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Abstract 
According to the lean philosophy there is always room for improvement in all 
processes, a process can always become better. Lean is about looking at a process 
from a holistic point of view, identifying areas where there is waste and find small 
improvements every day.  

This master thesis aims to answer the question how lean can contribute to process 
knowledge and sustainable improvement work. In order to receive a deeper 
understanding of how lean can be applied in real life the authors chose to do a case 
study at a production site. AGA Knivsta is a newly rebuilt maintenance site for gas 
cylinders, which has great room for improvement concerning productivity as well as 
employee satisfaction.  

According to the large amount of literature studied, lean can be divided into two parts, 
a strategic and operative. The literature study of this master thesis begins to describe 
the softer part of lean concerning lean mentality, leadership and continuous 
improvements. It is essential to begin to work with the softer aspects of lean and then 
continue and follow up with the hard part, which are the lean tools, as a support and 
not as the core of lean. It is important to let the people who work closest to the 
processes improve the processes themselves, in order for the improvements to sustain. 

The processes of maintaining gas cylinders are mapped, resulting in a Value Stream 
Map. Contributing to the understanding of all the processes and the work environment 
at the site, a series of interviews and observations are carried out. A questionnaire, 
aiming to understand the perception of the work situation is also completed.  

As many companies fail with their lean journey because they neglect the softer parts, 
an Action Plan for AGA Knivsta is developed to include all aspects relevant for the 
site to start its unique journey. A few first steps are taken to acquire a sustainable lean 
journey by the authors together with the people working at the site. First, a Lean 
Awareness Session is held to briefly introduce relevant aspects of lean at the site and 
create a discussion of the need for improvement. Secondly, a three day Process 
Management Workshop is held to give the leaders at the site and the operators of 
three selected processes the possibility to learn more about lean, work with 
improvements and develop tools to use for a sustainable lean journey.  

Lean involves both the aspect of the mentality and the tools that can help carry out 
improvement work every day. The understanding of the process increases 
substantially when committing to a lean journey. If AGA Knivsta commits to take the 
lean journey and performs it well, the authors believe that the small every day 
improvements will result in better performance in the long run.   
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Sammanfattning 
Enligt de många olika filosofier som existerar inom lean finns det alltid utrymme för 
förbättring i alla typer av processer. Lean handlar om att se till processers helhet och 
genom att identifiera olika former av slöseri ständigt förbättra den genom att dagligen 
göra många små förbättringar.  

Syftet med det här examensarbetet är att utreda hur lean kan bidra till en ökad 
förståelse för processer och ett hållbart förbättringsarbete. För att få en djupare 
förståelse för hur lean kan appliceras i verkligheten valde författarna att göra en 
fallstudie på en produktionsanläggning. AGA Knivsta är en nyligen återuppbyggd 
underhållsanläggning för gascylindrar som har stora möjligheter till förbättringar 
inom både produktivitet och trivsel bland de anställda.  

Enligt den stora mängd litteratur som studerats kan lean delas in i två områden, ett 
mjukt och ett hårt. Examensarbetets litteraturstudie börjar med att beskriva de 
mjukare delarna som berör lean mentalitet, ledarskap och ständiga förbättringar. Det 
är grundläggande att börja ett lean-arbete med att arbeta med de mjukare delarna av 
lean och använda de hårdare delarna, lean-verktygen, som ett stöd och komplement i 
arbetet och inte som kärnan. Det är även viktigt att de som arbetar närmast processen 
ska genomföra förändringar för att de ska bli hållbara.  

Processen för underhåll av gascylindrar kartläggs och resulterar i en 
värdeflödesanalys. För att öka förståelsen för processerna och arbetsmiljön på 
anläggningen görs observationer och intervjuer, samt en enkät. 

Många företag misslyckas med en lean-satsning på grund av att de negligerar de 
mjukare delarna av lean. För att undvika detta misstag på AGA Knivsta görs en 
handlingsplan som inkluderar alla relevanta aspekter som behövs för att anläggningen 
ska kunna påbörja en hållbar lean-resa. De första stegen tar medarbetarna tillsammans 
med författarna för att ytterligare säkerställa ett hållbart arbete på anläggningen. Först 
hålls en inspirationsföreläsning om lean för att introducera relevanta lean-områden för 
de anställda och för att skapa en diskussion om vilka förbättringsmöjligheter som 
finns. Efter inspirationsföreläsningen hålls en tredagars workshop där ledarna på 
anläggningen och några av operatörerna från tre utvalda processer får möjlighet att 
lära sig mer om lean och arbeta praktiskt med förbättringar och lean-verktyg.  

Lean tar de två delarna av mentalitet och verktyg i beaktning som hjälper 
anläggningen att arbeta med förbättringsarbete varje dag. Att börja en lean resa bidrar 
dessutom till förståelsen av processens helhet. Författarna tror att om AGA Knivsta 
åtar sig till en lean-resa med fullt engagemang kommer de många små förbättringarna 
att leda till en effektivare och mer välfungerande anläggning i framtiden.  
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1 Introduction 
This chapter will give an introduction to this master thesis project. The background 
will describe the situation at which the project started, resulting in the purpose and 
research question of the thesis. The method will describe how the project has been 
conducted.   

1.1 Background 
The global market of today brings a lot of opportunities as well as challenges for 
companies. Being a company today means constantly fighting the competition and 
your company’s share of the customers. The competition of customers makes it 
almost compulsory to have a well-defined strategy and using resources efficiently. 
The company strategy will express the vision and values of the company and what the 
company has to offer to the customers. Using resources efficiently is a way of 
maximizing profit and preparing for an increase in demand [1].  

One way of managing resources, company values and principles is using lean, 
initially presented by Womack et al. in the book The Machine That Changed the 
World [2]. The core of lean is the reduction and elimination of waste in all kinds of 
processes. However, it is questionable whether lean is something that can be 
achieved, seeing that continuous improvements play a central role within lean, it is 
better described as a journey [3] [4].  

AGA’s history reaches back to 1904 when the company was founded. Gustav Dalén, 
Nobel Prize winner, was soon hired and quickly became one of the most meaningful 
engineers and inventors for the company. During the late sixties, the company started 
focusing solely on gas products and have been ever since. In 2000 AGA joined the 
Linde Group, world-leading supplier of industrial, process and specialty gases [5].  

AGA Knivsta is a small production site located on the outskirts of Uppsala near 
Stockholm in Sweden. The site has a range of functions but the one of most 
importance is the maintenance of gas cylinders. Maintenance of gas cylinders consists 
of emptying, controlling and approving the cylinders for further usage. AGA Knivsta 
has a key role in the supply chain of gas cylinders, making sure they are maintained 
on time in order to be refilled and sent to customers. The production site’s 
performance is not poor but not necessarily great either. The site is stuck at a “good 
enough”-level. The production site manager has been at his position for about three 
years time, having struggled a lot starting his role with the rebuilding of the facility as 
it to big extents burned down in August 2012.  

At the site, the fire is often referred to as “olyckan” which translates to “the 
accident”. During maintenance of an acetylene cylinder, the valve was dismantled 
even though the cylinder had not been emptied. Acetylene is highly explosive and a 
fire started. Large areas around the site were closed and the factory could not proceed 
with cylinder maintenance. The site was renovated and rebuilt and is up and running 
again since June 2013. The site struggles with a high level of sick leave, low levels of 
motivation and engagement among the employees.   
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Customer focus and productivity is of utmost importance to AGA Knivsta and they 
would like their processes to be reviewed and mapped in order to see whether there is 
room for improvements. The theory of lean is chosen because it deals with both soft 
and hard parts of production processes, the culture, principles, values, tools and 
methods. Lean looks at every aspect of a company with focus on creating value for 
the customer.  

1.2 Problem Definition and Purpose 
AGA and the Linde Group are constantly working with improving their products and 
processes, a range of their own created methods and tools are used to make sure 
different sites can be measured and compared in means of productivity. The 
productivity of the site located in Knivsta can be questioned; the site has since the 
accident had problems reaching the goal of 60 % in productivity.  

However, productivity is only a number and does not tell the complete story. The 
purpose of this master thesis is to investigate what hides behind the numbers of 
productivity of AGA Knivsta with help from theory regarding lean. At a first glance, 
there does not seem to be a lot of problems with the processes.  

The goal is to find out whether lean can help AGA Knivsta on the journey towards a 
better, safer and more efficient workplace. Furthermore, the aim is to find out whether 
it is possible to create a workplace which employees take pride in coming to every 
day and where they know that what they think and do is valued.  

1.3 Research Question 
This master thesis aims to answer the question: 

How can lean contribute to process knowledge and sustainable improvement work? 

1.4 Delimitations 
The master thesis is delimited to focus on the site located in Knivsta concerning 
people and processes. AGA and the Linde group as a whole will only be considered 
when it comes to investigating corporate vision, strategy and values.  

The system boundaries for the process mapping and value stream analysis are set 
from when the gas cylinders arrive on trucks to the site to when the gas cylinders are 
picked up after maintenance. Focus has solely been on the gas cylinder and the 
processing it goes through. There will be no focus concerning supply chain of parts to 
neither the gas cylinders nor the transport outside the site.  

Besides delivering individual gas cylinders to customers, the site also puts together 
bundles and swap bodies in a room called the Workshop. The room is separated from 
the other processes and the operators who work in the Workshop has used a lot of 5S 
to organise their workplace, without knowing it was 5S. The authors believe that the 
room is in such order and that there are fewer problems occurring there, which is why 
the process is not considered being a part of the Process Management Workshop. 
Nonetheless, when the improvement work is started, the operators working in the 
Workshop will also be included. During the Lean Awareness Sessions, the Workshop 
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operators were also of course included to make sure the whole site get the same 
information and that the lean work is carried out everywhere at the site. When 
sustaining the lean work, the Workshop operators will of course be a part of the 
improvement work.  

1.5 Method 
The method of this master thesis project consists of a literature study carried out 
simultaneously with a case study, which are then combined into a report and a final 
Action Plan. The literature study focuses on lean production but also research within 
leadership and organization. Subjects that have been studied include lean production, 
production planning, value stream mapping, levelling, management and engagement. 
Literature has always been chosen with care. When searching for research articles, the 
sources have been reviewed. Information from research articles and books have been 
compared to ensure that the information correlates.   

The case study is performed at a chosen site in order to understand current processes 
and put theories into practice. The collected knowledge and data from the literature 
study and case study are then analysed and studied together in order to be able to 
suggest improvements, see the process in its whole in Figure 1. 

 
Figure 1. A schematic representation of the method of the master thesis project. 

The project can be divided into two parts, the hard and the soft. The soft part deals 
with subjects hard to measure in numbers, such as perceptions, values, principles and 
engagement whilst the hard part deals with the processes, machines and results in 
numbers. The soft part needs small steps whereas the hard can be more rapid if there 
is support from the soft.  
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Initial Step 
The initial step of the project is getting to know the process and familiarize with the 
current situation at the site. From the process map, a subject for the master thesis is 
chosen and lay base for the literature study and further process investigations and 
observations.  

Process Mapping 
The processes of the site, mainly inside the maintenance facility are mapped in order 
to investigate where value is added to the customer. The processes have been timed to 
illustrate the cycle time at each station. Ten cycles are measured at each station, not 
including deviating times, to obtain a reliable cycle time [6]. Ranges of different gas 
cylinders are measured, but emphasis is put on the 50-litre gas cylinder, which stands 
for about 50 % of the production. Process operators at every station are interviewed to 
contribute to the understanding of the different operations and processes in the 
production. Using the information obtained the process is mapped and a Value Stream 
Map (VSM) is made to further visualize and understand the situation at the site. 

Questionnaire 
A questionnaire is conducted at the facility and aims to evaluate how the workers 
perceive their work environment and the company AGA relative to essential aspects 
of lean. All members of the staff are asked to evaluate different scenarios on a scale 
from 1 to 5, where the higher score represent the better condition. Questions are asked 
about situations with different wastes in the production, how the leadership is 
perceived and aspects concerning the sense of motivation and engagement in the 
worker.  

Observations and Interviews  
Observations and interviews are carried out on the production floor and around the 
facility. Interviews are chosen as a qualitative method, to ensure an in-depth 
understanding of the situation. In combination with the quantitative questionnaire, a 
multidimensional view is obtained. Interviews are conducted of both informal and 
semi-structured form. Interviews provide information both regarding the soft and the 
hard part of the project. The case study at AGA Knivsta is to large extents described 
with help from the interviews, a list of the interviewees can be seen in Table 1. 

Interviewees 

Head of Production Northern Europe 

Site Manager 

Safety Manager 

Lean Six Sigma Manager 

Production Manager 

Process Operators 

Table 1. A list of the different roles of the interviewees contributing to the case study. 
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Lean Awareness Session and Education 
A Lean Awareness Session is held at the facility with aim to inspire the management 
and operators to work with lean. When the session shows to be a success, another 
three are held. The sessions then includes everyone working at the site, making sure 
everyone gets the same message and can be inspired to commit to the lean journey.  

Also, a Process Management Workshop together with the Lean Six Sigma Manager is 
held. The Process Management Workshop is conducting during three days with three 
processes being evaluated and improved. Small improvements are suggested over the 
three days, some carried out and some put on hold for the upcoming sustainable 
improvement work. All material created are based on the theory of the literature, the 
observations, questionnaire and interviews.  

Finalizing 
The questionnaire, interviews and observations lay ground for the Action Plan 
provided to the company. The investigations regarding both the hard production 
aspects and softer human parts of the production are carried out simultaneously. The 
soft and the hard parts are combined with the theory of lean – dealing with leadership, 
soft values and the production processes. The project results in an Action Plan, which 
will recommend the next steps for the site on their lean journey.  

 

 



 

 6 

2 Lean 
The word and concept “lean” was originally spread around the world with the release 
of the book The Machine That Changed the World written by James P. Womack, 
Daniel T. Jones and Daniel Roos. The book, describing an extensive research study in 
literature form, strongly argues how much more effective Japanese car manufacturers, 
especially Toyota, are in comparison to its competitors in Europe and the United 
States [2]. The machine in the title refers to the lean manufacturing concept that 
Toyota has improved and worked on since the fifties [7]. The true concept within lean 
lies within the Japanese term “muda” which stands for eliminating all kind of waste 
and non-value-adding processes and activities within the organization [7] [8].  

Lean is sometimes described as something abstract, an approach, a philosophy, a 
culture or a set of principles. On the opposite, lean can also be described as something 
concrete, a way of doing things, a description of tools and methods [9]. Lean as a 
concept is something that has evolved over time and continues to change, which is 
why the true meaning can be hard to grasp. There does not seem to be a generally 
accepted definition, which is problematic for both researchers and people practicing it 
[9] [10].  

Starting a lean journey does however require an initial understanding of the concept 
and the two parts it can be divided into: the strategic and the operational. There is a 
customer-centred approach that can be applied to both levels, but tools and ways of 
working are more applicable to the operational level. Understanding how the strategic 
and operational work together as a whole and complement each other is crucial for a 
successful lean journey [10]. 

There are several reasons to invest time and effort in a lean journey, a few parameters 
that are likely to be affected positively during a successful lean journey are present 
healthy workers, increased quality, productivity and flexibility. In addition to these 
concrete results there are also softer ones that will be even more significant in the 
long run. These softer results, such as increased job satisfaction, trust, pride and 
engagement, are essential for the hard results to be sustainable long-term [11]. 

This chapter aims to introduce and create an understanding regarding the principles 
and tools applicable to both the soft and hard part of lean. The soft part of lean 
includes changing mentality, understand the importance of leadership and create a 
culture of continuous improvements. The hard part, the tools, will help on the lean 
journey and make it easier to measure the successes.   

2.1 Lean Mentality 
An essential part of lean is to achieve a mentality within the company that is 
responsive to change and development. When changes fail, the reason is often people-
oriented and according to Bhasin many companies fail to implement lean because 
they ignore the people oriented part of lean and jump straight to the implementation 
of tools [12]. Liker describes the 14 principles of Toyota in the book The Toyota Way 
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and states the importance of having long-term thinking even if it is at the expense of 
short-term goals. Lean is for certain a slow process that requires patience [7].  

Lean mentality has strong relation to the culture within a company. Bicheno writes 
about two aspects of company culture: the visible and the one below the surface, the 
invisible. The visible part being everything that can be measured, such as products 
and services. The invisible one has a larger effect on employer behaviour, although it 
is a lot more complex to grasp. The invisible culture is where the unofficial leaders 
and unwritten rules are found, only carried by a mouth-to-mouth communication 
holding former losses and intrigues [6]. The people working at a company create the 
culture of the company over time. People have a tendency to hold on tight to their 
ideas, values and beliefs and changing a culture is a slow process. It is important to 
understand that the culture is not how people act, but why they act as they do. If 
people working together agree on the same values and ways of acting, they will work 
more efficiently together. Important tasks for the management team is aiming to 
create a common orientation and identify the core values in order to deal with 
misunderstandings and conflicts that may arise among employees [13]. 

Changing a culture is not an easy task and it is not done over night. Even so, 
communicating changes in line with the company goals and mission will help the 
changes. According to Sim et al., communication plays a huge role when 
implementing lean, an understanding of why we are doing this [14]. The core within a 
lean strategy is to define and understand the values and lean principles the company 
chooses to relate to and communicate these throughout the company [11].  

When it comes down to it, one of the most critical parts on the lean journey is making 
sure management and employees live the values [3]. According to Liker, a company 
that develops people and teams who truly live the company philosophies will have a 
much more successful strive towards lean than companies focusing solely on 
implementing tools [7].  

2.2 Lean Leadership 
Leadership theories have constantly changed over time and whether there is an exact 
definition of what makes a great leader can be debated. In todays society, a great 
leader is believed to be someone who has the ability to adapt quickly to a changing 
environment as the leader responsibilities rarely lay in the hand of one person 
anymore, but are spread throughout the company in a number of leaders adapting the 
leadership to their level of the organization [8]. When discussing characteristics in a 
lean leader, Bicheno identifies the traits respect and humility as the two most essential 
ones to lead a lean journey [6].  

Becoming lean is a slow process requiring patience, endurance and a strong belief in 
lean from the leaders and the management [8] [11]. Liker explains one of Toyota’s 14 
principles that describe the importance of growing leaders who believe in lean. 
Leaders who engage in and practices lean themself will create an understanding and 
belief among the employees [7]. It is only the leader who shows engagement that can 
expect and demand engagement from their employees [11]. The transformation 
towards becoming lean requires strong leadership within the department where 
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changes need to be made. If the leader is not perceptive to change, succeeding with a 
lean transformation will be a great challenge [15].  

Successful leadership proposed by Petersson et al. is a leader who creates an example 
and a culture of follow me. This leader, contrary to leaders who command employees 
what to do or leaders who do not steer at all, creates a learning environment. The 
leader commits to the role of an inspirer and teacher and answers why and how to 
employees’ questions. The leader should aim towards creating a culture of acceptance 
to making a mistake once if a lesson is drawn from the incident. He or she is not 
afraid to make mistakes themself and do not try to hide mistakes from employees 
[11].  

Focus should not solely be on results, but reflection on how the result was or was not 
achieved. Employees need to receive appreciation from their leader and successes 
should be celebrated as a team. The leader should strive to have the perception that all 
employees perform at their best ability [11]. Furthermore, Alvesson and Sveningsson 
argue that leadership is based on the interaction between people and a person does not 
become a leader until others follow him or her. Employees will accept a leader first 
when the leader’s actions are considered meaningful and important. It is not always 
essential how the leader actually performs, but how it is interpreted by the people who 
follow [13]. 

Visible leadership is an expression explaining the transparency and physical presence 
of a leader. The leader’s office should be as near the production floor as possible in 
order to make it easy for employees to initiate contact and receive support. The leader 
should have the ambition to always show engagement in every employee’s work and 
personal development. It will be easier succeeding as a leader by clearly showing 
ambition to support employees in their everyday work. If a leader finds him or her 
buried under work, unable to find time to spend close to production, it might be a 
good idea to prioritize and standardize. Standardizing a slot of time every day, when 
the leader will spend 15 minutes greeting everyone working in production, can help 
ensuring that it is done instead of the leader visiting when he or she sees fit. All 
leaders have a responsibility for their leadership, but the manager closest to the actual 
production has a critical role in a successful lean journey [11]. 

According to Liker a lean company needs to develop leaders who live the philosophy 
of lean, have a deep understanding of the work that is done at the company and pass it 
on and teach this to the people lead. It is important on a lean journey that the leaders 
live as they learn and commit to lean in their working situations [7]. No leader can 
live up to all of these criteria discussed, but together the criteria describe some 
qualities that a lean leader should strive to further develop. 

Motivation and Engagement 
A vital part to succeed with changes within a company and also strive towards lean is 
to have employee engagement [12]. Striving towards lean will require a lot of changes 
and also a lot of cooperation, both among employees and leaders. If employees are 
not motivated they will not contribute and the changes will fail [15]. Not only do 
leaders need to be convinced of the importance of the change, they also have the 
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responsibility to communicate good reasons for why the change is needed and engage 
everyone concerned. When the change is in action it is important to monitor and 
follow up on the process [8]. 

As mentioned earlier in the Lean Mentality chapter, a big part of creating motivated 
employees and a successful company is to have well defined and well communicated 
values. Stating clear values will engage the employees on a deeper level and help 
them make good decisions on their own. Values should preferably not be stated by top 
management but together with the employees. That way, it is ensured that the values 
come from within the company and the chance will be greater that the employees feel 
and live the values. It will also give the employees the sense that their opinions are 
valued and feel that they contribute and are meaningful to the company [16]. Another 
reason for the importance of employees creating the values is because it will enable 
the employees to identify themselves with the company, which will cause deeper level 
of engagement [17]. 

How people identify themselves with their company also affects the success of the 
company. If a company separates itself clearly from its surroundings by 
communicating openly what they do, have clear slogans, logotypes, and values within 
the company, employees will feel a deeper cohesion and become more engaged in 
their everyday work [13]. If employees believe that what the company stands for is 
something positive, like giving back to the world and the environment, they will 
obtain an even deeper meaning and engagement to the company. It is important to 
communicate what good actions the company performs to the employees to receive 
this deeper engagement [16].  

A group of people perform better if they have clear and challenging goals [18]. People 
will feel more engaged if they know what their responsibilities are and how their 
performance contributes to the group. If the internal communication is not working 
well, there is a risk of losing engagement [17]. As well as communicating goals and 
responsibilities for each person it is also important to give feedback on development. 
Ilies and Judge argue how positive feedback will increase performance and enable 
people to raise their goals. It is important how feedback is given, as negative feedback 
will have a contrary effect [19]. According to Volo et al., focusing on what is working 
well creates optimism and positivity at the workplace, which will improve the work 
done at the company more than trying to improve what is not working [16]. 

2.3 Continuous Improvements  
The competitive corporate culture of today brings a lot of challenges for companies. 
There is a high pressure from customers, companies need to be flexible in their 
strategy and the product and services offered. Not only are there high expectations 
from customers, there are also competitors just around the corner. One way to deal 
with these circumstances and stay flexible and responsive is to have a strategy for 
continuous improvements [20]. The lean philosophy continuous improvements, or 
Kaizen, is the theory of eliminating waste by removing all non-value added activities 
from the system or processes. Kaizen is an on-going process, which never ends [21]. 
The improvements are often small and might not seem essential to begin with, but it is 
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these many small improvements that over time can give large and long-lasting results 
[22].  

According to Kaye et al. there are a number of drivers that are particularly important 
when creating a successful culture of continuous improvements in a company: the 
importance of continuous management and leaders who involves employees and 
focuses on the critical processes [20]. Emiliani argues the significance of first having 
respect for people in the company to succeed with continuous improvements [4]. 
There is often unwillingness from managers to allow their operators spending time on 
improvements and implementing new ideas as it often will temporary stop the 
production and perhaps slow the process down during adjustment to the improvement. 
This unwillingness needs to be fought [22]. Furthermore, it is essential to work with 
improvement activities throughout the whole company and encourage high innovation 
and involvement to create a culture of continuous improvements [20]. 

Bhasin identifies two important success factors when committing to work with 
continuous improvements, which is the knowledge of the employees, and their desire 
to improve [12]. It is important that management follows through with suggestions of 
improvements and change in order for employees to feel valued and feel that their 
opinions and ideas matter. The operators have the best position to come up with 
suggestions for improvement as they are doing the actual work [14]. As well as follow 
through, it is important to follow up on improvement work to create a learning 
environment [11]. Key criterion for success with continuous improvements-work 
according to Kaye et al. is to create a learning environment, where the results from the 
improvement are learned from using measurement and feedback systems [20]. Even 
so, it is important to point out that the responsibility for the improvement to be 
implemented and lessons to be made from the result lies on the leader or mentor. 
Klefsjö expresses it as follows: “if the learner hasn’t learned, the teacher hasn’t 
taught” [1]. It is also important to update the existing standard of the improved 
process to the latest best practice that has been developed in order for the 
improvement to last [20]. 

Kaizen 
A frequently used Japanese term for continuous improvement is Kaizen. Kaizen is 
mainly continuous improvements in the every day work, but it can also be used in a 
Kaizen Workshop. A Kaizen Workshop is a type of improvement event held to solve 
a specific problem, like quality issues in the production, during a few intensive days. 
The Workshop is often held by a Workshop leader whose task is to lead the work 
forward and follow up on results [3].   
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2.4 Lean Tools 
According to Petersson et al. deviations are what fuels the improvement work [3]. 
Besides focusing on leadership and understanding the lean mentality, there are a range 
of lean production tools and methods. This chapter will give an introduction and a 
description of the tools relevant to the work of the case study at AGA Knivsta.  

Customer Focus 
One of the most important things to point out is the customer focus related to all the 
lean tools. The customer focus plays a huge role when making decisions about a 
company and its processes. It always comes down to the question “Is the customer 
willing to pay for this?”. Make sure that the actual customer is involved in answering 
that question, keep in mind that the company exists for the customers, without the 
costumers the company will not survive [3].   

Gemba 
Gemba is a Japanese word meaning “the real place”. In manufacturing, Gemba is the 
production floor, where the actual value is added to the customer. Gemba is usually as 
close to the customer as can be and is therefore very important. The opportunities for 
improvements and eliminating wastes that do not add value for the customer are 
mainly found at Gemba. Management should strive to understand this, maintain the 
Gemba-focus and support the processes taking place here [3] [7].  

Value Stream Map 
A Value Stream Map (VSM) is made to help the understanding of the current state in 
the production and with an overview aid to identify opportunities for improvements. 
After identifying opportunities for development a map of a future state can be made 
together with an action plan on how to proceed from current to future state [23]. 

The value stream consists of the flow of material to the processes, the processes, the 
links between the processes and the flow of information needed for the value flow to 
function, see Figure 2. Before making a VSM, the first step is to understand how the 
process works in detail. The simplest way is to choose one type of product and follow 
the products way through the production upstream and identify all the processes it is 
involved in. These processes are preferably illustrated using pen and paper. After the 
processes have been identified more information is collected about buffers, process 
times, batches and more depending on what is relevant to the map. The process times 
are written under each process as value adding time and the time in buffers is written 
under each buffer as non value adding time [3]. 
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Figure 2. Example of what a Value Stream Map can look like. 

The total time the product spends in buffers, storages and processes are added 
together and becomes the lead-time, the time the product spends at the production 
facility. This time is compared to the total value adding time, which will generate a 
percentage showing how much of the time is value-adding to the product. The 
processes that are not value-adding are processes the customer does not want to pay 
for. The map is often completed with information about how the processes are 
controlled and ordered, for example how often the production plan is prepared. The 
map illustrates the flow of products as well as the flow of information and the reason 
to map the information interchange in a production is to show that it often is more 
complicated than necessary [3]. 

When the current state map is completed it is recommended to create a future state 
map before taking action to avoid unnecessary mistakes by overseeing unpredictable 
dependencies that can be detected in the map [3]. Bicheno also points out that making 
a map or analysis of your process without taking action will be a total waste of time. 
However, a value stream map will help to receive an overview of the production as 
well as to make priorities of which parts of the process needs resources and 
improvements [6].  

Levelling 
Seldom a production line produces products that are of the exact same workload. 
Aiming at evening out the flow of products in the production will result in a more 
reliable production, which will make it easier to utilize resources in a more efficient 
way. A levelled workflow will also result in high and even quality [3]. Levelling is 
mostly done by thoroughly planning the production to spread out the workload of the 
heavier product types over time [3], see Figure 3. Evening out the workload is also 
something that is good for maintaining operator motivation, as repetitive work can be 
boring and cause loss of motivation [2].  
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Figure 3. The theory of levelling exemplified with gas cylinders. The product types have been evened out. 

Standardization 
The basis of all improvement work starts with standardization. A standard can be 
described as the currently best, agreed and known way of performing something. 
Standards should be a part of every workday on every level and can be the description 
of for example a method of production, how to store material or how to conduct 
meetings [7]. The current standard is the one referred to until a new and better way of 
doing the task is found or developed. A standard does not necessarily mean something 
is good, but will describe the current state. Agreeing on the standard is the core of 
working with continuous improvements [3]. 

When something has been standardized, it will be possible to detect deviation. If there 
is no documentation on what is considered as normal state or way of performing, how 
is it possible to tell if something is not performing as it should? Standards are of huge 
importance when detecting deviations in a process. Standards will lead the way to 
improvement work, as it is possible to improve and work with the standards [3].  

A standard describing manual labour is often called standardized work, it describes 
the way of performing tasks rather than what the product looks like. According to 
Petersson et al., there are primarily three reasons for standardized work: 
safety/ergonomics, quality and efficiency. By working with standardized work, safety 
will be in focus, people will work in the same way and quality will be evened out and 
the efficiency of the process will increase since the standard describes the best way of 
performing the task. If everyone performs in the best accepted way, the efficiency 
should be higher than everyone performing their own different ways. This does not 
mean operators should stop thinking, the opposite, since it opens up for improving the 
standard [3]. The only way to reach zero defects is to have a standardized way to 
perform the work [7]. 

It is essential to time the different operations. If the standards involve a lot of different 
products, divide them into product families. It is better to have a rough time 
comprehension than none at all. Putting a time on a process is an agreement on how 
much time should be spent on each activity, which also applies to meetings for 
example [3].  
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Before creating standards, it is essential to make sure everyone involved understands 
why standards are needed. When the mentality has been established, the best way to 
create a standard and make sure it is used and accepted is to let the people performing 
the task or activity to describe the process, and create the standard. The person doing 
to the process will decide the level of detail and will more easily accept and perform 
according to documentation [6]. A standard created by a manager is usually not 
accepted to the same extent. However, manager involvement is important and the 
operators can be given support to create the standard but with managerial approval 
and support. Working with standardization and Takt is a way of making sure the 
resources are used to a maximum [3]. 

Takt and Takt Time 
Takt is what sets the pulse of the flow in a process. Takt will tell the volume of how 
much is supposed to be produced per time unit, for example 60 products per hour. 
Takt will even out the flow as the production volume is spread over the time units [1]. 
It is recommended to provide the operators with information on how well the 
production is producing in accordance to the Takt. The ideal case is to visualize it in a 
suitable, understandable way [3].  

Takt Time is the available production time divided by the Takt and is strongly 
connected to customer demand. Takt Time will have the advantage of providing 
operators with feedback on how the production is proceeding and evening out the 
flow. When production is not producing according to the Takt Time, deviations can 
be found and adjusted [3].  

Visualization and Visual Control 
Visualization is the method of communicating measurements and results in a clear, 
easy and suitable way to the people concerned. Visual Controls are part of our 
everyday life without us thinking about it, they are kept as simple as possible. [3] An 
example of a Visual Control is traffic lights, with the standard of driving when it is 
green and stop when it is red, see Figure 4. 

 
Figure 4. A traffic light is an example of a standardized Visual Control in everyday life. 

The idea is to use Visual Control to make sure no problems are hidden, which is 
pointed out in one of Toyotas 14 principles by Liker. The visual control will tell 
people who want to do a good job immediately how they are doing compared to the 
production plan [7].   
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Visual Control can be used both in offices and on production floors. For example, 
instead of writing production results in numbers, the numbers can be translated to 
colours, red for poor, yellow for almost there and green for good result [3]. Toyota 
has the goal to communicate company results simple on an A4, available and easy to 
understand for everyone [7]. Boards can be used for daily control, if results are 
presented clear so that someone walking passed the board will get an idea of the state 
at the moment [3]. The board should be placed where it is visible from every 
workplace [2].  

7+1 Forms of Waste 
In order to achieve excellence in a process, it needs to be designed to detect waste. 
Once processes has been standardized, it is time to detect the deviations that are non-
value-adding. Everyone, on all levels, should work with detecting and eliminating 
waste, because waste in your processes is something the customer does not want to 
pay for [3]. Toyota has identified seven plus one forms of waste that describe non-
value-adding activities in the production that strictly can be considered being waste. 
The different types of wastes are not only found in production, but can be identified in 
any type of process [7]. The wastes are [3] [7]: 

1. Overproduction. Producing more than there are orders for and in too large 
batches. Produced goods need to be stored and will cause unnecessary 
inventory costs. 

2. Waiting. Time spent in production waiting for the next necessary activity. 
Different forms of waiting can be: waiting for missing material, products, 
people or information.    

3. Unnecessary transport. Transport will add no final value to your final product. 
The only transport the customer is willing to pay for is transporting the 
product to the customer. All transports of material between storages or 
processes should be avoided. 

4. Over processing or incorrect processing. Processing parts to a higher quality 
than the customer requires or ineffectively producing due to wrong kind of 
machines or tools. 

5. Excess inventory. Excess raw material, work in progress or finished goods will 
cause longer lead times. Large inventory is not only expensive it can also hide 
problems such as supplier issues, defects and long set-up times.  

6. Unnecessary movement. Motion that is performed by operators does not add 
value to the final product. Unnecessary movement is walking to fetch a tool or 
material as well as all kind of searching, reaching or stacking parts.  

7. Defects. Producing defective parts is not something the customer is willing to 
pay for. Repair or rework, scrapping and extra inspection are all wasteful 
activities.  

8. Unused employee creativity. Missing the opportunity to use the competence of 
every member of the workforce. By not engaging or listening there is a risk of 
missing out on the great ideas or suggestions for improvements.  
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5S 
A common lean tool used to eliminate waste and create better order in a workplace is 
5S.  The method is easy to understand and is therefore often used in the beginning of 
a lean journey. A clean and ordered workplace is also a great precondition to 
standardise the work being done and after that eliminate wastes in the process. The 
method consists of five different steps beginning with the letter S [3]: 

Sort – Sort the tools and materials used in the workspace. Identify tools used 
frequently and remove unused tools.  

Straighten – Give everything a decided place to eliminate time looking for material 
when working.  

Shine – Keep the workplace in order by continuously cleaning.  

Standardise – Agree on the best known way of doing things and create a standard for 
the work.  

Sustain – Make sure everyone follow the agreed standards.  

PDCA 
PDCA stands for Plan – Do – Check – Act and is an effective method when working 
with improvements. The different letters each stand for the four phases the method is 
divided into [3] [11].  

Plan –Identify the need, the root cause, analyse the problem, plan the activity, assign 
someone responsible and put up goals. In time, this is the longest of the phases. 

Do – If planning has been done carefully, actually performing the task is relatively 
easy.  

Check – Control to see if the new changes were suitable.  

Act – Make sure the new changes are the new standards.  

Once the four phases have been done, they start over again to constantly improve, see 
Figure 5. PDCA is an excellent method to use when performing improvement work as 
it provides structure. Nevertheless, working with PDCA requires processes that have 
been standardized to some extent. Make sure to celebrate every progress in order to 
stay motivated in the improvement work [11].  

 
Figure 5. The cycle of Plan - Do - Check - Act. 

Plan 

Do  Check 

Act 
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Five Whys 
The work with waste does not stop with detecting the waste, it is also important to 
find methods to eliminate and identify the root cause of the waste and the problem. 
The method of five whys is simple, yet a great impact in finding the root cause. It can 
be conducted anytime and is done by asking the question “Why?” five times [2] [3].   

Leader Time 
Petersson et al. describes a lean leadership method called Leader Time, which can be 
used to help the leader dispose their time. The method is about finding out exactly 
what the leader does during a certain time frame. It starts by analysing the current 
state. A regular time frame for the tool is a week, divided into hours. Each hour 
should be documented and by the end of the week the results should be visualized. 
The analysis often shows that there are not a lot of spots left for leaders to be 
available and support employees. A visualisation of the current state can help the 
leader sit down with their manager and evaluate why there is not more time available 
and what can be improved [11]. 

Questions to ask [11]: 

Eliminate – Are there follow-ups without a clear receiver? Are there assignments that 
do not have to be done? What will happen if these assignments are disregarded? 

Combine – Does everyone attending the meeting really have to be there? Is it possible 
to cut the meeting in two and deal with points concerning the right persons at the right 
time? Can meetings be merged? 

Move – Can activities be spread over time and not put too much work on one single 
person? Is there someone that can take on the manager’s assignments at times? 

Simplify – Is there any way to make follow-ups, reports, agendas standardized in order 
to cut down the time spent on performing them? 

Question everything and try to find new ways of doing things and agree on how much 
time it is suitable to spend on each activity. Question everything that is done in the 
office to make sure the manager can spend more time at Gemba. Always aim to 
discourage activities taking longer than they should [11].  

2.5 Towards Lean 
The journey towards lean is not easy and requires work beforehand. The literature 
describing lean often put emphasis on the tools and methods that should be 
implemented but fails to describe what should be done regarding the soft side [24]. 
This section will investigate some of the reasons lean fails, what to consider when 
deciding to take the journey towards lean and what can be the first steps. 

Barriers to Lean and Risk of Failure 
There has been research to highlight the barriers to lean and to understand why lean 
fails in organizations. This chapter will summarize some of these conclusions, and 
hopefully there is something to learn from other companies’ failures.  
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Nordin has done a research study over what different researchers point out to be the 
barriers to a lean journey. He concludes that the most common barriers are [24]:  

- Misunderstanding the concept and purpose of lean 
- Lack of resource availability (time, expertise, finances) 
- Lack of top management support for change 
- Lack of interest and commitment to lean  

Bhasin has done a case study concerning multiple companies trying to point out what 
went wrong. He concludes that every journey towards lean is exclusive and unique. 
Generally, management should not underestimate the operator’s need for information 
and goals to tell what is going on. Furthermore, lean cannot be seen as a set of tools 
and methods, but needs a holistic view, including every part of the company. Pointing 
out the most successful companies of his case study, it was obvious that the more you 
truly believe in lean, the easier it will be to transform your business [12].  

Sim et al. point out the risk of lack in commitment and the essential role of 
communication. The workers did not feel the motivation when the management 
showed little interest in the improvement work. There is a risk when a manager comes 
up with an improvement but does not follow through completely, lacking to commit 
to the mission and goals [14].   

Emiliani et al. emphasize the importance of choosing your words. Describing lean as 
a “project” or “initiative” can result in employers thinking lean is something that is 
done during a specific time frame and has an end, when in fact lean never ends [4].  

Risks When Implementing Lean 
It is inevitable when talking about lean and all its greatness to not also bring up some 
negative aspects. Bhasin point out that there is a risk of workers feeling more 
pressured in the company’s adaption to lean. However the same survey also show that 
workers feel more secure when working with lean [12]. There is a risk of lean being 
interpreted as careless by the workers if the pressure towards increased efficiency 
becomes too high. It is important to involve the employees in the lean work [25].  In 
order to receive results and engagement from the workers it is also essential not to 
challenge the company too much. Taking the lean journey does not aim to eliminate 
resources and create a more stressful environment to become more efficient. It aims to 
use the existing resources in the best way, which if understood will not create a worse 
working environment for the employees [3]. 
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Change Management 
Besides what is described in the chapter Lean Leadership, where the leader has a 
substantial role, there are some points to consider when trying to change. Kotter 
identifies eight reasons many companies fail with change management [15]: 

Error 1: Not establishing a sense of urgency. Motivation is key, without motivation 
from the employees change goes nowhere. Change is something that requires a strong 
leadership that can drive and inspire the change. 

Error 2: Not creating a powerful enough guiding coalition. Build a strong guiding 
coalition that can lead the way to change. Start out small, with a group of three to five 
persons with senior management as the core of the group.  

Error 3: Lacking a vision. A vision will go beyond numbers and says something about 
the direction the company is moving towards. Without a vision there is a risk of 
misunderstandings of exactly why the change is happening.  

Error 4: Under-communicating the vision by a factor of ten. Employees will not make 
sacrifices for change unless they truly believe the change is for the better. Without 
true and credible communication the hearts and minds will never be captured.  

Error 5: Not removing obstacles to new vision. There is often a situation where the 
employee understands the new vision and wants to realize it, but there seems to be 
something blocking the way. Sometimes the block is in the employee’s head, but most 
of the time they are real and need to be fought.  

Error 6: Not systematically planning for and creating short-term wins. Plan short-term 
wins that can help everyone keeping their motivation going for the change.  

Error 7: Declaring victory too soon. It may be tempting to declare a win, insinuating 
that the change has been a success. However, for change to sink in to company culture 
can take up to ten years.  

Error 8: Not anchoring changes in the corporation’s culture. A change is only 
successful when it is truly rooted within the culture, when it is the normal way to do 
things.  

First Steps Towards Lean 
Every company is unique and need to find their way down the path on a lean journey. 
However it should not be an excuse not to try [3]. There is not only one way to do it, 
no recipe to follow or exact way of doing it, every organization need to find out their 
way to start and commit to a lean journey [12]. Thinking that your company is too 
unique and too complicated to be able to commit is to start with the wrong spirit [6]. 
Results may linger, and patience is the true key when committing to a lean journey. 
Nevertheless, when the lean understanding has been impregnated and the little 
improvements start to work together, the results are of great character [11]. 

Nordin suggests a start for a successful journey towards lean being a framework 
consisting of a readiness to change before an actual implementation. During the 
journey it is important to have a consistent leadership [24] and making sure that 
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everyone sees and understands the time and engagement that the leader puts in his 
own learning as well as others [11]. It is important that everyone has understood the 
concept and is willing to change the culture within the organization in order for a lean 
journey to be successful [12]. 

Remember that change in essence is about the people and even if rules and guidelines 
are set up there can never be a total control over how people will react and how they 
interpret the situation [13]. No matter how your company is achieving right now, it 
can always become better and maybe lean is the journey to do it [11]. Bhasin 
concludes [12]:  

“Within Lean, there is no final product and no end game; it is a journey that needs to 
start strong and never end.” 

Deciding to strive for lean, committing to lean or taking the lean journey is deciding 
to believe and live after: “We will never be good enough.” [11]  
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3 AGA Gas AB in Knivsta 
This chapter is to large extents based on observations, interviews and a questionnaire. 
Where source is not given, the information refers to data that has been obtained 
during the time of the case study, for further information about what kind of people 
that has contributed to this chapter, see chapter Method.  

3.1 AGA’s History and The Linde Group 
The history of AGA starts in the year of 1904 when the company was founded. Their 
primary focus was acetylene gas lighting for railroads. Gustav Dalén, Nobel Prize 
winner and extraordinary inventor of his time was soon hired. Dalén’s inventions 
made AGA grow rapidly and in 1909 he was chosen to be the company’s new CEO. 
In a gas accident, Dalén lost his eye vision but continued to lead the company until his 
death. Gas solutions for lighthouses were among the most important inventions for 
AGA. It was in the late sixties that the company started focusing solely on gas 
products and has been ever since. In 2000 AGA joined The Linde Group, world-
leading supplier of industrial, process and specialty gases. The Linde Group in total 
has 48 000 employees in 100 countries [5]. 

AGA does not state a clear vision on their website, however The Linde Group states: 
“We will be the leading global gases and engineering company, admired for our 
people, who provide innovative solutions that make a difference to the world” [26]. 

SHEQ 
SHEQ within AGA and The Linde Group stands for Safety, Health, Environment and 
Quality. The aim, from top management within the Linde Group, is for everyone 
working within the organization to know the meaning of the words and the aim is for 
everyone to practice SHEQ at their workplace and in their everyday life. The primary 
focus of the SHEQ policy is safety. No one should ever have to risk his or her life 
working for The Linde Group, this does not only apply to employees but also to 
suppliers and customers. One example of the SHEQ-policy put to practice is their 
policy against talking in cellular phones while driving, which is strictly forbidden. 

Six Sigma 
AGA and The Linde Group work with Six Sigma, which is a method to achieve total 
quality. Six Sigma is more project-based than lean and often requires involvement 
from an expert, while lean is every day improvement and waste reduction. However, 
lean and Six Sigma in symbiosis can be a way of achieving process excellence. 
Within AGA, the concept of lean and Six Sigma is referred to as Lean Six Sigma.  

3.2 Gas Cylinders 
The most important product to AGA Knivsta is the gas cylinder. A gas cylinder is 
meant to enable use, transport and hold different types of high pressure gases. The 
container is either made of steel or aluminium and has a valve and a valve guard. The 
valve enables gas to exit the cylinder and the valve guard protects the valve as well as 
making handling easier. Different countries and regions have directives for how the 
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cylinder is supposed to be painted. The AGA standard is that the cylinder body has 
one colour, and most often a top painted in another colour, called the shoulder 
painting. For all different parts, see Figure 6. A realistic image of gas cylinders can be 
seen in Figure 7.  

 
Figure 6. Valve guard, valve and shoulder painting marked out on a gas cylinder. 

 
Figure 7. Example gas cylinders. The red cylinder to the right is an Acetylene cylinder and is revised in Arendal. 
Photo: AGA 

Knivsta revises high pressure cylinders designed for pressures up to 300 bar, in the 
sizes of 2.5, 5, 10, 20, 40 and 50 litres. A cylinder of 5 litres weighs about 7 
kilograms empty and a cylinder of 50 litres weighs about 65 kilograms. A 10 litre gas 
cylinder in relation to a human can bee seen in Figure 8.  
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Figure 8. A 10 litre gas cylinder's size relative a human. Photo: AGA 

Due to the different attributes of steel and aluminium, the two cylinder types require 
some different handling in the multiple process steps at Knivsta. Besides the 
difference in steel and aluminium gas cylinders, there are differences in colour, valves 
and valve guards. On a typical fortnight, Knivsta handles up to 20 different product 
types, not taking different valve types into consideration. 

The gas cylinders that go through maintenance at the Knivsta facility are used in 
many industries ranging from the food and restaurant industry to heavy industries. 
There is no age limit on gas cylinders and as long as they pass through maintenance 
they can continue to be used. The oldest cylinder that has been detected in Knivsta 
was from the end of the 19th century. Still, it is more common that they are 10-50 
years old.   

3.3 Maintenance of Gas Cylinders 
AGA Knivsta is the only site for maintenance of high pressure and air gas cylinders in 
Sweden and Norway. Every ten years a gas cylinder needs to be maintained and 
approved for ten years of further usage in order to ensure that safety standards are met 
according to the Swedish Board for Accreditation and Conformity Assessment 
(SWEDAC). SWEDAC has the aim to increase safety and reliability in products and 
services in Sweden [27].  

Supply Chain and Production Plan 
The most important raw material for AGA Knivsta are the gas cylinders and this 
access is dependent on when the cylinders reach their best before date. Once a year a 
forecast will communicate how many cylinders will reach their best before date this 
year. Nonetheless the yearly forecast is not often used when making the production 
plan. Gas cylinders that have been in use for nearly ten years or ten years are sent 
from Sandviken, Rotebro, Växjö, Enköping and Fagersta in Sweden and Leirdal in 
Norway, which are all filling plants. A filling plant is where gas cylinders are filled 
and then sent to the customer. The customer does not buy the cylinder, it is owned by 
AGA and will be refilled and leased during the ten year period. The deliveries take 
place once a week from each filling plant and if required, an extra truck is versed. 
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When the cylinders have been under maintenance and approved for another ten years 
of usage, the cylinders are sent back to the filling plants, see the complete supply 
chain in Figure 9. 

 
Figure 9. The supply chain of AGA Knivsta. 

Every two weeks an order is sent to Knivsta. The Head Stock Controller, who by the 
use of a control system keeps track of the inventory of the filling facilities, puts the 
order. A production plan is made in Knivsta according to this existing demand for 
maintained cylinders. The production plan describes in what order different cylinders 
need to be maintained taking into account prioritised customers due to shortage of 
certain cylinders as well as set up times in the production.  

3.4 Organization 
At the site in Knivsta there are 29 people working. Most of the staff works in the 
production, but there are also a number of other positions. There is a Site Manager 
who has the overall responsibility for the site and maintenance of gas cylinders.  A 
Production Manager lightens the burden of the Site Manager and has responsibility of 
communication with the staff and the production plan. The operators working in 
production has a Production Foreman who is the team leader. The Production 
Foreman also has a key role in the making of the production plan. The Quality and 
Safety Manager is responsible for the Knivsta site as well as another site for 
maintenance in Arendal and makes sure rules and regulations are followed. A 
complete view of the organization can be seen in Figure 10. 
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Figure 10. Map of the organization at AGA Knivsta, numbers in parenthesis is the number of persons on the 
position. 

3.5 Resources 
The resources relevant for this report are the operators and the site. The operator shifts 
are described as well as the facility and yard.  

Operators 
During a normal shift, seventeen operators manage the different process steps. In 
addition, four operators work an evening shift in order to manage the demand, see 
Table 2. The facility is dependent on manual work as well as automated machines and 
tools to complete the maintenance of each cylinder.  

    

  Operators (#) Mon-Thu (h) Fri (h) 

1st shift 17 8 5,5 

2nd shift 4 8,5 N/A 

Table 2. Staffing of the two shifts at AGA Knivsta. 

The Site 
The site can be divided into two parts, one located outside and one under roofing. The 
outside area is called the yard and the one under roof is in this report referred to as 
facility. The yard is where all the gas cylinders are kept while awaiting maintenance. 
Besides being a waiting area it also contains places to throw away trash, refill natural 
gas and other forms of storage spaces that do not require roofing. Historically, the 
yard has been a mess but it has recently undergone major improvements. Most areas 
are marked up to tell what is supposed to be stored there and it is visually easier to see 
where something is missing.  

The facility contains the production floor where all the maintenance is done, a 
separate room for aluminium cylinders, a workshop for building bundles with 
cylinders, warm storage, cold storage and offices. Generally, the storages are well 

Site manager 
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Ultrasonic  

Production 
manager/planner 

Production foreman Production (15) 

Workshop (3) 
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urchase (2) 
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organized with well-marked cardboards containing mostly different parts ordered 
from an external supplier. Nevertheless, the two storages are large and there are a lot 
of empty shelves.  

3.6 Perception of Work Situation 
Behind most of the process steps the cylinders go through at AGA Knivsta there is a 
person. During the time the authors spent at the site, an idea arose to try to investigate 
their stories and perception of their working situation to increase the understanding of 
the processes and what it is like to work at the site. A questionnaire is carried out at 
the site as well as a number of interviews. This is the people working at AGA 
Knivsta’s own story.  

Questionnaire 
A questionnaire is completed by 70 % of the staff. A full review of the questionnaire 
can be found in Appendix A – Questionnaire Result. In the results, the authors have 
chosen to refer to the persons not working close to production as production support 
or support functions as it describes the management’s role better. The questionnaire 
shows that there is a significant difference between the operators and the production 
supports perception of their work situation. As shown in Table 3, the operators give 
considerably lower score on all of the asked questions except for one. The results 
presented in this report will therefore primarily focus on the operators’ perception. 
The main issues that were detected from the questionnaire were the lack of 
information, improvement work, encouragement and development opportunities.  

 
Table 3. A presentation of the questionnaire results. 
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Interviews 
The Site Manager refers to a range of actions that has been done in order to improve 
the communication at the site. Nonetheless, there is an opinion among the staff that 
they do not receive all the essential information. It occurs that information does not 
always reach all the concerned people, which causes confusion and annoyance among 
the process operators when they have received different directives. It seems that some 
read the white-board placed by the top of the stairs in the recession room while some 
look at the digital screen, a bit further down the same room.  

When asked about the values of AGA and the Knivsta site most of the employees 
have an unclear answer. Many express that they should know the values but the 
answers vary. Something that is clear is the theory of SHEQ, and the importance to 
always think of the personal safety. 

The respect for the management has been short during a long period of time and with 
a number of changes it has improved, although the general idea is that there are 
further areas that need to be improved. Positive feedback is lacking among everyone 
and emphasis is mostly put on what is not working well. Increased confirmation when 
there is success would be appreciated and motivating.  

There appear to be small improvement work being done by the operators in their 
everyday work situation, but this is kept at Gemba. Larger suggestions are to be 
handed to the improvement group who are responsible to consider them and decide 
what is to be done. However, the notice about whether this group is active and where 
suggestions should be put is vague. According to the support functions the group 
exists, but is going to be removed because of lack in success. There is no plan of how 
it is going to be replaced. 

There is a board called Daily Management, where short meetings are supposed to be 
held everyday by the production manager to inform the operators of what is 
happening in the production and how the situation is compared to the production plan. 
From interviews it appeared that the standard of these meetings vary and that there is 
room for improving the layout of the board, as it is difficult to perceive which 
information that is most important when passing the board. Also, there is a lack of 
pulse in the meeting, as it is often down-prioritized due to something else happening.  

Observations 
In addition to the questionnaire and interviews made at the site, the authors have made 
several observations. There is a lack of standardization and also an unbalanced 
workflow seen from a human and ergonomic perspective. Different operators carry 
out the operations differently and at some stations it is difficult and sometimes 
impossible to understand the order of the process steps due to the inconsistency. At 
several stations the workload is varying depending on what type of cylinder that is in 
process. Due to long set up times similar cylinders are often run in huge amounts, not 
taking into account the heavy workload this causes for the operators. This does not 
only create a failing ergonomic situation for the operators but also annoyance and 
monotony. The site manager has been fighting for a rotating schedule in order to 
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create a more dynamic workplace, the wish to follow through with this suggestion 
varies a lot.  

There is partly a negative attitude and a dispersed cohesion at the site. The attitude 
from several persons of the staff is to work as little as possible and there is also a 
belief that there are many unsolvable problems. There is an opinion that no one owns 
existing problems, which results in many projects going on for a long period of time 
without any work being done.  
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4 Process Mapping 
This chapter will describe the processes the gas cylinders go through while they are at 
the site for maintenance. The processes of maintenance follow a certain standard that 
describes the different processes the cylinders go through during maintenance. The 
standards are however not written to the extent that they describe which operations 
are performed at which station and it is not described how long time the operations 
take either. The standards are written in accordance to certain directives provided by 
SWEDAC. Standards are written by the Safety Manager and then approved by the 
operators.  

The processes can be divided into two, the ones occurring outside at the yard and the 
ones occurring inside the facility, see Figure 11. The whole maintenance of gas 
cylinders, excluding the workshop, can be seen in Appendix B – Process Mapping. 
This chapter will mostly consider steel gas cylinders, as the steel 50 litre gas cylinder 
has been the one in focus.  

 
Figure 11. An overview of the facility area where maintenance takes place and parts of the yard. 

4.1 Processes – the Yard 
The yard is the area around the facility, located outside with a few zones under roof to 
protect cylinders, other materials and operators from weather conditions, see Figure 
11. The cylinders arrive at Knivsta in pallets, cylinder packs or swap bodies by truck 
from the filling plants. There are two forklift operators working on the yard and their 
main job is to transport cylinders around the yard, both before and after production. 
Besides transportation of cylinders, the operators working on the yard are involved in 
the process of sorting and emptying the cylinders.  

Sorting and Emptying 
After arrival to the yard, the cylinders are placed in a special zone for emptying and 
sorting. The cylinders are emptied of gas by one of the operators opening their valves 
and letting them stand in an assigned area on the yard until they have been fully 
emptied. Following the emptying, the cylinders are sorted into groups by their size, 
material and gas type, either on the yard or inside the maintenance facility depending 
on the weather conditions. After sorting, the cylinders are placed on assigned areas 
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based on type. Before maintenance, the operators operating the forklifts transport 
cylinders to the production based on a production plan provided by the Production 
Manager.  

4.2 Processes – Inside the Facility 
The diesel forklifts used on the yard are not allowed inside the facility and instead a 
smaller electrical forklift is used to transport pallets of cylinders to the internal visual 
inspection. Once the cylinders are moved from the pallet, they do not reach a pallet 
again until after the assembly, when the cylinders are transported back to the yard 
waiting to be picked up by a customer.  

Internal Visual Inspection 
The first maintenance process for the cylinders is the internal visual inspection, which 
is manned by two to three operators, see Figure 12.  

 
Figure 12. The first step at the facility, the internal visual inspection area marked out. 

At this station the operator clamps the cylinder into place at the station and then 
registers the cylinder in a computer system. The valve guard is dismantled and the 
operator controls whether the cylinder is empty by blowing air or nitrogen into the 
valve. The valve is loosened using an electric tool and the last rotations are 
dismantled by hand. If the cylinder is pressurized, the operator risks being seriously 
injured if the valve is removed. When the valve and valve guard have been 
dismantled, the cylinder is internally visually inspected in order to detect dirt and rust 
on the inside. An operator will look into the cylinder with a lighting aid. Finally a 
lifting adapter is mantled in where the valve was previously fastened to prepare the 
cylinder for suspension on the conveyor. When the inspection is finished the cylinder 
is placed in a buffer to wait for conveyor loading. 
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Conveyor Loading 
The conveyor is a fully automated system that transports the cylinders through 
different processes around the facility, see Figure 13. It is located a few metres off the 
ground and the cylinders are suspended from it, see Figure 14.  

 
Figure 13. Main parts of the conveyor that moves the cylinders around the facility marked out. 

 
Figure 14. Cylinders suspended on conveyor. 

Almost all cylinders are marked with one or more labels that have been attached at the 
filling facilities. The blasting machine fails to remove labels successfully, which is 
why the labels have to be removed manually in order to proceed through the 
maintenance. A knife or other suitable scraping tool is used to perform this task and 
how the labels are removed depends on how the operator prefers to do it. This 
operation is often done standing in the cylinder buffer that follows the internal visual 
inspection. 

Before the cylinders can be loaded on the conveyor they need to be prepared by 
fastening a suspension device in the lifting adapter. This is either done after, before or 
simultaneously as scraping the labels, depending on the operator. The cylinders are 
placed on the conveyor with aid from a height-adjustable control. Large cylinders are 
lifted into place with a lifting aid and smaller cylinders are lifted by hand, often using 
the help of an operator’s foot.  

Sand Blasting 
The first machining process on the conveyor is the sand blasting. The sand blaster 
removes paint and dirt from the exterior of the cylinders. There is one blasting 
machine for steel cylinders and another one for aluminium cylinders as the materials 
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have different qualities and require different blasting sand. The process is fully 
automated, a cylinder comes into a protective area avoiding leakage of sand, is 
blasted, reaches another protective area before it comes out blasted. The sand blasting 
machines placement in the facility can be seen in Figure 15.  

 
Figure 15. Overview of the production floor with the sand blasting area marked out. 

External Visual Inspection and Marking 
After the blasting the cylinder is weighed automatically suspending from the 
conveyor to see whether the documented weight matches the one the cylinder 
currently has. Further down the conveyor, the cylinder reaches the external visual 
inspection area, which is usually operated by two people, see Figure 16. Here, the 
cylinder’s exterior is visually controlled to see whether there is any remaining paint or 
if the cylinder has rust or cracks. If the cylinder fails the external inspection, the 
cylinder is sent for reblasting or scrapping. The cylinders that pass inspection are 
marked with date and any other required marking using a marking tool and a hammer 
before the continuing on to painting and oven.  

 
Figure 16. External inspection and marking-booth at the facility. 

Painting, Oven and Shoulder Painting 
The cylinders are painted in different colours depending on what type of gas they will 
contain. The powder boxes, wet-painting area and oven can be seen in Figure 17. 
There is one main colour painted on the whole cylinder and then a shoulder painting, 
painted on the top of the cylinder. Together the colours symbolize which gas is 
allowed to be filled in the cylinder. Once again the aluminium and steel cylinder 
require different handling. Steel cylinders are sprayed with powder paint in two 
different powder painting boxes. One of the boxes is solely for black powder and the 
other can be switched between green, blue and silver. There is a set up time to change 
the colour of the powder in the second box. The boxes need cleaning regularly, which 
also causes delay in production.  
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Figure 17. The two powder boxes, wet-painting area for aluminium cylinder and shoulder painting area marked 
out. 

After the powder painting the cylinders enters the oven at 200 °C for the paint to 
harden. The material properties of the aluminium cylinders will be affected by such 
high temperature and therefore the aluminium cylinders are spray painted with wet 
paint which only need 100 °C to dry in the oven. Both the powder and the wet paint 
are sprayed on the cylinders, which cause a 30-40 % of abundance. Using powder 
paint is much cheaper as the abundant powder paint can be reused unlike the wet 
paint. This is the reason for the use of powder paint on the steel cylinders even though 
it causes set up times. After the oven the cylinders are shoulder painted with wet paint 
by a robot in accordance to registered gas type.  

Labelling and Conveyor Unloading 
Before the cylinders are removed from the conveyor they are cooled down and 
marked with a label. The cooling zone exists to ensure that no one will obtain burn 
injuries in contact with the heated cylinders from the oven. The label attached 
contains the gas code and an internal AGA number used to simplify the identification 
of the cylinders during final operations. Cylinders are lifted from the conveyor and 
are put in a buffer area, see Figure 18. Large cylinders are removed using a pneumatic 
tool and smaller cylinders are lifted off by hand. If the cylinder has failed the blasting 
machine the operator will place it by the station where the cylinders are suspended to 
the conveyor.  

 
Figure 18. Buffer area between conveyor unloading and ultrasonic testing. 

Ultrasonic Testing 
The cylinders are now ready and await testing in the Ultrasonic Machine, see Figure 
19. The Ultrasonic Machine controls whether there are any cracks or other damages 
on the cylinder using ultra sound. This control is to ensure that the cylinder will not 
rupture due to the high pressure when it is in use by customers. The operator loads the 
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cylinder into the machine and the cylinder is then controlled with the ultra sound and 
assessed using a computer program. If the cylinder does not reach the requirements it 
is marked as “KASS” and put with the other “KASS” cylinders waiting for scrapping. 
The cylinders that pass inspection are put in a buffer awaiting Final Assembly.  

 
Figure 19. The ultrasonic machine marked out in red at the production floor area. 

Final Assembly 
At the final station in the facility the cylinders have their last inspection and are 
assembled with a new valve. The cylinders are once again inspected visually on the 
inside. The valve, valve guard and any other components required are then assembled 
together with the cylinder. The cylinder is then rolled onto a pallet for revised 
cylinders and an operator working by the assembly stations drives the pallets back to 
the yard, see the final assembly station marked out in Figure 20. 

 
Figure 20. The final assembly stations marked out, this is where the gas cylinder is finalized. 

Scrapping Cylinders 
All cylinders that do not pass inspection are marked as “KASS” and are sent to the 
final assembly to be registered as scrap in the computer system and have their threads 
destroyed to ensure that they cannot be reused or resold. The cylinders are then 
transferred in a pallet to a waste container on the yard. 

Workshop 
Some cylinders are assembled in packets of 12 cylinders or in swap bodies of 147 
cylinders. These cylinders are not finished at the same station as all the other 
cylinders. When they have gone through maintenance and been placed on the yard, 
they enter a workshop for this assembly. These cylinders are bundled together by 
connecting their valves enabling them to be filled together as one big tank of gas. The 
packets are used for different types of gas, while the swap bodies are solely used for 
hydrogen and natural gas. 
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4.3 Process Times and Takt Time 
The Takt Time is calculated using the available production time divided by the 
demand documented over the last time periods. When the Takt Time has been 
calculated, the 50 litre gas cylinder’s process times are related to it. The 50 litre 
cylinder is represented as a bottleneck in almost all processes, in particularly by the 
process of the ultrasonic machine. The process times in relation to the Takt Time can 
be seen in Table 4.  

 
Table 4. The diagram shows the process times in relation to the Takt Time. All numbers are left out due to 
confidentiality.  

From the diagram, it is visible that the ultrasonic machine is the biggest bottleneck, 
which is also the reason for the facility running two shifts. However, the ultrasonic 
machine process time can be reduced to up to 50 % depending on the product type 
and the workload is levelled over time.  

The internal visual inspection reaches the Takt Time but the final assembly does not. 
In total there are five operators working with these processes, and there are room to 
move resources.  

Other than the ultrasonic testing the processes should be able to perform. Today, there 
is little knowledge about how the different processes are preforming in accordance to 
each other and this diagram can be help on the way for AGA Knivsta’s understanding.  
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5 Value Stream Map 
The process mapping results in a Value Stream Map explained in the Lean chapter. 
50-litre cylinders stand for 50 % of all the maintenance at AGA Knivsta, which is 
why this product is chosen to be analysed and examined to see whether there are room 
for improvements. The VSM for the 50 litre gas cylinder with Kaizen stars can bee 
seen in Figure 21, the same VSM can be found in a larger version in Appendix C – 
Value Stream Map. 

 
Figure 21. Value Stream Map over the current state at AGA Knivsta. The times have been multiplied and/or 
divided due to confidentiality. 

The times are not accurate and have been multiplied and/or divided due to 
confidentiality. However, the value-adding time is the same and the result is 0,3 %, 
and without taking the yard into consideration it is 4 %. The areas that are in need of 
improvement are the internal visual inspection, the scraping and the final assembly. 
These are the stations manned by operators; stations were a lot of the different forms 
of waste could be found. More improvement areas, concerning the softer sides, will 
be presented in the next chapter.  
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6 Improvement Areas 
The mapping of the process proves that the process is capable of performing. The 
measurements and observations have been made on a range of different cylinders and 
the capacity of production varies, but when the operator focuses on performing the 
task and is not involved in activities around the process, the process can perform. The 
observations revealed that there are a lot of the seven plus one wastes in the manual 
processes as well as the automated. Some improvement areas have been identified, 
where the authors would like to contribute to improvement. However, according to 
literature, if an external part comes and makes changes, the changes will not last at all 
or not be as lasting as if the ideas for change comes from the people working with the 
process. This is why a Lean Awareness Session and a Process Management 
Workshop are realized in order to involve employees at the site and have them 
contribute to long lasting change.  

Besides the Lean Awareness sessions and the Workshop, some improvement areas 
have been identified at AGA Knivsta, which will be presented in this chapter. The 
suggestions and problems discussed here will help make conclusions to what should 
be included in the Action Plan for AGA Knivsta’s journey towards lean. Next chapter 
present the Action Plan, which describes how AGA Knivsta can take action and the 
next steps towards becoming better at what they do. 

6.1 Company Values & Principles 
The values and principles of AGA Knivsta should be defined and communicated 
clearly and frequently to the employees. As described in the chapter Lean Mentality 
people work more effectively together if they have agreed on values and ways of 
working. Interviews at the site show a varying or non-existing perception of the 
current values at the site and also a vague perception of company values. 
Furthermore, discussions during the Lean Awareness Sessions shows that most of the 
operators and support functions believe it is important with common values for their 
continuing work together. The literature argues the importance of involving the 
employees in the process, as it will enable them to identify themselves more with the 
company and the site. There is no literature found describing how this process is best 
conducted, only that the values need to be defined.  

6.2 Leadership and Communication 
A precondition for any changes to occur and sustain at the site is to have a present and 
transparent leadership. Observations and interviews show that there are a lot of 
improvement opportunities concerning leadership. However, the authors want to point 
out that the leader roles at the site are not poor, but as a leader there are always 
aspects to look into and improve.  

There seems to be a perception of “we and them” between process operators and 
support functions, a perception that should be fought. The operators feel that 
suggestions for improvements are not always considered, problems take a long time 
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before being solved and it is unclear who is responsible for different actions that need 
to be taken.  

According to theory concerning lean in the chapter Continuous Improvements it is the 
operators who have the ability to come up with the best suggestions, but it is 
important that the leader takes responsibility for things to be followed through. A 
suggestion to make it easier to follow through with improvements and communicate 
better what is happening during improvement processes is to have an improvement 
board, as a visual tool. The board should be designed to meet the needs and interest of 
the operators. 

On the positive side, during the time the authors have spent at the site, there has been 
a lot of change in leadership. The authors have seen an increased receptiveness to 
change in everyone and also a more optimistic view of what can happen. The Action 
Plan will describe the steps taken and the authors believe that they have contributed to 
avoid the mistakes explained by Kotter in the chapter Change Management. A sense 
of urgency has definitely been established, as well as making sure management is on 
board.  

6.3 Information  
Interviews and questionnaire show that operators feel information passes them by. 
There are white boards and digital screens used to communicate changes and 
information but it appeared that information about small changes or decisions do not 
always reach out to all concerned parties. It seems that some operators read on the 
digital screen and some read on the white board. Seldom, information is presented on 
both of these ways of communication. 

It is important for the leaders to identify how operators want to receive information. 
The leaders should try to identify where information best is presented but also 
question the way information is presented mouth-to-ear. In the mornings, a Daily 
Management meeting is carried out for a few of the operators working the first shift. 
Operators working the evening shift will not participate in any meeting.  

6.4 Standardization 
A range of observations as well as past events at AGA Knivsta can exemplify the lack 
of standards and the fact that the existing standards are not followed. The facility had 
to be closed in 2012 due to a fire, which happened because routines had not been fully 
followed. Standards exist to a certain extent at the site; it is a demanded by 
SWEDAC. However, the standards that have been described in the literature study 
look a lot different. The standards at the site are not clearly divided according to the 
different processes, there is rather a standard of everything that has to be done for 
safety measures to be met. To increase the quality assurance and to make it possible 
to detect deviations, standards should be made at each process step by the operators 
working with each specific process. These standards should include the different 
operations that occur, in what order they should be performed and why each step in 
the standard has to be followed. If possible, it is recommended to have pictures 
illustrating the operations, which would ease the use and understanding considerably. 
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As mentioned in several improvement areas there is room to implement standards 
everywhere at the site. There should be generally accepted methods of how to proceed 
in not only production but also in how information should be given, how 
improvement suggestions should be handled, how the site values should be 
communicated and how the leaders spend time at Gemba etc.  

6.5 Creating a Better Work Environment 
The questionnaire showed that there is a lack of engagement and feeling valued at the 
workplace. The result was followed up with a number of interviews confirming that 
the operators feel their thoughts and ideas are not valued and also that there is a lack 
of engagement in improvement work. There is also a suggestion from the results, that 
there is a low sense of meaningfulness, company values and knowledge of values 
among the operators. To solve this, the leaders have a great responsibility. However, 
according to the success factors described in literature, the soft parts that are likely to 
be improved when working with lean is increased job satisfaction, trust, pride and 
engagement. Likely, these will increase at AGA Knivsta as well on a sustainable lean 
journey.  

6.6 Production Planning and Use of Resources 
The authors have observed room for improvement in line with the theory of levelling. 
The production plan is planned over two weeks and could together with Takt being 
taken into account be better planned. The operators work at the same station for a 
long period of time and this can be both monotonous and tiring. Both products and 
positioning of operators can be levelled.  
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7 Action Plan 
The theory, observations, process mapping and interviews together with the previous 
chapter identifying improvement areas are combined into this chapter. The Action 
Plan is the process of starting, continuing and sustaining the lean journey. The Action 
Plan in its whole can be seen in Appendix D – Action Plan for AGA Knivsta.  

7.1 Lean Awareness Session 
A Lean Awareness Session is held at the AGA Knivsta site. The session aimed to give 
inspiration to lean and explain some success factors and tools relevant to Knivsta. All 
of the material presented during the inspiration session is based on the literature 
study. Some of the tools presented are: 7+1 wastes, value stream mapping, evening 
out the flow, standardization and visual tools.  

Step One – Convincing the Management 
The sessions were conducted in two phases. Firstly, the session was held for the 
support functions, in an attempt to inspire and convince them to start the lean journey 
and not depend only on tools. The session was a success where many of the 
participants wanted to start change projects right away. At the facility there is a board 
called Daily Management where meetings are conducted every day, this board was 
made more visual by changing the colours of the pen. The goals were written in black 
and actual production was written in green or red, see Table 5. 

Daily Management  Daily Management 

Goal Actual Notes  Goal Actual Notes 

       

      Well 
done! 

/Name 
      

Table 5. Starting from the left: the Daily Management-board as it was, to the right: the board after improvements 
initiated by the Production Manager based on discussions from the Lean Awareness Session. 

Step Two – Include Everyone 
According to the literature, management convincement and engagement is of utmost 
importance in order to commit to a successful lean journey, which was why the 
session only was held for the support functions to start with. Nevertheless, the session 
was of such success that the Site Manager together with his manager prompted the 
authors to hold three more sessions to include everyone who work at the site.  

To support the theory of showing the operators that management is involved and 
engaged in the change work, the site manager was included in the sessions, explaining 
a few of the concepts and initiating some of the discussions.  
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7.2 Process Management Workshop 
Following the lean awareness sessions, in cooperation with Jas Sinnott who has been 
working with lean for a very long time at Maersk and is now hired by AGA, a Process 
Management Workshop was carried out. The Workshop took place over three days 
and included the Site Manager, Production Manager and Production Foreman and six 
process operators. The Workshop’s purpose was to provide a deeper understanding in 
the theory of lean and also agree on rules for sustainability. The Workshop was not 
only based on presenting theory and provide learning, but included a lot of hands-on 
activities as well. During the Workshop, a Kaizen Form was used, which is an A4-
paper where the participants were able write down problems together with a 
suggestion for improvement. It did not matter how big or small the improvement 
suggestion was, everything was of equal importance. During the three days of 
Workshop, the participants came up with 66 improvements. Many of the 
improvements were problems the authors had observed, however the authors would 
not have been able to come up with a large part of the suggestions, as their insight and 
understanding of the process could never be as great as the operators who are working 
with it. As the literature has stated, the improvements will be better and sustain longer 
if the one performing the process is the one who improves it.  

Input  
Before the Workshop, a number of different materials were prepared to help with the 
understanding for the participants. The authors developed the Kaizen Form together 
with Jas and adapted it to the site. Material was also created for the Gemba walks 
conducted during the Workshop to help to identify wastes, observe 5S etc. A poster of 
the VSM was printed to visualize and help with the understanding of Takt and 
levelling in the processes. 

Outcomes Day 1  
During day one, there was a session where the whole team called a customer to ask 
whether the customer was satisfied with the product delivered. Everyone present 
agreed that the information received was valuable and it was agreed that a standard 
form with customer questions would be created. This form is supposed to be of help 
when contacting the customer, something that is to be done a lot more often in the 
future. The resulting information from the customer is then supposed to be 
communicated on the Daily Management board and by mouth and on the meetings to 
all the concerned personnel.  

Outcomes Day 2 
The theory of 5S was presented during day one and during day two, a lot of cleaning 
up was done. Stations were colour-coded to make sure tools stayed by the right 
station, tools marked out by their name, tool-boards were moved from spaces where 
they could not be reached, see Figure 22.  
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Figure 22. Tools belonging to the black station are spray painted black.  

The Daily Management board was given a lot of attention when the theory of Visual 
Management was presented. There were a lot of suggestions for how the board can be 
improved; an example is visualizing how production is performing with a diagram as 
in Table 6. The participants in the Workshop emphasized the importance of having a 
well working and used Daily Management-board communicating the right type of 
information. The board will continue to be improved and questioned even after the 
Workshop. The Daily Management board’s placement was also questioned, and 
moved closer to the actual production, see Figure 23.  

 
Table 6. Example of how performance according to production plan can be visualized. 

MON TUE WED THU FRI MON TUE WED THU FRI

Plan

Actual
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Figure 23. A process operator moves the Daily Management board during the Workshop. 

The inconsistency of Daily Management meetings is discussed and a new time for the 
meeting is suggested. The meeting will instead of taking place in the morning with a 
few operators, happen during the shift overlapping in the afternoon when everyone 
can participate. During the second day of the Workshop it is concluded by the process 
operators that even the smallest ideas of improvements can make a change.  

Outcomes Day 3 
During the third day of the Workshop, different standards are discussed, especially 
standards on all levels. Schedules for the process operators working at Gemba are 
made as well as a standard schedule for support functions. The support function board 
has standards for the time that should be spent at Gemba since visible leadership is of 
utmost importance. It is concluded among the participants that standards can prevent 
mistakes, and it should be documented how actions should be performed. More 
actions are taken, improvements made and a Daily Management meeting is carried 
out on the agreed time. Since production has been running low the past days, the 
meeting’s main purpose is to show and explain changes to operators that did not 
participate in the Workshop.  

When waste is observed and documented, the operators realize how much 
unnecessary transport and movement exists in the production. There are a lot of 
suggestion on how to reduce this waste, moving boxes and ovens among others. One 
operator suggests that pedometers should be purchased, in order to measure steps 
during a day before and after the changes.  

Previously, the operators have to large extent decided themselves at which station 
they want to work, except for stations requiring certain knowledge. In order to level 
both products and operators, it is suggested that the operators are divided into teams 
and within the teams they can decide in which processes the resources are most 
needed. If the assembly has a heavy workload, it should be easier to get help without 
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having the Production Foreman giving directives. Besides levelling the workload, this 
can help create a team spirit.  

During the phase of the third day, a few quotes from the operators are documented to 
show how the start of the lean journey is welcomed: 

“We are doing this for ourselves” 

“All suggestions for improvement are of equal importance” 

“Everything has become so much better since you (the authors) came here”. 
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7.3 Sustaining 
Starting a lean journey can be hard, but the toughest challenge comes with sustaining 
it. The most important change chosen for AGA Knivsta is having the meeting Kaizen 
Plan & Do. The Kaizen Form used during the Workshop is improved with help from 
participants in the Workshop. The forms will be placed close to production and 
anyone can write down a problem and suggestion for improvement.  

Every Friday a Kaizen Meeting will be conducted. During this meeting, the Kaizen-
forms will be read and evaluated to see how easy they are to put into action as soon as 
possible. The participants will be the Production Manager, one person from the 
support functions and four process operators. The participants will change every week 
so that everyone gets to contribute to the lean journey. A conference room at the 
facility will be the Kaizen room with needed materials available. The meetings are 
followed by time spent at Gemba, either improving or looking for areas of 
improvement. The meetings and the actual implementing will be in accordance to 
PDCA.  

The standard times worked out for both process operators and support functions are 
there to be followed. Hopefully, the documented and agreed times of performing 
certain activities will make it easier to follow through according to schedule. To fulfil 
the challenge with having a visible and engaging leadership, there are standard times 
for the leaders to take Gemba Walks. During a Gemba Walk, the leader goes to 
Gemba and greets everyone, exchanges a few word or give feedback on previous 
problems in the process. The Gemba Walks are to be performed every day. One day a 
week the leaders will have lunch with the process operators to increase the team spirit 
and help remove the “we and them” at the site.  

The authors have made sure there are printed material in the Kaizen room and a 
standard agenda for the meeting. Also, to live lean as they learn, everything is marked 
out properly – there should be no time wasted at looking for material, see Figure 24.  

 
Figure 24. Material marked out in the Kaizen room. 
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8 Final Words 
The question to be answered in this master thesis is:  

How can lean contribute to process knowledge and sustainable improvement work? 

The case study performed at AGA Knivsta shows how the level of process knowledge 
can be increased. The authors have contributed by making a VSM and by conducting 
the Lean Awareness Sessions and also the Process Management Workshop. The 
literature states how lean contributes to see the process as a whole and identify areas 
of improvement. When the areas of improvement have been found, the processes can 
be improved. Visual tools as well as standards will help AGA Knivsta to evaluate 
their processes every single day, and help discover deviations that can be solved.  

The lean work at AGA Knivsta is believed to become sustainable because the people 
working at the site have participated on the journey from the start and helped develop 
the material to be used in the future work with lean. The literature states the 
importance to engage the people who work closest to the processes, which is what has 
been done during the case study.  

The leaders at AGA Knivsta will be challenged during the journey towards lean. They 
need to be consistent, engaged, live as they learn and take initiative when the 
motivation to work with improvements runs short. It is great that many of the tools to 
be used in the sustainability work have already been run and tested during the 
Workshop. The authors were also present on the first Kaizen Meetings after the 
Workshop as support. The change in leadership observed over time during the project 
makes the authors confident that the leaders are capable of handling the challenge!  

AGA Knivsta is a functioning site, but as all processes in a company, they can 
become better and in time become great by taking one step at a time. Like literature 
states, many small steps can have a substantial meaning in the end. Even if the results 
of this master thesis have been hard to measure, the impact it has had on the people 
working at the site has been extremely meaningful. The quotes in the previous chapter 
prove it. Even just one difference can mean a lot in creating a better work 
environment.  
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Appendix A – Questionnaire Result 
    Resultat 

Difference Question Frågekategori Operators Support functions In total 
1 Ordeliness at workstation 3,3 4,0 3,7 0,7 
2 Transportation waste 3,3 3,8 3,4 0,5 
3a Information - boards/meatings 2,9 4,0 3,1 1,1 
3b Information - desitions 2,8 4,2 3,3 1,4 
4 Waiting waste 3,8 4,2 4,0 0,4 
5 Rework waste 3,5 3,8 3,5 0,3 
6 Root cause analysis 2,7 3,6 2,8 0,9 
7 Teamwork 3,5 3,8 3,7 0,3 
8 Multi proficiency 3,3 2,8 3,3 -0,5 
9a Commitment to improvement work 2,4 3,0 2,6 0,6 
9b My suggestions are valued  2,9 3,8 3,2 0,9 
10a Meaningfulness at work  3,1 4,4 3,6 1,3 
10b AGA's values  3,1 4,4 3,5 1,3 
10c Knowledge of SHEQ  3,2 4,2 3,6 1,0 
11 Motivation  3,4 4,2 3,6 0,8 

12a Encouragement  2,6 3,8 2,8 1,2 
12b Sense of value at work  3,1 4,8 3,7 1,7 
12c Development Opportunities 2,6 4,4 3,2 1,8 
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Appendix B – Process Mapping 
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Appendix C – Value Stream Map 
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Appendix D – Action Plan for AGA Knivsta 
Lean Action Plan AGA Knivsta 

This is the resulting Action Plan to help AGA Knivsta on their journey to become a lean site.  

Time-frame 

 

Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Lean 
Awareness 
Sessions                     

Lean Process 
Management 
changes                     

Sustainability 
Work                     

 

March 

• Preparing Lean Awareness Sessions 
o Decide which tools can be of interest for AGA Knivsta.  

 Read more about them and find examples.  
April 

• Conduct Lean Awareness Session for Management team 
• Convince Management team Lean is something for AGA Knivsta 

o Talk to leaders individually who seem to carry a resistance.  
• Lean Awareness Sessions for everyone.  
• Make sure to show engagement during sessions, only people who show engagement can 

demand engagement from others.  
• Put emphasis on the fact that this is a journey and something that takes time, this is not done 

over night.  
May 

• Conduct Process Management Workshop 
o Decide what a Kaizen Form should look like 

 Improve the Kaizen Form in accordance to Workshop participants’ ideas for 
improvement.  

o Define Agenda for Kaizen Meetings 
o Make a standard for when Kaizen Meetings take place and who should be in the 

meeting every week.  
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o Decide who carries responsibility for Kaizen-meetings 
o Define Agenda for Daily Management meetings  
o Question if time for Daily Management is optimal right now, change standard if 

there is a better option.  
o Define Agenda for Weekly Management meetings 

• Arrange a room where Kaizen Meetings can be conducted. 
o Make sure there is sufficient material and support lists to conduct meetings properly. 

• Make a Kaizen-board at Gemba where suggestions of improvements can be visualized.  
• Start having Kaizen Meetings 

 

June and beyond 

• Be patient! Do not feel unmotivated if problems occur. Lean is small steps every day and 
changes may take time. Leaders should make sure to remind everyone of this and also 
follow the next point.  

• Have consistency in visible leadership!  
o Make sure scheduled times for being at Gemba are followed. 
o Engage in the work of the process operators.  
o If it is difficult to find time for Gemba, use the tool Leader Time to analyse what 

takes up time in the work schedule.  
• Make sure Kaizen-meetings are carried out. 

o If they are not carried out, find the root cause for this by using Five Whys.  
• Put together a group that can discuss the values and principles of AGA Knivsta. Define what 

they are working for as a group and how they can make sure to always promote this.  
• If there is a lack of ideas for improvement, talk about room for improvements during Daily 

Management meetings.  
• Make sure that the Voice of Customer is updated monthly and communicated to everyone 

both during Weekly Management meetings and on the Daily Management board for 
everyone to see.  

• Create standards for each process in the production and visualise the standard by each 
station to assure quality is held and make it possible to notice deviations and work with 
continually improving the processes.  

• Reduce heavy workload for operators by introducing work rotation or levelling products 
over the shift.  
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