed, so you are free to answer 

these questions.   

Interview Questions: 

1. What is your position in this organization?  

2. What is your level of education? 

3. What do you think about the existing production line? 

4. Are there any drawbacks in the existing production line? If yes, how do you think these 

drawbacks would be overcome? 

5. Do you have knowledge on lean principle, its tool & techniques? Do you have training 

in lean? Do you know about VSM? 

6. Do you think there is a need for improvements through lean in this organization, if yes 

do you support it? 

7. Do you think implementing lean in the production line would be beneficial for this 

organization and how? Do you support it? 

8. What challenges do you think your organization, will encounter when implementing 

VSM? 

9. Do you think all members in the organization view lean in the same way? 

10. Do you think this organization can adapt change from traditional to lean approach?  

11. Do you and your organization have a vision on what, it will look when lean is 

implemented? 

12. Do you have any extra comments or suggestion on this topic? Is there something that I 

have missed that you would like to discuss? 
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Appendix 2: Material Flow Icons 

 

1)  

  

 

 

 

 

Process box: Process is represented with a rectangle and the word ‘Process’.  

2) 

 

 

 

 

 

Supplier/Customer: Suppliers and customers share the same symbol that looks like an 

abstract, geometric representation of a factory.  

3)  

 

 

 

 

 

 

 

Data Box: gives data of a particular step   

4) 

 

Inventory: Inventory count is added below this triangle icon. It can also represent stored 

inventory. 

 

 

 

Data 1 

Data 2 

Data 3 

Data 4 
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5) 6) 

                                                                            

                                                                                   Push: Shows material pushed           

Shipment: Transformation information               Downstream from one process to 

another                                         

Information Flow Icons 

 
 

 

Manual Information Flow: Digital Manual 
information flow from memos. 
 

 

 
 
Electronic information Flow: A line with a zig-zag in 
the middle refers to the electronic information and 
data exchanges.  

 

 
Other Information Box(Schedule) 

 

 

Signal Kanban: Signals the production of a collecting 
specified number of parts. 
 

  
Load Leveling: Level out variety and volume 

  
Withdrawal Kanban: Card with instruction to move 
part from supermarket to process 
 

  
Production Kanban: Indicates the production 
needed to supply parts to a downstream process 
 

  
Kanban Post: Indicates a location for collecting 
Kanban signals. 

Table 14: Information Flow Icons 

OXOX 
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General Icons 
 

  
Operator: Shows number of operators                           

  
 
Buffer/ Safety Stock: temporary safety stock 

  
“Go See” Production Schedule: Visually 
Checking inventory 
 

Table 15: General Icons 

 

Appendix 3: Inventory in the Process 

 
Present Production: (Present production D120 -1/month and E42 -2/month) 

 Stage 1 Stage 2 Shipping 

Carriage  
Dock 

1 
Carriage 

 

  

Stage 1 
Assembly  

 
 

1 
Carriage 

 

 

Stage 2 
Test 

  1 

 Table 16: Inventory Present Production  

 
Note: For the subject production only one inventory (Either D 120 or E 42) will be there 

between carriage dock and stage 1 or between stage 1 and stage 2 or between stage 2 and 

shipping. 

Future Production: (Production D120 -7 & E42 -23 per month) 

Inventory in the Process (D-120) 

 
 Stage 1 Stage 2 Stage 3 Stage4 Shipping 

Carriage  
Dock 

1 
Carriage 

 

    

Stage 1 
Assembly  

 
 

1 
Carriage 

 

   

Stage 2 
Assembly 

  1 
Carriage 
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Stage 3 
Assembly 

   
 

1 
Carriage 

 

 

Stage 4 
Testing & 
Package 

    1 

Table 17: Inventory Future Production for D120 

 

Note: As shown in the above table, always one carriage will be there at all stations always 

during the assembly of D 120 for the subject production of 7 units/month.  

Inventory in the Process (E-42) 

 Stage 1 Stage 2 Stage 3 Shipping 

Carriage  
Dock 

2 
Carriage 

 

   

Stage 1 
Assembly  

 
 

1 
Carriage 

 

  

Stage 2 
Assembly 

  1 
Carriage 

 

 

Stage 3 
Testing & Package 

   
 

2 
 

Table 18: Inventory Future Production for E42 

 

Note: As shown in the above table inventory of 2 carriages between carriage dock to stage 1 

and inventory of 1 carriage between stage 1 and stage 2 and inventory of one carriage between 

stage 2 and stage 3and inventory of 2 carriages between stage 3 and shipping will be there 

during the assembly of E 42 for the subject production of 23 units/month.  

Appendix 4: Process Activity Maping 

Present Set up: (Present product D120 -1/month E42-2/month) 

The below table shows the cycle time, set up time, Uptime, Available time and the no of 

operators working for the present set up. 

 

Work 
stations 

Model CT in Hrs Setup time 
In Min (CO) 

Uptime % Avg. Time in 
Sec 

 

Men 

Stage 1 D 120 26.0 0 100 28800 operator1 

Stage 2 D 120 10.0 0 100 28800 operator2 

Stage 1 E 42 8.5 0 100 28800 operator1 

Stage 2 E 42 4.0 0 100 28800 operator2 

Table 19: Process Information for Present Set Up 

 

Cycle time (CT): The time between one part coming off the process and the next part coming 

off. 
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Set up time (Change over time CO): The time from the last good piece of one batch to the first 

good piece of the next batch (set up time) in min 

Uptime: The percentage of time the equipment is available to run when it is needed to be run 

in percentage 

Average time: Time available in a shift: 480mins x 60 =28800 Sec. 

The above table shows the present situation of CT, CO, Uptime % with the D 120 1/month and 

E42-2/month. Cycle time for D 120 with single-stage assembly with one operator at Stage 1 is 

26.00 hrs. CO: 0, Uptime: 100%.  Stage 2, i.e. testing and packaging CT is 10.00 Hrs with one 

operator. 

Same two operators are going for E 42 assembly. (Mentioned as arrows in the table) Cycle time 

for E 42 with single-stage assembly at Stage 1 is 8.5 hrs. CO:0, Uptime: 100%. Similarly, Stage 

2, i.e. Testing and packaging CT is 4.00 hrs. 

 

Future Set up: (Products D 120- 7 & E42- 23 per month) 

The below table shows the cycle time, set up time, Uptime, Available time and the no of 

operators working for the future set up. 

 

 

Work 
stations 

Model CT in Hrs Setup time 
In Min (CO) 

Uptime % Avg. Time in 
Sec 

 

Men 

Stage 1 D 120 9.0 0 100 28800 operator 1 
Stage 2 D 120 9.0 0 100 28800 operator 2 
Stage 3 D 120 6.0 0 100 28800 operator 3 
Stage 4 D 120 9.0 0 100 28800 operator 4 
Stage 1 E 42 4.5 0 100 28800 operator 1 
Stage 2 E 42 4.25 0 100 28800 operator 2 
Stage 3 E 42 4 0 100 28800 operator 4 

Table 20: Process Information for Future Set Up 

 

For the production of D 120 heaters 7/month and E 42 heaters 23/month. 

D 120 will be produced in 4 stages, i.e. Stage 1 to Stage 3 assembly and Stage 4 is the testing 

and packaging. Each stage-managed by one operator.  

CT for Stage 1: 9hrs; (Fuel system:0.5hrs+ Heat exchanger& burner:3.5+Fan & 

Hose:2.0+Motor & Generator:3.0) 

Stage 2: 9hrs; (Electrical system: 9.0hrs) 

Stage 3: 6 hrs (Roofs & Covers: 5.0hrs+Signs & labels: 1.0) 

Stage 4: 9hrs. (Testing:7.0hrs+ packing:2.0 

E 42 will be produced in 3 stages. i.e. Stage 1 and Stage 2 are Assembly stages, and Stage 3 is 

the testing and Packaging. Each stage-managed by one operator.  

CT for Stage 1: 4.5 hrs; (Heating element & equip:1.0hr+Fan&hose:3.5) 
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Stage 2: 4.25hrs (Elec equip: 2.75hrs+Roof &covers:1.0hrs+Signs & lables:0.5hrs) 

Stage 3: 4hrs.(Testing:2.0hrs+packing:2hrs) 

Appendix 5: Idle Time Calculation 

Present Idle Time /Month 
Sr.No Stages Idle Time(hrs) 

1 Operator 1 125.0 

2 Operator  2 150.0 

3 Total 275 

 Table 21: Total Idle Time  

 

Idle time Calculation sheet: 

Idle time Formula= (No of hrs in day x No of working days in a month) minus (CT x no of 

vehicles units/month) 

Operator 1= ((480/60) x21) -(26x1+2 x8.5) 

            = 168 -43  

            = 125.0hrs/Month 

Operator 2= ((480/60) x21) -(10x1+ 2x4) 

            = 168 -18 

             = 150.0hrs/Month 

Total Idle time= Operator 1+ Operator 2 

          = 125+150 

          = 275hrs/Month 

 

Future Idle Time/Month  
Sr.No Stages Idle Time(hrs) 

1 Operator 1 1.5 

2 Operator 2 7.25 

3 Operator 3 22.0 

4 Operator 4 13.0 

5 Total 43.75 

 Table 22: Total Idle Time 

 

Operator 1= ((480/60) x21) -(9x7 +4.5x23) 

            = 168 -166.5 

            = 1.5hrs/Month 

Operator 2= ((480/60) x21) -(9x7 +4.25x23) 

            = 168 -160.75 

            = 7.25/Month 

Operator 3= ((480/60) x8) -(6x7) 

            = 64 -42 

            = 22/Month 
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Operator 4= ((480/60) x21) -(9x7 +4x23) 

            = 168 -155 

            = 13/Month 

Total= Operator 1 + Operator 2 + Operator 3 + Operator 4 

         = 1.5+7.25+22+13 

         = 43.75hrs /Month 

Appendix 6: Time Line Calculation 

The below table gives the inventory lead time and processing lead time for both the heater 

models in the present stage. 

 Present Stage  

Total Stock in the Process  

Station Stock Quantity  Inventory Lead Time 
(ILT)Days  

Processing Lead Time 
 (PT)Hrs 

 D120 E42 D120 E42 D120 E42 

Carrier Dock 0 0   - - 

Stage 1 
Assembly 

0 0 20.83 10.53 26 8.5 

Stage 2 
(Testing and 
packing) 

1 1   10 4 

Total Lead Time 20.83 10.53 36 12.5 

Table 23: Present Time Line  

 

For the subject production of D 120 – 1 vehicle /month and E 42- 2 vehicles/month, the stock 

quantity is shown is 1 in the entire line.  

Inventory lead time is the sum of inventory days at each stage.   

Production lead time is the sum of cycle times in each stage. 

 

Calculation: 

Required per shift:  No of products required per month/ no of working days in a month. 

                D120 = 1/21 = 0.048 

                  E42 = 2/21 = 0.095  

Inventory days = number of products in stage/Required per shift 

        For D120 = 1/0.048 

                        = 20.83 days 

          For E42 = 1/0.095   

                        = 10.53 days 

Production lead time is the sum of cycle times at each stage.  

As shown in the above table, the Production lead time for D 120 is the sum of cycle time for 

stage 1 (26hrs) and the CT for stage 2 (10hrs) =36 hrs.  

Similarly, for E 42 it is 12.5 hrs. (8.5+4hrs) 
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Future Stage  

The below table gives the inventory lead time and production lead time for both the heater 

models in the present stage. 

 

Total Stock in the Process (Production D120 -7/Month and E42- 23/month) 

Station Stock Quantity  Inventory Lead Time 
In days  

Processing Lead Time in 
hours 

 D120 E42 D120 E42 D120 E42 

Carrier Dock 1 2 3.003 1.826 - - 

Stage 1 1 1 3.003 0.913 9 4.5 

Stage 2 
 

1 1 3.003 0.913 9 4.25 

Stage 3 1 2 3.003 1.826 6 4.0 

Stage 4 1 - 3.003 - 9 - 

Total Lead Time 15.015 5.478 33 12.75 

Table 24: Future Time Line  

 

Calculation 

Required per shift: D120= 7/21 =0.333 

                               E42 = 23/21 =1.095  

Inventory days for each stage = number of products in stage/Required per shift 

For D120 (All stages) =1/0.333 

                                    = 3.003 days 

For E42 (Carrier dock & stage 3) = 2/1.095   

                       = 1.826 days 

  (Stage 1&2) =1/1.095 

                       = 0.913 days 

Inventory lead time for D 120= Sum of inventory in days for each stage 

(3.003+3.003+3.003+3.003+3.003) =15.015. 

Production lead time for D 120= Sum of the cycle times of each stage.i.e. Strage1- 9 hrs +Stage2 

-9hrs + Stage3- 6hrs+Stage4- 9hrs=33hrs. 

Similarly, it is calculated for E 42 also. 

Appendix 7: Line Efficiency  

To increase the efficiency of actual working time to compare to design standard time ratio 

(DSTR) as per the analysing process of the Lean System of the assembly line in a heater 

manufacturing company. The production cost which can reduce without affecting quality and 

acceptable by clients is the manpower cost. The index of competition is DSTR. The low DSTR 
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indicates that the factory has good quality with respect to utilisation and manpower cost. 

However, the policy of any company mentions that a reduction in the production cost has to be 

done without affecting quality. Therefore, the company decides to focus on improving the cost 

of manpower. The index that the organizations follow to indicate the manpower cost of factories 

is the Design Standard Time Ratio (DSTR). It is an index to show the ratio of value-added in 

all operations and can be used to compare productivity of the company at the global level. Refer 

to the ranking of DSTR before and after and it is reduced from   5.51 to 1.28 which is a big 

improvement. 

DSTR =  (Actual working time X manpower) / (Cycle time X Production volume) 

The second index for efficiency calculation is the EWT ( Effective working time). The available 

time in a day per operator is (9hrs-1 hr rest) i.e. 8 hrs ( 480 mts). How much time out of 480 

mts, the operator got loaded is the EWT.  

EWT= (Cycle time in mts X Production volume/month) / ( No of working days in a month X 

manpower) 

Refer to the EWT before and after and it is improved from 87.14 mts to 374 mts.  

S No Parameter Current Future 

1 DSTR(Index) 5.51 1.28 

2 EWT (Mts) 87.14 374.8 

   Table 25: Line Efficiency 

 

Calculations DSTR : 

Current DSTR: 

Take the numbers from current state map Fig:      and substitute in DSTR formula:  

Current DSTR= (8hrs X 2manpower X 21days) / (36hrs X 1- D120 +12.5hrs X 2 -E42) =5.51 

Future DSTR = (8 X 4 X 21) / (33 X 7 + 12.77 X 23) = 1.28 

Current EWT = {(36 hr X 60mts X 1 D -120) + (12.5 X 60mts X 2 E- 42)} / (21 X 2) 

 = 87.14 mts 

Future EWT = {(33 hrs X 60mts X 7 D-120) + (12.77 X 60mts X 23 E-42)}/ (21 X 4)  

= 374.8 mts 

 


