
            

 

i 

 

Lean in Construction Projects 

Is lean suitable for all construction projects? 

 
TOMAS LINDHOLM   

 

Master Thesis  
Stockholm 2014 





 

Lean in Construction  

Projects 

Is lean suitable for all construction projects? 

Tomas Lindholm 

May 2014 

Master Thesis No. 435 

KTH Building Technology 

SE-100 44 STOCKHOLM 



 

 

©Tomas Lindholm, 2014 

Royal Institute of Technology (KTH) 

Department of Civil and Architectural Engineering 

Division of Building Technology 

Stockholm, Sweden, 2014 



 

 I 

FOREWORD 

This 30 credits master thesis is the final thesis at the Civil Engineering and Urban Management program 

at Royal Institute of Technology, KTH, in Stockholm, Sweden. 

The topic of this thesis, lean, might be more related to the management field or leadership field, than 

to the building technology field of studies. However, because of the discussion about the low 

productivity and wasteful activities in the construction industry, it is important to discuss lean and 

other increase-productivity-methods by people that has knowledge about the building technology and 

the construction industry, despite it might be a management or leadership issue. This is why I have 

chosen to study lean in construction projects. 

My knowledge in construction projects is coming from several years of summer intern and studies in 

the field for almost five years. In addition, I have knowledge in economy and organization due to 

studies at Stockholm University.  

I would like to thank all the participants in the interviews that they took time to answer my questions. 

I really appreciated that. I would also like to thank my supervisors for answering my questions and 

giving my advices. 

Stockholm, May 2014 

 

_____________________ 

Tomas Lindholm  
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ABSTRACT 

Due to the low productivity growth in the construction industry, there are discussions about theories 

and tools that could support an increased productivity in construction projects. One such ‘theory’ or 

package of tools is lean. Lean has been used successfully for decades in the car manufacturing industry, 

Toyota for example, and in other industries as the shipbuilding industry. In the construction industry, 

the use of the word lean is not frequently used and construction projects could might implement lean 

concepts and tools in a greater extent than today. 

The purpose of this thesis is to increase the productivity in construction projects by evaluating if and 

in which types of construction projects different lean concepts and tools could be used and when it is 

worth to implement different lean concepts and tools. The research questions are about if there are 

any obstacles to implement lean and which lean concepts and tools that are most suitable for different 

types of construction projects.  

The findings, that will answer the research questions, are based on a theoretical view from an extensive 

literature review including prior case studies about lean in general as well as about lean in construction 

projects. The findings are also based on interviews, about the construction process and lean in 

construction projects, with managers at different types of projects, constructed by Skanska. 

Even though lean is already used in some extent in construction projects, the finding is that lean 

concepts and tools could be used in a greater extent in construction projects without obstacles. In 

addition to concepts and tools used in the car manufacturing industry, e.g. just-in-time, other concepts 

and tools have to be added. For example production control and planning are important to support 

lean in construction projects. In general, lean concepts and tools could be used in all types of 

construction projects. Some concepts or tools are more preferable in certain types of projects. Lean 

could be used only by the main contractor, however, to optimize the process by lean concepts and 

tool, it is preferable if the whole chain is adopting lean thinking. 

As a final comment, construction projects are not like car manufacturing facilities with repetitive work 

and products. But the construction industry has to take impact from it and the future will be more like 

the car industry, if the quality and the architectural creativity could retained in the projects. 

Keywords: Lean, Lean in Construction Projects, Productivity, Construction Industry 
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1 INTRODUCTION 

1.1 Background 

The construction industry is one of the biggest industries with up to 12 % of the GDP in USA. (Santorella, 

2010) In Sweden, 9 % of the GDP is related to investments in the construction industry and 6.8 % of 

the employees in Sweden are working in the construction industry. (Sveriges Byggindustrier, 2013) 

Despite, or because that, the productivity growth of the construction industry has been lower than 

other non-farm industries. (Forbes and Ahmed, 2011) Two decades ago, Koskela (1992) began his 

technical report with the sentence “The problems of construction are well known” (p.4) and aimed  

that the productivity in the construction industry was behind the productivity in the manufacturing 

industry. Koskela (1992) mentioned also that the quality was considered to be insufficient. And still 

today, the construction industry might have problems, according to the author, particularly regarding 

the productivity. 

For example in the United States, the construction productivity grew by 0.78 % per year between 1966 

and 2003, while the non-agricultural industry grew 1.75 % per year. (Forbes and Ahmed, 2011) One 

cause is that the research and development of productivity have not been the major topics due to 

other aspects, as regulatory controls, the environment and climate effects, have affected the 

construction industry. Lack of models that contain all the components in the construction process is a 

factor for the low productivity grow process as well, according to Forbes and Ahmed (2011). An 

explanation for the low productivity growth measures is also that the manufacture industry has 

products which are factory- and assembly line produced compared to the construction industry where 

the project is more or less different all the time. (Forbes and Ahmed, 2011) Forbes and Ahmed (2011) 

mentioned also that the measurements of the low productivity is not as certain as most people claim 

in the discussion about productivity in the construction industry. 

In Sweden, the low productivity in the construction industry is a topic that is discussed by researchers 

as well as in publications. For example, the Swedish authority Statskontoret (2009) published the 

report Sega Gubbar about the productivity and quality in the Swedish construction industry. The report 

concluded among other things that that there are a low grade of incitements among the companies to 

make the sector more effective, and that the participants in the construction sector could strive 

towards more common goals and solutions. Another conclusion was that the companies are aware of 

the renewal needs of the construction sector. On the other hand there are also reports that claim that 

the measures of the productivity and costs of the construction industry, are affected with errors. Lind 

and Song (2012) published a report about that the situation is not as bad as, for example, Statskontoret 

(2009) claimed in their report. Lind and Song (2012) discussed about the possible errors in the methods 

of productivity measurements which might lead to the negative productivity results for the 

construction industry. Their finding was that the productivity could be better than published in 

publications.  

Today, the construction industry is not as ‘traditional’ as it was 20 years ago, despite the negative 

reports as Sega Gubbar (Statskontoret, 2009). There are new methods as BIM and more collaborative 

variants of project delivery methods etc., which aim is, among other, to increase the productivity. And 

the construction industry might be more towards a lean industry, at least partially, that 20 years ago. 

Anyway, regardless the productivity is good or nor, there are always room for productivity 

improvements in all industries, particularly in the construction industry due to e.g. Forbes and Ahmed 

(2011) and Statskontoret (2009) views on productivity.  
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One way of contributing to the productivity improvement is to implement lean. Lean or lean thinking 

was implemented for the first time by the car manufacturer Toyota and has been used in the 

manufacturing industry for decades (discussed in Chapter 3.2). In the construction industry, lean have 

not been implemented as much as in the manufacturing industry (discussed in Chapter 3.3), and 

therefore there is room to take lean further in construction projects.  

The aim with lean in construction projects is to utilize the resources as labor and material better to get 

less waste, fewer delays and lower costs or, in other words, to minimize the non-value adding activities. 

(Forbes and Ahmed, 2011, Koskela, 1992) The lean construction approach is especially suited for 

complex, quick and uncertain constructions and lean projects strive to maximize the value to the client. 

(Howell, 1999)  

Traditional way of deliver construction projects is to optimize the projects at every activity and 

assuming that the client value is maximized in the design phase. (Howell, 1999) Optimizing each activity 

individually will not lead to an optimized project process. This because of the uncertainty in the 

process, especially in complex projects where many actors and activities are involved. Therefore new 

production management including lean has developed and is developed further. A main thing with 

lean in construction projects is to optimize the dependency and variation between the activities along 

the different phases as the design phase and the construction phase. This is important in complex 

projects where there are a lot of actors and activities collaborating. Traditional processes and 

management, with fixed-price contracting, sequential process, high detailed master schedules and 

complete design documents can be successful if a project is certain and everything what is wanted can 

be determined and specified, without risk for major changes. (Ballard and Tommelein, 2012) When 

this is not the case and the uncertainty and complexity are more obvious, other contract forms are 

preferable used and more activities and actors are involved. Lean concepts could be suitable to 

implement in these types of projects.  

Delays are common in construction projects and may cost money for all involved parties. Reduce the 

waste is central in lean construction and one keystone in lean construction is to reduce the time and 

material, without reducing the quality. According to Koskela et al. (2002): 

“Lean is the way to design production systems to minimize waste of materials, 

time and effort in order to generate maximum possible amount of value.” (p.211) 

The time spent on non-essential or wasteful activities varies though, significantly among construction 

projects. (Horman and Kenley, 2005) The average is that, just below 50 % of the time in construction 

projects are spent on non-essential or wasteful activities. In Dutch, the waste of material in the 

construction industry is 9 % by weight while the waste in Brazil is 20-30 % of purchased material. 

(Forbes and Ahmed, 2011) Reasons for waste of time are, for example, poor communications, waiting 

on assignments, waiting on resources rework and late or inaccurate work.  

In 1992, Koskela (1992) discussed the waste, value loss and non-value adding activities in the 

construction by referring to several studies. The cost for waste by poor quality is somewhere between 

5 % and 20 % of the total project cost while the cost for bad material management is around 11 % of 

labor cost and excess material usage is around 10 %. According to Koskela (1992), these values might 

be underestimated because of that projects where the numbers are presented were mostly good 

projects. 

According to interviews in the report by Josephson (2013), faults that have the greatest economic 

impact are, among other, lack of coordination, late material delivery, the tenants changed their 
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requirements and execution faults by sub-contractors. These are all faults or unwanted effects that 

can be eliminated, or at least reduced, if lean is implemented in the construction process.  

1.2 Research Questions 

Researcher as Ballard, Howell and Koskela have studied the lean production field in construction 

projects for around two decades. Construction companies as Skanska and Arcona (now a part of 

Veidekke (Bengtsson, 2013)) are including lean concepts in their building concepts. (Koskela, 1992, 

Ballard and Howell, 1998, Skanska, 2011b, Arcona, 2013) Despite that, lean concepts are not 

implemented as much as it could be in all construction projects in Sweden, according to the author. 

According to Ballard and Tommelein (2012), lean concepts are important for successful performance 

of complex and uncertain projects which could be a factor why lean concepts are not important in 

simpler projects and therefore not used. Lean is associated with advantages, but it might be negative 

effects of it as well that slows down the implementation of lean concepts in construction projects. A 

finding made by Pettersen (2009) about lean production in general, is that it is important to choose 

the lean concepts that are most suitable for the organization. This because there is not an exact 

definition or some specific tools that represent lean. This should also be important in construction 

projects – to evaluate different concepts about which concepts are most suitable for the certain 

project.  

Focus in this thesis is on lean concepts and tools and which type of construction projects they are 

suitable for. Following research question are stated: 

 What are the obstacles to implement lean in construction projects? 

 Which lean concepts and tools are most suitable for different types of construction projects? 

 Has the whole supply chain adopt lean to get it to work in construction projects? 

To answer these question, sub-questions as: What is lean? How is it used today? Could it be used 

more? and How are lean tools working? are relevant to discuss and evaluate as well. Also the 

construction process need to be described and discussed to understand how lean is related to the 

construction process and what the differences from the ‘traditional’ way are. The origin of lean and 

it’s concepts in the car manufacturing industry are briefly described to get a fundamental 

understanding of why lean has developed. 

1.3 Purpose and Aim 

The purpose of this thesis is to increase the productivity in construction projects by evaluating if and 

in which types of construction projects different lean concepts and tools could be used, and when it is 

worth to implement different lean concepts and tools. In some projects, one kind of lean concepts and 

tools could be used while in other projects it is only worth to implement other kinds of lean concepts 

and tools. Are the tools the elementary, or is it the thinking behind the tools that is the most important, 

is essential to discuss as well. 

The aim is to find out which lean concepts and tools that are most suitable to use in different types of 

projects. If lean concepts give benefits and could be used in all projects, there are no barriers for the 

companies to implement lean concepts for increasing the productivity. If not all lean concepts are 

suitable for all projects, construction companies have reason to more critical evaluate lean concepts 

before implementation in projects. The aim is also to get an understanding about lean in construction 

projects, both from a theoretical perspective and from a practical perspective. 
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1.4 Limitations and Assumptions 

The overall subject and approach of this thesis is broad and therefore the content has to be limited 

due to time restrictions. This thesis is written from construction companies’, for example Skanska’s, 

point of view. The lean concepts and tools that are going to be evaluated and investigated are mainly 

limited to the concepts and tools that are used frequently in the literature and close related to the 

concepts and tools formulated and used by Skanska UK. The concepts and tools formulated by Skanska 

UK are well-known and this thesis aim is not to develop any new concepts. The focus is on projects 

above around 100 million SEK and limited mainly to kind of commercial, healthcare, school and 

residential projects. 

Because of the limitation in time for this thesis, the extent of this thesis is limited to encompass only 

limited practical data and information from prior case studies and interviews. This thesis does not 

study the amount of projects and companies that has implemented lean. The assumption is that 

companies use some kind of lean in greater or lesser extent, consciously or unconsciously and indirect 

or direct via lean tools and instructions. To become lean, building information modeling/management 

(BIM) might be a supporting tool or set of tool that enhance the productivity and flow, and minimize 

the waste. In this thesis, BIM is left outside the topic, even though it is mentioned because it might be 

important to include it when lean is discussed. But due to that lean is comprehensive itself and this 

thesis extent, there is no room for discussing BIM related to lean in a greater extent. 

According to the background, research question and purpose, the focus is put on activities and 

increased productivity by minimizing waste and saving time, cost and material. In reality other aspects 

as environment and work environment should be given larger space than in this theses where only 

these factors are mentioned briefly. Sub-contractors and hired companies are common in construction 

projects. This leads to that only looking at the main contractor, for example Skanska, leads to limited 

results. To get the full picture and to state correct conclusions, the whole supply chain needs to be 

studied. 

1.5 Definitions 

Definitions according to this thesis are presented below. 

Productivity is discussed a lot in the background. Productivity might have a correct theoretical 

definition but in this thesis productivity is general defined as producing more value with less resources. 

Value could be e.g. quality or amount while resources could be e.g. time, labor or material.  

The general and common definition of lean and what it is, is vague and it is discussed in Chapter 3.1. 

In this thesis, the overall aims of lean, when applied in construction projects, are to minimize waste in 

e.g. time, material or labor and to increase the productivity, quality and client value. Lean concepts are 

used in the same way as lean tools, lean principles and lean application. Definition of lean is discussed 

more in the literature review, Chapter 3.1. 

Construction projects in this thesis are different kinds of construction projects as office complex, 

apartment buildings or refurbishment projects, which are suitable for Skanska’s construction 

operations. Definition of a complex project is a project where there are many things that could go 

wrong and where many actors are involved in different processes or activities. A complex project is 

also a project where there are building technical difficulties and uncertainties and the building method 

and process are not known exactly. Complex processes are discussed in Chapter 3.3. Large projects are 

projects worth around 700-1000 million SEK or above and construction period longer than 1.5 years, 
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while small projects are of around 50-100 million SEK and typically with a construction period under 

1.5 year. Small projects is not referred as family houses or similar. 

Construction process refers to both the design and actual construction if not any other is stated. In 

general the overall process consists of several sub-processes or activities with their own sub-processes 

and activities. Actors in the process are e.g. the client, designers, main contractor and sub-contractors. 

1.6 Structure of This Thesis 

This thesis starts in Chapter 0 with a background about the problem and the research questions, aim 

and purpose. In Chapter 0, the limitations and assumptions are described as well. In the following 

chapter, Chapter 2, the methodology to answer the research question are described in detail. The 

theoretical literature review are presented in Chapter 3. A practical perspective based on prior case 

studies and interviews is presented in Chapter 3.6 and Chapter 5. In Chapter 0, Skanska and its lean 

tools are evaluated. The literature review and the practical findings are analyzed and discussed in 

Chapter 6 and the answer for the research questions and general comments are presented in Chapter 

7 together with suggestions about future research. In Chapter 8 the bibliography is presented and it is 

followed by Appendix. 

1.7 About Skanska 

Skanska AB (Skanska) is a listed Swedish company and according to themselves, the group is one of the 

world’s leading construction and project development companies. (Skanska, 2013) Skanska was 

founded as Aktiebolaget Skånska Cementgjuteriet 1887 (name changed to Skanska 1984) and started 

manufacture concrete products. (Skanska, 2012b) The first international function was established 1897 

and 1971 was Skanska established in US. Skanska was in an expansive phase during the 1990s while 

between the beginning of the 21s century and today, Skanska is more focused on profitability rather 

than growth. 

Skanska range of activities are construction, residential development, commercial property 

development and infrastructure development. (Skanska, 2013)  Skanska’s home markets are the 

Nordic countries, United Kingdom, Poland and Check Republic among others, US, and South America. 

The Nordic market is the largest according to revenue. Skanska’s total revenue 2013 was SEK 136 billion 

and the operating profit was SEK 5.1 billion. (Skanska, 2014b) Number of employees 2013 was 57 100.  

According to Skanska (2014a), 

“Skanska’s core business in Sweden is to develop, build and maintain the physical 

environment we live in. We create sustainable solutions and aim to be a leader in 

quality, green construction, work environment and ethics.” 

Skanska’s all four main activities, construction, residential development, commercial property 

development and infrastructure development, are operating in Sweden.  (Skanska, 2014a) Today in 

Sweden, Skanska has it largest project ever, Nya Karolinska Sjukhuset. 
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2 METHODOLOGY 

In this chapter the methodology for the information collection and the findings are presented. This 

methodology chapter describes the methods that are used to answer this thesis research question and 

purpose. 

2.1 Scientific Approach 

A good approach to discuss the problems in the construction industry, mentioned in the background 

chapter, Chapter 1.1, is to combine the academic, theoretical point of view with the practical point of 

view. The theoretical point of view consists of a literature review while the practical point of view is 

founded on prior case studies and interviews with people in construction projects. 

To answer the research questions, a qualitative approach is used. A qualitative approach is used where 

focus could be put on details and specific events. (Thurén, 2007) A qualitative approach is used to get 

in depth into if lean concepts and tools are suitable for a different type of construction projects. A 

quantitative approach could be used if the purpose was more quantitative, for example to answer 

“how many companies use lean in Sweden?” 

The data and information for answering the research question is primarily based on the literature 

review. The literature review gives an understanding of lean, its application and problems with it. As a 

complement to the literature review, practical data and information are got from prior case studies as 

well as interviews with production mangers at Skanska. 

2.2 Literature Review 

A literature review is made about lean and is a review of earlier research within a narrow field. 

(Ejvegård, 2009) Earlier research in the field of lean is collected and customized to align within this 

thesis. The literature review consists of secondary information which defines the theoretical 

framework of this thesis. The literature review explains essential theories – or in this thesis production 

systems with focus on lean production system or Toyota production system – and definitions as well 

as research in the field of lean in construction projects.  The literature review will discuss what has 

been done in the research field of lean in general as well as lean particular for construction projects. 

The information is mainly from articles from peer review journals or other credible papers from well-

known researchers in the field, and from books about lean. 

The literature review gives an understanding of the development of lean in the car manufacturing 

industry and the transition to the construction industry. It discuss different important concept of lean 

and close related to lean. Because of the relatively broad approach of lean in this thesis, the literature 

review is comprehensive but also limited to a few aspects and moderate detail level. Negative aspects 

about lean is included as well in the literature review to get full picture of what it is. The literature 

review consist also of a description of the construction process. The process are essential to 

understand to implement lean which affects and depends on the process. 

2.2.1 Prior Case Studies 

Case studies are made to describe the reality by only looking at a certain case or to describe an example 

taken from diversity. (Ejvegård, 2009) In this thesis, secondary information from prior case studies is 

collected to get a deeper and broader information collection and also, for improved quality, to found 

the discussion on other data than only the literature review and the interviews. Case studies are useful 

in scientific studies as a complement to other research methods. (Ejvegård, 2009) Results from other 

case studies are collected from studies about how lean concepts and tools are working in reality in 
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different construction projects and simulations. The case studies are got from prior research as well as 

construction companies as Skanska.  

2.3 Interviews 

Answers from the interviews are a practical complement to the literature review. Interviews are used 

to get information about perceptions, knowledge, opinions etc. of a population. (Ejvegård, 2009) In 

this thesis, the interviews give a practical point of view of lean in construction projects. The interviews 

are performed with production managers and production leaders at different Skanska projects where 

lean concepts have been implemented or could have been implemented. The purpose with the 

interviews is to get knowledge about the reality of how the managers think about lean concepts and 

why lean concepts give or could give benefits in different type of projects if it would be implemented. 

The interviews give perceptions on the difficulties and the complexities in construction processes and 

how lean is connected and if lean is appropriated with the process in reality.  

Interview Approach 

The approach of the interviews are semi-structured interviews with open questions. The advantages 

of semi-structured interviews and open questions are that the interviewer can ask sub-questions and 

the participants are allowed to formulate their own answer. (Ejvegård, 2009) The interviews are 

preferable held in Swedish to minimize misunderstandings and the participants get the subject on 

beforehand to allow preparation. The interviews are recorded and transcribed in Swedish or English, 

depending on the interview language, and summarized in English in Chapter 5. Recorded interviews 

give the interviewer ability to write down the interview in peace later on. (Ejvegård, 2009) Participation 

in the interviews are anonymous regarding name and exact age, but title, type of project etc., are 

necessary to publish for the purpose of this thesis. 

Participants in the Interviews 

The participants in the interviews are five production managers or production leaders at five different 

projects where Skanska has been the main contractor. The projects the participants represents are of 

different type, scale and complexity. A summary of the participants and their projects are presented 

in Table 2 in Chapter 5.1. 

Interview Questions 

The interview request sent to the participants, and the questions are presented in Appendix A. The 

questions are divided into parts. First part include general questions and following parts include more 

specific questions related to lean concepts and tools. Depending on the time, some of the questions 

might be overlooked. If any question, concept or expression is not understood, it is described during 

the interview. The answers should preferably be related to the project (or similar projects) the 

participants were responsible for. 
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The parts of questions are 

 General questions about the participant, the project, process and lean 

 Questions about implementation 

 Questions about planning, collaboration and flexibility 

 Questions about analyzing the work and continuous improvement 

 Questions about standardization, multi-skilled employees, cleaning and sorting 

 Questions about Skanska’s lean tools 

 Questions about risks with lean 

2.4 Analyze and Discussion Approach 

The information and date collected from the prior case studies and the interviews, are analyzed in the 

theoretical framework stated by the literature review.  The findings are discussed and analyzed to 

answer the research questions and purpose. By evaluating the analysis and discussion, conclusions are 

stated and the research questions are answered.  

2.5 Validation and Reliability 

The technics that are used to answer the research questions have to be reliable and valid. (Ejvegård, 

2009) The reliability indicates the reliability and applicability for the technics that is used. To satisfy 

reliability in this thesis, the literature review and the information of prior case studies have to be of 

good, reliable quality.  The interview answers, have to mirror the reality and the participants’ 

perceptions without any influences form the interviewer or how the questions are asked. High validity 

satisfy that the used technics investigates that the researcher want to investigate. (Ejvegård, 2009) The 

technics used in this thesis has to be connected to the research questions and the purpose. This is done 

by literature from the right field and carefully selected questions. 

Reliability   

In this thesis, the literature review is based mainly on peer review articles and from well-known 

authors, which should satisfy reliable information. The reliability might be decreased because the 

research about lean in construction projects is limited and researcher refer to earlier work done by 

themselves. For example Ballard and Howell (2003) claimed that the usage of Last planner system leads 

to more reliable workflow and increased productivity by referring to earlier studies. But the earlier 

studies are by Ballard and Howell themselves as well as by Koskela, another advocate of lean and last 

planner system. Another negative aspect is that Saurin et al. (2013), among others, only based their 

conclusions on a literature review and not on empirical results from field studies etc. This limits the 

perspective and intersubjectivity of the information collected. 

To use secondary information from prior case studies decreases the reliability. The secondary prior 

case studies could be inclined in a specific way or contain misunderstandings. The prior case studies 

about lean concepts in construction projects might include only, or highlight only, the advantages of 

lean concepts and not include the disadvantage or reduce the importance of the effort to implement 

lean concepts, for example.  

To increase the reliability in the interviews, the questions are semi-structured and asked without 

influencing the participants. Semi-structured questions give ability to ask sub-questions if anything is 

unclear. Interviews have disadvantage that the questions or the answers can be misunderstood and 

the interviewer could influence the participant in a direction that influences the answers. A summary 

of the answers is sent to the participants to minimize the risk for misunderstandings and hence, to 

increase the reliability.  Because of the anonymity there are now reasons for the participants in the 
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interview to incline or mislead the answer. The answers might contain confidential information, which 

might lead to that secrets are not described to keep competitive advantage. However, because lean 

and the lean tools are well known, there probability that the participants do not tell the truth is seemed 

to be fairly low.  

Validity 

To increase the validity, the supervisors confirm that the interview questions are understandable and 

relevant according to the research questions and the purpose of this thesis. Because the research 

questions and the purpose are more qualitative than quantitative, qualitative methods, in this thesis 

semi-structured interviews and extensive literature review, are preferably used. (Johansson, 2011) 

Because the subject lean is broad, it is important to limit the information and to be clear about the 

subject. 

2.6 Method Critics 

To actually get knowledge if lean concepts and tools are suitable or not in different construction 

projects, two identical project, one where lean concepts are implemented and one without 

implementation, have to be compared. This would clarify if it is the lean concepts themselves which 

give the advantages or if it is something else. This is also something that have to be kept in mind in the 

result from the prior case studies. In some studies, the advantages might not be of the lean concepts, 

instead the advantages to the construction projects are, for example, because of the management 

team in that particular project.   

To answer the research question more accurate, case studies of several buildings might have to be 

done during the design and construction phases and during the usage as well. This would clarify if the 

lean concepts give real advantages during a life cycle perspective. This is not possible in this study 

because of the limitation in time. The number of participants, together with that they are from the 

same company, lead to that the answers could not be generalized among the construction industry. 

2.7 Research Ethics 

The facts about Skanska and lean concepts used by Skanska are got from Skanska’s intranet and 

presented without any leakage of commercial confidential information. This of course could require 

the author to do not publish the information or data concerned. In such case, this affects the analysis 

or conclusions, this is clearly stated by the author. The interviews are anonymous and the participation 

is voluntary. The interviews are not recorded if the participants do not give permit. 
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3 LITERATURE REVIEW 

The theoretical framework is presented in this chapter. The theoretical framework is based on 

literature as articles, reports, publications and books about lean concepts and tools, in general as well 

as in construction projects. The theoretical framework works as a foundation to discuss the interviews 

within. A review of prior case studies are included in the literature review. To understand the new with 

lean, the traditional has to be described and discussed as well. 

3.1 Introduction 

According to the background in Chapter 1.1 about the problems in the construction industry, there is 

lot of written literature about the problem as well as tools and solution proposals to deal with the 

problems and to improve the productivity and to reduce the waste. One ‘package’ of such tools and 

solution proposals is lean. Lean has the purpose to streamline the flow and minimize the variability in 

labor productivity. (Forbes and Ahmed, 2011) In this chapter lean are evaluated and discussed. The 

origin of lean are discussed first to get knowledge about the initial foundation and on what lean in 

construction projects are founded on. Then the construction processes and construction delivery 

methods are discussed and how lean is applied to the processes and methods. Critics and difficulties 

close related to lean are also discussed. In Chapter 3.6, prior case studies are evaluated.  

3.1.1 Definition of Lean 

According to Alves et al. (2012), there a lot of different definitions of or meaning about lean and what 

it actually is. It could be defined as tools, principles and methods or as a philosophy etc. The same is 

concluded by Jørgensen and Emmitt (2008) and Pettersen (2009). There is an uncertainty in what lean 

exactly is and lean can be interpreted in several ways and there is no common definition and 

understanding about what it exactly is. In general, lean could be seen as a production system between 

the craft production system and the mass production system. (Womack et al., 2007) Koskela (1992) 

made it clear that it is difficult to explain lean and all the concepts because new are coming and old 

disappears. 

Even among researcher the definition and characteristics of lean are vague. According to a literature 

review of lean production, there is not an exact definition of what lean production, or just lean, is. 

However, there are few concepts that are related two lean most of the time according to Pettersen 

(2009). These are just-in-time concept, resource reduction, improvement strategies, defects control, 

standardization and scientific management techniques. Several other specific characteristics that are 

frequently used in the sentence of lean according to Jørgensen and Emmitt (2008) are: 

 Eliminating and reducing waste and sources of waste that not contribute to the value to the 

client. 

 The end client’s requirements and preferences are the reference when defining value and 

waste. 

 Production and supply chain management from a demand pull approach, not a push approach. 

 Focus on processes and flows of processes in the production management. 

These concepts and elements, among others, of lean are discussed both according to their origin, from 

Toyota, in Chapter 3.2, as well as in relation to construction projects, in Chapter 3.4. 

3.1.2 History of Lean 

Lean was first developed in the car manufacturing industry in Japan and Toyota in the middle of 20th 

century. From the car industry it was transferred to other manufacturing industries. Around 20 years 
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ago, lean was transferred to the construction industry as well when researcher started discussing lean 

in construction projects and new production theories. But still today, there are a lot more to do in the 

field of implementing lean in construction projects and possibly take advantages of it. The origin of 

lean and the propagation of lean to the construction industry are discussed in next Chapter and 

Chapter 3.3. 

3.2 Lean Production and Toyota 

Probably one of the first well-known people who mention, stated or defined the name lean production 

in an greater extent were Womack, Jones and Roos (2007) in their book “The machine that changed 

the world” from 1990 (published again 2007 with new foreword, afterword and miner corrections).  

The authors of that book, Womack et al. (2007),  studied the differences between the Japanese, Toyota 

primarily, production system – called lean production or Toyota production system – and the mass 

production system that the car industry used in USA at that time. The reason for the 5-year study about 

the differences was that the Japanese companies were a lot more competitive than the companies 

from USA. (Womack et al., 2007)  

Lean production, is simplified, a combination of the advantages of craft production and mass 

production. (Womack et al., 2007) Craft production is done by skilled workers, one unit at each time, 

in a decentralized organization. A typical example is a handmade sports car. Mass production, first 

developed by Henry Ford and further developed by Alfred Sloan, is where the specialized workers or 

machines do the same standardized part of the standard ‘good enough’ product all the time, at same 

place, while the product moves on an assembly line. The worker put on a wheel for example, not order 

it, not procure the tools, not deliver the wheel and not know what the workers beside him/her do. In 

lean, volume of variable products are made by multi-skilled workers at the whole organization and 

flexible, automated machines. In lean production, less of everything is used and it strives towards 

perfection with reduced costs, inventories and defects but with high product variety, flexibility and 

quality.  

3.2.1 Lean Production Development in Toyota 

In the 1950s, Taiichi Ohno, production manager at Toyota, was the first to use a package of methods 

that later have been called lean production. (Womack et al., 2007) He realized that neither the mass 

production system nor the craft production system would work in Japan. Some changes Ohno made 

at Toyota are presented below.  

Instead of having a foreman and simple workers who do one specific job, Ohno created a team with a 

team leader. (Womack et al., 2007) The team leader worked as a coordinator, a worker and as a stand 

in for all other in the group. The group did the housekeeping, assembling, controlling and minor repairs 

but also improving the products. Ohno wanted the team to think about improvements together with 

their engineers. The incremental continues improvement is called Kaizen. Kaizen is still today a tool or 

a concept that is used when talking about lean, according to the author. In contradiction to the mass 

production system, the workers need to be skillful and motivated to get this type of production 

working.  

The supply chain is a major part of lean production that Ohno developed to fit his requirements. 

(Womack et al., 2007) Ford tried to develop and create everything ‘in-house’ at the beginning, but later 

on, a lot of the components in a car were manufactured by other suppliers. The suppliers got detailed 

drawings and specifications of a component and competed on price, quality and delivery reliability on 

a short term contract. This system had a lot of problem according to Ohno. The suppliers had very little 

ability to improve the components or products because they was already created on drawings. The 
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information flow between the suppliers were limited or blocked because of the bidding process 

system. The concerns in the information flow between the assembling company and the supplier was 

also a problem which could lead to overproduction and inventories when the assembling company 

changed something that impacted the supplied component.  

To deal with the supply chain problem, Toyota and Ohno introduced lean production to the supply 

chain. (Womack et al., 2007) Instead of having a bid process, Toyota created different, so-called ‘tiers’. 

The first tier, or supplier, got the assignment to create, for example, the steering to a car during a ‘long 

term’ contract, based on performance specifications. Then it was up to the supplier team to develop 

and produce the steering, and also procure components from second-tier firms.  Because they were 

no interest in competing with each other, information could flow between the tiers and Toyota, 

without barriers, to improve the product.  

Just-in-time, or Kanban, was another concept that Ohno took benefits of in the supply chain. (Womack 

et al., 2007) The aim was to only produce or assembling on request to minimize the inventory. The 

inventory, which was needed for the mass production, was reduced by reducing the batch size .The 

problem with this was that defects caused problems because the production needed to wait for next 

non-defected part which increased the waiting and lead time. Anyway, this was exactly what Ohno 

wanted, if the people saw that defect products have negative impact, they would try to minimize the 

defects and repair the problems as fast as possible. This was also a part of the continuous improvement 

work. Ohno also determined to produce only few parts at time before assembling them instead of 

producing all small parts and assembling them together at a final step. This was done to detect 

mistakes faster than if the mistakes were discovered at the end of the line where everything was put 

together as in mass production. This leads to that the workers became concerned about the quality 

and defected components were reduced. The just-in-time and the close related concepts built-to-order 

or pull delivery gave advantages as it was easy to variety the products and produce different models. 

Toyota wanted produce cars that the client wanted.  

Five why’s is another concept formulated by Ohno. (Womack et al., 2007) In mass production, only the 

line manager had the ability to stop the assembly line if something goes wrong. In Ohno’s production 

system, every team were able to stop the assembling line if there became any problem. The source of 

the problem were discovered by asking why the problem occur all the way down to the source. The 

problem was fixed and was not occurred again. This procedure led to many stops in the beginning but 

it also eliminated a lot of problems. And still today, the general opinion according to the author, is that 

cars from Japan have high quality with minimum defects. 

Womack et al. (2007) compered the Toyota production with the European producers of more luxury 

cars. The findings were that a lot of the extra effort, time and money were put on rework and 

rectification by craftsmen at the final stage of the assembly line, in contrast to Toyota where the 

defects were eliminated the first time they appeared. A general relation that might be common among 

people is that low productivity leads to high quality and vice versa. According to Womack et al. (2007), 

Japanese companies in 1989, have both high quality and high productivity, because of the lean 

production system. 
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For successful lean production, there are two important things about the plants according to Womack 

et al. (2007) which is formulated as: 

“It transfers the maximum number of tasks and responsibilities to those workers 

actually adding value to the car on the line, and it has in place a system for 

detecting defects that quickly traces every problem once discovered, to its 

ultimate cause.” (p.99) 

This formulation requires multi-skilled efficient teams and that information about problems are visible 

for all teams that a problem could be solved fast. (Womack et al., 2007) The importance with multi-

skilled teams is that the team could solve problems fast, do simple repairs of a machine, quality 

controls, housekeeping and material ordering by itself, without waiting for someone else to do it. 

3.2.2 Summarizing Lean Production in Toyota 

Lean production beat mass production in several ways. (Womack et al., 2007) The time is cut, defects 

are reduced, inventories and manufacturing space are reduced and in lean production it is possible to 

change from one product to another much faster than in the mass production system. Products 

produced in lean production process are replaced more frequently and the variety of models are higher 

than in mass production. Ballard and Howell (2003) summarized the lean production by Womack et al. 

(2007) as a system with the aim of producing more with higher quality and less space, time, material 

and labor than the mass and craft production systems. Which are archived by using tools as just-in-

time deliveries, pull mechanism, reduced batch size by reduced set-up times and increased 

transparency where everybody is involved in the production system. 

The lean system that was developed in Toyota could be seen as a pyramid with different levels of lean 

implementation, according to Liker (2008). The pyramid with lean principles, from Liker (2008), is 

presented in Figure 1 below. 

 

Figure 1 - Different stages of implementation of lean (Liker, 2008) 
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3.3 Construction Projects 

Despite lean was originally developed or defined from the car manufacturing industry and Toyota, 

Womack et al. (2007) argued that lean production could be used with benefits in all industries. Such 

an industry could be the construction industry. Lean production is today used in several other 

industries than the manufacturing industry, e.g. healthcare, service and construction. (Gao and Low, 

2013) 

According to Jørgensen and Emmitt (2008), lean in construction projects has been promoted in 

countries as USA, United Kingdom and Denmark while different kinds of lean construction institute has 

been founded in several countries, e.g. Lean Forum Bygg and Lean Construction Institute. Lean in 

construction projects has also been discussed and promoted in professional press and among lean 

construction networks, but not that much in articles and papers in peer-reviewed journals. (Jørgensen 

and Emmitt, 2008) 

Researchers as Koskela (1992) have discussed lean in construction for over two decades. Construction 

companies have discussed implementation of lean the recent decade to create competitive benefits 

of cost and time predictability, quality, supply chain relationship and flexibility, and also stronger 

relationship to the client. (Sage et al., 2012) The formulation lean construction got its name by Lauri 

Koskela at a conference with a few researcher in Finland 1993. (Ballard and Howell, 2003) The name 

Lean might be more adopted by some companies in Sweden. For example NCC, PEAB and Tyréns 

among others are members in the Swedish association Lean Forum Bygg, while Skanska is not a partner 

of the association. (Lean Forum Bygg, 2014) It is also a question if lean is a fad and will disappear after 

a while because it might has not got its roots as it should to become a new paradigm. (Alves et al., 

2012) 

In Womack et al. (2007), the lean production is described by comparing it to the mass production. But 

the purpose of lean concepts and tools are the same or similar when discussing lean in construction 

projects. For example, teamwork, housekeeping and reduce non-value adding activities as waiting.  

According to Ballard and Howell (2004), there are four cornerstones why lean in construction projects 

are interesting. The first is the success of lean production system developed at Toyota, which is 

described in Chapter 3.2. The second is the low productivity or unsatisfied performance in construction 

projects which is discussed in the background for this thesis, Chapter 1.1. The third is the lack of a 

theoretical foundation for management. There are efforts made to base the project management on 

a theoretical foundation. The last one why lean is needed is because discovered facts that traditional 

thinking and tools are unable to explain.  

Two question where discovered by Womack et al. (2007) around the world in different factories, 

“Where are we now?” (p.77) and “What must we do to match the new competitive level required by 

lean production?” (p.77). These questions are also important to answer about construction projects to 

get knowledge about if or how lean production could be implemented and which advantages it is 

supposed to give. Therefore the construction process are reviewed first below. 

3.3.1 Construction – Complex Processes and Complex Products 

According to Womack et al. (2007), to fully understand the lean production system, there has to be an 

understanding about the process behind and the mechanism of coordination in all steps. Or in other 

words, to become a lean project, the understanding of the process and its requirements and methods 

are important. (Al-Sudairi, 2007) The complexity has to be understood and also the contract or project 

delivery method has to be known and understood.  
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Construction is seen as a complex industry compared to the manufacturing industry. (Saurin et al., 

2013) According to Hollnagel and Woods (2005) in Saurin and Gonzalez (2013), complexity is often 

used without a definition and therefore it is hard to define it according to Saurin and Gonzalez (2013). 

The characteristics that could define complexity are summarized by Saurin and Gonzalez (2013) and 

are presented below. 

 Large number of elements where the interaction is non-linear1 and dynamic, and the system 

changes over time. 

 The elements are different, the variability is high and the relations among the elements vary.  

 Unanticipated variability and uncertainty.  

 The resilience of the system and the system’s ability to adjust the functioning to changes and 

disturbance. 

The characteristics above are more or less applicable to construction projects and therefore 

construction projects are complex systems. (Saurin et al., 2013) Saurin et al. (2013) concluded that lean 

prescriptions are compatible with complex systems and that lean helps to reduce the unnecessary 

complexity. For example, standardized task will eliminates unnecessary diversity of elements. A survey 

by Womack et al. (2007) showed that the complexity of the product, in terms of number of different 

components, different suppliers, different colors, different combinations of engines etc., is not a 

negative factor for the productivity and quality. The survey showed the opposite, Japanese companies 

with complex product were more productive and produced products with higher quality.  

Construction projects at temporary production facilities is a network of complex and dynamic 

relationships between many stakeholders and actors, even law firms are involved in complex projects. 

(Ballard and Howell, 1998, Tulin, 2014) Lean in construction could be seen as a socio technical system 

where the technical aspects collaborate with the social aspects in a complex way. (Saurin et al., 2013)  

Even though there are tools and methods from the lean production system that can be used in 

construction, there are still difference between the manufacturing industry and the construction 

industry. (Ballard and Tommelein, 2012) Construction is unique because of the one-of-a-kind 

production, site production and the organization in a project is only temporary. (Koskela, 2000) These 

peculiarities can be reduced or effectively controlled but not eliminated. There are always varieties or 

modifications between projects and it is hard to repeat and improve activities, especially building 

technically, but also in the process and organization. (Forbes and Ahmed, 2011, Koskela, 1992) 

Therefore there has to be time for a learning period for each project. The site production leads to 

uncertainties and complexities as weather, changing layouts and variability of manual work for 

instance. To deal with these factors, the work on site needs to be reduced, detailed and continues 

planning has to be set-up with risk analysis.  

In construction projects, there are uncertainties according to the work flow, availability of labor and 

resources as tools and equipment, and late delivers or delayed completed work could be costly and 

further delayed. (Ballard and Howell, 1998) It is impossible to determine the specific resources needed 

for the future if the work that could be done in the future is not determined. This is why the planning 

is important and archive the quality requirements for the assignments, to increase the productivity. 

(Ballard and Howell, 1998)  

Today’s construction projects, particular the larger ones, have a lot of sub-contractors. Even though 

the negotiated price between the main contractor and the client is fair and includes opportunities for 

a qualitative work, the contract between the main contractor and the subcontracted entrepreneurs 

                                                           
1 Small changes in inputs could lead to large changes in outputs. (Saurin and Gonzalez, 2013) 
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might be less fair. (Forbes and Ahmed, 2011) This lead to that the sub-contractors optimize their own 

profits and value with a low qualitative work instead of contributing to the overall value of the 

construction process. 

Because the complexity and uncertainty in a construction process, it is important to have 

responsibilities and relationships between the actors that reduce the complexity and uncertainty, and 

enable the possibility to deliver a lean project.  

3.3.2 The Construction Process 

The two most common contract methods for construction processes are design-bid-build and design-

build. (Eastman et al., 2011) The design-bid-build is the traditional project delivery method among 

construction projects, where the project is completely designed and main contractors are bidding to 

get the construction work. In the design-build process, a company take all the responsibility, the design 

as well as the construction, for the project, based on, sometimes vague, requirements from the client. 

There are other project delivery methods as well. For example construction management at risk, where 

the construction management take the responsibility for the process instead of the client. Integrated 

project delivery, and version of it, is a new contract method where the client work in close 

collaboration with the designer(s) and the contractor(s). All contract methods have advantages and 

disadvantages.  

Sources or possible causes that have negative effect on cost, time and value in the different 

construction process could be summarized as follows: (Koskela, 1992)  

 Rework in design as well as construction process. 

 Non-value adding information and work flows in the design process. 

 The degree of how well the final client’s requirements are satisfied in the design and 

construction process. 

 The degree of how well the construction process requirements are satisfied in the design 

process. 

 Non-value adding activities as moving, waiting and accidents in the construction process. 

These things are close related to lean as discussed later in Chapter 3.4. These claims are important to 

have in mind when discussing how different project delivery methods are appropriate to deal with 

these claims. 

Traditional Construction Process 

The traditional way of project delivery in a construction process, used in two thirds of the projects in 

USA in 2000, is a design-bid-build process with a client, designers, main contractor and sub-

contractors. (Beard et al., 2001) The client hires architects and designers to complete the contraction 

documents as detailed sheet, plans and specifications to 100 %. The main contractor and sub-

contractors are often procured based on lowest prices to deliver the product specified by the sheet, 

plans and specifications. This leads to that the contractors have little opportunity to present different 

design methods or more suitable material. The responsiveness is here on the designers and the 

contractors. Other negative aspects are that the designer and contractors do not have the same goal 

with the project and the total time for the project would be longer because of the design has to be 

finished first. 

Traditional construction process is complex, fragmented, un-transparent and variable. (Koskela, 1992) 

This leads to non-optimized construction process where there are loud discussions, short term 

behavior etc. that take management resources which leads to less time for planning and carry out 

organized programs. (Ballard, (1988) & Oglesby & al., (1989) in Koskela, (1992)) A reason for this, 



 

 17 

according to Koskela (1992), is that in the traditional way of construction processes, focus is put on 

cost optimizing each activity or sub-process, performed by different actors. According to Koskela 

(2000), construction projects is traditionally based on the transformation theory where the effort is 

put on inputs – labor, materials and machines – transformed to outputs – products.  This process is 

divided into smaller sub-processes or transformations.  

According to the transformation theory, the cost could be minimized by minimizing the cost for each 

sub-process. (Koskela, 2000) This because they are independent. If the sub-processes are not 

independent, they could be made independent by buffering or by building up inventories. This is the 

theory the mass production system is based on. The traditional way of thinking is also that the projects 

are finished as fast as possible if the activities or sub-processes are made as soon as possible. (Ballard 

and Howell, 2004) This is not true because of the dependency between the activities. The 

transformation theory does not deal with how to use the resources most efficient and how to ensure 

that the client’s requirements and needs are fulfilled. (Koskela, 2000) With lean thinking, the work flow 

and plan reliability is more important than the speed. (Ballard and Howell, 2004) 

To deliver value to the final client is always important and might be a problem in traditional project 

delivery methods. This because the client’s requirements are not specified or the client are not even 

identified in traditional project deliveries according to Koskela (1992). The client for the project is the 

final client while the client for an activity is the next activity and the final client. In traditional projects, 

each activity are optimized individually without respect to the next activity or the final client’s 

requirements, and therefore, the overall process are not optimized. Koskela (1992) claimed also that 

when construction projects go forward towards more components with higher variety and shorter 

project time, the problem with the traditional construction process might increase. Solutions that has 

been implemented and used in the traditional construction process to increase the productivity are, 

for example, prefabrication and modularization as well as implement the computer to reduce the 

fragmentation. (Koskela, 1992) 

Design-Build Process 

In the design built process, the responsiveness for both the design and build process is put on one 

actor, the design-build contractor, through program and performance documents against the client. 

(Beard et al., 2001) This means that the design-build actor is responsible for the construction against 

the client according to time, quality, cost control, and schedule adherence. The own responsibility 

mean also that the design-build contractor has an ability to improve, optimize or change methods to a 

certain degree, and also to start build before the design documents are completed to 100 %. This 

should improve the time, the quality, the cost and the schedule adherence.  

In a design-build process, the risk is transferred from the client to the actors that are more capable to 

handle the risk for each activity. (Beard et al., 2001) A design-build process also give the opportunity 

for the client to choose the design-build actor based on value instead of only the price. The client can 

combine the price with the quality and proposed facility instead of only base the decision on the lowest 

initial price. 

A design-build process has to be carefully planned and executed professionally and the project 

program and performance requirement have to be clear and objective and interpreted equally by all 

proposers.  (Beard et al., 2001) To formulate and prepare the project program and performance 

requirement might be the most difficult part. This because the client has requirements that have to be 

fulfilled but the client wants also creative solutions, developed methods and new material. The client, 

or a project manager consult or similar, create the project program based on functionality and 
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quantitative needs of the structure. The performance requirement document formulates the 

performance, quality, methods design standards for the construction and the building components.  

According to Beard et al. (2001), the parts in a design-build process are as follow. Strategic facility 

planning, where the long range development plan for the client are overviewed together with 

establishing facility goals and objectives. Program definition where the projects functionality and 

needs are specified together with indoor environment standard for example. Request for qualifications 

is the request formulated by the client, or the client’s consultants, that the design-build actors base 

their team on. Qualification statements is next step where the design-build teams are evaluated and 

limited to three to five design-build actors. Proposals for design and cost are requested through the 

request for proposal which contains the project program, performance requirements, site information 

etc. The selected design-build actors prepare the proposals in the proposal preparation stage.  

The proposal contains a preliminary design and formal price proposal. (Beard et al., 2001) The proposal 

submission and evaluation evaluates the proposals with respect to quality, quantity, price, functional 

efficiency among other factors to determine the most suitable and valuable proposal and design-bid 

actor. The client enters into a contract with the design-bid actor in the contract award.  Design 

development and construction documents are then carried out by the design-build actor. The design 

development proceeds most of the time in coordination with the client. The client reviews, comments 

and gives approval on the submitted design documents. The construction stage is where the 

construction has started and the design is developed continuous. The client inspects and payment are 

made after degree of complement or agreement. The design-bid process could be extended to contain 

the financing, physical plant maintenance, or facility operation as well.  

The advantages with the project delivery method described above are several. (Beard et al., 2001) 

Design-build process is faster than design-bid-build method because of the construction can start 

before the design is completely finished. There is only one part, design-builder, which is responsible 

for the project and it leads to higher quality when the defects and errors cannot be shift to someone 

else. Probably the biggest advantages from a productivity perspective is the ability to improve and 

develop solutions, methods and evaluate alternatives to enhance the project in an economical and 

qualitative way. This because of the expected collaboration between the designer and contractor.  

Today there are several different types of design-build project delivery methods or design-bid-build 

with collaboration project delivery methods on the market where the main focus is on combining and 

collaborating the design and construction. (Beard et al., 2001) Because of the time and cost to set up 

a design-build proposal to the client, the construction might need to be sufficient large and complex 

so the effort put in the proposal represent the potential award. Even if the project is a new complex 

state-of-the-art building and the client needs and project program are hard to define, design-build 

project delivery method is a good choice because it allows the design to evolve until the time of 

construction of the specific component.  

Lean Project Delivery 

Close related to the design-build delivery method or design-bid-build with collaboration project 

delivery method, is the lean project delivery method. One of the key difference between a project 

delivery adopting lean and project delivered in an traditional way, according to Ballard and Howell 

(2003), concerns the phases.  Namely the definition of the phases as well as the relation between them 

and the participants within the phases. Ballard and Howell (2003) described the different stages in a 

construction process where lean is implemented, or as they call it, a lean project delivery method. The 

main phases or processes are the project’s definition phase, design phase, supply phase, assembly 

phase, and the usage of the construction. The process is illustrated in Figure 2. 
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Figure 2 - Different phases and their collaboration in a lean project delivery system (Ballard and Howell, 2003) 

In the project’s definition phase, the importance is to take the client’s and stakeholders’ requirements 

into account, including involving the representatives from the other phases to share their knowledge 

to allow smoother further phases. (Ballard and Howell, 2003) The design stage take over the values, 

concepts and design criteria from the project definition. The way lean design differs from traditional is 

that lean design tries to postpone the design as much possible, i.e. last responsible moment, to have 

more time to developing and exploring new alternatives and solutions. Traditionally the design tasks 

are made as soon as possible which leads to reworks and disruptions 

Next phase is the supply phase where the detailed engineering, fabrication and delivery are included. 

(Ballard and Howell, 2003) This phase prerequisites a product and process system that are design to 

meet the requirements about what has to be detailed and fabricated and also when it has to be 

delivered to perform it in a lean and efficient way. The next phase is the assembly phase where the 

delivered products are constructed and installed. The last is the usage phase where the operations and 

maintenances take place and are important for the life cycle perspective. In lean delivery process 

illustrated in Figure 2 above, the production control and work structuring are important tools to 

support the process.  

3.4 Lean in Construction Projects 

As mentioned in Chapter 3.1, lean is not clearly defined among people and there are different 

perspective on what lean is. This implies that the definition of lean related to lean in construction 

projects is vague as well. Nevertheless, there are typical concepts related to lean in construction 

projects discussed by researchers. Despite there are different concepts related to lean construction, 

the most important to always have in mind when discussing lean, from the author’s perspective, might 

be to reduce the non-value adding activities or waste activities and to increase the value to the client. 

According to Jørgensen and Emmitt (2008), it is important to define waste and value according to a 

life-cycle perspective to satisfy that the lean philosophy become meaningful in construction projects.  
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3.4.1 Non-Value and Adding Activities 

According to Koskela (1992), the production process consists of a flow of material and information, or 

as a flow of time, cost and value. The production process is divided into several activities as converting, 

inspecting, moving and waiting. All these type of activities cost money and consume time, but only the 

converting activities, called conversions or transformations (Koskela, 2000), contribute to the value. 

Converting is therefore a value-adding activity while the inspection, moving and waiting are non-value 

adding activities and do not contribute to the client value of a product. The traditional production and 

construction philosophy is mainly focused on the conversion activities, and it is trying to improve these 

activities individually from a cost perspective. (Koskela, 1992) The non-value adding activities is 

threated as value adding activities instead of waste activities, traditionally. 

Non-value adding activities could be divided into two types. (Jørgensen and Emmitt, 2008) Type one 

where the activity are not value-adding but cannot be eliminated and therefore should be reduced. 

Type one non-value adding activities are based on Ohno’s (1988) definitions of waste: 

 Overproduction 

 Correction of defect products 

 Movement of material 

 Processing 

 Inventory 

 Waiting 

 Motion 

In addition to the seven wastes above, there are suggestions of other waste activities as well. (Koskela, 

2004) One additional waste activity according to Koskela (2004) is Making-do, which Koskela (2004) 

defined, in relation to construction projects, as follow: 

“Making-do as a waste refers to a situation where a task is started without all its 

standard inputs, or the execution of a task is continued although the availability of 

at least one standard input has ceased. The term input refers not only to 

materials, but to all other inputs such as machinery, tools, personnel, external 

conditions, instructions etc.” (p.3) 

Other ‘activities’, that not creates value at all are, for example, accidents and defects, and they should 

be reduced totally. (Koskela, 1992). According to Liker (2008), eliminating unevenness and overburden 

are just as important as minimizing the waste. The workload have to be leveled out to optimize the 

overall process. In construction, levelling out the workload might be one of the most difficult lean 

concepts to deal with. (Gao and Low, 2013) This because different elements in a construction project 

need different amount of time. 

Type two of non-value adding activities, according to Jørgensen and Emmitt (2008) are non-value 

adding activities that are essential. For example, non-value adding activities as planning, accounting 

etc. (Koskela, 1992) These activities give internal value and should eliminate or reduce other non-value 

adding activities, and therefore they are necessary and improve the overall performance of the 

process. According to that, the activities or processes required to implement lean are kind of non-value 

adding activities. Therefore, lean should not be implemented if it could not reduce or eliminate other 

non-value adding activities or if it not contributes to more efficient converting activities. 

There are two way of improving the construction process. (Koskela, 1992) One is to make the 

conversion or transformation activities more efficient, and the other one, where lean has its focus, is 

to reduce or eliminate the non-value adding activities. In lean construction, all activities are seen as a 
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flow instead of individual functions. Instead of having the focus on cost, the focus is put on controlling 

the variability and cycle time together with a continuously improvement in reducing waste and 

increasing value. To improve these, Koskela (1992) discussed principles that have developed and could 

be implemented in both the overall process as well as its sub-processes. Some of these are: 

 Reduce the share of non-value adding activities 

 Increase output value through systematic consideration of client requirements 

 Reduce the variability, but increase the output flexibility 

 Reduce the cycle time 

 Simplify by minimizing the number of steps, parts and linkages 

 Increase process transparency 

 Focus control on the complete process 

 Build continues improvement with conversion improvements and benchmarking 

These principles are involved below where lean construction concepts are evaluated.  

3.4.2 Value 

Reducing the non-value adding activities discussed in previous chapter, has to be done without 

decreasing value to the client. When talking about value in the context of lean, value is a production 

concept, not an economic concept or necessary connected to costs. (Ballard and Howell, 2004) The 

value of an activity or a sub-process has to be seen in the context of the value to the next client or to 

the next activity in general, and the value to the final client. (Koskela, 1992) The final production 

conceptualization is the fulfillment of the client’s needs. (Koskela, 2000) The product or project has to 

satisfy the client’s needs by confirming the specified design and distribute value to the client. In 

literature about lean in construction projects, most of the time value is recognized to the project 

process, while in the manufacturing industry, value is recognized to the final product. (Jørgensen and 

Emmitt, 2008) 

There are five phases about the value that has to be taken into consideration to understand the ‘value 

flow’ and fulfill the value requirements. (Koskela, 2000). These are the requirements capture from the 

client. Requirement flow-down where the requirements are defined in all stages in the process so they 

are not lost between the sub-processes as design and construction. The requirements should be 

comprehensive and include requirements for all deliverables and for all roles that the client has, i.e. 

buyer, user and client. Ensuring the capability of the production system is important to ensure that the 

production system is capable to produce the product with the right requirements. The last part is to 

measure the value the client get to verify that the requirements are fulfilled.  

3.4.3 Lean Concepts 

Even though the research about lean construction is relatively limited, as discussed in Chapter 3.1, 

there are lot of studies that have covered the subject of reducing waste and increasing value, which 

are essential in lean. Therefore there are also lot of ‘concepts’ that have been developed to do that. 

Concepts that are related to lean in construction projects and are common in the research, are among 

others, multi-skilling, learning to work near the edge, management continues flow, lean design and 

fabrication, reduced lead time and controlling work flow and reduced negative iteration in the design 

process. (Ballard and Howell, 2004)  

In an interview study by Green and May (2005), frequently used concepts associated with lean 

construction were just-in-time, partnering and supply chain management. From the same interviews, 

Green and May (2005) divided how lean could be used in construction projects into three models. The 

first model focuses on eliminating waste and sort out the inefficiencies. The focus in the first model is 
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on your own company. The second model focuses on partnering and supply chain management and 

the relation between firms and the focus is shift towards a project and corporate level. Teamwork, 

knowledge sharing, learning, trust and relationship are important in this stage of lean. Strive towards 

common objectives among the different parties in the project is also essential. The third model is about 

structuring the context and includes long term relationship, change the way project are delivered, 

complete rethinking of design and construction to implement lean, simplification design, 

standardization, prefabrication and information technology improvements. Model three is more 

sophisticated and about continues evolution instead of continues improvement as in model one.  

In this thesis, focus has been put on a few lean concepts to reduce the waste and increase the value as 

discussed above. The concepts – evaluated below – are production control, teamwork, management 

and collaboration, pull and just-in-time, continuous improvement, learning and quality, standardize 

work and measurements. These concept are integrated and overlapping each other in greater or lesser 

extent.  

Production Control 

One important thing in a project that is lean, is the production control, discussed below and it return 

indirectly or directly in Chapter 4.1. Lean construction could be seen as a production control system, 

or as a conceptual model of production control. (Green and May, 2005) Ballard and Howell (1998) refer 

to Bertrand et al. (1990) when they define production control as aggregate production planning, 

material management and work order release, and work load and production unit control. In 

construction projects, the traditional is project control and is named planning and consist of budgeting, 

scheduling etc., and the project is monitored against the schedules, budgets and the result to in order 

to find the faults that could be corrected. (Ballard and Howell, 1998) The project management have 

only control of the project, not on the production of the project. If construction projects would apply 

production control instead of project control, the projects would be more stable and the uncertainty 

would be reduced, which is important in construction projects because of the complexity and 

uncertainty, both in the process and in the construction itself.  

Ballard and Howell (1998), divided the production control into three phases. The first is the initial 

planning with aggregate production planning as project budget and schedule. The second stage is look 

ahead planning with material coordination and work-load capacity, where details budgets and 

schedules are made and resources are pulled in. The third phase is the work order release and 

production unit control where the commitment planning is made. The commitment planning is based 

on the actual receipt of resources and the level of prerequisites completes. According to Koskela 

(1992), a systematic flow design, where the clients for each activity are defined and their requirements 

are analyzed, could be set up to improve the flow. 

The schedule are done as ideal as possible and if there is any excess time, it is put on the most uncertain 

task or the start time is postpone to get time for prior work, or accelerate the target goal. (Ballard and 

Howell, 2003)  When the phase schedule and planning are made, the work included in the phase has 

to be defined. Completion date and earliest possible starting date need to be defined and the most 

fragile and uncertain durations have to be evaluated and taken into account. 

Ballard and Howell (1998) focused their study on the commitment planning which could be improved 

by increased quality of the assignments or ‘work do to’. To increase the quality in the assignments, the 

first important stage is the definition of the assignments that the right amount of material and work 

could be collected and coordinated. The second stage is soundness, to be assure that the pre-required 

work and required design are made enough. The sequence of the work is the next stage to determine 

and is important to satisfy the right order. Following stage is to be assure about that the size of the 
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assignment is in line with the time schedule with respect to the productive capability and be assure of 

that the size is in line with the size required by the following activity. The last stage for quality in 

assignments are learning. The work done not in line with schedule etc. has to be evaluated and the 

reasons have to be determined. Commitment planning will reduce the uncertainty among the workers. 

(Ballard and Howell, 2003) 

Also Jørgensen and Emmitt (2008) pointed out the production planning, control and management as 

an important part to become lean. The aim with the production planning, control and management 

are, according to Jørgensen and Emmitt (2008), to structure the task execution for optimizing the 

resource allocation to shorter the lead times. Achieving this by optimizing batch size, minimizing 

buffers and reduced inventory and work in progress. The Last planner system has been an important 

and frequently discussed part of the production planning in lean construction. Jørgensen and Emmitt 

(2008) mentioned also the production system design and the construction project design as important 

parts in lean, and these are related to the production planning.  

An illustration of lean construction according to Ballard and Howell (2003) is improving the iteration 

process. By production planning the negative iteration processes could be reduced, especially in 

design. In construction the iteration process is familiar, especially in design when all actors’ claims have 

to be satisfied; the architect’s, the client’, the HVAC engineer’s etc. But according to Ballard and Howell 

(2003), up to 50 % of the time is spent on unnecessary iterations, i.e. negative iteration. To reduce the 

negative iteration, Ballard and Howell (2003) suggest techniques to reduce it. First it is important to 

determine the work sequence, e.g. who are the best to start determine the space for a ventilation duct. 

Sometimes there are no ‘best choice’ and therefore an cross-functional team could solve the problem 

or task over a meeting to find the optimal solution instead of sending updates to each other in an 

iterative process. Another solution, to reduced negative iteration, is deferred or least commitment. 

This means that the decision is postpone to the point where it have to be decided to do not eliminate 

alternatives or risk to be the basis for a new iterative process. If a decision could be made later in the 

process without affecting any other decision, it would be done later in the process. This imply also that 

all the actors must have knowledge about the time needed, i.e. lead time, to fulfill the task. Ballard 

and Howell (2003) suggest also design redundancy to improve the iteration process. By design 

redundancy the safest decision is taken instead of wait for more detailed information. This is probably 

done in many cases, especially in geotechnical aspects where the uncertainty are high and further 

investigations might not give more detailed information that could improve the design.  

Teamwork, Management and Collaboration 

Teamwork and collaboration are important in the production control as discussed above. (Ballard and 

Howell, 2003) Team planning requires that all involved actors and stakeholders; contractors, designers, 

clients and sub-contractors, are represented when planning. To implement lean, the leadership and 

management are important. (Koskela, 1992) The management has to understand the lean philosophy 

and create an environment that could adapt lean. This type of implementation has to be made directly 

by the management, not by external specialists or experts.  

According to Womack et al. (2007), there are four factors that are important in the design stage of a 

lean production system. These are leadership, teamwork, communication and simultaneous 

development. In contrast to mass production, lean production put the effort in the beginning of the 

design to reduce the risk for the problem to be multiply and corrected with more effort later in the 

design process. The mean with simultaneous development means that in lean production, the 

production could start before the final design is done. This because the rough dimensions etc. are 

known and could be produced until the final accurate design is done. This is achievable because there 

is a communication between the design and production team, they know what each other think and 
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do and there is a cleaver schedule of the machines. The mass production in contrast, make the final 

product and design before the next step begin. This because there was no communication and 

understandable between the teams of what the other teams made before it was finalized. 

Lean has to be implemented among all employees, e.g. managers, leaders and front-workers, or as 

Gao and Low (2013) described it:  

“It is worth noting that without good leadership, commitment, exceptional 

employee ability, long-term relationships with partners, and other human aspects 

from this category, the application of lean tools or activities will remain 

incomplete.” (p.11) 

The managers or leaders have to have in depth knowledge about what to do and how to do it at a 

suitable level. (Gao and Low, 2013) Important is also that the culture in the company supports the 

employees and that the managers understand the company’s culture and values. As discussed in 

Womack et al. (2007), the people and teams are highly involved in the implementation of lean. and 

Goa and Low (2013) discussed studies that argue that the employees are affected by stress in a lean 

process. To avoid this, partnering activities, employee training and education, collaboration between 

teams and motivation improvements as feedback are important. (Gao and Low, 2013) This is important 

to improve, particularly in construction projects because of the industry is plagued with short-sighted 

investments in human resources. A more holistic approach is suggested between the main contractor 

and sub-contractors. (Gao and Low, 2013) This include a more long-term respectful relationship and a 

higher degree of collaboration and information exchange. This is discussed about lean in Toyota in 

Chapter 3.2 as well. 

Genchi genbutsu, expression used by Toyota, means that to understand the situation, you have to 

observe the situation on place, not only trust on experience, computer or what other tells you. (Liker, 

2008) Construction projects are more dynamic and unpredictable and therefore it is important for the 

managers to observe the actual situation. (Gao and Low, 2013) This leads to that the managers become 

more reliable as a technical source and as a decision maker, and unnecessary trouble shooting can be 

avoided. Better communication as well as decision taking as near the problem as possible, are 

suggested by Koskela (1992), to minimize the vertical decision way through the organizational layers 

that consumes time and increases errors.  

Pull and Just-in-Time 

Close related to the production planning is the pull and just-in-time concept. To structure the work by 

using pull, instead of push, is recommended by Ballard and Howell (2003) and was also a part of 

Toyota’s success of lean according to Womack et al. (2007). This means that the work is based on a 

target goal in the schedule when it has to be done. The work that is going to be done is structured and 

planned based on the target goal and the work that has to be done to fulfill the goal. This leads to that 

the work are performed when it is needed and work that is not value adding, together with 

overproduction, are reduced. Or as Ballard and Howell (2003) formulate it: 

“’pulling’ is only to do work that release work to someone else.” (p.127) 

According to Gao and Low (2013), the construction industry has already used pull and just-in-time 

systems. To implement pull planning, there has to be a pull philosophy, which means that a task is 

started when the resources and preceding tasks are 100 % available and completed. 
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Continuous Improvement, Learning and Quality 

Learning and continuous improvements are keystones in lean. To improve construction projects and 

the productivity, continues improvement might be one of the most important concept. To allow 

continues improvements, construction projects have to change in the manner to allow problems to be 

exposed, according to Gao and Low (2013). The construction industry has to change to a non-blaming 

culture industry where the employees are motivated to come up with solutions or improvements, 

instead of being blamed for the problem. The employees have to participate in diligent continues 

improvements and the problems have to be seen as opportunities. Reflections over concerns as delays 

for examples, have to be made to improve the construction process. The goals set by the managers, 

should be achievable and clear to all employees.  

Learning consists of evaluating the assignments or activities that have not been complete. (Ballard and 

Howell, 2003) The failures in completing the assignments, are analyzed to the root causes to eliminate 

future similar failures. Failures could consist of lack of material, needed pre-required work is not done 

sufficiently or the directives of the assignment could be misleading. If the learning procedure works, 

the percentage of completed planned work would increase because old failures will not appear again. 

Constrain analysis is made to confirm that the planned assignment could be started without any 

concerns or constrains. (Ballard and Howell, 2003) The constrain analysis is the same as Womack et al. 

(2007) find in Toyota when the work line stopped if there were any concerns or constrains. The aim is 

the same in construction, to get knowledge about the problems and solve them before they continue 

and causes rework and other problems. (Ballard and Howell, 2003) According to Gao and Low (2013), 

the approach in construction is to inspect quality in, i.e. to build in the quality. Hence, the employees 

have to change their mindset by involving training, empowerment and willingness to take 

responsibility for the quality.  

As Liker (2008) mentioned, the technical tools that are used to serve the people and the processes, 

need to support the employees and not replace them. This should be important to lift up when new 

tools are implemented in construction projects. Construction projects are still today very labor 

intensive compare to other industries according to Gao and Low (2013). Gao and Low (2013) also argue 

that new tools in construction projects have unrealistic and unsustainable expectations. According to 

Liker (2008), new tools have to be tested in reality to confirm the support of continuous flow in the 

processes and to support employees to perform better.  

Standardized Work 

Because construction projects are unique, it is hard to repeat and improve activities. (Koskela, 1992) 

The solution would be to increase the standardization but also increase the flexibility of standardized 

products to satisfy more clients’ needs. Improved feedback and information from prior projects are 

important as well.  

Standardized methods are the foundation for flow and pull in the construction process. (Liker, 2008) 

In construction at project level, certain process could be standardized by ‘best practice’ for quality, 

price and time, and followed by the workers. (Gao and Low, 2013) One explanation of standardized 

procedure is when a procedure has been documented and the workers who execute the procedure 

are following it as uniformly as possible. (Saurin and Gonzalez, 2013) Standardization does not mean 

that the employees are not allowed to improve the process. (Gao and Low, 2013) Instead the 

managers, leaders and workers are encourage to be creative and improve and develop standardized 

‘best concept’ methods of certain processes. 

The use of Industrialization in the construction projects leads to a more complex and vulnerable 

construction process because of that the construction is made at factory as well as at work site. 
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(Koskela, 1992) This leads to that a construction process with prefabrication and industrializing needs 

a higher degree of dimensional accuracy as well as collaboration, both in the design and the 

construction process. Therefore, well performed design, prefabrication and construction processes are 

necessarily to get benefits from  industrialization, concluded Koskela (1992). According to Koskela 

(1992), the focus in industrialization and prefabrication has been on the conversion activities, not on 

the flow activities. This has led to a suboptimal process. 

Measurements 

Measurements are important in the lean construction. (Koskela, 1992) But it is not enough to measure 

costs, productivity and utilization rates as in the traditional projects. Instead the focus should be put 

on measurements of the principles that are relevant for lean. In other words, measurements for waste, 

value, variability, defects and cycle time. Important, according to Koskela (1992), are also that the 

measurements should be understandable and feasible without much additional effort. The 

measurements are, in fact, also non-value adding activities, but will contribute to less other non-value 

adding activities. To measure the percent planned completed (PPC) and increase it, will lead to 

increased reliability among the actors and the work could be better planned with less buffers and 

resources could be pulled in right amount in advance which minimize waste. (Ballard and Howell, 

2003).  

3.5 Critical Aspects, Problems and Uncertainties about Lean 

According to Jørgensen and Emmitt (2008), the discussion about the critics against lean has been 

scarce and the literature about lean is optimistic and might not highlight the negative aspects of lean. 

The critics that has been discussed are also mainly according to lean in the manufacturing industry and 

not to construction projects. Even though lean is said to be useful in complex processes, there are 

differences between the complexities between a car manufacturing process and a project process in 

the construction industry. E.g. in manufacturing, the volumes are higher and lean is mainly focused on 

highly standardized and repetitive processes where the aim is to decrease the lead time. 

3.5.1 Lack of Research and General Definition 

There is a problem according to Alves et al. (2012) regarding the lack of a common definition of lean. 

To have a holistic definition would be significant to implement lean more in academics as well as in 

construction projects. Shearing experience and knowledge about success and failures is also important 

to implement lean in a sustainable way. According to Koskela (2000), the benefits from the value based 

concepts have been studied very little which also limits the available data about lean and value in 

construction projects. According to Koskela (2000), 

“Lean Thinking contains an interesting discussion of some key ideas of production 

and related cases of implementation, but the treatment is practically confined to 

one conceptualization of production, and the terminology used is confusing. It fails 

to provide a proper theory of (lean) production.” (p.101) 

Jørgensen and Emmitt (2008) concluded that there is a different in the amount of good quality research 

between lean production and lean construction. Research literature about lean production has certain 

maturity and critical debate has developed in journals, while the research literature about lean in 

construction projects has been very narrow and it is lacking the critical debate about its negative 

aspects.  The lack of peer-review articles, with and without empirical evidence, about lean in 

construction projects might be a reason why the critical debate about lean and its effects has not 

grown as large as preferred to develop lean in construction projects further, according to Jørgensen 

and Emmitt (2008). Jørgensen and Emmitt (2008) finalized their article to say, 
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“Present industry attention illustrates the need for a better basis from which to 

offer impartial advice to practitioners based on empirical research findings, clear 

construct, informed debate and constructive criticism.” (p.393) 

Jørgensen and Emmitt (2008) also pointed out that many research refer to same and old management 

books about lean, especially in Toyota, and that the measures about the lead time, productivity etc. 

are based on the companies measures, and not on empirical research studies. These management 

books are also the starting point when other companies, for example, construction companies, are 

implementing lean.  

3.5.2 Work Environment 

Negative aspects about the work environment have occurred. (Womack et al., 2007) One aspect is that 

the work in a lean production system is stressful because the managers always trying to identify and 

solve waste in time, excess work and extra inventories. The employees need high moral and also a 

confidence for the management that they know how to implement lean. (Womack et al., 2007) 

Workers are working under hard and stressful conditions and the pollution might increase according 

to the more just-in-time deliveries with smaller volumes and several passes, according to references 

in Jørgensen and Emmitt (2008). There is also a high pressure on the small suppliers due to the 

increased accuracy and reliability in deliveries. Anyway, Womack et al. (2007) claimed instead that the 

work is stimulating and addresses challenges when solving complex problems and always trying to 

improve the work. The teams and workers need to work hard and the management have to lead the 

teams with mutual respect and obligations. 

Another negative aspect is that lean production is usually based on a bottom up decision process. 

According to Gao and Low (2013), this bottom-up decision takes too long time and is not always the 

most suitable in construction projects due to the short time limits. Anyway, the decision making 

process should be performed in consensus with concerned parties, e.g. the managers and they who 

perform the most value adding activities, the workers, as discussed earlier. 

3.5.3 Implementation and Compatibility of Lean in Construction 

New tools need to be implemented. According to Koskela (2000) about his transformation, flow and 

value theory in construction projects, it is important to have a comprehensive approach when 

implement a new theory or system. Implementation of Koskela’s (2000) production theory has failed 

because of it has only been implemented in a few processes or activities. Koskela’s (2000) This will be 

the same about lean and the implementation of it. To get lean work, it might have to be integrated in 

the whole process.  

Saurin et al. (2013) discussed about the lean production compatibility in complex systems, such as in 

the healthcare industry and in, more interesting here, construction projects. That lean production has 

become a successful production system in the car manufacturing industry is generally known, but that 

Saurin et al. (2013) studied what if it is compatible also in construction projects. They argue that even 

if lean has been implemented in construction projects for a while, there a few or no evidence for that 

it works. This because the experience from construction projects is fairly recent, the usage of lean has 

been limited to tools and concept instead of a business philosophy, and studies, research and 

applications are limited to computer simulations and theoretical discussions and not in in the real 

world. Koskela (2000) mentioned also, by referring to Stalk and Webber (1993) and Vedin (1993), that 

the competitive benefits of adopting lean have decreased because of that lean has been widely used 

in industries already. 
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There are projects that try to implement standardized method as much as possible. For example the 

Boklok concept by Skanska and IKEA is based a lot on prefabrication and Skanska Xchange which is 

based on common platforms and processes. (BoKlok, 2014, Nohrstedt, 2009) There also example 

where implementation of high degree of standardizations that did not fall out very well, i.e. the project 

“NCC Komplett” by NCC, discussed in Chapter 3.6. (Nohrstedt, 2012) 

3.6 Prior Case Studies 

Theoretical results is one thing, practical results might be something else. Therefore, it is important to 

have results or information from a practical point of view of how lean in construction works as well. It 

is hard to find comprehensive empirical studies about lean in construction projects and it is also, as 

discussed in Chapter 2.5, hard to know if the results are from particularly lean or if there are anything 

else that has impact the outcome. Nevertheless, in this chapter, articles and studies about how lean 

works in the construction are presented.  

Case Study by Salem et al. (2006) 

Salem et al. (2006) studied and evaluated a construction project when it implemented lean techniques 

within the construction process. The lean techniques the research group implemented into the 

construction project were last planner, increased visualization, huddle meetings, first-run studies, five 

S’s and fail safe for quality. All these tools are not described in this thesis but the purpose and aim of 

these are similar or close related to the tools and concepts presented in Chapter 3. The construction 

project was a parking-garage in Ohio and the implementation was monitored during a 6-month period 

of the construction process. The techniques were implemented and evaluated independently. Below 

are the findings for some of the techniques presented. 

The implementation of last planner system contained reverse phase scheduling and 6-week look-

ahead. The reverse phase scheduling took a few weeks for the planner to rely on it instead of looking 

at the original master schedule. The 6-week look ahead schedule gave an updated picture of the 

assignments and the constraint analysis were made to identify problems. The cause to why 

assignments were not completed were studied and also the root causes to the problems were analyzed 

after a while.  ‘Percent plan completed (PPC) charts’ were made on a project and sub-contractor levels 

to get everybody concern about the value but also to motivate to improve it. Increased visualization 

about safety, project milestones, PPC charts etc., where the employees have been involved in the 

creation of them, was also performed. This led to that the employees felt more involved in the process.  

Huddle meetings, for example a ‘start-of-the-day’ meeting (similar to lean daily briefings), where 

employees discussed today’s work, safety and cleaning. After evaluating the implementation, these 

daily meetings were reduced to two to three times a week in group fewer than ten people. Plan do 

check act was another tool that was implemented. This tool is important in the first execution of an 

assignment. First to plan the assignment, then do the assignment. The assignment is then evaluated 

with the workers and foreman for example. The last step is to act and implement the improvements 

suggested in the check-stage. 5S’s, discussed in Chapter 4.4, was implemented as well. The four first S, 

sort, straighten, standardize and shine was implemented successfully in the beginning. But the last S, 

sustain, was not fully archived because the employees have to be continuously reminded about the 

housekeeping for example.  

The tools which were implemented in the project studied by Salem et al. (2006), some discussed above, 

where successfully integrated to amount that the benefits were tangible. The project was under 

budget and three weeks ahead of the time schedule. Sub-contractors were more satisfied than usually 

with the main contractor. The increased performance was associated, by the planners, to the 
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implementation of lean techniques and continues usage of the techniques was wanted. The 

continuous learning process was particular enjoyed.  

Case Study by Eriksson (2010) 

A case study by Eriksson (2010) study the implementation of lean techniques according to six core 

elements. These were Waste reduction, process focus, end customer focus, continuous improvements, 

cooperative relationships and system perspective. Eriksson (2010) divided different lean concepts and 

tools, as discussed in Chapter 3.4, in three stages. For example housekeeping for waste reduction and 

performance indicators for continues improvements, associated to stage one, was already adopted or 

improved slightly because of the implementation of lean. Stage two tools as collaborative tools were 

adopted due to the partnering contract in the particular project and not due to lean. Stage three 

techniques as suggestions from workers for continuous improvements and last planner system for 

process focus where used in some extent respectively not at all. Last planner was not implemented at 

all because lack of knowledge.  

Eriksson (2010)  concluded that many of the lean concepts such as housekeeping, collaboration etc. 

was used anyway and not due to that lean was implemented. Though some of them were improved 

due to implementation of lean thinking. To fully get benefits of lean thinking and its tools, stage 3 

techniques as last planner systems have to be learned and implemented into the project to get a lean 

process focus. The project in the case study was more like a normal partnering project than a 

sophisticated lean project.  Another conclusion Eriksson (2010) stated based on interviews with people 

involved in the project, was that it might have been a more lean project than just a partnering project 

if lean thinking had been implemented already in the design stage.  

Other Practical Cases about Lean in Construction Projects 

A lot of articles discussed in this thesis claims that lean, or different lean tools, are suitable for complex 

and uncertain structures. For example, Alves and Tommelein (2004), studied the impact of buffers and 

batch size on lead times and throughput by examine a design-fabrication-installation process of a HVAC 

system. Their finding was that increased reliability with a pull process with defined buffer profiles 

decreased the lead times and work-in-process and increase the throughput. This is an example where 

lean could be used successfully in a complex process. (Al-Sudairi, 2007)  

According to Al-Sudairi (2007), recent studies have focused on lean production in complex specific 

construction process with non-interchangeable elements, such as HVAC or steel members system. Al-

Sudairi (2007) executed simulations with lean applications on more simple construction processes, 

block-laying and plastering. Lean principles simulated were identifying value-adding and non-value 

adding activities and remove the non-value adding, eliminating sources of waste, and rethink operation 

methods by synchronizing and alignment of activities to minimize waiting time. The simulation by Al-

Sudairi (2007) showed that lean gives benefits in simpler construction activities, not only in complex 

and complicated activities. By reducing the non-value adding activities, the work flow was enhanced 

and the lead time decreased. The process efficiency increased 21 % for the block-laying process and 

50 % for the plastering process.  

Regarding Skanska, a lean tool called lean daily management system was used at a highway project in 

United Kingdom. (Skanska, 2011a) The system is similar to the lean daily briefings discuss in Chapter 

4.1. A meeting every day where the day’s activities were discussed and planned and problems were 

taken to the surface. The two-week look ahead plan was also discussed on the daily meetings to have 

them integrated. The comments from the participants in meetings were overall positive. It was a good 

way to communicate and they got a bigger picture of what is going on. They got better knowledge 
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about what the next activity requires. The daily meetings engaged the suppliers to deliver the planned 

daily work.  

A project a lot based on lean and standardization was the project “NCC Komplett” by NCC with a lot of 

prefabrication in residential buildings. (Lean Forum Bygg, 2006, Nohrstedt, 2012, Dahlquist, 2010) The 

method was to prefabricate up to 80-90 % and only assemble the parts at the work site by a few 

assemblers under a provisional assembly fabric at the work site. But the fabric was closed 2008 after 

just a few years. The building technical problem was too large and too many which increased the costs 

over the expected costs.  

Ballard and Howell (2003) discussed a case with precast concrete elements. Because, for example, 

precast elements have a lead time on two weeks but a high accuracy in the PPC could only be archived 

in 1 week, there would be unneeded inventory at the work site. In this case the pull mechanism could 

reduce the inventory by demand changes in the deliveries instead of that suppliers would push the 

elements to the building. By reducing the lead time at the suppliers, the PPC could be made in one 

week instead of two and the value would certainly become higher. Ballard and Howell (2003) described 

how lean has shortening the lead time in an precast concrete factory. This was done by involving a pull 

flow instead of push technique. The employees were locally involved in and responsible for the control 

process and they could follow the production process and learn from it. The employees at the factory 

were involved in the design and implementation improvements of the process. The employee 

involvement together with employee empowerment were made possible by changed management 

philosophy.  

In a case study by Song and Liang (2011), the implementation of lean techniques was complicated. This 

was because of the lack of knowledge about the benefits of, and why the techniques were needed, 

and also because of lack of training on changed processes.  

Comments in Weekly Industry Papers 

In Sweden there are several companies that working with lean thinking, or a thinking close related to 

lean thinking. In the industry paper Byggindustrin (Lundgren et al., 2014) four companies are 

interviewed about lean in their company, NCC, Veidekke and Strängbetong. All these have adopted 

lean in different type of constructions or in different part of the supply chain for a construction. NCC 

has implement lean in replacing old bathroom with a smaller bathroom module inside the old room. 

The main part in lean here are multi-skilled workers (who do all the job itself instead of waiting for 

another specialized worker), standardization and logistics. According to Stefan Nordqvist in the article, 

this is like IKEA with a lot of montage than real construction.  

Strängbetong is using lean in their factory for prefabrication of concrete elements. (Lundgren et al., 

2014) According to Marie Nordqvist in Byggindustrin (Lundgren et al., 2014), Lean methods that are 

used are daily control, continues improvement, everybody involved, and neat and tidy. Nordqvist 

described that the implementation was tough in the beginning with a lot of planning, meetings and 

cleaning that took time from the production. 

Veidekke uses lean in their construction projects. (Lundgren et al., 2014) For Veidekke, involving the 

employees is the read thread through adopting lean. According to Jenny Johansson in Byggindustrin 

(Lundgren et al., 2014), this includes teamwork, virtual design and construction, and planning where 

everybody is involved. Teamwork is important to get the other two to work. Virtual design and 

construction describes a process where the design is made by the designers together at the same time, 

at same place in the same virtual model, to better understand and to reduce the time for questions 

and answers. The planning is divided into different time horizons where everybody is thinking about 
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the planning and it is clear who is doing what and when. Evaluating the process and methods, and 

propose improvements are important and could be done by everybody, all the time. 

3.7 Summary of Lean in Construction Projects 

Lean in construction projects has developed from the car manufacturing industry. Koskela, Ballard and 

Howell have been researcher in the field of lean in construction projects and how to get benefits of 

lean in construction projects. There is no exact definition or theory that explains how to adopt lean 

construction and how to get benefits of it. Instead there are subjects or concepts that are frequently 

used when discussing lean in construction projects. The overall purpose with lean in general, and with 

different lean concepts are defined, according to the author, as: 

 Reducing non-value adding activities 

 Increasing the value to the client 

 Continuous improvements 

How this is done and which tools that are important to achieve this, might very from the car 

manufacturing industry to construction projects. But the overall key concepts are the same when 

comparing Toyota with construction projects. Some of the concepts that are important are 

 Production control with planning, collaboration and teamwork 

 Standardizing processes and methods but with flexible output 

 Analyzing the work and problems 

 Multi-skilled people 

To archive this, lean construction tools might be needed. But the most important might be the project 

delivery method. To enable collaboration, flexibility and continuous improvements there have to be a 

project delivery method where collaboration, flexibility and continuous improvements are allowed. 

Traditional construction delivery methods, design-bid-build, are clearly divided into different sub-

process as design, construction etc. These processes are also clearly divided between actors with no 

collaboration between each other. A more suitable project delivery method to enable lean 

construction is a kind of design-build process where process stages are integrated. Lean project 

delivery method is suggested by Ballard and Howell but, according to the author, the process is a kind 

of a design-build process or a design-bid-build with collaboration process. Table 1 summarize the 

differences between a project adopting lean and a traditional construction project. 
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Table 1 – Summary between lean construction processes and traditional construction processes. (Based on Ballard and Howell 
(2003)) 

Lean construction process Traditional construction process 

 Focus is on production system  Focus is on transaction and contracts 

 Transformation, flow and value goals  Transformation goal 

 Downstream players are involved in 

upstream decisions 

 Decisions are made sequentially by 

specialists and ‘thrown over the wall’ 

 Product and process are designed together  Product design is completed, then process 

design begins 

 All product life cycle stages are considered 

in design 

 Not all product life cycle stages are 

considered in design 

 Activities are performed at the last 

responsible moment 

 Activities are performed as soon as possible 

 Systematic efforts are made to reduce 

supply-chain lead times 

 Separate organizations link together 

through the market and take what the 

market offers 

 Learning is incorporated into project, firm 

and supply chain management 

 Learning occurs sporadically 

 Stakeholder interests are aligned  Stakeholders interest are not aligned 

 Buffers are sized and located to perform 

their function of absorbing system 

variability 

 Buffers are sized and located for local 

optimization 

 

Finally, according to Ballard and Howell (2003), when construction projects  

“…are structured to deliver the product while maximizing value and minimizing 

waste, they are said to be ‘lean’ projects.” (p.119) 
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4 LEAN IN SKANSKA 

In this chapter a brief introduction to lean tools that Skanska is using, is presented. To become a lean 

project or to adopt lean concepts discussed in Chapter Lean in Construction Projects, there are tools 

that could be used to satisfy that. Skanska has a package with different lean tools that could be 

implemented in different kinds of construction projects. (Morris, 2012) According to Morris (2012), 

Skanska’s “maximum operational efficiency objective is to have a self-sustaining continuous 

improvement culture that benefits our customers, our suppliers, our people, our Skanska Parent and 

the communities in which we work.” (p.1) Lean and the lean approach is the key or the heart of the 

strategy for maximized operational efficiency and improved competitive advantages. (Morris, 2012) 

The tools could be developed and manipulated to become suitable for a particular project delivery. 

Below are some of the lean tools suggested to use in Skanska’s projects evaluated. The discussion 

about the tools are not exhaustive, only briefly described and connected and extended in relation to 

the literature review in Chapter 3.  

4.1 Collaborative Planning 

One important lean tool that is recommended to use in Skanska’s project is the collaborative planning. 

This tool will improve the communication and collaboration between the stakeholders in a project. 

(Skanska, 2012a) The key words for the collaborative planning according to Skanska (2012a) is 

Predictable, Reliable and Programme compression. The collaborative planning will continuously 

produce a plan that defines the intended work subjected “to the resolution of issues and the reliability 

of assumptions” (p.18). Something2 to mention that might be important in the planning is that the right 

people are available that the decisions can be done directly without delays. The collaborative planning 

is close related to the production control and teamwork concepts discussed in Chapter 3.4. 

The collaborative planning could be divided into four components. (Skanska, 2012a) These are 

 Master planning session 

 Look ahead planning 

 Daily/weekly coordination meetings 

 Lean daily briefings 

The collaborative planning is not actually anything new, it is just a new way of working and 

collaborating. The look ahead plan is shown below in Figure 3 to visualize how a part of the 

collaborative planning is looking.  

                                                           
2 Mentioned at a seminar with Veidekke at KTH 20th of March 2014 
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Figure 3 - Look ahead plan for collaborative planning 

 

4.1.1 Last Planner System and Look Ahead Planning 

Another tool, close related to, or a tool for the collaborative planning is the Last planner system. The 

details and differences are not evaluated in this thesis but the overall aim is the same.  

The last planner system is discussed in Ballard and Howell (2003) and Ballard and Tommelein (2012) 

and in both articles the last planner is compared to traditional or current project management. This 

implies that the last planner system is not frequently used among actors in construction projects. 

Ballard and Tommelein (2012) conclude that the use of a last planner system, which is aimed to give 

proactive and opportunistic steering, will be more important as projects become more complex and 

uncertain. This because the effect and accuracy of pre-programming are reduced when the complexity 

and uncertainty increase.  

In the last planner the work is made on request instead of command, or as Ballard and Tommelein 

(2012) are stating it, “because requests replace commands.” (p.94) The look ahead plan will form the 

work flow and match it with the available resources and develop details about the operation of the 

assignments. (Ballard and Howell, 2003) The look ahead plan also consist of maintaining the backlog 

of ready work.  

Ballard and Howell (2003) use the Last Planner System as a cornerstone in the lean project delivery. 

The system is used to take control over the production. The construction foreman or front line 

supervisor commits to a weekly plan of tasks. The tasks or activities are from a typically 6-week look 

ahead plan where constrains and problems are shown. The activities are divided into assignments 

which are aimed to be done during a week. The assignments need to be based on quality requirements 

to increase the feasibility of the assignment. The assignment are tracked and the percentage of the 

planned assignments completed are determined at the end of the week to monitor and measure the 

completeness. The completeness of the assignment and reasons for failures are evaluated for 

continues improvement.  

The last planner system of the production control are illustrated in Figure 4 below. This is one way of 

how the production control is made by a last planner system. 

 



 

 35 

 

Figure 4 - Last planner system of production control (Ballard and Howell, 2003) 

 

4.1.2 Lean Daily Briefing System 

The lean daily briefing system is a part of Skanska’s collaborative planning. (Skanska, 2012c) The aim 

with the lean daily briefing system is to connect the managers and the workers. The daily meeting at 

the work site will shear information between the managers and the workers about problems, key 

performance indicators, improvements and good concepts, and feedback. Because of the daily 

meeting, the information are transferred fast, and workers that actually do the work could be involved 

directly in the continuing improvement process. According to the concepts above in Chapter 3.4, the 

lean daily briefing system will contribute to production control, continues improvements and 

teamwork among others.  

4.2 Process Improvement – Lean Six Sigma 

A tool for continues improvement and development of the processes, production or projects are lean 

six sigma where one aim is to identify and remove the causes of defects in the processes. (Skanska, 

2012e) According to Skanska (2012e), the lean six sigma process could be complex with a lot of 

documentation if the procedure are fully followed. But this is not necessary and a balance between 

the amount of input and the benefits has to be investigated and known to get benefits. The lean six 

sigma are defined by six stages. The define stage develops a map of the existing process where all 

stakeholders are involved and understand the inputs and outputs and all stakeholders needs along the 

process. This identifies potential problem and minimize risks for unfounded judgments that might 
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would cause future problems. Measure is the second stage where the purpose is to identify possible 

improvements in the process by performance measurements. Third stage is the Analyze part where 

the measurement are analyzed. The process is value mapped to determine which activities that are 

non-value adding or waste activities and therefore could be removed or reduced. The determining of 

the non-value adding activities can be based on the needs of the next actor or activity in the process. 

Improve is the fourth step where process or methods are improved and new concepts are applied. 

(Skanska, 2012e) It is important to involve all stakeholders in the continuous improvement process. 

The control phase is the fifth stage in lean six sigma. The control phase will ensure that the new 

methods or concepts are followed and that everyone adopt the changes. Also control that documents 

on intranet etc. are updated. Last phase is the transfer stage where the learnings and improvements 

are documented and transferred to other projects. This is important in the fragmented construction 

industry. A way of illustrate one type of the lean six sigma process is as in Figure 5 below. 

 

Figure 5 - Lean six sigma integration model (Lean Sigma Institute, 2014) 

 

In lean six sigma, there are a lot of concepts discussed in Chapter 3.4. Determination and 

understanding of the process, production control, teamwork, continuous improvements, and learning 

and shearing of knowledge, for example. 
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4.3 Performance Measurement 

Performance measurements is a part of lean six sigma but could be used anywhere and therefore also 

as an individual lean tool. Performance measurements are important to use to get knowledge about 

the productivity and as a driver for reducing waste. (Skanska, 2012d) The improvements can be tracked 

from the measurements and support the increased productivity and utilization of resources. Or as 

Skanska (2012d) describes it “If it can be measured, it can be managed, if it can be managed it can be 

improved” (p.0). 

4.4 The 5S Methodology 

Visual management is implemented to observe defects or abnormalities by a more transparent 

visualized process. (Gao and Low, 2013) To achieve this, the 5S approach has developed. The 5S 

methodology consist of Sort, Straighten, Shine/Sweep, Standardize and Sustain. (Skanska, 2012g) The 

aim is to arrange the work site that the construction process will perform as effective and safe as 

possible. By Sorting, non-essential tools, material and instructions have to be sorted out from the work 

site. To get a flow in the production, tools and materials have to be at its right place, close to the work 

area where it will be used. Shining and sweeping are consider as systematic daily housekeeping 

performed by the workers, not as an extra activity for just cleaning. This is close related that the 

workers need to be multi-skilled, as discussed in Chapter 3.4, and do work beside their core work. 

Standardizing the concepts are important to enable all workers to understand their responsibilities. To 

ensure that the sorting, straightening, shining/sweeping and standardizing are followed and 

sustainable is the last ‘S’, sustaining, in the 5S methodology.  

4.5 Value Stream Mapping 

Value stream mapping is a tool to identify non-value adding activities and waste. (Skanska, 2012h) A 

value stream map divide the process into smaller sub-process, activities or tasks to clarify how the 

product flow between the activities. The purpose is to identify which activities that add value and 

which activities that do not add value, and thereafter look for opportunities and eliminate the non-

essential non-value adding activities. The stakeholders of each activity have to be involved to 

determine potential time and cost savings in an activity. 

4.6 Screening Potential Root Causes 

The aim in the Screening potential root causes tool is to find out the root cause of a problem. (Skanska, 

2012f) This is made by a fishbone diagram or the 5 why methodology. The methodology is the same in 

both, start from the problem and go towards the cause. The fishbone diagram is a simply diagram 

where the causes are determined from potential factors and sub factors. The potential factors are then 

analyzed to determine the root cause to the problem. The 5 why method is as simply as just asking 

why several times until the root cause to the problem is determined. The methods are fast and simply 

to use but might anyway be effective and powerful. These methods are related to the continuous 

improvement and learning, discussed in Chapter 3.4, where the defects are determined immediately 

and the causes are corrected.   
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5 INTERVIEWS 

A summary of the result from the interviews is presented in the section below. The result is based on 

the answers from all interviews. The approach of the interviews is presented in the methodology 

chapter, Chapter 2, as well as in the interview request presented in Appendix A. The result is presented 

as follow, first a summary of the participants followed by a summary of the general aspects on 

productivity and lean. Thereafter, the result from the answers about lean concepts and tools is 

presented. In the next chapter, Chapter 6, the result from the interviews is discussed together with the 

literature review and prior case studies.  

5.1 Participants in the Interview 

The participants in the interview were production managers or leaders from Skanska construction 

operation focusing on ‘house constructions’. Information about the participants is shown below in 

Table 2. 

Table 2 - Information about the participants in the interviews 

 
PARTICIPANT 

1 

PARTICIPANT 

2 

PARTICIPANT 

3 

PARTICIPANT 

4 

PARTICIPANT 

5 

TITLE 
Production 

manager 

Production 

manager 

Production 

manager 

Production 

manager 

Production 

leader 

AGE [YEAR] 40-50 50-60 30-40 60-70 30-40 

WORK 

EXPERIENCE 

[YEAR] 

20-30 40-50 0-10 40-50 0-10 

TYPE OF 

PROJECT 

Refurbishment 

to hotel 

Healthcare 

and 

laboratory 

building 

Refurbishment 

and extension 

of a school 

canteen 

New  

construction 

of a 

residential 

building 

Foundation 

and ground 

work for a 

laboratory 

building 

AMOUNT 

[MSEK] 
100-150 1000-1500 0-50 250-300 100-150 

COMPLEXITY 
Complex 

project 

Very complex 

process 

Complex 

project 

Complex 

project 

Complex 

project 

PROJECT 

DELIVERY 

METHOD 

Design-bid-

build project 

with 

partnering 

Private public 

partnership 

project 

Design-build 

project 

Design-build 

project 

Design-bid-

build project 

with 

partnering 

 

The participants represents different kind of projects. One project is large and one is a small project. 

One project represents the foundation work and ground work for a building. Three projects are new 

constructions while two are refurbishment projects. All participants see their ‘own’ project as a 

complex project and all projects have some kind of collaboration, either by a type of design-build 

project delivery method or by a type of design-bid-build with partnering project delivery method.  
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5.2 Summary of the Interview Answers 

5.2.1 Productivity, Construction process and Lean 

Productivity 

All participants’ perception on the productivity in construction projects was that the productivity could 

be higher in construction projects. According to participant 5, there is a potential improvement in 

theory that might be achieved practically in due time but there are several things that need to change. 

According to participant 1, the productivity could be better, but there are differences from project to 

project, depending on the organization on the project and which resources there are. 

The participants had no clear answer to explain why the productivity is not that high that it could be. 

Participant 1 pointed out that new computer tools have done it easier for designers and architects to 

vary walls etc. in a project. Before it might was 4 types of different walls while nowadays there are 

several more different types of walls. Other reasons that were mentioned during the interviews are 

one-of-a-kind projects and maybe more crucial, one-of-a-kind organizations. Projects are always new 

but the organization for a project is new for every project as well. During a project, sub-contractors 

and employees could be changed as well. This leads to that the project and the organization need to 

start almost from scratch in every project. Regarding the change of the organization and sub-

contractors, participant 5 thought that it is good to change people and to get new input in new 

projects. Participant 5 continued to tell that Skanska has their requirements and standards on sub-

contractors and workers which forces them to adapt to a Skanska project. 

According to participant 4, there is no time for improvements because a lot of time disappears to other 

things. Participant 4 mentioned that there are lots of things beside the production, e.g. meetings about 

safety and meetings about other things. Participant 4 argued also that, 

“At the same time, I wish that I got to inform the guys much more, the people who 

really do the work, so they are well prepared when they go out, so to speak.” 

(Participant 4) 

5.2.2 Project Delivery Method 

When the participants described their project delivery method and how much influence Skanska had 

on the project, their all said it was some kind of partnering project delivery. Participant 3 and 4 had a 

big impact on the project and the design. Participant 3’s project was a refurbishment of a school 

canteen where Skanska could suggest solutions etc. Participant 4’s project was a new construction of 

a residential building where Skanska could impact the design in a high grade. Participant 3 claimed that 

Skanska could impact the designers very much and also that it gave benefits to Skanska and the project 

while it does not matter for the designers. One reason why Skanska could impact the designers, was 

because it was a refurbishment project with uncertainties before the construction was demolished 

partly and the designers could not design everything on beforehand. But still the necessary design was 

done on beforehand to satisfy a good design and construction process. In these projects sub-

contractors were also highly involved and were allowed to give suggestions and take responsibility. 

Sometimes it was strange for them to have such big impact and responsibility, according to participant 

3.  

Participant 1’s project was a hotel project where the client had claims about how the client wanted 

the project to be. This led to that Skanska had a small impact on the design and the project. Participant 

1 claimed that the project would have been more economic and better if Skanska could have impacted 

the design from a constructability point of view. Participant 1 said that Skanska has not been involved 

in the earlier phases of a construction projects before. It has been more like, “now it is finished, 
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welcome in” (participant 1). Today Skanska is, in general, more involved in the earlier phases and could 

impact the construction and process. In the second project, which was a part of a hospital, Skanska 

had some influence of the design, according to participant 2. The part with most influence was almost 

the facility management team which is responsible for the project or facility during the usage. 

Participant 5’s project, which was a blasting, excavation and sheet piling project for a larger building 

project, was a partnering project. Skanska could give, and gave, recommendations etc. but the 

designers had more or less the power of the design. The problem in this project was that the right 

drawings were not completed or correct when a specific part of the project began, according to 

participant 5.  

Participant 5 claimed that it is both advantages and disadvantages with partnering. In a design-bid-

build process the responsibility is on the designers or the client, while in a kind of partnering the 

responsibility is shared between the partners. Nevertheless, participant 5 concluded that for the whole 

process it is better if Skanska could impact the design. According to participant 5, there could be a risk 

for Skanska to overcharge but usually it is worth it for the client in more complex and larger projects. 

In smaller design-bid-build projects which do not require any special competences, smaller companies 

are cheaper because the organization is smaller. 

According to participant 1, Skanska tries to work in collaboration with the client, but it should be 

preferable if all the sub-contractors could be more involved as well. In some projects, the sub-

contractor for the electrical system have a big part and is highly involved in the process while painters 

for example get paid per hour and have no incitement to collaboration or improve the overall process. 

To have a process where everything is not determined on beforehand could give benefits, according 

to participant 3. This leads to that in a project, for example a school were teachers, which are not 

involved early in the design could give suggestions later on when they are more encourage in the 

project.  

Non-Value Adding Activities 

Participant 4 argued that a lots of things, e.g. rework, are done at the expense on the work that actually 

should be done. He also mentioned that it is because of the whole chain, and failures are done already 

in the design which are transferred to the production and lead to waste activities in the production 

stage. Despite Skanska could impact the design a lot, e.g. type of reinforcement, there is no time to 

review every detail, according to participant 4. 

Regarding non-value adding activities, participant 1 said that the workers do not do the work to 100 

%, they always left a few percent which lead to 94 % for the next etc. This leads to non-value adding 

activities, e.g. moving, waiting, rework etc., when workers need to go back later to finalize the work. 

The last 4-5 % might take the same time as the first 95 %, according to participant 1. 

In foundation projects, non-value adding activities could be reduced more, according to participant 5. 

For example, moving gravel masses from place to place are non-value adding activities that could be 

reduced. However, it is not only Skanska’s problem, according to participant 5. If the client or designers 

know where they want it from the beginning and not change it half-ways, then the problem would be 

reduced. It is important for everybody to think through every part of the project, according to 

participant 5. Participant 5 claimed that a lot of problems are according to that the design is not 

finished for the construction when the construction process is started and a lot have to be fixed at the 

work site. Everything does not need to be design 100 %, but that part which is going to be constructed 

need to be designed so it can be built as smooth as possible, claimed participant 5.  
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Participant 5 continued and said that there is no flow in the labor. One reason is that everything has 

to be done at the same time.  

“Before we are finished with the blasts, we have started cast in concrete in the 

other end.” (Participant 5) 

If the blasting is finished before the foundation slab is casted in, both the blasting and the work with 

foundation slab would proceed in a smoother flow, without different kind of jobs at the same place 

which are in conflict with each other, concluded participant 5. 

Lean 

Regarding lean, the participants had very different knowledge, perception and experience of lean. 

Participant 1 connected lean with a high degree of industrial manufacturing, prefabrication and 

modularization. Participant 3 related lean with just-in-time deliveries and minimized waiting for 

example. Participant 4 had googled lean and related many of the things he found to their business they 

are already executing. Participant 1 said, according to author’s description of lean, that teamwork is 

very important. He continued and said that teamwork is important but it is though because the 

organization and team change all the time. 

“That I see is that we try to run lean in all projects but we get so much new actors 

in every project but we get in so much new actors in every project. I mean, it is not 

for sure that we, we take this chain, we have a totally different tenant, totally 

different property owner, it is not certain that we are the same people, it could be 

totally different consults and additionally we have our sub-contractors…if you 

have not met each other before, you do not know how the other one work etc.” 

(Participant 1) 

Participant 2 had knowledge in lean construction and experience of similar ‘tools’. Participant 2 used 

lean tools similar to collaborative planning and last planner system in the project he represented.  

Participant 2 said, 

“Lean to me is a lot about synergies, understanding, again, get everyone to buy 

into it.” (Participant 2) 

Despite the variety in their knowledge about lean, they all said that they relate lean with process flow 

and labor flow. Which some of them claimed that is very important. Participant 1 said that leveling out 

the work load or to have a continuous labor flow is important and they always try to get a smooth 

curve as possible for the labor. But the problem might be that we are just looking at Skanska’s labor 

curve instead of looking at the labor inclusive sub-contractors etc., according to participant 1.  

5.2.3 Implementation 

Lean requires implementation of new tools or concepts. According to the participants, it is always hard 

to implement new things, especially before you see the benefits of it. Participant 3 said that some 

workers have difficulties to adapt new work methods, and it requires for the managers to convince the 

workers that the new methods are developed by experts and should be the best methods. Participant 

1 said they are positive to new tools but answered as follow on the question if it is hard to implement 

if there are not any problems. 

“Yes, so is it, there will be new things all the time, but before you see the benefit of 

the stuffs it is hard to absorb.” (Participant 1) 
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Participant 2 concluded the same. In the beginning it might be though to implement new tools, such 

as a kind of collaborative planning that was used in participant 2’s project. Therefore it has to be a 

driver that push it out. In this particular case, participant 2 was the driver for the planning tool they 

used in that project. Participant 2 also said that when the partakers become more familiar with the 

collaborative planning, the need of a driver is reduced, and the partakers could manage the planning 

without any specific driver, except the benefits that are coming out from the collaborative planning. 

In participant 2’s project, a specialist in lean planning was also employed to satisfy a good start of the 

relatively new way of lean planning.  

Participant 1 said that new lean tools could be implemented in every project. But it has to be driven 

from the beginning and to get everybody involved from scratch. This is actually hard because 

everybody is not involved in the beginning and painter for example, might not even be procured in 

that phase yet, according to participant 1. Participant 3 said that it is easier if new tools are 

implemented when the project is at a slower pace because when there are overall problems the pace 

is so high that there is no time to learn and implement new tools or concepts. According to participant 

3, some tools or concepts work in the office while other tools might be more suitable at the work site. 

Participant 4 argued that it might be difficulties to change the old employees, and that new things 

might be started from young employees. Participant 5 argued though that everybody is used to that 

new tools or concepts are implemented, especially among the managers at the office where new paper 

work needs to be done all the time. 

Once again, a problem, according to some participants is that people and sub-contractors come and 

go into a project, and that new methods, tools, approaches or concepts need to be learned, 

understood and used by the new people and sub-contractors. This requires effort and management 

that has knowledge, experience and to be though in the beginning, according to participant 2. 

Participant 3 argued the same, that the managers need do have the knowledge and experience to 

explain for and convince the workers that new methods, tools or concepts are more suitable than the 

tools they are used to use.  

5.2.4 Planning and Teamwork 

According to planning in general, all participants claimed that more planning would be desirable to 

improve the processes and projects, smaller and easier projects as well as larger and more complex 

projects. The way the planning is done today, according to the participants, is more or less by a master 

schedule divided into more detailed rolling schedules and different types of meetings, e.g. review 

meetings. At the review meetings or base meetings, assignments are discussed and should be ticked 

off from the previous meeting protocol if they are made, according to participant 1. According to satisfy 

that every pre-required work is done before an assignment starts is mostly done in the method 

statements according to the participants. This is done with someone who is going to execute the 

assignment, according to participant 3. 

According to participant 4, the master schedule prepared at the procurement of the project, is more 

or less the base for the whole project. That because the costs, e.g. general expenses for the 

establishment, are based on that schedule. In the detailed planning during the construction, sub-

contractors and leading workers partake in the planning of the detailed rolling schedules and are 

allowed to claim changes etc. Even though the sub-contractors do not put in their own required time, 

they have been involved in the discussion about the time needed for their work, according to 

participant 4. Participant 4 said they use to work very hard with the short rolling schedules and change 

them if it is required.  
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Participant 3 told that they had a lot focus on the master schedule in the beginning of the project and 

said that it worked because the size of the project was small. However, she also concluded that it was 

not the best and later on they had rolling 3 or 4 weeks detailed schedules. Participant 5 included a plan 

view in the planning process to visualize where different workers and sub-contractors are working 

during the planned period. In participant 5’s project, the planning was mainly made by the managers 

but with some inputs from the workers regarding time etc. 

The problem with the standard program for planning, as used more or less by all participants except 

participant 2, is not the procedure, according to participant 2. The problem is that you have people 

who does not be involved and people who does not contribute.  

“…you only get people just going to the meeting to sit down and not contributing. 

Or you only get people who like to speak, like to talk and they just take over the 

meeting. So you really do not get out of the meeting really what you want.” 

(Participant 2) 

Participant 2 said that it is also important to have the right people at the right meetings. A kind of 

collaborative planning was used at participant 2’s project. The main different there was that the 

planning was more rigorously and everybody was involved more in the planning process. The 

procedure is shortly described as a 12 weeks plan with 8 new weeks planned off-site every 8th week by 

main contractor and sub-contractors involved in the process during these weeks. The planning was 

done by lots of discussion and visualized by stickers on a big 12 week schedule. Everybody contributed 

in the planning by putting up their own stickers, for example. “Everyone have to partake, otherwise it 

will not work” (participant 2). Participant 2 said that because everybody needs to say something at the 

meetings it opens up for a serious discussion when other sub-contractors could say that “this impacts 

on my work” for example, and they have to solve it together. The on-site planning was performed by 

a kind of last planning system where one week back, present week and one week ahead was discussed 

and planned in detailed at weekly and daily meetings with the wall with stickers, work allocation table 

etc. as a base.  Participant 2 claimed that in Sweden a wall is built or not, while in United Kingdom, a 

wall could be partly build. For example, one type of walls with gypsum board half way from top and 

one type of walls with gypsum board half way from bottom. This is possible due to better planning 

between the actors. 

Participants in the meetings are typically managers and work leaders for main contractor and sub-

contractors. This vary of course depending of which kind of meeting it is. According to Participant 4, 

the managers have always a dialog with the workers where the workers are allowed to suggest 

improvements or changes about work orders, methods etc., which might affect the planning. They also 

allowed, to a certain point, to do the work after their own suggestions. “They can their job” (participant 

4). But participant 4 also mentioned that the workers are used to come in to look at the weekly 

schedule about works and deliveries and then go out and do it according to method statements and 

own knowledge and experience.  
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Participant 1 claimed that the majority of they who do the work is not involved in the planning. As an 

example he said that, 

“If we are 100, maybe 5 are involved in the planning. It’s well about to increase 

that amount of people, get it up to 30 and you would certainly get a much better 

product, easier to reach the goal, and get more understanding of each other.” 

(Participant 1) 

According to the participants, planning could be improved in all types of projects. According to 

participant 2, a collaborative planning system could be used in smaller projects as well. But participant 

2 also mentioned that work site meetings were set up later when the project became more complex, 

which indicates that ‘everything’ including in the extensive planning is not needed, if it is less complex. 

According to participant 4, the planning should not depend on how large or complex the project is. The 

same conclude participant 3, but added that in smaller projects, there are much easier to get the 

workers to collaborate between each other and take a part of the planning and discussion directly on-

site between the workers, managers or sub-contractors directly. According to participant 3’s project, 

some of the planning took place directly at the work site between the workers and the sub-contractors’ 

workers. This teamwork was possible because the workers were almost the same during the project 

and the scale of the project was small that they had to teamwork. To solve things at the work site as 

local as possible by the workers who do the job was also something that participant 5 saw as important. 

Participant 1 said, in a project where the organization and sub-contracted workers changing all the 

time, it is hard to satisfy a collaborative planning procedure. Traditionally, painters for example, are 

used to been told what to and just follow the orders with no incitement to improve the process, 

according to participant 1. In smaller projects or companies, according to participant 1, you might have 

the same sub-contractors, e.g. the same painter, to do the work in all projects. Then you know each 

other from the beginning. According to participant 2, the problem with a lot of planning and stickers 

on a huge wall could be when there are activities on several floors. Then the planning is huge and it is 

important to deal with that. According to participant 5, the planning is important in large complex 

project but said also that smaller, less complex projects might have harder budget and therefore 

planning is important there as well. 

Participant 3 pointed out that there is no risk for too much planning or discussion but it might be a risk 

that focus will be put on wrong things, such as non-value adding things, instead of critical parts or 

deviations. According to participant 3, it can be difficult to know in which forum or meeting certain 

tasks have to be discussed. This was also mentioned by participant 2, at a meeting discussing the 

planned schedule, take the issues that not concerns everybody away from that meeting, and continue 

with things that concern everybody. Participant 3 continued and said that it is waste of time if someone 

who does not be involved in the assignment contributes to the method statement. Participant 5 said 

that it might be better if it was planned more, but continued to describe that planning is not the 

funniest activity and therefore lot of things are solved directly at the work site. Some groups might 

have not understood that it is value-adding to plan, said participant 1 and continued to explain that 

there are lot of money to save if we can change that mind. 

According to lean daily briefings, in general most of the participants have some kind of daily briefings. 

In general it works well according to the participants. The problem once again might be, according to 

participant 1, when the workers and sub-contractors change. Then it takes time to get everybody 

involved in the meetings. The participants in the meetings are usually they who actually are responsible 

for the execution of the work instead of managers. Participant 1 said also that sometimes there is no 

need for the meetings if nothing is discussed and the days with daily meetings could be reduced. 
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Participant 5 had a kind of lean daily briefings were ‘all’ workers describe todays work etc., and that 

worked relatively well. The problem was that some sub-contractors were not involved and it had been 

better if all important sub-contractors were involved. Participant 5 concluded that this type of 

meetings could be used with benefits in all types of projects, regardless complexity and size, because 

the meetings do not have to take long time. 

Lean daily briefings was something that participant 3 would like to have had but understood it too late 

that it would have been good to get deviations as fast as possible. Participant 3 said also that because 

her project was short, complex and on a small working area, it might have been useful to have 

reconciliation meetings three times per day to know where everybody is and what everybody is going 

to do. Participant 3 concluded that this might be more important in smaller projects than in larger and 

longer projects where you might have more time space and larger working area. 

5.2.5 Analyzing the Work and Continuous Improvements 

According to participant 1, work could begin before the pre-required work are finished to 100 %, which 

causes problem. The problem, according to participant 1, is that workers are bad to explain what is 

missing or what is incorrect. Usually they just go further on without saying anything or just saying that 

something is wrong etc. Participant 1 said that this is an area where all could be better on. Participant 

3 said that in a small project, there is very obvious when there are any problems because everybody is 

affected by the problems. This leads to that the problems are analyzed and corrected fast. The stable 

and small amount of site workers contributed as well to that problems were made visible or corrected 

fast at the work site between the workers at both Skanska and sub-contractors. In participant 2’s 

project, problems and issues were taken up to the surface during the meetings by ‘taking out the 

problems’ and put them on an ‘issue board’. This was done to continue to have the focus on right 

things on that meeting. The issue board was then discussed with people concerned in the specific 

problem or issue. The project had also a ‘lessons learned’ list where improvements were put to reduce 

the risk or increase, for example the productivity, later in the project.  

According to participant 2, they had invested a lot of money in BIM-kiosks at the project which enable 

the workers to analyze small problems directly at the work site by looking into the 3D model and 

compare it to the reality. According to participants 4, they correct mistakes to be multiplied by 

discussion and by e-mail. Regarding to analyze problem and to improve, participant 2 said, 

“Experience, lessons learn, and to merge it together actually. And you got capture 

that and you’ve got to listen to people also … the true work for a manager: listen 

to his team.” (Participant 2) 

Referring to participant 3’s project, the workers needed to be involved in the continuous 

improvements work and to be involved in finding own solutions. This because the project was a 

refurbishment project where the workers were allowed to find own solutions. However, participant 3 

argued that the workers would have suggest more solutions and improvements if there would have 

been some kind of whiteboard to write down suggestions on. The workers are allowed to suggest 

method improvements etc. when they are doing the method statement for the work together with a 

manger for instance, according to participant 1. Including, is also the time planning and what resources 

that are needed for the work. Participant 1 commented though that sometimes the method statement 

is made by managers and not by the workers who actually do the work.  

According to participant 5, analyzing the work is not something that is regularly done and argued that 

work evaluation could be better to improve future similar work. Participant 5 told that it is because it 

is not anything regular that is done and therefore, it is hard to take time to do it. Participant 5 said also 
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that it could be an advantage to analyze where non-value adding activities are in a process, for 

example, where and why the material or equipment need to be moved etc. But the problem is that it 

is nothing that they used to do and they do not have enough knowledge about, value stream mapping 

for example, and then it is not done. 

“People does not think like that. It is a delivery, then it is a delivery. Receiving it 

and find a place to make of it.” (Participant 5) 

A problem is that the possible improvements are not transferred to other project, said participant 1. It 

might be transferred to next projects where that worker or manager continuous. In one project there 

sometimes lack of time to improve something, and the next project is not the same as previous. But 

participant 1 mentioned also that the last interior wall goes faster to build than the first interior wall 

for example. Participant 3 said that improvements are forgotten at the end of the projects and it is one 

reason why all projects start close at zero every time. One solution, according to participant 3, might 

be to have meetings to highlight good things or well executed work which could be transferred to 

future Skanska projects.  Participant 2 argued that a ‘global Skanska lessons learned list’ might be a 

suitable tool to deliver improvements to future projects. According to the question about if the 

improvements could be transferred to future project, participant 4 said, 

“There are new compositions, nevertheless, all the time. It is new client with its 

own requests. Our group here at the office is not the same, the workers are not 

exactly the same neither. There are no guaranties that the contractors are the 

same.” (Participant 4) 

Participant 4 continued to say that the project, the environment and other prerequisites are unique as 

well. Nevertheless, some own experience could be used in projects later own. According to participant 

5, a lot of improvements in one project could be transferred to other projects. That every project, in 

the construction industry, is unique is not totally true. It is the same tools that is used in every project, 

said participant 5. 

5.2.6 Multi-Skilled People 

Participant 4 said that there have to be specialists in all kind of different work, because they are already 

doing a lot of different kind of work within their area. Instead, participant 4 argued that a good 

conversation and teamwork between the ‘specialists’ are important to get a work flow and to minimize 

rework. Also to be clear in the method statements when and where each specialist is doing his job. 

According to participant 4, there are both people that speak to each other and people that just focus 

at their own work.  

In the large project where participant 2 was responsible, there is not possible to have multi-skilled 

people. Participant 2 continued to describe that it is important to think about who is the best to do or 

install certain things. Is the duct worker or the ceiling worker the most suitable to install the ventilation 

grill in the ceiling, for example? It might be easier if the ceiling worker install the grill and then the duct 

worker just connect it, according to participant 2. Participant 1 said that multi-skilled people might be 

preferable in ‘one-man’s-projects’ while in large projects, with a lot of specified work, for example to 

put up gypsum walls, it is preferable if a specialist does the gypsum walls. Nevertheless, when finalizing 

a room for example, it might be preferable if the worker are multi-skilled and could fix all small things 

that remain to do. 

As pointed out earlier, a lot of rework exist. According to participant 1, this kind of rework could might 

be eliminated if the workers are more multi-skilled and knows what is missing or undone. Participant 

1 said that this is a problem with the managers as well, they do not know how it should be, and they 
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need to ask the sub-contractors managers who need to ask the designer etc. Such thing needs to go 

through the whole chain because people do not have knowledge. 

“It is the problem with many of our new managers, neither they cannot see what 

the problem is. And they think it should be a duct there, then he goes to the 

plumber, then he needs to go to his manager and neither he knows. And then he 

needs to go to the consult.” (Participant 1) 

Participant 3 told that in her project, the workers needed to do different kinds of work. They had to 

build framework for cast-in concrete and install a kitchenette for example. This is required in a small 

project because there are unique things to do all the time. Participant 5 said that the workers working 

with the ground, need to be multi-skilled and have to have knowledge about and execute both the one 

and the other things. Participant 5 concluded to say that this might be their strength unlike other 

operations in construction projects. 

5.2.7 Standardization 

There are both groups that prefer to sell out e.g. the frame and groups that prefer to do it more on 

their own, according to participant 4. In projects where participant 4 had been responsible for, there 

had not been possible to build with modules because the projects was expensive and special, and 

sometimes complex. Participant 4 continued to explain that the frame for example is a lot based on 

prefabricated elements, but it is still built in at the work site and a concrete layer is casted-in on each 

slab for example. According to participant 1, every project and every place in a project are different. 

Everybody, Skanska, the architects, the property owner etc. want to build something unique every 

time which reduces the ability to standardize construction components.  

Although it is a hotel, the rooms are not exactly the same and there are a lot that need to be built at 

the work site instead of prefabricated, said participant 1. Participant 1 also concluded that a lot of 

prefabrication and modularization are not suitable in refurbishment projects, but it might be more 

suitable in residential projects. According to participant 3, a lot of work could be standardized. But it 

might be more suitable in new projects instead of refurbishment projects where all preconditions are 

not known. A lot of ‘specific operations’ could be standardized, even in smaller projects, according to 

participant 3. Skanska solutions need to be more highlighted according to participant 3, because they 

are developed by experts. Participant 3 said that they had ‘Skanska solutions’ in the project but needed 

to waive from them sometimes. 

According to participant 5, a lot of components are standardized already in participant 5’s types of 

projects, for example pipe connections. Regarding standardized methods, participant 5 concluded the 

same, that each specific method is standardized and added that the overall method needs to change 

because the uncertainty is high which requires changed methods. Participant 5 concluded anyway that 

a lot of methods are based on the designers and the execution methods are usually based on 

experience among the workers and managers. 

According to participant 2, modularization is more common in United Kingdom than in Sweden. When 

modularization, the design needs to start before the date the design have been started if it was built 

the work site. According to participant 2, it is important to build a kind of prototype and adjust it until 

it works and then start to produce the next modules. Participant 2 concluded, 

“To me, modularization only works if you got a lot of repetitive work.” (Participant 

2) 
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Participant 1 thought that the future is more standardized industrial manufacturing even in 

construction projects and gave example on a townhouse project where the last townhouse was built 

much faster than the first townhouse because you could do continuous improvements. Participant 1 

explained that Skanska had a type of standardized office building where the same team was involved 

in the construction in all projects. Participant 1 continued and said that one factor to archive increased 

productivity according to a manager in that project, was that the team needs to be the same all the 

time because they know how to do it and could always improve the work. 

Participant 3 said that modularization would be suitable in some projects but the precision need to be 

good. There are no possibilities to change 100 modules because they do not fit in the construction. It 

also takes time to ‘understand’ the module which reduces the time advantages of modularization if 

there are not plenty of them and there is no time to build up a prototype for example. In larger projects 

there might be time to measure the accurate measures and continue with other parts during the 

construction of the modules. Participant 3 concluded, 

“All that is prefab, if it can be trusted, is really good. Then it becomes closer to the 

automotive industry.” (Participant 3) 

5.2.8  Cleaning and Sorting 

According to participant 4, everybody has more or less their own tools to keep track of. Then there is 

a worker who are responsible for the machineries etc., and also take care of the sorting of waste 

materials etc. The cleaning by the workers, including sub-contractors are not 100 %, and it is important 

to be hard on the cleaning at the beginning of each project to get it towards 100 %, according to 

participant 4. According to participant 5, there are both projects where there have been clean and tidy 

and projects where there have not been clean and tidy. It is up to the workers to satisfy the cleaning 

and sorting, and to have everything structured. 

Participant 3 said that it is up to all workers to clean up after themselves, however, cleaning-sub-

contractors for cleaning are required sometimes. Participant 3 argued that the cleaning is relatively 

good in general but it could be better but continued to say that the productivity might not be better 

anyway. At a small project you always know who the responsible worker is, according to participant 3. 

Participant 1 said that they usually had a sub-contractor that do about 90 % of the cleaning but said 

also that Skanska’s and sub-contractors’ workers are told to do cleaning themselves. According to 

participant 1,  

“15 years ago, then it was so that the majority cleaned up their own things 

themselves, but that has slowly but surely disappeared from the industry” 

(Participant 1) 

Participant 1 said that it might be an economical reason behind hiring cleaners for 250 SEK per hour 

instead of 400 SEK per hour for Skanska’s or other sub-contractors’ workers. It depends also which 

kind of project it is, according to participant 1, and said that in an earlier project they had the same 

amount of cleaners at that project despite it was 10 times larger. Time is not a reason to not clean up 

after oneself but when the team is not homogenous and it coming new people all the time, the keep 

it clean and structured is though, said participant 1. There is a huge potential for improvements, 

concluded participant 1.  
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6 DISCUSSION ABOUT LEAN IN CONSTRUCTION PROJECTS 

As discussed in the Background in Chapter 1.1, the productivity growth is not as high as in other 

industries. A ‘theory’ or package of concepts and tools that has been used in other industries is lean. 

Lean has developed from Toyota and is used frequently in the car manufacturing industry as well as in 

other industries. According to the author, lean is not frequently used in construction projects. A 

discussion about lean concepts and tools in construction projects including a theoretical perspective 

from the literature review in Chapter 3, and a practical perspective from the interviews in Chapter 5, 

is presented below. To discuss and evaluate how lean concepts and tools in construction projects are 

used and how it could be used more or better, are essential to answer the research questions stated 

in Chapter 1.2 and satisfy the purpose with this thesis. 

6.1 The Construction Process and Project 

Lean is implemented in the construction process and will affect it, therefore the process for a 

construction project is important to evaluate and discuss. The car manufacturing industry is a complex 

process but the construction process is an even more complex process due to the more unique 

products and work sites. Nevertheless, according to the literature review, lean is suitable in complex 

processes as the construction processes. As in Toyota, which developed more long term relationships 

and gave sub-contractors more responsible to develop the best components, construction projects 

need to have a process which enable collaboration, teamwork and developments along the process. 

To become lean, collaboration, teamwork and developments are essential. A process that enables 

collaboration, teamwork and developments would have the potential to optimize the whole process 

and also the project.  

Today in the construction industry, there are several types of project delivery methods, as discussed 

in Chapter 3.3. The more ‘traditional’ method is design-bid-build method and another one is the 

design-build method. According to the author, the design-build method is more suitable for a 

construction process because it enables the main contractor to develop solutions that might be better 

from a constructability point of view. The design-bid-build process with detailed drawings to sub-

contractors under short term contracts, is like the procurement process Toyota wanted to avoid, as 

discussed in Chapter 3.2. Toyota gave instead responsibility to the best suited sub-contractor to 

develop a certain component during a few years, which is somewhat related to design-build process, 

according to the author. 

According to the interviews, the participants with design-build process, Skanska could impact the 

project a lot. But the design-bid-build process could be suitable for lean as well, if the collaboration 

between them is working. According to the lean project delivery method, discussed in Chapter 3.3, the 

important is that it is a collaboration and a teamwork over the whole process and that the different 

phases in the process are integrated to each other to satisfy optimal solutions based on the whole 

process. To let the main contractor, for example Skanska, impact the design and construction from a 

constructability point of view, would lead to a more productive and better process and project, 

according to the interviews and literature review. To have the facility management team involved in 

the whole process, as in participant’s 2 project, is also important to satisfy a sustainable and economic 

construction in a life cycle perspective. 

In theory, it is simple, just collaborate between the phases. In reality it is not working as well as it 

should do. According to the interviews, a big problem is that every project is special and unique, even 

though the methods are the same. The organization change, the designers change and the client 

change, and this is in addition to that the work site is changed and that the architects, most of the 
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time, want to do something unique. Because these changes during a project and between projects, it 

is difficult to start up a perfect process whit a perfect collaboration and long term relationship during 

every project. According to the interviews, many problems are due to that the earlier phases in the 

process are not sufficient executed. This is in line with what is discussed in Chapter 3.3 about sources 

to negative effects on the process. Nevertheless, it is important to strive towards more collaboration 

where the actors and stakeholders as client, designers and contractor, in the process, work and 

develop projects together, according to the literature review and the interviews.  

6.2 Concepts and Tools 

The ‘original’ lean concepts and tools has developed from Toyota and the car manufacturing industry. 

These concepts and tools are discussed in Chapter 3.2 and the aim with them is to reduce non-value 

adding activities such as waiting, moving, rework, overproduction etc. Concepts and tools used in 

Toyota, and among other companies as well, are continuous improvements or Kaizen by correcting 

problems immediately, just-in-time, Kanban and pull techniques, and multi-skilled workers in team 

instead of working individually with just one certain thing, and standardizing methods and products 

but with flexible output to meet clients’ individual requirements. Below some of these concepts and 

tools are discussed together with concepts and tools suitable in construction projects. 

6.2.1 Planning, Production Control and Collaboration 

When discussing lean concepts and tools related to construction, important concepts and tools are 

added. One important tool that is added is different kinds of production control and planning. 

According to the author, planning is not highlighted when discussing lean in the manufacturing industry 

but is very important and frequently used as a concept or tool in literature about lean in construction 

projects. This has certainly to do with the uncertainty and complexity in construction processes and 

construction projects which requires a lot of planning. Because even though a car manufacture process 

is a complex process with a lot of different actors and complex products, it is a repetitive work with 

repetitive products, which get it easier to predict the process and reduce the importance of planning. 

According to the literature review, construction projects are focusing on project control, with focus on 

the master schedule and budget, for example. Instead of project control, the focus has to be on 

production control and to take control over the production, according to the literature review. To get 

there, to focus on the actual production, better planning, where ‘all’ concerned are involved and 

encourage, is required. In the interview, one participant, participant 1, used a kind of collaborative 

planning. Participant 1 described a lot about it and told that everybody was involved in the planning 

process. The other participants described how they did the planning, with the same aim, but without 

the same involvement and encouragement from the participants in the planning. This is somewhere 

the difference is, the planning is the same in lean but the involvement, the encouragement, the 

discussion, and the driver to change and improve something are different in lean planning compered 

to ‘traditional’ planning with just a protocol that ‘nobody’ actually goes through.  

Planning and production control are close related to collaboration between the actors and 

stakeholders as main contractor, sub-contractors and client in the process. To get an optimize process 

during the construction, all these actors and stakeholders need to share their knowledge and 

collaborate in the planning as well. Traditionally it has been that sub-contractors have been told what 

to do during a certain time period for example. This might work if everything is certain. To get it work 

when the project is uncertain, there needs to be a collaboration between the actors at the work site 

where they are speaking to each other, and a collaboration through the planning to know what the 

others do and when, to satisfy that it does not clash with other work. A well-executed planning, both 

at the work site and among managers, will also enable that problems, issues etc. become known 
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among the involved actors. This because work assignments, close related to method statements, are 

prepared  every week to satisfy that the pre-required work and required resources meet the 

requirements from the actors next in the process. Toyota ‘stopped’ the line if something was wrong, 

the same is needed in construction projects, fix the problem directly to reduce rework.  

Regarding planning and production control in different types of projects. Planning and production 

control are important in all types of projects according to the literature review and the interviews. In 

large projects, the planning and production control might be important because of the complexity of 

the project and the process, while a small project has economic restrictions that require well planned 

and executed work.  

To implement a new concept or tool, there has to be a ‘driver’ and knowledge about it and it has to be 

used from the beginning of the project. According to the interviews, this is not easy in small projects 

where resources are limited and the knowledge might be limited as well. Even though it would be used 

in a small project, the rest of the projects or organization are not used to the new ‘tool’ and would 

certainly disregard to use it in the next projects because they are not familiar with it. It is not easier if 

a mid-size project implements a new tool because the organization change all the time and there might 

not be a driver to push it forward. According to the interviews, larger projects have the resources, 

knowledge and drivers to implement new concepts and tools. Therefore a new concept or tool for 

planning, could be used in all type of projects, nevertheless, it has to be implemented in the right 

projects to sustain and to be transferred to other projects. According to a prior case studies, 

collaboration planning or similar was categorized as a more advanced lean tools so it was not 

implemented in the case study. 

A part of the Skanska’s collaboration planning that is already used in projects, is the lean daily briefing 

or similar, according to the interviews. The participants in the interview argued that it is a simple but 

useful tool, in both larger and smaller projects, to discuss today’s work and to get knowledge about 

what other actors are doing. Regarding just-in-time, construction projects are trying to use it as much 

as possible. Regarding pull instead of push, it might be beneficial to analyze if that things could be done 

later on in the process to give more time and space to other actors and work, or if the work actually 

has to be pushed forward when it could. To use pull techniques with labor is hard in construction 

projects, this is due to that projects finishes and starts not at the same time. According to the author, 

this might lead to that the labor is pushed to the next project, even if it is not yet required. Planning 

over the projects is therefore also important to satisfy lean projects with a continuous steady demand 

of labor. 

6.2.2 Analyzing Problem and Continuous Improvements 

As discussed above, to analyze problems and issues to correct them directly has been powerful in 

Toyota and should be powerful as well in construction projects, according to the interviews. Also to 

analyze and improve processes could give benefits as reduced non-value adding activities in all type of 

projects. According to the interviews, to analyze and evaluate work, activities and processes are 

something that the managers and workers are not used to do as much as they could. Therefore there 

is room for improvements in this field. This requires time and today projects are often very pressured 

both financial and in time. Also to take benefits from the improvements in the same projects requires 

repetitive work or methods. Otherwise the improvements needs to be transferred to the next projects. 

And this is though according to the prior case studies and the interviews, partly due to that the 

organization is changed in every project.  

Lean is based on that everybody is taking responsibility, according to the literature review. To 

encourage improvements and to take responsibility, are important according to the interviews as well. 
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The site workers who actually do the work are allowed and the decisions are tried to be taken as close 

to the actual work as possible. To solve problems between different actors at the work site is also 

important to put as close to the actual work as possible instead of going through a lot of managers. 

This is easier in smaller projects where the actors know each other and know what the other actors 

are doing, according to the interviews. While in projects, where there are actors that work 

independently and are not able to discuss problems between themselves, it is not that easy. Therefore, 

in these types of projects, the collaboration at meetings, as discussed above, should be important to 

put focus on.  

Skanska has their lean tool for analyzing the work and to improve processes. Simple tools as finding 

the root cause could be used in all types of projects. According to the interviews, there are room for 

improvements for finding the actual cause to a problem. Either by simple evaluate a work afterwards 

or just by asking why?, a certain problem occurred, several times until the root causes are found, or by 

more extensive tools as lean six sigma and the close related value stream map, where the aim is to 

identify and improve the process. This requires more time to identify all process and time is something 

that some of the participant in the interviews argued that there is lack of or they usually do not do 

such analysis and therefore there is not time for it on regular basis. To ask why?, several times could 

be used in all projects while lean six sigma requires knowledge, resources and processes that could be 

improved, mainly during a project, which are satisfied in larger projects in general. But even in small 

projects processes need to be evaluated and improve. 

Today, the continuous improvement work and how the work are going to be done are evaluated in 

method statements, according to the interviews. This is towards the right direction. Anyway, the 

method statements need to be more extensive. The work and the method statements have to be 

followed up to discuss about what could have been better, for example. Work assignments are 

discussed above, in the context of planning, but it has a lot to with the continuous work as well. Before 

the work is started, it has to be clear that all pre-required work is done and after the work is done, it 

has to be checked and evaluated. To do this in a greater extent than in today’s projects would certainly 

be preferable. To have an issue board, to visualize and to not forget problems, and a lessons learn list, 

to transfer improvements further, were used by a participant in the interviews and would be a good 

tool to use in all kind of projects. 

6.2.3 Teamwork, Management and Multi-Skilled Workers 

Close related to the planning, collaboration and analyzing the work, as discussed above, is the 

teamwork and management. These two were different in Toyota compared to the other mass car 

manufacturing companies at that time, as discussed in the literature review. Instead of doing one 

specific thing, a team did several things and they work together within the team. In Toyota the workers 

were multi-skilled which led to that they did not have to wait for ‘specialist’ to do different kinds of 

work. In construction projects, the important thing is that the workers could discuss at the work site 

and that they are aware of what the others are doing and could help each other, instead of ignoring it 

and wait for someone who fix it. 

In some projects or parts of projects, there should be beneficial to have multi-skilled people. For 

example in a small refurbishment project, there are special and unique things all the time and then it 

is required to have workers that could do different kinds of work. In larger projects, whit repetitive 

work, e.g. hundreds of square meters gypsum wall, there is preferable to have workers that are good 

at one thing. Nevertheless, multi-skilled people could be useful in larger projects as well, e.g. when 

finalizing a project by correcting all minor problems that normally requires one specialist to do one 

correction and another to do another correction. Another advantage of multi-skilled people and 

teamwork, according to the interviews, is that they know what is wrong with the pre-required work 
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and could report it immediately to that worker it belongs to and get it corrected immediately. If a site 

worker has knowledge in only one thing, the worker might miss issues that will cause larger issues and 

costs later in the process. Close related to collaboration and multi-skilled workers is that it is important 

to determine “who is most probable to do a certain thing?” Sometimes it might be better if the workers 

installing the ceiling, also install the cooling-grills in the ceiling instead of the ‘duct worker’, for 

example. To have knowledge of several things and work together is beneficial in all construction 

projects. 

To have knowledge about the work, to be where the work is done and to take the decision as close to 

the actual work, are important for the managers to satisfy the production control. To be where it 

happens and understand the situation are something that were called ‘Genchi genbutsu’ in Toyota, 

and it is important in construction projects as well. For managers it is also important to have knowledge 

in new concepts, tools and methods to be able to implement it and to convince it to the workers and 

employees. According to the author, it is not only to get out at say “Now we are going to do it lean” 

without any knowledge about any specific and concrete concepts or tools and of how it works. 

According to the literature review, the managers have an important role to encourage all employees 

to be involved in the process. In addition to that, there might be negative aspects as well according to 

the literature review. The employees might be affected by stress etc., and that decision process might 

take longer in a lean bottom-up decision process where the workers are involved instead of directives 

directly from the top without the workers involvement. 

6.2.4 Standardizing, Structuring and Cleaning 

Standardizing is referred both to methods and to products or components. Regarding the standardized 

methods, construction projects are already but could be more standardized. According to the 

interviews, projects are not unique when it comes to the methods and it is up to the managers to 

convince the workers about the advantages with the standardized methods. Regarding standardized 

methods according to the interviews, it is also important that Skanska is allowed to impact the methods 

that is going to be used in the project by being involved early in the process. In construction projects 

also some components are standardized. But when the whole project is unique, at least in the types of 

projects that the participants in the interviews represented, it is difficult to use modules and 

prefabricated finalized elements. To take benefits of modularization, repetitive equal modules are 

required to satisfy the quality. Nevertheless, prefabricated elements are used in new construction but 

still they have to be installed, supplemented and adjusted at the work site, and they are not complete 

modules. According to the interviews, there will be more modularization in construction projects in 

the future but still, architects want to build something special and unique all the time which reduce 

the ability to use standardized modules in construction projects. 

To keep the work site clean and structured are important in lean, according to the literature review. 

This because it reduces the uncertainty in where everything is, it is easier to visualize if something is 

not there and it reduces the non-value adding activities as moving. According to the interviews, this is 

different from project to project of how it is today. Usually the workers are responsible to keep their 

own place clean and structured. But depending of project, cleaning sub-contractors could be required 

to hire. Everybody in the interviews agreed on that it would be better if the workers could keep the 

work site cleaned and structured, and be aware of non-value adding activities that arise if the work 

site is not organized. One argument against to have the site workers to clean themselves, according to 

the interviews, is that a cleaner costs less than a construction worker.  

To get the cleaning and structuring to work, it should be implemented from the beginning and that all 

workers follow it from the beginning in a project, according to the interviews. This because the 

organization and actors are changed and if cleaning and structuring are implemented form the 
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beginning, new actors and workers have to accept to keep the work site cleaned and structured. 

Regarding the Skanska tool 5S, shine, structuring, standardizing, sorting and sustain, the four first are 

already used but could be improved in all type of projects, according to the interviews. The last S, 

sustain, is the one that might be the problem, both according the literature review and according to 

the interviews. If the thinking or philosophy is not there among other employees in the next project, 

then it is thought to keep it as it was in the previous project. Also in the same project, as discussed 

above, it could be though to keep it when the organization and the workers are changed. Therefore, 

in such tools that do not require any special knowledge, it is important to get directives from the 

Skanska management team to focus on these 5S things for example. And, according to the interviews, 

the sub-contractors need to work for Skanska which lead to that they will adapt the claims from 

Skanska. 

Trying to standardize both methods and products, keep it structured and clean at work site, and do it 

always, are things that all construction projects have to strive towards but to keep in mind that 

standardized products not always work. 
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7 CONCLUSIONS 

Answers on the research questions and comments from the author are presented in this chapter 

together with suggestions about future research in the field. The conclusions are based on the 

information that is discussed above in this theses with respect to the limitations and assumptions 

discussed in Chapter 1.4. 

7.1 Research Questions 

The research questions are about if there are any obstacles to implement lean and which lean concepts 

and tools that are most suitable for different types of construction projects. This has been, directly or 

indirectly, discussed and evaluated from both a theoretical perspective and a practical perspective. 

Conclusions regarding the research question stated in Chapter 1.2 are presented below. 

What are the obstacles to implement lean in construction projects? 

Lean is to reduce the non-value adding activities and to increase the value to the client. This lean 

thinking is adopted in the car manufacturing industry for example and could be adopted in 

construction projects as commercial, healthcare, school and residential buildings as well. To satisfy a 

lean process with reduced non-value adding activities along the process, the project delivery method 

needs to include collaboration between the actors, e.g. the client, designer, main contractors and sub-

contractors, which is easier in a design-build process where the main contractor, e.g. Skanska, has the 

responsibility.  The concepts and tools used in Toyota could be useful in construction projects despite 

the complexity in a construction project and process due to unique projects and unique organizations. 

In addition to the concepts and tools used in Toyota, there are lean concepts and tools in construction 

projects that focus a lot on planning and production control. These concepts and tools, as collaborative 

planning and production control, in a lean project delivery process, together with concepts and tools 

associated with Toyota, just-in-time, continuous improvements, standardizing, structuring and 

teamwork, are suitable in construction projects in general. Some of the concepts or tools are used, or 

strived to use, indirectly or directly in construction projects already today. As a conclusion, lean could 

be used, and used more, in construction projects. The focus has to be on planning and production 

control in addition to other concepts as just-in-time, continuous improvement, standardizing. 

Which lean concepts and tools are most suitable for different types of construction projects? 

Regarding planning concepts and tools as collaborative planning, they could be used in projects where 

there are collaboration along the project process between actors as the client, designers and 

contractors. Because lean planning tools as collaboration planning, are not frequently used, it requires 

knowledge, passion, time and resources to implement it in projects. Knowledge, time and resources 

are more common in larger and longer projects, healthcare and commercial buildings around 1 billion 

SEK with a construction period longer than 1.5 year, for example. Therefore, planning tools, as 

collaborative planning, are preferable implemented first in larger projects. In smaller projects the 

organization is changed and the knowledge, resources and time are not available to satisfy a good 

implementation and usage during the project time. In a small project it works with a master schedule 

to complete the project, nevertheless, it would give benefits if collaboration planning, or similar tool, 

is used in smaller projects as well.  

Standardized methods are easier to use in a larger scale in new construction projects than in 

refurbishment projects. This because the uncertainty is, most of the time, lower in new construction 

projects which enable standardized methods without changes due to the existing construction. 

Anyway, standardized methods, for example methods for constructing interior walls, could be used in 

refurbishment projects as well. Standardizing elements and components, e.g. frame elements, are 
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already used in construction projects as commercial, healthcare and residential buildings. 

Modularization, defined as a ‘complete building block’, is not used as much in Sweden as in United 

Kingdom.  Modularization is preferable used in projects where there are repetitive ‘building blocks’ or 

standardized products, e.g. patient rooms. This is more frequent in larger residential and healthcare 

projects. In larger projects, where the construction time is long, one real module prototype could be 

built and adjusted to fit in and then the rest modules could be produced and installed with preserved 

quality. In smaller projects around 100 million SEK, it is not worth to use modularization because it 

requires higher ‘start-up resources’ than to produce it at site, which is not beneficial in small projects 

with less repetitive building blocks. Even though a construction is suitable for modularization, because 

repetitive building blocks, the quality requirements have to be fulfilled to archive the advantages of 

the modularization.  

To keep the work sites clean and structured, as the purpose with the 5S lean tool, could be done in 

every project and could also be improved in all projects. Analyzing processes or value screen mapping, 

are more suitable in larger projects where there are worth the time to analyze the different processes 

that could be improved. 

Has the whole supply chain adopt lean to get it work in construction projects? 

To get lean to work, the whole process has to be optimized by collaboration and responsibility to sub-

contractors to develop the best components during a long term relationship. To get just-in-time and 

pull techniques to work, it is not enough if only the main contractor uses these concepts, it has to be 

used by the whole chain to increase the productivity in construction projects. Lean requires teamwork 

and collaboration in Skanska but also between the stakeholders or actors as the client, designers, sub-

contractors, tenants etc. This in order to get an optimal process. Nevertheless, many of the concepts 

and tools mentioned in this thesis, could be start used only at the main contractor as well, e.g. Skanska. 

For example finding the root causes to problems, lean six sigma for better processes and 5S for a better 

work environment among Skanska’s workers. Of course these would be easier to use in a project if the 

whole chain, or at least the stakeholders and actors in a particular project, uses lean thinking. 

7.2 Lean and the Construction Industry 

In this thesis lean ‘theory’ or lean concepts and tools are discussed. Lean is broad and it is not clearly 

defined. This leads to that it might be hard to implement and use it. Nevertheless, the construction 

industry has to look at other industries and take impression about lean from the car manufactory 

industry or the shipbuilding industry, for example. Still there are differences between by making a car 

in several thousand copies and by making one unique construction, even though projects consist of 

thousands of similar components from project to projects. There are also differences between building 

ferries at the shipyard and building projects at different work sites with different pre-conditions. The 

construction industry might also have to accept that architects want unique products which leads to 

that it is a new product every time and the ability, to use the same products and methods used in the 

previous projects, is reduced. Because that, other tools as collaboration, teamwork, everybody 

involved and striving towards the same goals become important to reduce the uncertainties and the 

complexity without reduced value to the client, and without not doing as the architects want.  

If the design and construction are completely known, the best methods are known and used, the 

process is determined and client’s requirements are included, then it is just to build in a traditional 

way. The design is complete and the manager push the work forward and there are transformations 

of inputs to outputs without any needs of information or value flow. But as discussed above, when a 

building is becoming more uncertain and more complex, both building technically and with more actors 

and activities involved in the process, lean thinking, concepts and tools support the way to increase 
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the productivity and quality, and  compensate the uncertainty and complexity with pull methods, 

better planning, better information flow and integrated workers. 

Construction projects have also other ‘problems’ to improve. Some of them are the impact on the 

environment, safety at the work site and illegal work. These should be prioritized but focusing on the 

productivity would not be in contradiction to these. Therefore, everybody could think about safety 

environment, but also productivity. For example, Skanska has ‘short information about safety’, when 

something could be improved regarding safety. The same could be used for the productivity, ‘short 

information about productivity’, by a manager to explain how this process, activity etc. could be done 

with reduced non-value adding activities. “This could be ordered one week later which would led to 

reduced moving of material and inventory costs.” But whatever it is within the office, at the factory, 

or at the work site, the lean thinking has to be there in everyone’s mind, independent of the work 

he/she is doing. 

Reducing the non-value adding activities and increasing the value. 

7.3 Future Research about Lean in Construction Projects 

As discussed in the Chapter 1.4 about limitations and Chapter 2.6 about method critics, there is a lot 

to do research about in the field of lean in construction projects. Investigate tools further and develop 

concrete practical tools for different type of construction projects could work as an extension of this 

thesis. A lot of more case studies need to be done to get knowledge about how the productivity will 

change if lean is implemented. Then other problems arise about defining what lean in construction 

projects is and how lean is delimited from other ‘productivity-increasing-theories’. Increased 

productivity and to become lean could be supported by building information modeling or building 

information management. Therefore this area is important to do research within.  

Two specific area for further research related to lean concepts and tools in construction projects are 

planning and collaboration, and modularization and standardization. To get lean to work, collaboration 

and planning are important. Therefore the development of project delivery methods is very interesting 

because the project delivery methods have an important role to satisfy good collaboration between 

the stakeholders. It might also be in the project delivery method the risks are. It might be difficult to 

determine who is responsible for what etc., and especially in lean, where everything should be 

integrated. Planning is, of course, done in today’s projects as well, but there is room for improvements 

in the planning process and how the planning is done. This is a field which is important due to the 

uncertainty and complexity in construction projects. Modularization and standardizing are something 

that construction projects might strive towards, to build constructions in factories and just assemble 

them at the work sites. This is an area that has to be studied more, when is modularization suitable 

and when is it not suitable? Could the quality be maintained in constructions which are built by 

standardized modules? Of course it would increase the productivity if the constructions could be built 

in a factory, but it is not that easy. Anyway, there is room for research about how more could be 

constructed in modules with maintained quality.  

Another research perspective on lean is how it affects the safety, the environment and the life cycle 

analysis. Safety is highlighted in every construction projects and needs to be taken into account in 

everything. The environment is a field which is affected because of lean strives towards just-in-time 

deliveries which might increase the transportations and the emissions from the transportations. To 

construct sustainable building and look at the life cycle perspective are also important to discuss and 

study in the field of lean in construction projects. All these research fields have to be combined, and 
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studied both in theory and practically to optimize construction projects by using the right lean concepts 

and tools. 
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APPENDIX 

A. Interview Request for Participation in Master Thesis 

I would like to make an interview with you for my master thesis in Civil and architectural engineering. 

The thesis is written at KTH and Skanska. The subject of the thesis is Lean in construction projects and 

the suitability of lean in different type of projects.  

Purpose and aim with the thesis 

The purpose of the thesis is to increase the productivity in construction projects by evaluating when 

and in which type of construction projects different lean concepts could be used and when it is worth 

to implement different lean concepts. The aim is to determine which lean concepts that is most 

suitable to use in different kind of projects. 

Interview approach 

The interview will take approximate 45-60 minutes. The interview is preferably held in Swedish. The 

questions are semi-structured which opens up the possibility for sub-questions and discussion. The 

interview is recorded but anonymous with no name published, but the profession, type of construction 

etc. are published. You have the possibility to read a summary including all interviews before publishing 

to verify the answers and ensure your integrity.  

Purpose with the interview 

The purpose with the interview is to get information about your knowledge of lean, if or how lean is 

used in your project, your perception on lean and the possible benefits of different lean concepts if 

implemented in your project. And finally if there are any risks with lean concepts or tools related to 

your project. 

General about the questions 

The questions are divided into parts. First part include general questions and following parts include 

more specific questions. Depending on the time, some of the questions might be overlooked. If any 

question, concept or expression is not understood, it is described during the interview. The answers 

should preferably be related to the project (or similar projects) you are responsible for. 

The parts of questions are 

- General questions about you, the project, process and lean 

- Questions about implementation 

- Questions about planning, collaboration and flexibility 

- Questions about analyzing the work, continuous improvement 

- Questions about standardization, multi-skilled employees, cleaning and sorting 

- Questions about Skanska’s lean tools 

- Questions about risks with lean 

Thank you! 

Stockholm 26th of March 2014 

 

________________________ 

Tomas Lindholm  
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Questions 

The questions that may be relevant to discussed during the interview are presented below. 

General questions 

1. Tell me about your position, age, work experience, type of project, type of project delivery 

method, the monetary value of the project, and complexity of the project. 

 

2. Please sketch shortly the process from the procurement to usage with the five most 

important actors and sub-processes (client, designers, frame contractor etc.). Are the 

relationships between the actors, for example partnering, fixed price etc.? 

 

3. Describe briefly your perception about the productivity in construction projects and 

particularly your project?  

 Is there room for improvements? 

 

4. Are you familiar with lean and what do you know about lean? 

 What is lean in construction?  

 Describe how you use lean thinking and tools in your project(s)? 

 Specify and describe the tools you use. 

 

5. What is your perception on non-value adding activities, as overproduction, waiting, 

overproduction, inventories, transportations, rework, etc.? 

 Is it possible to reduce the existing non-value adding activities further? 

 Are processes investigated regarding value respectively non-value adding activities? 

 Are you focusing on reducing the non-value adding activities? 

Implementation 

6. What is you perception of implement knew ‘tools’ or concepts, for example new planning 

tool or new concept for cleaning and sorting (of material and equipment)?  

 Is it worth the effort?  

 Does it depend on which tool and how advance (to implement and learn it) the tool 

is? 

 Is their time to implement new tools? 

7. Is there a problem to implement a tool if there are not any specific problems to solve, just 

general increased productivity, for example a new production planning approach instead of 

the old, well working planning approach? 

Planning, collaboration and flexibility 

8. Describe shortly how the planning of the work is done on your project? 

 Focus on a master schedule? 

 Six week ahead planning where assignments are clarified? 

 Plan the work to be done as fast as possible when the previous work are done? 

Reverse schedule planning? 

 

9. Some lean tools include a lot of planning, for example last planner system, daily briefings and 

just-in-time delivery. Do you think better and more planning, discussion and transparency 

would improve the productivity? Describe how? 

 What is your perception on daily briefings? 
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 What is your perception on a 6 week look ahead plan where assignments are 

discussed regarding planning, doing, checking, and acting? 

 If the work could be put as late as possible, to free up resources, by better planning, 

are you willing to do that or will it increase the risk? 

 Could a better collaboration between actors increase the flexibility to late changes 

(for example using the latest technology instead of the one planned to use when the 

design started)? 

 

10. Describe the employees’, particular the workers’ (YA) and foremen’s, involvement in 

planning and decision making?  

 Could they be more involved in decisions? 

 Involving all employees, could it improve the productivity?  

 What are the berries to involve the workers more? 

 

11. Should not it be better and clearer if everything is designed and determined first to 100% 

and then the project is constructed without discussion and uncertainties according to the 

detailed design in BIM?  

 The total time might be higher but the constructed time might be lower, right? 

Analyzing the work – Continues improvements and root causes to problem 

12. Determine the root cause to something that did not work as it should and continues 

improvements are important in lean. Describe how problems are analyzed today?  

 Is it something that could be improved? 

 How is improvements delivered to next project?  

 

13.  Describe if and how the workers (YA) and foremen are and could be more involved in 

analyzing problem and the continuous improvement work. 

 Could work methods be improved if workers (YA) were more involved? 

Standardization, multi-skilled employees, cleaning and sorting 

14. Lean is also about cleaning, sorting and everything on its right place. How is this today, do 

you think this could be improved and would it lead to increased productivity? 

 Could sorting and standardizing where all the products are stored be improved too, 

for example reducing time for collecting material, equipment, etc.? 

 

15. Describe the degree of standardization in your project, both in processes and in building 

technical methods? Are the project just following procedures that are used in prior projects 

or is everything new and customized for this project?  

 Could the degree of standardization be increased in your project? 

 Are you using ‘best concept’ methods in the standardize work? 

 

16. Multi-skilled employees are useful to become lean, is this something that are achievable?  

 Are the employees only doing exact same thing or could they do other things while 

they waiting for their next main assignments? Are they encourage to involve in other 

work as well? 

 Do the workers the cleaning themselves or are there sub-contractors that do the 

cleaning? 

 Do you always need to order ‘specialists’ for all kind of assignments?  
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Skanska’s lean tools 

17. Skanska’s lean tools that are recommended to use are among others: Collaborative planning 

including look ahead plan and daily briefing, Lean Six sigma for process improvements, 

performance measurements, the 5S’s, value stream mapping and screening potential root 

causes (all shortly described). Describe your perception on this tools and how you think these 

tools could improve the productivity and reduce the usage of resources if they were used in 

your project? 

 Are you familiar with these specific tools? 

 Do you think these tools are relevant and needed or could everything be improved 

without specific tools? 

Risks with lean 

18. With everything leaner, e.g. less inventories, more flow than start and stop, pull instead of 

push, only produce what the client wants, reducing the waste activities, more planning, 

involving all employees and parties, etc. Could it be any risks? 

 What about the sub-contractors do not trust the lean thinking? The process chain is 

not stronger than the weakest link. 

 What if the time margins are too small in the process? 

 What about the effort among the employees to implement new tools?  

 Lean requires that the employees take own responsible and suggest improvements, 

is this achievable? 

 Does collaboration always work? Could it be too much discussion? 

 Is not there a risk for the main contractor to charge high fees for the work because 

there are a lot of other factors that weight higher? 

 Could it be better with one strong leader in a project with a lot of problem and 

different opinions? 
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