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Abstract
This thesis deals with development of lean and green production systems from an action research
point of view. The studies focus on Swedish-based automotive and vehicle industries and their aims to
integrate sustainable thinking and environmental care into their operations management.

Starting from operations management in manufacturing and corporate sustainable development, the
research is built on how to integrate these two views into one production system. The systematic
structure of a multiple-target improvement process with methodologies and tools designed to achieve
the sustainability vision has been studied. Since lean as well as green production is based on the entire
value chain, the research has gone beyond legal company limits and included the collaborative efforts
between suppliers and customers in the value chain.

The thesis includes six papers and describes approaches on how to implement integration, how to
structure and integrate improvement management systems, how to set up an integrated monitoring and
control system for the business and how to organise and redesign green lean tools and methodologies
to support collaboration towards common targets.

The results can be used for exploration and hypothesis formulation for further studies and development
of integrated production systems and collaboration systems. The thesis helps answering how to integrate
and implement company-specific green lean production systems.

ISBN 978-91-7485-157-1 
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Preface 

This thesis deals with sustainable development of operations management.  
 
Management is a word with many meanings: The quality manager manages 
the well-managed environmental management system is a sentence that 
shows how the word can be applied in different ways and have a variety of 
meanings. According to textbooks in economics, „management‟ is the „deci-
sion-making‟ process of an organisation.  
 
All organisations carry out some sort of activities; these are the operations of 
the organisation. One of the key roles of the operations management of an 
organisation is to make decisions that are in line with the reason behind the 
organisation’s existence, its vision, and that will ensure the organisation’s 
survival. However, organisations or companies and their operations are not 
static; they change and develop. One aim (maybe the most important) of 
operations management is to steer that change of operations in the desired 
direction, to improve operations. In this thesis the view of a company’s im-
provement management as the major part of operations management is elab-
orated and examined with empiric studies from industry.  
 
To secure long-term survival of a company, it needs to direct the company 
changes towards a balance with the surrounding environment, society and 
actors involved in the operations. The development towards this balance is 
the meaning of corporate sustainable development, where the company may 
prosper without abusing/exploiting other organisations, individuals or the 
surrounding environment. Since companies do not operate alone but interact 
with other companies, organisations and individuals, the management needs 
to be adapted to the management of others. Usually the operations of profes-
sional companies are part of a larger system of operations. Companies are 
dependent on the supply chain of which they are part. In order to improve 
the whole system, managements of all the involved organisations have to be 
aligned in some way. This thesis shows how companies may manage their 
operations towards sustainable development and how this can be aligned 
with management of other companies. 
  



 

 



 

Populärvetenskaplig 
sammanfattning 

Utveckling av hållbara produktionssystem i samarbete 
 
I en ändlig värld utmanas företag på nya sätt. Att arbeta i en riktning som är 
ekonomiskt, socialt och miljömässigt hållbar är en utmaning som kan vara 
viktig för företags överlevnad. Grunden för detta arbete är ett integrerat för-
bättringsarbete mot flera målparametrar. För att förbättringsarbetet skall 
fungera effektivt bör man integrera ledningssystem mot de olika målpara-
metrarna med varandra. 
 
Om man inkluderar hållbar utveckling i sina företagsmål måste man även 
tydligt inkludera värdekedjan, före och efter sitt företags egen verksamhet, i 
den operativa ledningen. För att synkronisera olika företags verksamhetsför-
bättringar krävs samarbete.  
 
Den här avhandlingen beskriver i sex artiklar ansatser till hur denna integrat-
ion kan gå till, hur förbättringsledningssystemen är uppbyggda och kan inte-
greras, hur man sätter upp ett integrerat mät- och styrsystem för verksamhet-
en och hur man kravställer och designar sina metoder och verktyg för att gå i 
riktning mot sin hållbarhetsvision.  
 
En artikel beskriver hur några stora svenska företag har byggt upp sina pro-
duktionssystem, XPS, i strävan att integrera hållbar utveckling. Avvägningen 
mellan att man får ett alltför komplext system och att man förenklar för 
mycket eller utelämnar något viktigt område diskuteras. Detta gäller även i 
högsta grad mätetalssystemet som delvis är behandlat i samtliga studier. Det 
är viktigt för verksamhetsstyrning att man mäter så nära verksamheten som 
möjligt och sätter målen, styrsystemets börvärden, så verksamhetsnära som 
möjligt. Miljömål och mätetal upplevs oftast som komplexa, och i den andra 
artikeln beskrivs hur man kan använda sig av en metod för att stötta den 
operativa verksamheten att ta fram relevanta miljöförbättringsmål och mäte-
tal i linje med företagets miljöutmaningar. Det diskuteras också hur man 
applicerar samma tänk på övriga områden. I tredje artikeln visas ännu mer 
detaljerat vilka parametrar som är viktiga när man designar sitt mät- och 
styrsystem på operativ maskinnivå. 



 

 
Den fjärde artikeln visar hur man kan samarbeta med leverantörer av pro-
cessmaterial och tjänster. Artikeln behandlar hur ett sådant tätt samarbete 
behöver organiseras och styras med avseende på gemensamma måltal och 
ansvarsfördelning. I den femte och sjätte artikeln demonstreras hur man av 
befintliga verktyg kan sätta ihop integrerade verktyg eller metoder för att 
förbättra i hållbarhetsriktning. I den sjätte artikeln berörs ytterligare hur man 
kan skapa närmare samarbete i sin värdekedja. 
 
Studierna har utförts i begränsade tillämpningar men innehåller lärdomar 
som är generaliserbara. Avhandlingen ska främst ses som utforskande och 
hypotesskapande för framtida utveckling av integrerade produktionssystem 
och samarbetssystem. De studerade exemplen visar hur man kan göra, men 
begränsningar för när man kan göra vad behöver beforskas ytterligare och 
även hur man kan optimera och på vilket sätt man kan integrera systemen. 
  



 

Popular science 
summary 

Development of sustainable production systems in a 
collaborative setting 
 
A finite world presents challenges to business in new ways. Working in a 
direction that is economically, socially and environmentally sustainable is 
important for the survival of many businesses. The basis for this work is an 
integrated improvement process towards multiple target parameters. In order 
for the improvement process to operate effectively, it needs to integrate 
management systems and various target parameters with each other. Includ-
ing sustainable development in business objectives also requires clearly in-
cluding the value chain, beyond the company's own operations, in the opera-
tional management and collaborating in synchronising the different compa-
nies’ business improvement systems. 
 
This thesis comprises six articles and describes approaches on how to im-
plement this integration, how to structure and integrate improvement man-
agement systems, how to set up an integrated monitoring and control system 
for the business and how to organise and design methodologies and tools to 
move towards the sustainability vision. 
 
The first article describes how some large Swedish companies have built up 
their production systems, XPS, in the effort to integrate lean programmes 
with sustainable development. The balance between having an overly com-
plex system and simplifying too much or omitting something important is 
discussed. Monitoring and control are partially addressed in all studies. It is 
important to measure performance as close to the action as possible and set 
appropriate local relevant goals. Environmental objectives and metrics are 
often experienced as complex, and the second paper describes how to make 
use of a method to support the operational activities in order to develop rele-
vant environmental improvement goals and metrics in line with the compa-
ny's environmental challenges. It also discusses how to apply the same think-
ing to other areas. The third paper further details the parameters that are im-
portant in designing a multi-dimensional monitoring and control system for 
an operational machine. 



 

 
The fourth paper shows how to cooperate with suppliers of process materials 
and services. The article addresses how such collaboration needs to be or-
ganised and controlled with respect to common targets and responsibilities. 
The fifth and sixth papers demonstrate how existing tools can be integrated 
into more comprehensive methods to improve sustainability. In the sixth 
paper, additional ways to provide for collaboration in the value chain are 
further touched upon. 
 
The studies were performed in a limited number of applications but contain 
learning that is generalisable. The thesis should primarily be viewed as ex-
ploratory and as a hypothesis formulation for future development of inte-
grated production systems and collaboration systems. The examples show 
how to construct green lean improvement systems. Restrictions on when to 
do what need to be researched further as well as how to optimise and inte-
grate the systems. 
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Terminology  

The following terms and definitions have been used in the thesis. 
 
Collaboration - actively working together on common goals and common 
learning in an interactive cooperation. Working together to create something 
beneficial. 
 
Cooperation - concurrent operations in harmony with each other in line with 
individual but not contradicting goals. Working together for mutual benefit. 
 
Improvement system is the integral part of a company, organisation or or-
ganisational system (e.g. several companies) that aims to improve the per-
formance (in any aspect) of that company/organisation/system (e.g. a lean 
programme or a management system). Since it is an integrated part of an 
XPS for a company, it may be difficult (and unnecessary) to separate the 
XPS and the improvement system from each other. 
 
Losses will be used for waste of time, in Japanese muda. A loss is “anything 
other than the minimum amount of equipment, materials, parts, space, and 
worker‟s time which are absolutely necessary to add value to the product” 
(Ohno 1988). 
 
Management is an organisation’s decision making and support for those 
decisions (Stiglitz 2005).  
 
Manufacturing will be used for the industrial production of material prod-
ucts (not the making of services). This includes sourcing, industrial opera-
tions and logistics included in supplying the market with the desired goods. 
 
Material waste and material residues will be used for waste in line with the 
legal definition of waste according to EU regulations: ‖any material that is 
discarded or required to be discarded‖, ―any substance or object […] which 
the holder discards or intends or is required to discard‖ (EU 2006), which 
means all non-productive output (NPO) including solid and fluid waste. 
 



 

Natural resources will be used for material (including energy sources) re-
sources and land use, but also for the surrounding nature’s capability of as-
similating emissions and continuously withstanding the activities involved 
(Stiglitz 2005). 
 
Product service system (PSS) is commonly stated to be “a marketable set of 
products and services capable of jointly fulfilling a user‟s need” (Govt. of 
Netherlands cited by Morelli 2003, p. 74)in a business model that “strives to 
be competitive, satisfy customer needs and have a lower environmental im-
pact than traditional business models” (Mont 2004, pp. 77 and116) and can 
be used for different types of materials and involve partnership in supplying 
and managing consumables and related services (Stoughton and Votta 2003) 
or investment products. The aim is to align suppliers’ and customers’ eco-
nomic incentives and let them share the responsibilities of, and gain from, 
the total life cycle (Mont et al. 2006). 
 
Production will be broadly used for all methods and processes involved in 
bringing a combination of various resources (ideas, skills and raw material) 
together into (marketable) goods and services (Encyclopædia Britannica 
Online 2012). It refers to the making of anything material or immaterial in-
cluding direct operations and indirect operations needed (Selander 1971). 
This includes development, sourcing, industrialisation, manufacturing and 
marketing of physical products, as well as development, marketing and op-
eration of services. 
 
Production system will be used for the socio-technical system of equipment, 
people and methods used in industry to create goods and services from vari-
ous resources, an arrangement of resources/production factors (plant, equip-
ment, material, people, methods) needed to make the products (Selander 
1971). 
 
Resources will mainly be used for material, energy, capital and human re-
sources used in production in line with production factors according to 
(Selander 1971)TNC (1971) and (Wernerfelt 1984). 
 
Sustainable will be used in accordance with the definition of the Brundtland 
Commission. Sustainable development means “the use of goods and services 
that respond to basic needs and bring a better quality of life, while minimis-
ing the use of natural resources, toxic materials and emissions of material 
waste and pollutants over the life cycle, so as not to jeopardise the needs of 
future generations" (UN 1987), thus including economic, social and ecologic 
sustainability. 
 



 

Systems are complex dynamic entities composed of different interrelated and 
interdependent parts or subsystems that have the capability to adapt behav-
iour in response to external influences (Wright 1989). 
 
Waste will be avoided since it contains an ambiguity when it is mainly used 
as legally defined in EU as material that is discarded, e.g. material waste, 
however since it is often interpreted as a lean waste or losses waste of time 
may also occur in the thesis. 
 
Waste management refers to the management of material waste. 
 
XPS, Company X production system will be used for the system of opera-
tion management rules, methods and tools as well as monitoring and control, 
used to manage, operate and improve the production system of a company 
(Bellgran and Säfsten 2005; Netland 2012) 
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1. Introduction  

1.1 Background 
This thesis considers development of production systems in a direction to-
wards ‟leanness‟ and effectiveness as well as towards sustainability. The 
research treats companies’ aim for lean development and sustainable devel-
opment from an integrated improvement system approach. 
 
Lean production has been used as a fruitful management approach for com-
panies in global competition (Bicheno et al. 2011; Hines 2009; Liker 2004; 
Modig and Åhlström 2012). The system of engaging everyone in continual 
improvement towards the goal of shorter lead time and reduction of non-
value-adding activities is a successful means of achieving long-term eco-
nomic sustainability and a competitive cash flow. The development of prod-
ucts, processes, information and technology is still accelerating, which fur-
ther emphasises the need for organisational learning and continuous im-
provements (Al-Smadi 2009; Senge 1990). In its simplest form, operations 
management strives to maximise profit margins and return of investment 
(Anthony and Govindarajan 2007; Bellgran and Säfsten 2005). In industries 
with high capital investment, lean manufacturing strategies address capital 
turnover by focusing efforts on time efficiency and reducing lead time 
(Modig and Åhlström 2012). By reducing losses (of time) in the whole pro-
cess and achieving both a long-term survival and a steady return of invest-
ment, a crucial successful use of capital has driven the development of com-
panies in the 20th century.  
 
In the early 21st century this challenge remains, but further challenges arise. 
The world faces an ecologic challenge with more and more people who have 
increasing demands of quality of life but only one earth with limited natural 
resources and capabilities to fulfil these needs (Jackson 2011). For the macro 
system it is important to understand different models of how the natural re-
sources can be shared and best used. For the micro system of individual or-
ganisations it is important to understand how to maintain current or in-
creased output with less use of resources and less material waste and emis-
sions to the environment. In addition, competition over resource use will be 
affected by demographic changes, and as democracy develops and welfare 
increases, so do the demands from customers, employees and society at large 
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on social as well as environmental aspects. Consequently, corporate sustain-
able development involves economic, environmental and social dimensions 
and, as a result, has challenges from an operations production system point 
of view (Despeisse et al. 2012). 
 
From a life cycle assessment (LCA) point of view, many products, especially 
in the automotive and vehicle industry, are characterised by the products’ 
use phase causing the largest environmental impact, mainly due to 
fuel/energy consumption (Zackrisson 2005). Obviously, the design phase is 
very important when determining such characteristics of products 
(Ammenberg and Sundin 2005). However, the manufacturing phase is also 
significant, and, since the use phase is extended to several years, the direct 
environmental impact in production is often more intense and concentrated 
than in the use phase and it is, consequently, essential to also start actions in 
the manufacturing phase, especially actions addressing material, energy and 
waste efficiency (Smith and Ball 2012). Meanwhile, companies tend to focus 
on their „core business‟ and may, in line with this, outsource subprocesses 
and services to other companies that specialise in these (Stiglitz 2005). In 
addition, in service production and product service systems, the manufactur-
ing phase and the use phase are intertwined (Sundin et al. 2010). Therefore a 
focus on ecological sustainable development of the production system needs 
to consider manufacturing operations as shown in Figure 1. 
 

 
Figure 1: Corporate operation management in the whole value chain 

1.2 Problem description 

Although companies for decades have worked with environmental im-
provements in environmental management systems (EMS) and with worker 
health and safety improvements in occupational safety and health manage-
ment systems (OSHMS), these efforts have often been distinguished from 
regular operational improvements (Sroufe and Sarkis 2007), and sustainabil-
ity issues are not specifically mentioned in most companies’ operational 
improvement programmes (Netland 2012). Although integration of systems 
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is generally claimed to make business sense and most companies with sever-
al management systems aim for integration, most struggle with reaching full 
integration in all areas (Karapetrovic and Casadesús 2009). There is also a 
lack of detailed research on how to integrate formal management systems 
with lean programmes (Chiarini 2011).  
 
Companies often start to focus their environmental work on aspects that they 
may affect directly; the environmental aspects range from energy, material 
and land use to emissions and waste together with the produced goods and 
services. Some subprocesses of manufacturing affect the environment more 
than others, especially energy-intensive processes like foundry, paint shops 
and heat treatment. Many of the major environmental impacts of manufac-
turing relate to supplier processes, such as raw material supply, energy sup-
ply, chemical supply/process fluid management, management of waste mate-
rial and residuals. In addition, fluctuations in demand are often met by using 
short-term employees and man-power staff (also at service supplier compa-
nies). This leads to a situation where more and more employees at a site are 
employed by other organisations, which is a major challenge to the im-
provement system. Figure 2 depicts this situation as a closer look of Figure 
1. This also emphasises the need to take a holistic view of the supply chain 
and control natural resource use along the entire value chain including 
closed-loop supply chains (Kainuma and Tawara 2005). The focus of lean 
manufacturing on reduction of variations and wasteful activities makes the 
demands for secure supplies essential and therefore long-term supplier de-
velopment is crucial in lean manufacturing (Liker 2004). Aims for a lean and 
efficient value stream and lean supply chain management thus mean a need 
for a closer supplier-customer relation in which the values and common 
goals of an efficient value stream are shared between the actors.  

 
Figure 2: Suppliers within the company gate.  
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The general improvement rate of, for example, environmental management 
systems (EMS) in accordance with ISO 14001 has, after an initial progress, 
declined (Zackrisson et al. 2000) and there is no guarantee that an EMS 
gives a higher improvement rate in all important environmental parameters 
(Zobel 2012). One main criticism of ISO 14001 is the lack of emphasis on 
achieving environmental performance improvements (Ammenberg 
2003).There exist different approaches on how to run the EMS more effi-
ciently and some researchers suggest that integration with lean programmes 
may be a promising approach (Kidwell 2008; Martínez-Jurado and Moyano-
Fuentes 2013). Studies show that companies that have implemented lean also 
perform better on several green, environmental management and workplace 
safety issues (Aguado et al. 2013; Dües et al. 2013; EPA 2003; 
Hajmohammad et al. 2013; Kidwell 2008; King and Lenox 2001; 
Rothenberg et al. 2001). However, studies also claim that there exist green 
gaps not covered in lean (EPA 2007; Rothenberg et al. 2001). In order to 
close this gap, further research is needed on how to link lean manufacturing 
and corporate sustainability performance (Rothenberg et al. 2001). One ob-
stacle may be the (perceived) conflict of interest between operations man-
agement, targeting cost and time, and environmental management, targeting 
environmental impact (Johansson and Winroth 2010; Rothenberg et al. 
2001). Integration of the environmental management system in operations 
management is a suggested way to resolve this conflict and reach further 
than with either approach on its own (Kidwell 2008; Yang et al. 2011). Alt-
hough there are some studies on the benefit of integrating green with lean, 
there has been a need for more qualitative studies on how to implement inte-
gration strategies or how companies have tried to do this; also the system 
boundaries will need to be extended beyond company limits (Bi 2011; 
Martínez-Jurado and Moyano-Fuentes 2013; Schaltegger and Synnestvedt 
2002). Also guidelines of how to extract shop floor performance metrics to 
drive combined environmental and operational improvements are needed 
(Smith and Ball 2012). 
 
There is obviously a gap in how many companies formulate the principles of 
their lean-based improvement systems when it comes to ecological sustaina-
bility (and possibly lean values). Thus, when combining the ecologic chal-
lenge with the need for agile and efficient performance in a company, the 
question arises how this will affect the operations management and further 
how this will change the requirements on the improvement system.  

1.3 Purpose 
The purpose of this research is to aid manufacturing companies in their re-
sponse to future challenges to achieve a more sustainable development while 
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still further advancing the production system with regard to productivity and 
competitiveness.  
 
The research objective is to contribute with knowledge of how to manage 
internal and external collaboration and improvements towards a more sus-
tainable production system. The research on collaboration especially targets 
the inclusion of environmental efficiency in operation-efficiency-centered 
improvement systems (such as lean programmes) together with suppliers. 
 
The research is based on the perspective that the challenges for the manufac-
turing companies of today demand a more holistic view of the improvement 
system, including the entire supply chain, as well as the end-of-life manage-
ment of the (integrated) products and services used and produced in the 
manufacturing phase.  

1.4 Research questions  
The research will describe the attributes of a company’s improvement sys-
tem, illustrated by the term XPS, company X’s production (management) 
system, based on the integration of environmental and operational efficiency. 
In order to achieve the research purpose and objective, four research ques-
tions have been formulated. The first research question serves as a research 
clarification question and sets the scene for the following questions. Fur-
thermore – with the earlier stated challenges in mind – the research will pro-
vide an analysis of how a company can influence the collaboration with in-
ternal and external stakeholders in the value chain. 
 
RQ1: How can sustainability be integrated in company-specific green and 
lean production systems (XPSs)? 
 
Specifically, how has the integration of green and lean been organised and 
what factors are seen as important to achieve operative and environmental 
improvements at industrial vehicle and automotive companies located in 
Sweden? 
 
RQ2: How can monitoring of an integrated XPS with regard both to tradi-
tional operations management (OM) targets and sustainability goals be de-
signed? 
 
Specifically, what features/elements are important for the setup of operation-
al monitoring and control of environmental issues? From a practitioner’s 
perspective, RQ2 concerns what kind of targets and performance monitoring 
system should be set. 
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RQ3): How can collaboration between a company and its suppliers of pro-
cess materials and services be designed with regard to environmental goals 
and measures? 
 
Specifically, how has successful external collaboration been organised in 
fluid and waste management services? From a practitioner’s perspective, 
RQ3 concerns how a collaboration system between a product/service suppli-
er and a product/service user can be designed in order to bring about contin-
uous improvements both from economic and environmental points of view. 
 
RQ4: What criteria can be used when developing green lean tools and meth-
ods?  
 
Integrating lean and green tools into green lean tools could potentially func-
tion as a practical enabler to facilitate integration of the two perspectives; 
RQ4 details the specific criteria for development of such tools and methods.  
 
Figure 3 illustrates the research questions in their effort to link management, 
operation and performance of lean and green production systems and their 
proximity to operations and suppliers.  
 

 
Figure 3: Graphical presentation of the research area.   

1.5 Delimitations 
This dissertation is based on the development of production systems of in-
dustrial companies and is mainly concerned with manufacturing stages (ra-
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ther than with eco-design of the products), although the importance of the 
product design phase is recognised. The studies included are focused on 
manufacturing, and most of the operations studied belong to the automotive 
and vehicle industry. This dissertation has been limited mainly to Swedish 
manufacturing industry even though in the course of the studies also some 
manufacturing operations in Brazil, Japan, South Korea, USA, France, Ger-
many and Poland have been visited and analysed.  
 
Although the overall scope is to analyse how organisations may build an 
improvement system that reaches all types of internal actors, suppliers, sub-
suppliers and users in the supply chain, the studies have been limited to sub-
processes (products and services) in metalworking industry that are largely 
operated on the same site as the main operations. Two application examples 
have been chosen to illustrate the external collaboration. One focus has been 
to study the internal or external supply of process fluid functionality and 
process fluid management services within the main metalworking operation. 
Another area of the studies regards how waste management services have 
been supplied by internal and external actors and how the collaboration sys-
tem between these has worked.  The factors of these operations are largely 
the same as for suppliers working off-site, while the collaboration in part 
resembles that of an internally supplied process. In the discussion, implica-
tions of the results for other subprocesses are suggested together with sug-
gestions for further studies. 
 
The research is limited to investigating how corporations can integrate lean 
and green management strategies, what elements are important to consider 
and how to implement the strategy in a context where collaboration with 
suppliers may be of importance. In the detailed studies, the integration of an 
environmental management system (EMS) according to ISO 14001 with lean 
programmes has been studied. Studies of other management systems, such as 
the quality management system (QMS) in accordance with ISO 9001 and the 
occupational safety and health management system (OSHMS) according to 
OSHAS 18000, have been less detailed. Some specific management stand-
ards have not been studied, since the implementation resembles that men-
tioned above. Corporate social responsibility (CSR) according to ISO 26000 
implementation has not been studied since it is rather new and not yet as 
firmly set in industry as other programmes. 
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2. Theoretical 
foundations  

This chapter introduces the theoretical foundations on which the research has 
been based. To support standalone readability, this chapter is in most cases 
broader, but to some extent less detailed, than the theory in each paper. The 
theory sections of the papers have been constructed to support the specific 
research and research questions of each paper. Some of the theoretical re-
search conclusions are presented already in this chapter when they are used 
as a theoretical base of the further empirical studies.  

2.1 Lean production and other improvement 
systems/frameworks 

2.1.1 Operations management in lean production  
 
Management is an organisation’s process for decision making, responsibility 
allocation and definition of boundaries of activities (Stiglitz 2005). Opera-
tions management thus involves the processes and support processes of mak-
ing adequate decisions in operations. Traditionally these processes involve 
planning, organisation, command, coordination and control (Morgan 2006) 
but also communicating, evaluating, deciding and influencing behaviour 
(Anthony and Govindarajan 2007), which includes, among other things, 
formulating value, policy and strategy, setting rules and standards, choosing 
tools and methods of implementation, measuring and evaluating current and 
former performance and predicting the future. 
 
Since the 1990s, industrial operations management research and practice has 
had a strong focus on lean manufacturing (Hines and Rich 1997; Liker 2004; 
Rother 2010) with a shift of emphasis from former utilisation of equipment 
and labour towards reducing lead time and non-value-adding work (Modig 
and Åhlström 2012). Operations management performed according to lean 
philosophy organises the production system with a delegate approach, where 
information is delegated to low-level management and the goal is a learning 
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organisation where all members try to reflect, learn and improve (Liker 
2004) on the basis of scientific management principles (Bicheno et al. 2011). 
 
Lean philosophy builds partly on Buddhist tradition, in which introspection, 
reflection and learning how to improve are central (Dalai Lama 2011). This 
is partly contradictory to Tayloristic tradition, building on the Prussian Fred-
erick the Great’s army management (Morgan 2006), in which continuous 
improvement based on scientific management is also central but information 
is controlled from the top and given down on a need-to-know basis. This 
European view including obedience and control can be traced back as early 
as 1513 with Macchiavellian management, where the manager controls in-
formation and even uses disinformation to control his subordinates 
(Machiavelli 1938). Today’s industrial management in Swedish companies 
rests on both these streams of influence on management, but there are also 
other cultural characteristics (Mellby and Harlin 2007). Swedish companies 
tend to be less hierarchical and authoritarian than central European ones and 
decisions are slightly more decentralised and made in consensus (Hofstede 
2001; Moestam-Ahlström 2012).  
 
Implementation of lean operations management in Sweden has taken differ-
ent routes. Hardcore tool-focused implementations and even neo-tayloristic 
management has been named lean as well as more organisational learning-
based variants (Sederblad 2013). What lean operations management is has to 
be adapted to the settings and it is continuously evolving. Caution has to be 
taken when analysing management practice; the content is often more useful 
than the naming; Toyota, for example, does not call its operations manage-
ment lean.  

2.1.2 Elements in lean XPSs 
 
An XPS, or production system model, could be seen as a conceptual model, 
an abstraction of the physical production system, which is a socio-technical 
system of people, machines and information, including all functions and 
resources required to design, produce, distribute and service a manufactured 
product (Bellgran and Säfsten 2005). Toyota presents its own XPS, Toyota 
Production System (TPS), as a facilitator for employees to optimise quality 
by continuously improving the processes and eliminating unnecessary losses 
of natural, human and company-related resources. TPS is argued to affect 
every part of Toyota’s organisation and contains a common set of values, 
knowledge and procedures (Toyota 2012). 
 
Toyota’s governing system can be said to be divided into ideas in the Toyota 
way and practices governed in the TPS. TPS is described as a temple (Figure 
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4) based on standardisation, containing kaizen, which improves the other 
parts, with just-in-time and jidoka as pillars and the goals as roof (Peterson 
et al. 2009). Others depict their lean production systems in similar ways with 
a temple standing on stability and standard, pillars with pull system and 
quality and customer focus on top; see, for example, Figure 5.  Toyota’s 
original description of TPS mainly contains the implementation driving forc-
es, the heart of TPS with two main value principles: continuous improve-
ment and respect for people. These contain five cornerstones: teamwork, 
respect, challenge, go-and-see and improve (kaizen) (Bicheno et al. 2011; 
Claesson 2012; Ohno 1988).  
 

 
Figure 4 and Figure 5: Lean principles are often visualised in a temple as shown in 
the two examples from Toyota (Toyota 2012) and Produktionslyftet (Blücher and 
Öjmertz 2008).  

Bicheno et al. (2011) base their view on Womack and Jones (1990, 1996) 
and state five lean principles (customer focus, value stream, flow orientation, 
pull system and continuous improvement) that characterise TPS (Womack 
and Jones 1990; Womack and Jones 1996). Liker (2004) has drawn a some-
what different picture in which the system contains four Ps: philosophy, 
processes, people and problem solving. These are in turn divided into 14 
different principles. Philosophy involves the commitment to long-term deci-
sion making. Processes, people and problem solving comprise, according to 
Liker, seven principles of a more technical nature (focus  on flow in the val-
ue stream, pull system, levelled production, autonomation or process stop at 
error, standardised work, visualisation, use of stable and robust technology) 
and six softer, human-based principles (philosophy based leadership devel-
opment, employee and teamwork development, respect of partners and sup-
pliers, understanding by „go and see‟, slow and thorough decision making 
but fast implementation, continuous improvements/learning organisation). 
The technical ones are easiest to identify in the lean production temple. 
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It is clear that there are several similar academic views on what the TPS 
(rule system) contains and at least 32 principles can be extracted from vari-
ous authors describing the Toyota Production System (Netland 2012). It is, 
however, no surprise that companies inspired by Toyota have slightly differ-
ent foci in their Company X Production System (XPS). In Netland’s (2012) 
study of 30 companies’ XPSs, 46 different principles were identified. Eleven 
were apparent in more than half of the systems: standardised work, continu-
ous improvements, total quality, pull system, flow orientation, value stream 
focus, employee involvement, visualisation, customer focus, stability and 
robustness and workplace management (5S, etc.) are mentioned in 15 or 
more of the companies in his study (Netland 2012). 
 
It can further be noted that in Netland’s (2012) study, sustainability issues 
are not specifically mentioned in most companies’ XPSs, although one (1) of 
the 46 principles mentioned by 13 out of 30 companies is HSE (health, safe-
ty and environment), which may be interpreted as one step towards integrat-
ing corporate sustainability. Further, vision, culture and values as empha-
sised by Liker (2004) as the first and most important lean principles under 
philosophy are only apparent in five of Netland’s 30 companies. This is no-
table since it is common to apply ISO-based management systems to achieve 
continuous improvements for specific issues and these systems all require 
some kind of policy statement that quality, environment, health and safety, 
etc., are important values of the companies; most of the companies in Net-
land’s study are certified to at least ISO 9001 (quality management system 
standard) or ISO 14001 (environmental management system standard).  

2.1.3 Performance measurements and audits 
 
Managing a process requires feedback on the performance and operation of 
that process (Anthony and Govindarajan 2007). With a systems view, the 
process is more than the sum of its parts and thus optimisation of each per-
formance parameter on its own is not enough (Bicheno et al. 2011). Instead 
measurements of several parameters are needed. However, in order not to be 
swamped with too many measurements, it is crucial to define measurements 
that support managing in the direction of the goals (Bellgran and Säfsten 
2005). Often measurements in lean companies include monitoring at least 
quality (Q), delivery (D) and cost (C), e.g. expressed as overall equipment 
effectiveness (OEE) (in investment-intensive operations) or productivity per 
person (labour-intensive operations), but other measurements including mo-
rale, management and safety are also common (Bicheno et al. 2011). 
 
In single processes and operations, statistical process control (SPC) is often 
used. SPC theory states that stable processes should be controlled within 
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upper and lower control limits (Bergman and Klefsjö 2012) defined with 
reference to the variance or standard deviation of the process. Process stabil-
ity and capability is also a ground concept in Lean Six Sigma programmes. 
The process capability Cpk can be defined as  
 

       3T,3TminC ULpk   
 

Here TL and TU are the lower and upper tolerance limits, respectively, σ is the 
standard deviation and µ the average. Six Sigma refers to the fact that the 
process is predictable within a range of six times the standard deviation 
(sigma) (Magnusson et al. 2003). Also on the overall system level it may be 
important to understand the capability limits of the production system. 
 
It is crucial to set up the XPS to be self-sustained and continually improving 
(Rother 2010). Therefore managerial monitoring and control should focus on 
supporting improvements rather than controlling operations (Berglund et al. 
2011; Liker 2004). Hoshin kanri is an improvement-focused catchball pro-
cess concept used to cascade vision and objectives, including quality, finan-
cial, environmental, health and safety goals, all the way down the organisa-
tional hierarchy (Soltero and Boutier 2012). Instead of blindly breaking 
down management level goals, the monitoring and control system focuses on 
navigating to the next target state and does not focus on individual KPIs. As 
depicted in Figure 6, focusing on one single parameter may include a risk to 
hit an unnecessary obstacle. The operational control is kept at team level and 
management focuses on coaching improvements in a Kata process (Rother 
2010). However, there is a wide acceptance of the necessity of creating a 
link between the performance monitoring system (PMS) and top level strate-
gy; creating alignment between the two components will provide infor-
mation on whether the strategy is being implemented and encourage behav-
iour consistent with it (Salloum 2013). In order to create alignment between 
a target state and actions, practice in lean manufacturing confirms that a 
single numerical goal is not enough (Rother 2010; Soltero and Boutier 
2012); often several targets or performance measures need to be monitored 
in order to know if the target state has been reached (Rother 2010). 
 
In order to manage the implementation of chosen tools and methods it may 
be crucial also to audit the operations in addition to monitoring the perfor-
mance. Since the XPS is and should be an internally applied system, it is 
hard to make standardised audits; however several company-specific audits 
exist and they do have common elements. The audits may include tools for 
analysing current state or be used as an analysis tool in themselves. 
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Figure 6: Current state/target state, challenges and vision. 

2.1.4 Lean methods and tools 
 
There exist different tools and methods that support lean operations man-
agement. The tools can be seen as the elements that take visions and princi-
ples to action. Some tools are used for analysis of the operation (e.g. value 
stream map, VSM) in order to decide on actions, while others are used as 
support in implementing a strategy, principle or behaviour (e.g. 5S) that has 
been decided. Many tools include both analysis and implementation (e.g. 
SMED). All tools need to fit the vision and principles of the company in 
order to achieve the envisioned goals (Blücher and Öjmertz 2008), and in the 
development of tools and methods consideration of these principles can be 
useful. 
 
Two fundamental principles of lean manufacturing implementation are visu-
alisation and go and see – or „go to gemba‟ (Liker 2004; Netland 2012). In 
order to be able to involve everyone and make people develop their work in 
a common direction, it is important that it is easy to understand what to do, 
how to do it and why it should be done. These fundamentals are like beacons 
and should be key features of any lean tools and methods (Höckerdal 2012). 
Other lean principles like just-in-time and jidoka deal with efficient material 
flows with short lead times (Modig and Åhlström 2012; Rother 2010) and 
minimising waste of time (muda). Value stream map (VSM) is a tool used to 
analyse these aspects and find operational inefficiencies in a process (Rother 
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and Shook 2003). A VSM can be drawn for a detailed analysis of the whole 
supply chain, a process or a single operation, but it can also be used in a non-
detailed way to visualise improvement potentials. The VSM can be used 
together with „spaghetti charts‟ visualising movements and can be compared 
to the standard operation procedure. Material handling analysis (MHA) 
(Muther et al. 1994) is another visual tool for analysing and optimising in-
ternal and external logistics, which in its simplest form is very similar to 
spaghetti chart analysis. The analysis tools are often chosen to analyse some 
key principles, and if a company uses an off-the-shelf tool, it may be advisa-
ble to check the tool against the company principles. 
 
Many tools are designed to apply a certain company principle in an opera-
tional setting. For instance, in order to achieve stable operation conditions, 
standardisation may be implemented. First physically through the tool 5S, 
which implements a standardisation of where items should be placed, how 
they should be marked and which items should have a place, etc. (Bicheno et 
al. 2011). Second through standardised work, where elements of operations 
are standardised regarding time and space, who should do what and when 
(Liker 2004) and then continually improve the standards. However, these 
two tools may not directly address a principle like reduction of buffers or 
pull systems; instead other methods or tools, e.g. kanban, may be used to 
implement these principles.  
 
These tools are designed to direct a change towards a certain principle, while 
still adhering to general principles like visualisation and „go to gemba‟ and 
not violating any of the other principles. Thus it is important to know what 
principles the company has both in the design of tools and methods and in 
the use of the existing tools and methods.  

2.1.5 Other improvement management systems 
 
Several other operations improvement-type programmes exist, most of 
which are similar to and sometimes to some extent integrated with lean in 
practice. Many base their improvement system core on the plan–do–check–
act (PDCA) cycle or similar structure for practical improvement work. An 
improvement organisation with roles and responsibilities allocated and audit-
ing/revision systems are other common elements in improvement pro-
grammes.  
 
Six Sigma is an improvement programme based on learning and problem 
solving with a focus on reducing variance (muri) first, then reducing losses 
(muda). The DMAIC cycle  (Define, Measure, Analyse, Improve, Control) is 
used instead of the PDCA (Magnusson et al. 2003). Organisation and train-
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ing of the improvement organisation for green and black belts are especially 
important in a Six Sigma programme. Many companies mix lean and Six 
Sigma improvement concepts.  
 
Total productive maintenance (TPM), total quality management (TQM) and 
formal management systems based on ISO, such as ISO 9000-based quality 
management system (QMS), ISO 14000-based environmental management 
system (EMS) and occupational safety and health management systems 
(OSHMS) based on OSHAS 18000, all build on the PDCA cycle and can be 
seen as subject-specific management systems. Equipment management is 
governed by TPM, quality is managed by TQM and/or QMS, environmental 
management by EMS and workplace health and safety management by 
OSHMS. The standardised formal management systems all include generic 
processes and tasks in the management cycle and ideally an integrated cul-
ture of learning, continuous improvement and stakeholder involvement 
(Brorson and Larsson 2009; Jørgensen et al. 2006; Zackrisson and Berglund 
2001). Several studies suggest an integration of the formal management sys-
tems, and Jørgensen et al. (2006) have suggested a framework of different 
levels of integration, which is further explained in Section 2.4. 
 
World Class Manufacturing (WCM) is a lean-based concept including TQM 
and TPM, where benchmarking and auditing are emphasised. To a great 
extent, WCM includes most features from lean and TPM (Yamashina 2000); 
one difference is the focus on cost deployment, an elaborate accounting 
technique, to allocate costs to each loss (similar to MFCA). In order to do 
audits and benchmarking, the practical implementation often results in a 
focus on high-level performance measures. As in many lean programmes 
(e.g. Produktionslyftet), WCM improvements are usually started in a pilot 
area in order to achieve organisational learning before it is spread to other 
areas. Also the idealism in assigning zero targets (e.g. zero material waste, 
zero defects, zero breakdowns) as overall aims is typical but not specific to 
WCM. 
 
Learning organisation is a concept often used together with other improve-
ment systems. To build a vision and analyse the gap between the current 
situation and that vision is essential (Senge 1990). This is developed in the 
next section, 2.1.6. 
 

2.1.6 Internal collaboration and learning 
 
A key issue in lean philosophy is to involve all staff in continuous improve-
ment, in which a number of tools and techniques are used. Teamwork and 
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employee involvement are related and often the way to involve everyone 
efficiently is by organising improvements in teams (Scholtes et al. 2003). To 
support teams’ problem solving efforts, the PDCA cycle, plan–do–check–
act, popularised by Deming in the 1950s, is an important framework or tool 
used in lean programmes (the PDCA structure can be used also by individu-
als)(Moen and Norman 2006). Successful continuous improvement (CI), 
demands mutual trust between the people involved in operations and that 
people are empowered to implement improvements (Berglund et al. 2011; 
Moxen and Strachan 1998). This trust will be dependent on transparent in-
formation and communication, which becomes even more important when 
several organisational entities are involved (Kurdve and Mont 2006b; 
Stoughton and Votta 2003).  
 
Long-term economic sustainability involves adapting to the market and im-
proving faster than the competition (Morgan 2006; Senge 1990). Organisa-
tional learning is an essential part of any improvement system (Seddon and 
Caulkin 2007; Stålberg et al. 2012) including lean production, where this 
system feature can be described as kata processes or kata methods (Soltero 
and Boutier 2012). A learning organisation aims to be truly adaptive to 
change in demand from its market, society and environment. Usually adap-
tive, single-loop reflective learning is not enough to meet these demands; 
also generative, double-loop learning (as explained below) is needed to pre-
cede changes, learn how to change the whole system and see systemic 
sources of problems. 
 
Learning processes are different depending on what should be learned. 
Knowledge as acquired in school is often transmitted from a teacher who 
communicates with a student (Bolstad 2011). When it comes to skills they 
have to be learned by practice. But practice is not enough; effective learning 
involves practice and reflection on that practice (Sch n 1 83). An effective 
improvement system uses both single-loop learning, or learning through 
practice (comparing with norms), and double-loop learning (reflecting on 
whether norms are appropriate) (Morgan 2006). In improvement pro-
grammes focusing on learning, it is important to give time for reflection on 
the practice and for trying new forms of practice. To manage skills learning, 
leaders need to be stewards rather than directors (Senge 1990) and develop 
skills of double-loop learning (Morgan 2006).  
 
Tools for analysing current state with regard to company principles are used 
to direct improvement and then improvement kata may be used to coach and 
train skills and improve practice (Rother 2010). Kata includes practicing by 
doing, but also coaching or transferring knowledge (Soltero and Boutier 
2012) from „masters‟ to „trainees‟. Reflection on the skill learned is used in 
the improvement work and also in order to learn more about the process. The 
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management focus needs to be on learning or factors related to learning ra-
ther than on the direct results of the improvements. Coaching is a skill in 
itself that needs training in three phases: current status, setting targets and 
planning action (Hägg and Kuoppa 2007). If there is learning, results will 
come sooner or later (Scania 2012).  
 
Kata-type lean philosophy is in line with theories on inductive learning and 
reflective practice. Knowledge or understanding is built through two learn-
ing processes, reflecting in practice (while practicing) and then reflecting on 
practice (after the practice) (Sch n 1 83). Learning should start with first-
hand experience, which gives a pre-understanding of the process 
(Gummesson 2000). Pre-understanding enables the learner to observe events 
from a new point of view and thus build a deeper understanding of these 
events, and by reflecting afterwards, new pre-understanding and knowledge 
is built (Soltero and Boutier 2012).  
 
In order to achieve a learning organisation, some additional features of the 
XPS can be concluded. Learning systems eliminate  error (Morgan 2006) 
and work according to four general features similar to, for example, stand-
ardised work – an essential tool in lean production, based on breaking down 
work tasks into small repeatable elements and then training and improving 
the skills of performing those tasks. 
 

1. Systems need to sense, monitor and scan for challenges  
2. System behaviour needs to be compared to norms (stand-

ards/guidelines)  
3. Deviations from the norm (standard) need to be detected 
4. Capability of corrective action (responsibility and authority) needs 

to be in place 
With the above-mentioned features, enterprises/organisations can develop 
towards an organisation design that allows parts of the organisation to be 
self-managed (Morgan 2006). With this view the management of an organi-
sation mainly involves information processing, and by seeing the organisa-
tion as an information network one may realise that the organisation can 
become more intelligent than its single individuals.  
 
Leaders in learning organisations have to change roles to build a shared vi-
sion, challenge mental models and foster systemic thinking. This can be 
done by developing positive improvement incentives towards desired states 
rather than improving by merely solving problems (Collins and Porras 
1994). Prerequisites for achieving improvement momentum according to 
Collins and Porras is to assure: 
 

 shared vision 
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 challenging preconceptions 
 systems thinking 
 creative tension 

 
Then not to fail in the longer term, Collins and Porras explain/ that compa-
nies need to not get hubris, not overreach and not deny risks when they have 
succeeded in improvements for some time (Business.view 2009). 

2.2 Sustainable development in industrial 
companies 

2.2.1 A limited earth 
 
Sustainable production (and consumption) is, according to the United 
Nations Environment Program, “the use of services and related prod-
ucts, which respond to basic needs and bring a better quality of life 
while minimising the use of natural resources and toxic materials as 
well as the emissions of waste and pollutants over the life cycle of the 
service or product so as not to jeopardise the needs of future genera-
tions" (UNEP 2010, p.12). This definition is built on UN findings that 
human activities are limited due to the natural limitations of the earth 
mentioned in the Brundtland report (UN 1987) and entails increasing 
the efficiency of resource use, aiming to keep the energy, material and 
pollution intensity of all production functions within the carrying ca-
pacities of natural ecosystems (UNEP 2010). 
 
Bergström et al. (1996) estimate that this, from a global perspective, 
means that a sustainable development has to be oriented towards a 
global system where natural resources are not depleted, i.e., where 
nature is able to continuously adapt to and withstand human activities, 
where emissions are assimilated and where natural resources are used 
in a rate and manner that allows them to be renewed (Bergström et al. 
1996). These are the global ecological limits to the macro system and 
in the long term we are physically and biologically bound to respect 
these limits. However, during shorter time spans, several of the natural 
resources, including ecosystem services, can be, and are, used exceed-
ing the limits. For the various companies this means that managers 
have to accept that in the long run the overall company strategy must 
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go hand in hand with corporate sustainable development (Jimenez and 
Lorente 2001). 

2.2.2 Minimising overuse of natural resources and avoiding 
emissions 

 
In the macro system it is important to decide what economic and ecological 
principles should govern resource use, but when it comes to the micro sys-
tem, the single company or single individual, the question comes down to 
how to efficiently restrict the use of natural resources and emissions while 
still producing the desired output. A company that adheres to sustainability 
principles needs to aim for ecological sustainability, for instance to reduce 
the use of overused natural resources, and apply sharing principles that are 
socially sustainable (adhering to global ethical, democratic and human rights 
principles) at the same time as managing an economic survival (including 
social support of its owners, employees, customers, suppliers and surround-
ing society) (Gowdy and Erickson 2005).  
 
Conscious industrial companies’ road towards ecological sustainability in 
practice involves minimising overuse of material and energy as well as 
avoiding emissions and waste. This is done mainly through two interlinked 
paths: product design and production process design, both of which should 
ideally be included in companies’ environmental management systems 
(EMS) (Brorson and Larsson 2009; Zackrisson 2009). 
 
The first path, product eco-design, means to “minimise the environmental 
impacts of a product” through measures initiated in the product design phase 
(Zackrisson 2009, p. 5); this usually means to design products that require 
less input material and less energy and material in the use phase than previ-
ous generations of that product and offer possibilities for material or energy 
to be better recovered at their end of life. For many types of products, e.g., 
fuel-using products, eco-design is the most important way to improve overall 
environmental impact (Zackrisson 2005). 
 
The second path, design of green production processes or cleaner production 
(CP), involves designing production processes that minimise harmful impact 
on the environment. There are several approaches that, like CP, support cor-
porate sustainable development, such as industrial ecology, eco-efficiency, 
sustainable manufacturing, pollution prevention and zero emissions 
(Despeisse et al. 2012; Shahbazi et al. 2013). CP is defined as “the continu-
ous application of an integrated preventative environmental strategy to pro-
cesses, products and services to increase efficiency and reduce risks to hu-
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mans and the environment” (UNIDO 2014). This means that a green/cleaner 
production system requires less input material, less energy and generates less 
emissions than previous generations of the production system, i.e., requires 
less natural resources (including the resource of absorbing emissions and 
other eco services) than the previous system. This may be achieved by re-
ducing inefficiencies and non-value-adding resource inputs and outputs and 
by placing demands on the previous steps in the supply chain that in turn 
need to apply the same strategy. The potential for reducing material and 
energy use in manufacturing has been shown to be significant (Pampanelli et 
al. 2013). On a larger scale, CP may even mean that linear business has to be 
abandoned and circular economy introduced in the long term (Bergström et 
al. 1996). Many companies work with energy efficiency regarding their di-
rect energy use (Scania 2012; Tonkin 2008; Volvo-Group 2012), which may 
be an effect of synchronising cost and environmental management; there is a 
clear link to global warming. 
 
When working with energy and material resource efficiency, it is also useful 
to analyse the wasted material resources with the waste hierarchy (Figure 7). 
The stepwise approach is in line with the waste hierarchy found in EU legis-
lation (EU 2006) and implies that priority should be given to reducing 
amount and toxicity of the residual material or to reusing the product. The 
wasted material (that could not be avoided) should be recycled and resources 
should be recovered. The material that cannot be recycled can often be in-
cinerated to recover some of the energy. Landfills should be considered a 
least desirable measure (Naturvårdsverket 2010). It is clear that the top two 
steps mean avoiding generation of wasted material and the two bottom steps 
mean losing the material resource (Kurdve 2008a). In real life the waste 
treatment processes usually include more than one of the steps simultaneous-
ly since some material may be lost in the recycling process and end up in 
combustion (energy recovery) and 10-30 % of the material sent to combus-
tion may be inert and finally end up in landfill as slag and ashes. 
 
When ranking waste management strategies, it is important to consider the 
long-term development. Societal pressure to reduce hazardousness of waste 
and landfill means that the cost of treating hazardous waste and landfill will 
increase in the long term. To redesign the process and avoid use of toxic 
material and avoid wasting material is best for long-term economic and eco-
logical sustainable development. The stepwise approach is divided into a 
various number of steps, from three to nine steps, and a major concern has 
been to differentiate between material recovery and energy recovery (Green-
Choices 2006; Green-Guardian 2006).  
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Figure 7: The waste hierarchy (Kurdve et al. 2012a). 
 
In order to systematically manage improvement efforts aiming to use all 
natural resources efficiently, an environmental management system may be 
implemented at each company or operation. 

2.2.3 Environmental management systems and corporate 
sustainability 

 
Probably the most common way for companies to adhere to the aims to pro-
mote ecological sustainable development is to implement an environmental 
management system (EMS). Since the 1990s ten thousand manufacturing 
companies in Sweden have introduced quality management systems based 
on the ISO 9000 series and environmental management systems based on 
ISO 14001 or the European Eco-Management and Audit Scheme (EMAS) 
(certifiering.nu 2013). The occupational safety and health management sys-
tem (OSHMS) standard, OHSAS 18001, is not as old, but in Sweden as well 
as in some other countries, occupational legislation (AFS 2001) could be 
labelled as a predecessor of OHSAS 18001. Often these systems are to some 
extent integrated with one another (SIS 2012). The main objective of these 
management systems is to achieve continuous improvement (CI) of the area 
managed; one common approach is the plan–do–check–act (PDCA) cycle. 
Recently also a non-certifiable standard for corporate social responsibility 
(CSR), ISO 26000, has been released.  From an integration point of view, 
CSR as well as other management standards may have similar challenges as 
for the systems studied. 
 
An EMS in accordance with the requirements of ISO 14001 is a manage-
ment tool enabling an organisation to identify and control the environmental 
impact of its activities, products or services, to continually improve its envi-
ronmental performance, to implement a systematic approach to setting envi-
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ronmental objectives and targets, to achieve these and to demonstrate the 
achievements (ISO 2004). Essentially the same applies to QMS and OSHMS 
if environment is exchanged for quality or health and safety, respectively. 
Several researchers argue that product development support needs further 
support in the ISO 14000 standards (Ammenberg and Sundin 2005; van 
Berkel et al. 1999; Zackrisson 2009). Awaiting the revision of ISO 14001 
(ISO/TC207/SC1 2010; ISO/TC 207/SC1 2010), the guide ―ISO 14006:2011 
Environmental Management Systems – Guidelines for Incorporating Eco-
design‖ (ISO 2011) can be used for integrating eco-design in ISO 14001.  

2.2.4 Elements in EMS 
 
Certain components are required of the EMS in order to comply with ISO 
14001 (ISO 2004) as shown in Paper I and in Table 1. In short they can be 
labelled as follows: 
 

1. Environmental aspects  
2. Legal requirements  
3. Environmental policy 
4. Goals and targets  
5. Roles and resources, e.g. training  
6. Operational procedures  
7. Monitoring  
8. Auditing  
9. Procedures for corrective and preventive actions 
10. Management review 

The elements required in an EMS are similar to the ones required in OSHMS 
and QMS although some differences exist (Brorson and Larsson 2009; 
Zackrisson and Berglund 2001) as shown in Table 1. In order to succeed 
with the environmental management goals the implementation has to be 
carefully structured. Management support is essential, but staff also need 
awareness, knowledge, incentive and responsibility to take action on envi-
ronmental issues, which means that teamwork organisation and reward sys-
tems are keys that need to be properly designed to support the desired ac-
tions (Daily and Huang 2001). 

 
A crucial part of any environmental management system is monitoring and 
control of performance. Environmental performance may be needed for 
monitoring both in order to control actions to move towards the desired 
goals and for reporting purposes. 
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Table 1: Requirements of elements in EMS, QMS and OSHMS with reference to 
the section in each ISO standard. Sources: (Brorson and Larsson 2009; Edberg 2010; 
Helman 2007; Zackrisson and Berglund 2001) 

System EMS SAM OSHS QMS

Standard
ISO 
14001 AFS 2001

OHSAS 
18001 ISO 9001

Definition of scope 4.1 1§ 4.1 4.1
Policy 4.2 7§ 4.2 4.1.1
Planning 4.3 * 4.3 0

Aspects/risks/challenges 4.3.1 9§ 4.3.1 0
Legal & other requirements 4.3.2 6§ 4.3.2 0
Objectives/targets 4.3.3 14§ 4.3.3 0
Management programme 4.3.4 14§ 4.3.3+4.4.4 0

Implementation & operation 4.4 * 4.4 *
Structure & responsibility 4.4.1 8§ 4.4.1 4.1.2
Training & awareness 4.4.2 10§ 4.4.2 4.18
Communication 4.4.3 4.4.3 0
MS documentation 4.4.4 18§ 4.4.4 4.2.1
Document control 4.4.5 18§ 4.4.5 4.5
Descriptions of methods 0 0 4.2.2
Operational control 4.4.6 17§ 4.4.6 4.2.2 etc.
Design control (4.4.6) 0 0 4.4
Supply chain demands

(4.4.6) 0 0
4.3, 4.6-4.8, 
4.15 4.19

Emergency response 4.4.7 2§ 4.4.7 0
Follow-up, checking & 
corrective actions 4.5 4.5

Monitoring & measurement
4.5.1 2§ 4.5.1

4.10-4.12, 
4.20

Investigation of incidents/non-
conformance 4.5.2 15§ 4.5.3 4.13
Preventive actions 4.5.2 15§ 4.5.2 4.14
Records 4.5.3 18§ 4.5.4 4.16
MS audit 4.5.4 16§ 4.5.5 4.17

* – mentioned in several sections, 0 or blank – not specified 
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2.2.5 Environmental performance monitoring 
 

In compliance with ISO 14031, environmental performance monitoring 
should address significant environmental aspects, stated performance criteria 
and views of interested actors (Jasch 2000; Roy and Vezina 2001). This is by 
no means different from other performance monitoring. When performance 
measurement is used for control purposes, feedback on the performance and 
operation of each process is needed (Anthony and Govindarajan 2007). The 
performance monitoring rule that one single numerical target is not enough 
(Rother 2010), presented in Section 2.1.3, applies of course also to environ-
mental targets, and target conditions may be used including several parame-
ters (Soltero 2007). For example, a single target to reduce fossil fuel use by 
50 % in internal logistics may be achieved by several means: a) by using 
more electrical transportation (and buying non-fossil-produced electricity) or 
b) by changing to biofuels, both of which are valid options towards this sin-
gle target. However, c) a redesigned internal logistics system could lead to a 
more efficient condition where transportation itself is reduced by 50 % and 
thus a root cause is eliminated rather than its symptoms. Actually a combina-
tion of all three options could provide further benefits but requires more 
specification concerning what the target condition includes than what is giv-
en by a single target of fossil fuel reduction.  
 
The need of visualising a goal state could be argued to be pivotal for envi-
ronmental management since environmental aspects are often measured in 
several different units and are sometimes complex to understand (Romvall et 
al. 2011; Soltero 2007). In order to measure more than single targets, a bal-
anced set of KPIs should be built. However, it is important to also describe 
the target state in words. As with other KPIs, if used in a narrow way, sub-
optimisation, which may hurt the entire operation, may occur. A barrier seen 
in several studies is the difficulty to give a complete view and understanding 
of the system performance (Romvall et al. 2011). 
 
Environmental performance monitoring used for operational control is 
somewhat different from that used for external reporting. In external reports 
it is used to compare or benchmark different operations and may in turn be 
useful for marketing purposes, evaluations or for life-cycle assessment 
(Kainuma and Tawara 2005). It can also be used with regard to external bod-
ies such as authorities to prove that improvements are taking place (Thoresen 
1999). However, importantly, the requirement for the performance indicators 
for external stakeholders differs from the requirement for internal monitoring 
and control purposes (Thoresen 1999). In order to be comparable, environ-
mental performance indices (EPIs) need to be standardised across industries, 
while monitoring and control KPIs need to be operational. In order to control 
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a supply chain there might be a further need of performance measurements 
and information sharing management that is not addressed today (Björklund 
et al. 2012; Kainuma and Tawara 2005).  

2.2.6 Environmental management tools and engineering 
tools 

 
A multitude of methods and tools are used for environmental management 
and green production purposes (Lebersorger 2008; Lindahl 2005). Different 
companies use different tools since these are not prescribed in ISO 14000 
standards. Environmental management regularly uses an input–output ap-
proach to analysing the environmental aspects of operations (Zackrisson et 
al. 2000) and there exist a number of tools to study the input–output balance 
for different system levels and recovery management systems (Hogland and 
Stenis 2000; Smith and Ball 2012). Structured approaches to change busi-
ness towards greener production such as environmental management ac-
counting (EMA) connect the physical flows with expenditures for environ-
mental losses (Jasch 2003; Schaltegger et al. 2008), and material flow cost 
accounting (MFCA) puts the focus on the loss of good products connected 
with each material waste (Allen et al. 2009; Jasch 2003; Onishi et al. 2008). 
It has been noted that the material flow should preferably include also pollu-
tion and noise (Shen et al. 2004). 
 
However, it may not be enough to analyse and classify the current situation 
with expert tools. The output has to be easy to understand for everyone in-
volved and participation in performing the analysis also helps to engage 
everyone in actions (Höckerdal 2012). 
 
As an answer to these demands, the Green Performance Map (Bellgran et al. 
2012) with categories in accordance with MFCA (Kokubu et al. 2009) and 
EMA, but visualised in an easy to understand A3 format, has been intro-
duced. Other tools to support corrective actions such as checklists for haz-
ardous material and standards like handbooks for waste sorting are used for 
implementation of improvements.  

2.3 Sustainable supply chain management and 
product service systems 

Many large companies focus on their core business and outsource subopera-
tions to suppliers. When doing so, the importance of supply chain manage-
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ment increases in order to control life-cycle costs and total environmental 
impact.  

2.3.1 Supply chains of direct material, indirect material and 
services  

 
Supply chain management (SCM), which attracts growing interest and plac-
es demands on corporations to take responsibility for suppliers’ actions, is 
increasing. When considering the range of views expressed in literature – 
from a view that  the only responsibility of corporations is maximising prof-
its to shareholders to a view where companies take the responsibility for the 
impact of their product value chains on all stakeholders (shareholders, cus-
tomers, employees, suppliers, society at large, etc.) – the trend is clearly 
towards assuming more responsibility (Guziana 2013). Demands include 
quality levels and decreasing cost development as well as, though to a lesser 
extent, environmental and social sustainability demands (Simpson and 
Power 2005). 
 
Although a major impact of the automotive and vehicle business is due to 
design, from the use phase, mainly stemming from fuel use, and although the 
supply chain impact on the design can be crucial (Zackrisson 2009), design 
of the products is beyond the scope of this thesis. These issues are often cov-
ered in regular SCM by supplier requirements as well as product standards 
and requirements.  
 
SCM of process materials and services is often less developed than SCM of 
direct materials, and the requirements on process material suppliers and their 
products may often be less apparent and less monitored. In SCM the level 
and depth of relationship with suppliers is a strategic decision (Simpson et 
al. 2007) that depends on the market situation. It can be argued that firms 
should avoid close relations with their suppliers in uncertain environments in 
order to be able to switch to other partners when necessary (Lee et al. 2008), 
while in companies aiming for sustainable SCM the tendency is to have 
long-term relationships with suppliers to utilise their services for multiple 
functions or develop close service with consumers (Tseng and Chiu 2013). 

2.3.2 Supply chain management elements 
 
The aim of supply chain management (SCM) is to achieve an efficient and 
responsive supply chain (that responds to changes). As shown in a paper co-
authored by the author of this thesis, sustainable supply chain management 



 27 

as implemented in automotive companies often consists of a number of re-
quirement elements (Zafarzadeh et al. 2012). The requirements can be listed 
in the same way as the XPS and EMS elements. Company values and envi-
ronmental and quality policy should be in line with customer demands. Tools 
for risk minimisation, information and knowledge sharing and training pro-
grammes should be used systematically in supplier development meetings. 
EMS and QMS certifications should be in place with self and customer au-
dits and performance monitoring. In addition to clear policies regarding sus-
tainability, it is also common to impose specific requirements for, e.g., 
chemical management and waste reduction for certain processes.  
 
Supply chain management strategies may be formed in different ways; lean 
supply chain strategies emphasise quality and delivery of material by ad-
dressing information sharing, rapid performance improvements and minimal 
transaction costs (Dyer 1997; Lamming and Hampson 1996). A responsive 
supply chain can be modelled based on strategic planning, knowledge and 
information technology management and virtual enterprise (Gunasekaran et 
al. 2008).  
 
Continuous improvement efforts in the supply chain are usually referred to 
as supplier development. Supplier development includes coopera-
tive/collaborative activities undertaken by customers in order to improve 
supplier performance and supplier capabilities (Lee et al. 2008). Supplier 
development is connected with general supplier requirements that apply to 
all customers although in practice customers are mainly concerned with crit-
ical suppliers.  
 
Improvements in SCM can lead to direct and indirect benefits for company 
development in the form of loss reduction (Simpson and Power 2005) and 
“a closer relationship with suppliers is beneficial both for environmental 
outcomes of projects and as a facilitator for environmental work” 
(Nawrocka et al. 2009). Sustainable supply chain management (SSCM) also 
gives the opportunity to apply special requirements and training on subpro-
cesses such as process chemicals, surface treatment processes and energy 
and waste management, which carry a large share of the total environmental 
impact of the production phase.  
 
Supplier audits of some sort as part of SCM are covered in QMS and are also 
a regular part of CSR activities. The operations of suppliers on the site of the 
customer may sometimes be covered by internal EMS and QMS audits. In 
addition, supplier performance in delivery and quality is usually followed 
continuously by large customers. 
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2.3.3 Development from materials supply to integrated 
product service supply 
 

One way to achieve a closer relationship between suppliers and customers is 
to align their business models into common goals aiming at lowering re-
source use. This can be done in a product service system business model. 
The close relationship is desired from a lean perspective according to, e.g., 
Liker’s 11th lean principle (Liker 2004) and to achieve environmental per-
formance improvements (Mont 2004).  
 
In order to reduce consumption of material, the concept of product service 
systems (PSS) or servicising (Toffel 2002) is a possibility for the develop-
ment of process material supply where the supplier retains ownership of the 
material at the customer site and thus supplies the function of the material 
instead of the actual material (White et al. 1999). A PSS is commonly stated 
to be “a marketable set of products and services capable of jointly fulfilling 
a user‟s need” (Govt. of Netherlands cited by Morelli 2003, p. 74); it is a 
system that “strives to be competitive, satisfy customer needs and have a 
lower environmental impact than traditional business models” (Mont 2004, 
pp. 77 and116). 
 
The business model can be used for different types of materials and involve 
partnership in supplying and managing consumables like chemicals and re-
lated services (Stoughton and Votta 2003) or it can involve investment prod-
ucts such as carpooling (Mont 2004). The aim is to align suppliers’ and cus-
tomers’ economic incentives and let them share the responsibilities of, and 
gain from, the total life cycle (Mont et al. 2006). In order to do this, respon-
sibilities to secure quality, delivery and other demands of the products and 
services functions need to be defined (Morelli 2003; Toffel 2002). Sustaina-
bility of the whole system can be achieved, thanks to better life cycle effi-
ciency of the products/materials (Mont 2004; White et al. 1999), by smaller-
scale natural resource exploitation. A transition of material supply into PSS 
models may support radical technology innovation and thus give a factor of 
two to ten in improvement to traditional supply (Tukker and Tischner 2006). 
In order to gain radical improvements, collaboration that delivers an im-
proved use phase knowledge between suppliers and customers is needed 
(Toffel 2002; Votta 2003). The incentives in the new business model for 
both supplier and customer also need to be strong enough at both parties to 
reduce resource use and losses (Toffel 2002). For long-life products or less 
utilised products (e.g. heavy equipment, buildings, cars, etc.) the main gain 
is in the utilisation of the product (White et al. 1999); for consumable goods 
the main gain is from preventing overuse and minimising losses and waste 
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and possibly from a radical shift where the material is not continually con-
sumed anymore (Kurdve and Mont 2006b). 
 
In the case of process chemicals these are considered consumables or at best 
maintenance material. Traditionally users take care of the chemicals during 
both use and disposal but by switching to a PSS model, responsibility and 
ownership may be shifted to the supplier. This type of PSS is usually called 
fluid management services (FMS) or chemical management services (CMS). 
By increasing their responsibilities over the lifecycle in a CMS partnership, 
suppliers get greater incentives to bring about environmental improvements 
(Figure 13, chapter 4). The innovative combination of products and services 
in a CMS business relation requires different contractual elements (Kurdve 
and Mont 2006b). 

2.4 Integration with management systems 
Integration of different systems and especially of environmental manage-
ment into XPS can be argued to be beneficial for at least two reasons: 1) to 
avoid duplication of similar activities like, e.g., auditing and training and 2) 
to integrate EMS better in the core business process. Actually, integration of 
EMS in the business process has been identified as one challenge in the on-
going revision of ISO 14001 (ISO/TC207/SC1 2010). Considering the simi-
larities between systems, it is not strange that benefits are expected by inte-
grating also XPSs with management systems. 

2.4.1 Formal management systems integration 
 
There are several authors who discuss benefits of integrating ISO-based 
management systems with each other (Bernardo et al. 2009; Jørgensen et al. 
2006). A survey of all Swedish EMS-certified companies as early as 1998 
showed that coordination of the EMS with the QMS was seen as a key to 
increasing efficiency (Zackrisson et al. 2000). A major issue in the first revi-
sion of ISO 14001 was integration with ISO 9001. In a recent questionnaire 
survey of all Swedish companies certified to ISO 14001, 88 % claim that 
their environmental management system is an integral part of their manage-
ment system (SIS 2012).  
 
The requirements of ISO 9001, ISO 14001 and the legislative predecessor to 
OHSAS 18001 show major interlinks and similarities regarding rule base 
and monitoring and control (Zackrisson and Berglund 2001). However, a 
major difference is that while ISO 9001 stipulates, among other things, to 
evaluate suppliers and manage core processes such as product design and 
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development, ISO 14001 only makes this mandatory if the company’s analy-
sis shows that these processes are environmentally significant. The lack of 
emphasis on product development and supply chain management has been 
identified as a major challenge in the ongoing revision of ISO 14001, “envi-
ronmental impacts of products and services in the value chain” 
(ISO/TC207/SC1 2010).  
 
Integration of management systems can have different levels of ambition. 
(Jørgensen et al. 2006) have defined three levels of integration for manage-
ment systems: correspondent integration, where parallel systems correspond 
to each other, coordinated and coherent integration, with generic processes 
and combined tasks in the management cycle, and strategic and inherent 
integration, where the culture of learning, continuous improvement and 
stakeholder involvement are integrated (Jørgensen et al. 2006). To achieve a 
strategic integration level of management systems would require that com-
pany values and vision are integrated in the management system approach 
and vice versa (Stålberg et al. 2012). Fully integrated ISO-based manage-
ment systems can have generic processes and combined tasks in the man-
agement cycle and ideally an integrated culture of learning, continuous im-
provement and stakeholder involvement (Jørgensen et al. 2006). This may be 
of importance when considering different companies’ improvement systems 
and integration of XPS with other systems.  

2.4.2 Commonalities and differences between systems 
 
Most companies XPSs contain values and goals, usually including also sys-
temised use of tools and methods (Blücher and Öjmertz 2008; Ekman 2001; 
Netland and Sanchez 2011). In general, performance measurement in order 
to control the activities in the system and steer it towards the desired out-
come is also part of the system. In an integrated lean production system the 
aim is to integrate all common elements in the XPSs with the ISO-based 
management systems and other improvement programmes, such as the sup-
ply chain management, in the company. However, the exact elements to be 
integrated have to be decided on in each company. Some of the principles or 
elements in the system are of a technical nature, and most companies in the 
West have focused on these (Netland 2012), but if true integration of the 
system is the goal, the core principles of continuous improvements and re-
spect for people need to be in place.  
 
In the visualised image of the traditional XPS as a lean temple, green spots 
can be pointed out where lean production gives strong benefits to the envi-
ronment and workplace safety. However, there are certain blind spots espe-
cially regarding unnecessary material and energy use, material waste and 
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risk analysis (EPA 2007). On the other hand, the ISO-based management 
systems are valuable tools to identify and improve wasteful activities, espe-
cially in combination with lean tools such as value stream mapping (VSM) 
(Larsson and Westerberg 2009). Furthermore, the ISO focus on the plan–do–
check–act cycle for continuous improvement ensures staff familiarity 
(Helman 2007; Tice et al. 2005 ) with the lean step-by-step improvement 
mantra. In addition, the life cycle perspective of environmental work, as 
manifested in ISO 14006 and in the revision of ISO 14001, challenges the 
company to extend its improvement work beyond its own gate, i.e., to inte-
grate SCM. Also (chemical) substitution, risk analysis and legal compliance 
management have been pointed out as areas where EMS can strengthen lean 
efforts (EPA 2007).  
 
Short term trade-offs between green and lean have been identified in some 
studies (Rothenberg et al. 2001). One piece flow and just in time may affect 
emissions of volatile organic compunds (VOC) in paint shops and emissions 
and energy consumption due to a more frequent transportation pattern. How-
ever, often this is not a holistic implementation as described in the example 
below. There are also general long-term positive contributions to natural 
resource conservation identified, especially from minimisation of losses, 
staff involvement in continuous improvements and a focus on a learning 
organisation and skill development (Rothenberg et al. 2001). 
 
Traditionally operations management evaluates an organisation’s perfor-
mance based on cost, quality time and service level. Integrating corporate 
sustainable development requires a redefinition of the operation function and 
the performance monitoring system (PMS) (Jimenez and Lorente 2001) to 
meet demands of external reports, internal control and analysis for CI 
(Hervani et al. 2005). Therefore development of interorganisational agree-
ments of PMS and allocation of responsibilities might be needed in the fu-
ture (Hervani et al. 2005). 
 

2.4.3 Integrated sustainable supply chain management 
 
Aligning green and lean practices across the supply chain, to drive financial 
performance and customer respect, has been done by, e.g., Wal-Mart 
(Friedman 2008) and theoretically it gives a more sustainable performance 
while diminishing the risk of rising transaction costs and reduced efficacy 
(Simpson and Power 2005). One trend in large manufacturing companies is 
to outsource key services like maintenance, process fluid management, facil-
ity management, waste management, cleaning, energy management, logis-
tics, etc., to external or internal companies. Also demand variation is often 
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met by using short-term employees from man-power companies even in the 
core processes. This leads to increasingly more staff on-site having a differ-
ent organisational belonging than the main operation and thus it may be dif-
ficult to maintain focus on supporting the main process with improvements. 
 
When sustainability issues become more important, it is clear that one needs 
a holistic view of the production life cycle (Jimenez and Lorente 2001), i.e., 
one encompassing the whole supply chain, products, services and end-of-life 
including the reverse logistics and recycling processes. This results in two 
things: 
 

1. The social and environmental impact of the use phase and the end-
of-life phase needs to be considered 

2. The supply chain of the production needs to be considered (Figure 
1 and Figure 2)  

The implication of 1) is that the usage and end-of-life phases need to be con-
trolled. One way to increase control is with increased demand of producer 
responsibility; another is to introduce new business models like product ser-
vice systems or circular business models where ownership may not fully be 
transferred to the user. Second, 2) means that demands on suppliers need to 
be as high as on internal processes. Monitoring and control of environmental 
parameters at suppliers will be needed, especially if supplier processes have 
a strong impact on the environment. The most environment-impacting sub-
process in manufacturing is the supply of energy and chemicals in the pro-
duction system. Another process in production with a strong environmental 
impact is the waste management process. In addition, the purchasing process 
and internal and external logistics will also contribute significantly to the 
environmental load. The supply chain is of importance in lean production 
also due to the impact of supplier processes on other key issues than the en-
vironment, such as product quality impact. 
 
The research presented in this thesis touches on several of these processes 
that may or may not be managed by an external partner. Some of the items 
(process material and energy) may be supplied in product service systems 
(PSS) where ownership and management are retained by the supplier and a 
function is delivered to the user (Mont 2004). The focus in this study on 
these services has been on chemicals and on waste management, which are 
two important processes with a large impact on the environment. 
 
If the supplier organisation has a mature lean programme, it will of course 
focus on customer needs, but it will still be a challenge to synchronise im-
provement efforts of two companies/organisations (Hervani et al. 2005) and 
for suppliers to deliver the right type of measurements to their customers 
(Jimenez and Lorente 2001).  
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3. Method   

This chapter starts by explaining the scientific view and the research process 
comprising three tracks or phases. The research in each phase is explained in 
four sections: research design, data collection, data analysis and publications 
(Miles and Huberman 1994). Finally the research quality with validity and 
confidence of the findings is discussed. 

3.1 Introducing the research process and design 
The research has evolved from a reflective practitioner approach and devel-
oped into action research, supplemented by more formal and also non-
participatory research. Also the research questions have been of an applied 
nature, in part originating from specific industrial problems. 

3.1.1 Scientific view and research approach 

 
This research focuses on the intersection of operations management and 
corporate sustainable development, both of which on their own are multidis-
ciplinary fields (Figure 8). The research builds on system analysis.  

 
Figure 8: Focus of the research. 
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Studies on operations management are concerned with the way organisations 
produce goods and services, and with understanding the tasks, issues and 
decisions of those operations managers (Slack et al. 2010). This poses two 
great research challenges: first, access to proper information and second, 
understanding what is going on (Gummesson 2000). 
 
The first challenge when conducting management research in corporations is 
to get access to correct and relevant information (Gummesson 2000). One of 
the methods for getting access to rich information is by doing action research 
in the company (Coghlan and Brannick 2005). The challenges of access have 
for this thesis been overcome by working as a practitioner: as internal con-
sultant, project manager or manager in the companies in several of the stud-
ies conducted. This part of the research has aimed at active participation in 
solving specific problems of a client as discussed by Halvorsen (1992), 
which gives it an applied cross-disciplinary nature (Easterby-Smith et al. 
1991). 
 
The second challenge involves issues such as having a correct pre-
understanding of observations (Gummesson 2000). Inductive research starts 
from observing „real-world data‟ (Gummesson 2000) in order to get first-
hand pre-understanding (or own experience) before searching for theories 
(Gustavsson 1998). Pre-understanding enables the researcher to observe 
events from a new point of view and thus build a deeper understanding of 
these events by reflecting on the new pre-understanding as new knowledge is 
built. According to Schön (1983), knowledge or understanding can be built 
by reflecting in practice and by reflecting on practice, which shifts the focus 
from practice to new theory or applicability of existing theories.  
 
The studies conducted for this thesis all began as inductive action research, 
with first-hand participative observations (Halvorsen 1992), practice and 
reflection, in order to build up pre-understanding and develop research ques-
tions. Then a search for theories was carried out to explain the observations 
and guide management. The literature search for theories was conducted by 
starting off with some initial literature on the subject followed by searches in 
references there (and so forth). This technique, however, seldom covers the 
latest research and therefore a forward search on keywords and citations in 
literature in library databases (mainly Scopus) was also conducted. 
 
The transitional process of starting with practical action research and com-
plementing with theories afterwards is, according to Gustavsson (1998), a 
grounded theory approach suitable for investigating models, theorising and 
hypothesising but not for producing quantitative proofs. This is in line with 
qualitative and descriptive research questions and is common in systems 
analysis research. 
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The theory-building step has in all studies been supported by more formal or 
„pure‟ (Easterby-Smith et al. 1991; Easterby-Smith et al. 2012) and even 
non-participatory research, giving an opportunity to reflect on applied and 
action research. Keyword searches in library databases provided a valuable 
input to the studies. Being listed as a reviewer for the Journal of Cleaner 
Production has given the author an opportunity to follow appropriate scien-
tific research advances in sustainable development. Scientific and industrial 
workshops have been a useful way to compare results and validate findings. 
In conferences, seminars and workshops with other professionals and re-
searchers, the results have been discussed and scrutinised and there has been 
an exchange of experiences with others. In some cases alternative sugges-
tions of how the system works have given an input for re-analysis and re-
evaluation of previous results. Structured, semi-structured and at occasions 
unstructured interviews have been used together with surveys and question-
naires, minutes from workshops and notes from professional discussions as 
sources of data for the research; in addition photos, films and pictures have 
been important to form the understanding of the system. As help, schematic 
pictures and tables have been crucial in order to bring forward the scientific 
discussion and understanding of the systems studied.  

3.1.2 Research processes 

 
The research covers empirical studies from 2000 to 2013. The studies have 
covered three different areas and are presented as three phases in chronolog-
ical order covering development of supplier collaboration, green lean inte-
gration in XPS and green lean tools and methods. The relation between the 
three phases and the research questions and appended papers is shown in 
Figure 9 and Figure 10.  
 

 
 
Figure 9: The studies performed may be divided into three major parallel tracks that 
are interconnected. 
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Phase ii) Green lean
XPS

Studies J-M

Phase iii) Tool
development
Studies N-P

Phase i) Supplier
collaboration
Studies A-H

RQ4 Tool
development

RQ3 Collaboration in
PSS

RQ2 Performance
monitoring system

RQ1 Integrated XPS II) GPM paper

I) XPS paper

III) EQD paper

IV) PSS paper

V) VSM paper

VI WFM paper

 
Figure 10: The six papers involve three types of studies (phases i-iii) to answer the 
research questions. 

 
i)  Company/supplier collaboration in fluid and waste manage-

ment. Studies on sustainable development of fluid manage-
ment for process fluids conducted mainly at plants with met-
alworking operations in the Volvo Group (2000-2009). Ex-
tended studies of supplier cooperation in waste management 
services based at Swedish Volvo plants with input from stud-
ies at Alfa Laval and Scania (2005-2013). 

ii) Integrated green lean production systems. Studies and practice 
from production system development with a focus on incorpo-
rating sustainability issues into the production system for op-
erative and sustainability improvements and performance 
monitoring. The major area is based on action research at the 
Volvo Group, Smurfit Kappa Sweden and at Produktionslyftet 
(The Production Leap), supplemented by detached and obser-
vation-based research at Haldex, Toyota MH, Scania and 
Volvo Cars (2006-2013).  
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iii) Design of tools and methods for XPS practice and material ef-
ficiency. Experience from use of the tools at ABB, Volvo, 
Volvo Cars, Haldex, Swerea, Mälardalen University, Miljögi-
raff and the author’s own consultancy firm as well as other 
companies (2008-2013). 

3.2 Phase (i): Company–supplier collaboration in 
fluid and waste management 

This section details the studies conducted on fluid management for process 
fluids and waste management services. Supplier cooperation and collabora-
tion between Volvo plants and their suppliers have been investigated during 
negotiation of contracts and as an annual follow-up on improvement work 
results. The Volvo Group is a large global manufacturer of heavy vehicles 
with headquarters in Sweden. Studies on fluid management have involved 
cases in Sweden, USA, Brazil and France and benchmarks with non-Volvo 
plants in Germany and Japan. Supervised master thesis studies have supple-
mented the studies. Studies on waste management have included Volvo cas-
es as well as cases at Scania and Alfa Laval.  
 
In addition to the case-focused studies, the author performed studies com-
prising interviews, industrial visits and attendance at conferences as well as 
industrial and academic workshops in Sweden (PVC), USA (MRF2008), 
Austria (EMAN 2006) and Germany (VKIS) as a research student at Lund 
University in the period 2005-2010. The studies involved staff from users in 
vehicle and automotive industry as well as several of their suppliers of fluid 
management and related products and services. 
 
Phase (i) was chronologically the first part of the research but focused on 
RQ2 and RQ3 (Figure 9) and was also the main subject for the author’s li-
centiate thesis (Kurdve 2010). 

3.2.1 Research design  

 
The first studies concerned how to achieve development of process fluid 
management systems (FMS) towards sustainable development goals together 
with suppliers. In the existing body of literature, a gap was seen between 
theories and practical observations. The research started from a practical 
question of how to design a collaboration system between a product/service 
supplier and a product/service user, in order to achieve continuous improve-
ments from economic and environmental points of view. This question has 
then been further developed into Research Question 3, but the sub-question 
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on how to monitor the collaboration also gave input to Research Question 2. 
Since industrial waste management in some aspects has similarities with 
fluid management, the research was extended and the models were adapted 
to the multiple actors involved in waste management services. The research 
gradually evolved into a more general issue of how to enable collaboration 
between operations management and different supportive actors in a produc-
tion system, and how to systemise improvement work from a sustainability 
point of view.  
 
The first phase involved several studies (see Table 2) on fluid management 
of process fluids, Studies A-E (2000-2009), at plants with metalworking 
operations, structured as explorative studies (Halvorsen 1992) with an aim to 
understand how system improvement collaboration between industrial sup-
pliers and customers can be constructed. The studies were performed at ten 
metalworking plants worldwide within the Volvo group with deeper recur-
ring studies at three Swedish plants (Studies A and E) and additional studies 
at other vehicle and automotive companies in Sweden and abroad (Studies C 
and D).  
 
 Study A focused on the investigation of an FMS contract at the Volvo 

Group during 2000-2002 and 2005, with follow-up studies in 2006-
2007. In addition to that specific study, Study A included comparisons 
with internal fluid management at two other Swedish Volvo plants.  

 Study B was an overview of all ten Volvo plants: five plants with exter-
nal fluid management compared with five plants with internal manage-
ment (2003-2006 with a follow-up in 2009).  

 Study C concerned shorter intensive studies at four plants in the Volvo 
Group in Brazil, France and USA during 2004-2005 and with a follow-
up in 2008-2009.  

 Study D concerned additional study visits and performance evaluations 
made at a Nissan Diesel plant in Japan (2008) and at one Swedish Volvo 
Car (Ford) metalworking plant (2005, 2007) and two benchmark visits at 
ZF and VOIT (2007).  

 Study E was an initiated and supervised master thesis project at the main 
case in Study A.  
 

In addition to the fluid management studies, comparative studies (F-H) on 
waste management at Volvo’s Swedish production plants were also carried 
out (2005-2013). In these studies, quantitative data from financial, environ-
mental and waste management data systems were used to find best practice 
areas, and in-depth investigation areas for qualitative analysis were identi-
fied.  
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 Study F, as the first waste management study (2005-2006), involved 
analysis of current practice and data collection from 16 Volvo plants. 
The data and experience were used in the specification of waste man-
agement services in 2006 and development of a data management stand-
ard to be used for data transfer between suppliers and plants, and a 
framework for improvement meetings and performance evaluation was 
set up. Annual evaluations were performed in 2007-2009. All studies up 
to 2009 were conducted by the author in the role of internal consultant.  

 Study G was done by the author as external consultant for an on-site 
mapping of all 16 manufacturing sites in the Volvo Group in Sweden 
(2010-2011), investigating quantitative as well as qualitative data and 
observations on-site on waste management and supplier cooperation.  

 Study H was carried out as explorative research by observations, inter-
views and trials of methods and tools in a multiple case study at Volvo, 
Scania and Alfa Laval. As researcher at Mälardalen University and 
Swerea, the author participated in the Mistra-funded project Material Ef-
ficiency Management in Manufacturing (MEMIMAN), which gave a 
valuable input on the applicability of the findings in other companies. 

Table 2: Studies on supplier collaboration in chemicals and waste management 
services 
Empirical studies Phase i)
Fluid management Years
Study A Swedish plant + comparison with 2 

other plants
2000-2002, 2005, 
2006-2007

Study B Comparative study of 10 plants 
worldwide

2003-2006, 2009

Study C
4 different non-Swedish plant 
studies 2004-2005, 2008-

2009Study D Complementary research visits at 
other plants 

2005, 2007, 2008

Study E Supervision of 2 student studies on 
plants in study A

2007

Waste management
Study F Waste management data, current 

practice analysis, 16 Swedish 
plants

2005-2006, 2007-
2009

Study G Mapping of 16 Swedish plants on-
site

2010-2011

Study H Mapping of four plants at three 
companies

2013

 
 
Action research has been the foundation of this gathering of data and crea-
tion of knowledge. Built on reflection (Sch n 1 83) on real-life experience, 
it has been supplemented by non-participatory research studies, including 
literature studies, quantitative data evaluation of performance based on 
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chemical and waste management performance measurements, supervised 
studies run by master thesis students, joint industry and academy scientific 
workshops in at Processvätskecentrum (PVC), Sweden, Verbraucherkreis 
Industrieschmierstoffe (VKIS), Germany and conferences in Austria and the 
USA.  

3.2.2 Data collection/Data sources 

 
Access to useful information has been crucial for this research and as it also 
involves sensitive business data, a well-designed research approach is im-
portant. The author has been acting as internal consultant and researcher in 
projects where partnerships between suppliers and customers in fluid man-
agement services and waste management services have been set up. The case 
studies at the Volvo Group (A-C, F-G) have been used for major parts of the 
knowledge building, supplemented by literature studies, workshops and in-
terviews with other companies including the various suppliers. In the case 
studies at the Volvo Group (A-C, F-G) a wide number of internal data 
sources were used. Quantitative data from financial and environmental data 
systems were used to support or challenge the qualitative observations on-
site. Scientific workshops, interviews and exchange of experiences in Swe-
den, Germany and the USA were used in order to validate models and hy-
potheses. Internally, operators and maintenance, purchasing environment 
and process engineering and operations managers were interviewed and took 
part in workshops. At suppliers, managers, sales representatives, develop-
ment engineers and environmental coordinators were interviewed or partici-
pated in workshops. The supplementary studies involved staff from other 
users in the vehicle and automotive industry as well as several of their sup-
pliers of fluid management and related products and services. 
 
Typically the main sources of quantitative data have involved plant internal 
environmental reporting, chemical and waste management data (from Vol-
vo’s internal chemical products database MOTIV and an internal waste 
management database), data from the purchasing and maintenance systems 
(SAP R/3) as well as supplier information systems. These have provided 
data on production, consumption and waste generation as well as their asso-
ciated costs. Additionally, internal EMS, OSHMS, QMS or combined OMS, 
internal handbooks, organisational charts and written agreements with sup-
pliers, etc., were used as objective qualitative data sources. Finally, inter-
views, discussions and meeting notes were documented as subjective quali-
tative data sources. Cost evaluation and environmental impact evaluation of 
these data were used to build understanding. It is important to realise that the 
first types of data will be used in the same way in all settings, while the last 
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types of data may give different results depending on the evaluative rules 
used in the company.  

3.2.3 Data analysis 

 
The research started by reflecting on experiences made in comparison with 
literature, forming a question of what factors influence the success of collab-
oration with a chemical supplier, followed by Studies A-C of a number of 
such collaboration systems in the Volvo Group. The research questions were 
initially of a problemising nature and evolved into a formulation of more 
specific hypotheses and models (Gustavsson 1998). As supplement to the 
models and concepts formulated by action research (Studies A-C, F-G), re-
search workshops (German VKIS and Swedish PVC), as well as interviews 
and observations at other companies (Study D) and student projects (Study 
E) were used to triangulate (Halvorsen 1992) with the results (Gustavsson 
1998). 

3.2.4 Publications/Writing up 
 
The studies of process fluid management services together with initial results 
from waste management services resulted in a licentiate thesis combining 
mainly deductive literature studies on product service system (PSS) research 
with inductive empirical sustainable fluid management research. In this PhD 
thesis the results are expanded to waste management suppliers’ improvement 
collaboration, in an attempt to generalise the results to more services.  
 
The studies in this part of the research are the basis of the author’s licentiate 
thesis (Kurdve 2010) and six other publications:  

 
 A review of the book New Business for Old Europe edited by A. Tukker 

and U. Tischeners in Journal of Cleaner Production 2006(Kurdve and 
Mont 2006a).  

 A paper presented at the Environmental Management Accounting Net-
work (EMAN) conference in Graz 2006 (Kurdve and Mont 2006b), 
which was further developed into Paper IV. Chapter 11 in the book En-
vironmental Management Accounting as a Support for Cleaner Produc-
tion(Kurdve 2008b).  

 Fundamentals of the results of the initial waste management Study F 
were published as a book chapter in WASTEnomics: turning waste liabil-
ities into assets (Kurdve 2008a). 

 The resulting industry method (Study G) was published as a conference 
paper at the Greening of Industry Network Conference GIN12 (Kurdve 



 42 

et al. 2012a) and further developed with Study H as Paper VI and pub-
lished in Journal of Cleaner Production.  

 Some of the general findings on SSCM from Studies A-G resulted in a 
paper for a conference in India on sustainable supply chain management 
(Zafarzadeh et al. 2012).  

 Input to the service requirements was used also in Paper I, published in 
International Journal of Sustainable Manufacturing.  

 
Two student theses were initiated and supervised by the author resulting in 
input to the research (Asmus 2007; Helman 2007) as in-depth investigations 
of environmental product development and collaborative improvement or-
ganisation at two plants.  

3.3 Phase (ii): Integrated green lean production 
systems  

This section deals with the studies conducted on integrated production sys-
tems. Action research from managing the integration of environment and 
occupational health and safety into the XPS at Volvo, Smurfit Kappa Swe-
den and Produktionslyftet (The Production Leap), has been supplemented by 
research carried out by interviews, observations and workshops at ABB, 
Haldex, Volvo, Toyota, Scania and Volvo Cars.  
 
The author acted as process responsible for developing and integrating the 
XPS at the Volvo Group, Sweden’s biggest employer in the metalworking 
industry and at Smurfit Kappa, Sweden’s largest producer of corrugated 
paper packaging. As researcher at Mälardalen University and Swerea, the 
author carried out studies and method development at Produktionslyftet and 
several automotive and metalworking industries. 

3.3.1 Research design  

 
The second phase, studies on production system development (2006-2013) 
focused on how to incorporate sustainability issues into the company-
specific production system (XPS). This practical question, which corre-
sponds to the main professional task for the researcher at Volvo between 
2006 and 2009 and at Smurfit Kappa 2009-2010, has been the basis for Re-
search Questions 1 and 2. The research questions are connected to phase (i) 
(Section 3.2), involving collaboration of actors in improvements, including 
sustainability issues. Phase (ii) is a major basis of this Ph.D. thesis. 
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The knowledge is based on action research at the Volvo Group (Study J, 
2007-2009), Smurfit Kappa (Study K, 2009-2010) and development at 
Produktionslyftet (Study L, 2012-2014), supplemented by inductive research 
on Haldex, Volvo Cars, Scania and Toyota Material Handling in Sweden 
(and actually Volvo again) (Study M, 2011-2013). See Table 3.  
 
The first study (J), at Volvo, involved two major tasks: to develop the Volvo 
Production System (VPS) and to assist production sites in their start-up 
phase of using VPS. The first task specifically involved aligning the VPS 
model with the corporate values environmental care and safety, and the se-
cond task involved visiting, assessing, evaluating performance, creating 
roadmaps and training key personnel for the start-up of VPS. The conceptu-
alisation part of the research (in Study J) meant theoretical studies of opera-
tional management and lean manufacturing combined with action research of 
how to build up an XPS model and how to combine lean manufacturing with 
a company’s environmental management and work environmental manage-
ment systems in the Volvo Group. Results were reported to the research 
project Swedish production system (SwePS) (Moestam-Ahlström 2012).  
 
In the second study (K), at Smurfit Kappa, further experiences from building 
an XPS and a company performance management system (PMS) including 
integration of safety and work environment management were added to the 
knowledge base. These mainly confidential, unpublished studies were per-
formed by the author as Lean manager in the corporate management team. 
This study involved similar overall tasks as in Study J, except at another 
company and limited to Swedish operations. A major focus was management 
strategy formulation to improve worker health and safety and employee in-
volvement in the production system.  
 
The third study (L) involved development of the methodology of Produk-
tionslyftet, a programme run by Swerea IVF for supporting companies to 
develop their own XPS. This involved application and further development 
of generalised lean tools and methods as well as pedagogical methodologies 
in how to train people in skills and understanding of lean production. Tests 
of the materials developed were used for verification. 
 
The fourth part (Study M) of this phase was performed by the author as re-
searcher at Mälardalen University and Swerea involving studies and analysis 
of several Swedish companies’ XPSs. The research involved qualitative ob-
servations, analysis of public documents and web pages together with struc-
tured and semi-structured interviews as well as presentations at workshops 
and seminars. Finally this phase of the research was combined with the other 
areas into this thesis.  
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Table 3: Studies of production system development 
Empirical studies Phase ii)
Production system development (and performance monitoring)
Study J Development and implementation 

of Volvo PS 2007-2009
Study K Development and implementation 

of Smurfit Kappa Sweden PS 2009-2010
Study L Development and implementation 

of Produktionslyftet methodology 2012-2014
Study M Comparative study of five 

companies' XPSs 2011-2013
 

3.3.2 Data collection/Data sources 

 
This part of the research was less sensitive regarding business relations than 
the first phase, and more formal and non-participatory research has been 
included. However, limited access to strategic management issues and man-
agement understanding may still be a constraint in this type of research 
(Coghlan and Brannick 2005), and management experience has been ac-
quired in companies (Studies J and K). In the strategic system development 
(Studies J-L), action research has been crucial to build the initial pre-
understanding of how management in the companies works (Coghlan and 
Brannick 2005). The author has acted as a team member in the strategy de-
velopment team (Studies J-L) and as manager in projects where the two 
companies’ lean-based XPSs were set up (Studies J-K). In these analyses, 
quantitative data are not sufficient to draw conclusions of how management 
systems work. System studies also depend on qualitative data including con-
text, relations and causality between entities (Wright 1989).  
 
In-depth analyses and coaching of several Swedish Volvo Group production 
plants as well as plants in Norway, Poland, Germany, Brazil, India, South 
Korea and Japan were performed during 2007-2009 in Study J. The data 
sources included all available internal production information systems. The 
main sources were plant performance management systems and assessment 
data collected on-site. Also company management systems, policies and 
standards were used in the VPS development, in addition to external sources 
such as training and literature.  
 
In Study K, at Smurfit Kappa, the same type of information was used as in 
Study J, but in addition marketing and sales data were added. The focus was, 
however, on health and safety systems linked to production and productivity 
reporting systems as well as observations, workshops and method trials with 
staff at each site. The studies were supplemented by literature studies, work-
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shops and interviews, also at other companies in parallel with the action-
based research. 
 
Produktionslyftet has an information database with a selection of methods 
and training manuals from several companies that have contributed to the 
development of concepts and methods. Data from this base were used in 
Study L together with literature on lean production and results from the use 
of methods at companies. The research at the companies participating in 
Produktionslyftet was based on workshops, team training, lean assessments 
and discussions.  
 
As researcher at Mälardalen University and Swerea, the author also partici-
pated in the Vinnova-funded project Green Production Systems (GPS) and 
Lean and Green Production Navigator (LGPN. Study M was carried out 
through industrial observations, semi-structured interviews and industrial 
workshops, followed by triangulation with literature studies and comparisons 
with other research (as well as testing and using methods in a more deduc-
tive research setting in phase (iii), Studies  N, O and P, and participation in 
five national conferences. Initial inductive studies were performed at Haldex, 
with additional visits at Volvo CE in Hallsberg (part of the Volvo Group) 
and ABB in Ludvika. Haldex is a large multinational producer of vehicle 
components. The Haldex studies were made at two operations in Skånes 
Fagerhult and Landskrona. In a second part, interviews, industrial visits and 
assessments as well as industrial and academic workshops at the Volvo 
Group, Volvo Cars, Scania, Toyota and ABB were carried out. 

3.3.3 Data analysis 

 
This phase of the studies has resulted in modelling of what an XPS is, what 
essential elements it includes and how to integrate it with formal manage-
ment systems and sustainable development.  
 
As responsible for integrating leadership, health and safety and environmen-
tal care into the production system at the Volvo Group, the author addressed 
the issue of how to best integrate sustainability aspects in the design of an 
XPS. The continued studies as lean manager at Smurfit Kappa gave further 
insights into management systems and performance monitoring, and further 
studies have all investigated different aspects of the major questions related 
to RQ1 and RQ2 going from problemising to specifics (Gustavsson 1998). 
Acting as coach and developer of XPS in Produktionslyftet has added to the 
knowledge base from Studies J and K and in many respects to the research in 
phase (ii) as a whole. The final part of this phase was done in a more formal 
research setting with an analysis of other companies in order to confirm gen-
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eral and discern specific attributes of the models developed earlier. The view 
of production system integration presented in Chapter 4 has been corroborat-
ed in studies in which several of the major heavy vehicle companies in Swe-
den participated.  
 
The system analysis has mainly involved studies of production systems on 
company level and team level. However, studies on machining operation 
level from phase (i) have been included in the study on how to incorporate 
environmental aspects in monitoring and control system design (Paper III). 
This part has used operational statistical data of a type otherwise of limited 
use in phase (ii). In the rest of phase (ii), qualitative data based on inter-
views, logic relationship models and models on similar settings found in 
literature have been used and tried. 

3.3.4 Publications/Writing up 
 
The main output of this phase is presented in a conference paper presented at 
SPS12 (Kurdve et al. 2012b) leading to Paper I in Journal of Cleaner Pro-
duction. This summarises the experiences from Study M of how XPS’s may 
be modelled and integrated with EMS and other formal systems. In addition, 
Paper II (Kurdve and Wiktorsson 2013) details how environmental perfor-
mance measurement can be integrated in operational monitoring, and Paper 
III from the chemical management studies contributes and includes experi-
ence from improvement systems (Kurdve and Dagini 2012). Two supervised 
master theses were also published in the area of performance monitoring 
(Shah 2013) and in the area of integrating risk management (Elassar 2013), 
respectively.  
 
Study L, connected to Produktionslyftet, has also resulted in an IVF-report 
on lean welding cells (Gåsvaer et al. 2013), and the research in Study M has 
in addition to the above-mentioned also resulted in a scientific report on 
integration of management systems with lean production (Zackrisson and 
Kurdve 2013). 
 
Input on system monitoring and control were used in Paper III, published in 
International Journal of Sustainable Manufacturing, and some general as-
pects of integrating sustainability were published in a conference paper on 
sustainable supply chain management (Zafarzadeh et al. 2012). One of the 
previously mentioned student theses (Helman 2007) concerned a site inves-
tigation of environmental management system integration and organisation 
of collaborative improvements.  
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3.4 Phase (iii): Development of tools and methods 
for XPS practice and material efficiency  

This section explains how the studies on tool and method development and 
verification were performed. Tools for integrated lean and green analysis and 
implementation were developed and verified in case studies. Such develop-
ment is complex and requires system thinking and abstraction. Since the 
research deals with complex phenomena (how and why problems) and the 
audience and participants such as practitioners and colleagues in the re-
searched field (Yin 1994) have divergent perceptions (Healy and Perry 
2000), instrumental case studies, within the scientific paradigm of realism, 
were employed in the test and verification of tools. Case-study-based re-
search is appropriate if the aim is to retain holistic and meaningful character-
istics of real life events (Yin 1994). 
 
In this phase the author has acted as researcher and method developer at the 
same companies as in the other phases. 

3.4.1 Research design  

 
Studies on XPS practice – connected to practical tools and methods devel-
opment and with experience from use of the tools at the Volvo Group, Volvo 
Cars, Haldex and several other companies – were carried out as development 
projects and tests in case studies (2008-2013). The exploratory studies aimed 
at determining the feasibility of the desired research (Yin 2003). The devel-
opment went from initially exploratory to explanatory, supporting data on 
cause-effect relationships, how events happened, and descriptive, complete 
descriptions of phenomena in their context, i.e., methods and tools have been 
used and reflected on while using them. In a second cycle in the develop-
ment stage, the methods have been redesigned and reflection after use has 
been a main development process.  
 
In addition, the reflection on practice in explorative and descriptive case 
studies has led to verification of, e.g., tool development, by further case stud-
ies. Most case studies were projects managed by the author with a re-
analysis of the data in a reflection phase. In some cases, later follow-up veri-
fication tests and interviews were made by master students supervised by the 
author. The author has also made own interviews and observations at exter-
nal companies to supplement the studies.  
 
Study N (see Table 4) on environmental value stream maps (E-VSM) starts 
with use and reflection of use of the regular value stream map (VSM) and 
learning the theory of E-VSM as described by the United States Environ-
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ment Protection Agency (EPA 2007). Then tests of the tool in 2008 and 
2009 including two master thesis studies at Volvo (Qiu and Chen 2009) and 
(Zhang 2010) resulted in internal guidelines on how and when to use the tool 
as well as reflection on how the tool is designed and what criteria it meets. 
Further studies have applied the tool in, e.g., food manufacturing and metal-
working operations in India as well as in combination with the Green Per-
formance Map (GPM) and waste flow mapping (WFM) in order to see the 
limitations of the E-VSM tool. 
 
The development of GPM in Study O started with workshops in the GPS 
project around aspect identification in accordance with an ISO 14001-
certified EMS and the challenge to spread this in operations management. At 
Haldex a visualisation format was used showing some different classes of 
aspects. The visualisation format was brought to the table together with ISO 
14031, MFCA and PDCA, leading to the development of a general frame-
work for teamwork, addressing the environmental aspect of each team. After 
two initial development tests at Haldex and Volvo CE, a more comprehen-
sive framework was documented and verified in case studies revisiting the 
companies. Further extensions to the method were made during cases at 
Volvo Cars, ABB, Sandvik, Procordia (Oweini 2012) and Finnveden.  
 
In Study P (see Table 4) as well as in Studies F-H (see Table 2) the genera-
tion of material waste stemming from process material consumption (e.g., 
(Kurdve et al. 2011a) was addressed. Environmental value stream mapping 
(E-VSM) (as used in Study N) for waste management services was found to 
be difficult to use in service settings and when value flows are negative. To 
bridge this gap, the waste flow mapping (WFM) method was constructed by 
combining eco-mapping, VSM, waste hierarchy and other basic engineering 
tools in Study P. An initial approach was made for team development 
(Kurdve et al. 2011b) and verified in one case in Study P. In Study G the 
initial WFM method was reconstructed for use by specialists at multiple sites 
(Kurdve et al. 2012a). The reconstructed method was tried at four sites be-
fore it was standardised and used at twelve more sites. Final development in 
the MEMIMAN project (Study H) documented the method in Paper VI and 
added actor interviews and analysis to the method, as it was used for analysis 
of four plants’ material efficiency. 
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Table 4: Studies on method and tool development 

Empirical studies Phase iii)
Tool and method development
Study N Environmental value stream map 

studies, own tests and supervision 
of 7 students 2009-2013

Study O Develpment and trials of Green 
Performance Map (GPM). 2010-2013

Study P (Subpart 
of Studies G &H)

Development of waste flow 
mapping 2010-2013

 

3.4.2 Data collection/data sources 

 
The development of tools and methods has been supported by research of an 
applied nature in which literature studies combined with case studies were 
chosen as general research methods. Workshops with experienced engineers 
have been used to identify needs of analysis support, and the collected expe-
riences from tools used, courses, seminars and consultancy work have been 
used and synthesised into frameworks for further development. The data 
collected on-site mainly comes from production monitoring and operator 
knowledge but also from some direct measurements on-site. 
 
At Volvo Technology, production operational development experiences 
from the Volvo Group worldwide were collected in Study N. Collaboration 
with two master thesis studies (Qiu and Chen 2009) and (Zhang 2010) was 
used as a way to collect information and try E-VSM at two Volvo plants. 
Data from team monitoring and operator knowledge were used together with 
environmental management systems.  
 
At the production of vehicle components at Haldex, two plant studies were 
made as development and tests of the GPM. Study O was made at a site in 
Skånes Fagerhult and at Landskrona. As researcher at Mälardalen University 
the author continued the studies at Volvo Group sites and Volvo Car sites. 
The GPM method involves collecting data from operators’ knowledge 
through workshops and interviews, operations monitoring and some direct 
measurement and counting/logging of actions. The method was verified by 
operator evaluation and action tracking. 
 
The waste flow mapping development builds on the experience from envi-
ronmental coordinators and facility managers at Volvo sites on the need for 
reducing process material waste. Together with operative staff at Haldex a 
feasible data collection using waste management data, operator knowledge 
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and logistics management data was compiled. In a further development to-
gether with Volvo, Miljögiraff, Mälardalen University and Stena, stakehold-
er interviews with all actors involved were added as a data source. The 
method has been applied at the Volvo Group, Haldex, Alfa Laval and Sca-
nia. It was corroborated by improvement opportunities found and by feed-
back from the actors involved. 

3.4.3 Data analysis 

 
The studies in this phase focused on how to develop support tools and meth-
ods for operations management in order to take on sustainability challenges. 
In addition, when trying to solve real-life problems in companies by using 
existing knowledge and still build new knowledge that can be used by others 
in similar situations, we have to rely on engineering science and applied 
science on management and sustainable development. Developers have not 
been able to consult any handbook on the optimal way to construct useful 
tools but have used scientific resources to identify needs, set criteria and 
promote small-step development based on stepwise validation and previous 
experiences. 

3.4.4 Publications/Writing up 
 
Publications in this third phase include five conference articles and one sub-
mitted journal article, handbooks and reports. In addition, seven master stu-
dent theses were supervised in this phase. 
 
Experiences of E-VSM and the use of VSM in connection with sustainability 
aspects have been published in a conference paper (Kurdve et al. 2011a), 
Paper V.  
 
The GPM development has been documented, in addition to appended Paper 
IV, in a conference paper (Romvall et al. 2011), a handbook (Bellgran et al. 
2012) and an IVF-report (Gåsvaer et al. 2013). The author also facilitated a 
workshop at ABB resulting in a paper at the 6th International Conference on 
Life Cycle Management – LCM 2013 in Gothenburg (Peterson et al. 2013).  
 
Waste flow mapping methodology development is documented in two con-
ference papers: for the 4th Swedish Production Symposium, SPS 11 (Kurdve 
et al. 2011b) and for the Greening of Industry Network Conference  
GIN2012 (Kurdve et al. 2012a), preceding the appended journal article in 
Journal of Cleaner Production, Paper VI. In addition, parts of the method 
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will be presented in the next edition of a handbook for environmental as-
sessment from Swerea IVF. 
 
Two master theses at Chalmers and the Volvo Group, for which the author 
formulated the problem and supervised the research, studied environmental 
VSM (Qiu and Chen 2009); (Zhang 2010). Three master theses at MDH 
were supervised, one on E-VSM at a metalworking plant in India (Joseph 
2012), one on E-VSM and GPM for a food process in Sweden (Oweini 
2012) and one on VSM and ergonomics analysis at a warehouse operation in 
Sweden (Honarmand and Sundaranathan 2013).  

3.5 Quality of the research 
This section will determine the level of confidence in the findings through a 
discussion of reliability (how great variations in outcome are), validity (how 
close the explanation is to the outcome) and objectivity (how biased or non-
biased the results are).  

3.5.1 Reliability and usefulness 

 
With a systems approach, the precision of measurement is not as accurate 
nor as necessary as in analytical research. Instead, it is important to under-
stand the cultural context, avoid polarised explanations and in many cases 
take a multidimensional point of view in explanations (Silverman 1997). 
This is due to the dynamic nature of human behaviour, which is a major 
factor in research on organisations (Gummesson 2000). But as Clarke and 
Dawson (1999, p. 55) point out, “While quantitative approaches at their best 
can show the attainment of the outcome, they rarely touch upon why and 
how the outcome occurs‖. Thus the strict reliability of the research may not 
be seen as so important as the usefulness and validity. Usefulness or benefit 
for both the practical users and researchers needs to be considered. 
 
Halvorsen (1992) claims that action research has to aim for change among 
the actors studied and there may be four criteria to judge relevance for the 
actors (i.e., in this case the staff at the companies): 

 
 Are the problems described/presented so that actors recognise them? 
 Does the study provoke reactions among actors? 
 Does the study contribute to self-understanding and consciousness 

among actors? 
 Can the study contribute to actions that will improve the situation stud-

ied? 
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One way to understand the causality of systems is to make controlled exper-
iments, which may have its limitations in a real-life management system 
since trials with expected „bad‟ outcomes are usually not allowed. Another 
way may be to find significant statistic proof, which requires a large number 
of quantified data, which may also be limited in most of the questions re-
searched. A main result of this research can thus be hypothesis building 
(Gustavsson 1998) and initial validation, although the results may need fur-
ther verification in more cases before they are expressed as generally appli-
cable theories.  
 
Regarding systems like the process fluid system studied in Paper III, alt-
hough they are not allowed to be stressed to the point of breakdown, the data 
are usually large enough to find a few negative points where the system ac-
tually fails, so that the analysis can be performed and sometimes even statis-
tically significant conclusions can be drawn. Evaluation of usefulness can 
also be practically ensured if the concepts are tried and those who tried them 
continue to use them. 

3.5.2 Validity of findings 

 
With regard to validity of systems research, the connection between theory 
definitions and reality is not as important as in analytic research (Clarke and 
Dawson 1999). Instead the validity discussion is focused on the essential 
connections in the real systems as judged by researchers and practitioners.  
 
Case study validity is seen as construct validity, internal validity and exter-
nal validity (Yin 1994) or only internal validity and external validity. The 
findings have been validated through workshops with researchers and practi-
tioners from a large number of companies and have a broad empirical base.  
 
In a way the action research case studies carried out can be seen as full-scale 
experiments, however with the limitation that a proper design of experiments 
was not allowed. Tests regarding collaboration systems, as studied in Studies 
A-H (reported in Paper IV and in the licentiate thesis), with an expected 
negative outcome were not allowed. This limitation may be a major draw-
back in the formulation of new models, and therefore supplementary re-
search, giving explanatory theories and models, has been important. Further, 
the cases studied are too few to draw statistically valid quantitative conclu-
sions from. Nevertheless, we can make qualitative conclusions, and by logic 
reasoning and by incorporating studies focused on certain subsystems, we 
can still build knowledge that is useful for other researchers and profession-
als in similar situations. 
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3.5.3 Objectivity 
 
In order to create scientific knowledge, the general norm is to communicate 
unbiased information. (Tanona et al. 2009). Science is assumed to provide 
objective, non-judgmental answers to questions around the nature of the 
world of humans, but with the same assumption it has problems answering 
questions around ethics, policies and values (Benham and Shimp 2007). 
However, knowledge must be created before it can be communicated (Algeo 
2012; Antonsen et al. 2007). Often research is undertaken by interviewing 
managers, resulting in a lock-in effect of the system management. Action 
research has been used as a means to achieving bottom-up-based knowledge 
(Antonsen et al. 2007) and interactive relations between management system 
bureaucrats and operating staff, which is a prerequisite for informed culture 
(Antonsen et al. 2007; Reason 2004). Including project managers has been 
seen as an efficient strategy for inclusive reflection, if reflection and action 
are linked and if individual findings are inserted in professional discussion 
and scientific dissertation (Algeo 2012; Altrichter 1999). 
 
Using dialogue between professionals and researchers as a research method, 
however, creates a tendency to let the researchers’ own opinion appear. So in 
order to use such methods, fewer demands have been put on researcher ob-
jectivity. Since the goal of the research is to communicate knowledge, this 
may even be a preferred way to communicate science (Tanona et al. 2009). 
Although action research may be criticised by positivistic deductive re-
searchers for not being objective enough (or it may at least be hard to prove 
its objectivity) and for not being repeatable enough, it is here considered to 
be the only efficient way to achieve knowledge of company management 
(Coghlan and Brannick 2005; Gummesson 2000). 
 
The research in this thesis is not based on the concept by which research is 
carried out by researchers and then in a separate second stage the knowledge 
generated is applied by practitioners. Instead, action and research are inte-
grated (Coughlan and Coghlan 2002). This is particularly attractive for prac-
ticing managers, who are the best performers of such research focused on 
professional values rather than methodological considerations (French 
2009). Thus the action phase is very much biased by the researcher’s view, 
but efforts have been made to separate that from the reflection phase, where 
mainly the new knowledge is generated. In the reflection part of the process, 
the interpretation by others and consideration of others’ points of view have 
been seen as vitally important to unleash insights that are not obvious for a 
lone practitioner (French 2009). 
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4. Empirical 
findings 

4.1 Conclusions in the appended papers 
This section will present each appended paper’s relevant findings on the 
research questions of the thesis. Paper I answers RQ1 about how lean and 
green have been integrated by Swedish vehicle manufacturers and RQ2 
about how performance indicators may be set up on a system level. Paper II 
answers RQ2 and RQ4 by investigating a support tool for integrated green 
and lean continuous improvements on the operative level and how it can be 
used for monitoring operational as well as environmental goals.  
 
The study in Paper III helps answering RQ2 on how monitoring and control 
of complex systems could be set up on the operative level with regard to 
environmental and operational goals and RQ1 regarding how to set up green 
and lean principles on the operational level to design machines and mainte-
nance systems in order to achieve an efficient use phase of the system. The 
study is also connected with RQ3 by investigating in detail the knowledge 
and interaction needed in PSS collaborations involving managing process 
fluids, maintenance and machines.  
 
Paper IV generally answers RQ3 and partly RQ2 about how collaboration 
with a supplier can be set up, what a collaborative relation looks like and 
how the collaboration may be monitored on system and process level.  
 
Paper V helps answering RQ4 by showing how common lean tools, like 
value stream map and loss analysis, can be combined with environmental 
management tools, like energy and material surveys, into an integrated green 
lean tool. The final paper (VI) answers RQ4 with regard to how to design 
integrated improvement tools and methods for material flow analysis and 
RQ2 on how to follow up on improvements in material efficiency. It also 
gives some input to RQ3 regarding collaboration between actors in the waste 
management services supply chain. 
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4.1.1 Paper I: Lean and green integration into production 
system models: experiences from Swedish industry  

 
The paper focuses on how corporate sustainability has been integrated in 
company-specific production systems (RQ1) at Swedish automotive and 
vehicle manufacturers and on how performance indicators may be set up on 
the system level (RQ2). It shows the mutual benefit and need of further 
combining company-specific production system models (XPS) with formal 
management systems, especially environmental management systems 
(EMS). Lean thinking can ensure efficient progress towards sustainability 
goals, and sustainable development can aid lean thinking by ensuring a bal-
ance and long-term business sustainability.  
 
The main objective of formal management systems is to achieve continuous 
improvements of the area managed, and the fundamental purpose of an XPS 
is to improve operations towards excellence/superiority. There are business 
advantages in striving for integration of systems regarding cost reduction 
and improving competition as well as effectiveness of system management. 
Successful integration requires a holistic perspective and a defined integra-
tion strategy. 
   
Although most components in an XPS and, for example, an EMS are com-
mon, the baseline for the paper is that there are some gaps and that adapta-
tions are needed to achieve a holistic system as shown in Table 5. 

Table 5: Table of elements in XPS and EMS (Paper I) 
XPS integration 
analysis Components XPS EMS ISO chapter

Values X X 4.1
Visions/Policy X XX 4.2
Legal requirements XX 4.3.2
Principles XX
Visualisation of principles X
Aspects XX 4.3.1
Methods & tools for CI X
Operational procedures XX 4.4.6
Prioritisation X XX 4.3.1 & 4.3.3
Goals/targets XX XX 4.3.3
Monitoring X XX 4.5.1
CI roles & training X XX 4.4.1 & 4.4.2
Management CI review X XX 4.6
Audit system X XX 4.5.4
Standardised corrective actions XX 4.5.2

X = recommended, XX = mandatory

Vision and values

Principles

Methods

KPIs

Organisation

Auditing
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The paper investigates five companies’ approaches to integration of formal 
management systems (EMS, QMS and OSHMS) with their company-
specific operations improvement system (XPS). The studies show that it is 
possible to integrate corporate sustainable development into a lean manufac-
turing programme and they describe some approaches. Each company has 
set up its XPS with regard to operations and internal culture, and thus the 
integration is permeated by a variety of perspectives. The green values may 
be included in the values of the company (as in Volvo and Toyota). Also an 
operative green preference (as in Haldex and Scania) is identified as benefi-
cial. Nevertheless, all the companies investigated are challenged, especially 
regarding the EMS integration in practice and in communication of the inte-
gration strategy:  

 
 The organisation model with roles and responsibilities and skills devel-

opment needs to be broad and include sustainability issues, foster inter-
nal and external collaboration and further integration in the operational 
management.  

 The XPSs need to be adapted to fit audited EMS requirements like legal 
compliance and aspect identification, while EMS business significance 
should be strengthened with, e.g., formulation of principles and visuali-
sation on the operational level.  

 Including environmental measures in the KPI system supports giving 
priority to environmental improvement work.  

 Tools and methods are often designed to be used by experts and not for 
use by operative staff. 

 Integration of internal and external audits is perceived as important to 
gain a holistic system view of continuous improvements. 

 
An additional crucial point in corporate sustainable development is to con-
sider the whole supply chain. QMS invokes supplier evaluations and cooper-
ation with different actors on quality assurance, safety control and customer-
related environmental issues. This is mainly implemented by publishing 
supplier requirements and doing supplier audits. In order to achieve effective 
improvements, a higher degree of cooperation, collaboration with suppliers 
towards common goals, is suggested in a related study (Zafarzadeh et al. 
2012). In this study of green and lean supply chain management in three 
automotive and vehicle industry companies, design processes as well as 
chemicals, energy and waste management services were pointed out as most 
significant and the most developed areas of supply chain collaboration in the 
companies studied.  
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4.1.2 Paper II: Green Performance Map: visualising 
environmental KPIs  

 
The paper investigates a support tool for integrated green and lean continu-
ous improvements on the operative level (RQ4) and how it can be used for 
monitoring operational as well as environmental goals (RQ2) at two compa-
nies.  
 
In the two companies studied, the focus on environmental management in 
manufacturing has in the last decade been on energy consumption. Targets 
have been set on energy consumption per produced product as well as on the 
type of energy used. Measured in the same unit (kWh) and converted to, for 
instance, CO2 or global warming potential, it has been experienced as fairly 
easy to understand by operations. However, the goals have been seen as a 
few experts’ job to achieve (e.g. facility engineers and technicians designing 
new process equipment). 
 
With increasing environmental challenges, the two companies studied expe-
rience a need to include a broader set of environmental aspects in operations 
KPIs. To succeed with cost-efficient environmental improvement work, op-
erational management needs to take ownership of the environmental perfor-
mance, and operating teams need to include environmental issues in the con-
tinuous improvement work. For environmental managers, this means that 
they need to apply a coaching role and deliver tools and methods that can be 
used without deeper environmental expertise. The company also has to have 
an appropriate set of KPIs for the improvement work to overcome obstacles 
to integration of environmental management into operational management. 
The Green Performance Map (GPM) tool (Figure 11) was used in accord-
ance with the handbook (Bellgran et al. 2012) and earlier studies (Romvall et 
al. 2011).The GPM was found to interlink environmental experts with im-
provement teams; it supports operational engagement in environmental im-
provement via use of performance measures. 

 
The GPM was used both as a management’s at-a-glance tool for visualising 
the environmental situation and as an operational data-gathering method for 
supporting sustainability decisions on team level. Used at top level, the 
Green Performance Map (GPM) had the benefit of being visual and giving 
an overview of the production system environmental impacts, which could 
be broken down into main processes and used for follow-up. 
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Figure 11: The Green Performance Map (Paper II). 

At team level the important features were to give managers, environmental 
specialists and improvement teams a common view of the  environmental 
impact of the manufacturing and a method to collect, visualise and classify 
priority of improvement efforts. The team effort of working with the GPM 
was beneficial as an educational tool, helping operators understand the im-
portant aspects in their day-to-day work as well as providing training in en-
vironmental improvement actions. The tools also complied with the ISO-
based EMS and, e.g., added to ISO 14031, by being visual and easy to use 
for operators. 
 
Since environmental aspects are often measured in different units and are 
complex to understand, visualisation of a goal state is seen as pivotal in effi-
cient integrated operational and environmental management. The difficulty 
of giving a complete view and system performance understanding is a barrier 
seen in former studies (Romvall et al. 2011). This is somewhat overcome by 
the use of the GPM at the two companies. Visualisation and common under-
standing can be seen as enablers for collaboration between individuals or 
actors.  
 



 59 

One limitation in the use of GPM is that full cost data (as from EMA or 
MFCA) are often unavailable (Romvall et al. 2011) and thus priority on the 
team level tends to favour actions on aspects with high external rather than 
internal costs. In addition, environmental risks are not sure to be found and 
risk costs may not always be included in, e.g., an MFCA. A possibility could 
be to supplement the teamwork on GPM with teamwork on environmental 
risk analysis also coached by environmental managers or coordinators. 
 

4.1.3 Paper III: Sustainable metalworking fluid systems: 
Best and common practice for metalworking fluid 
maintenance and system design in Swedish industry  

 
The paper concerns how monitoring and control of a production system on 
the operative level may be set up with regard to both some environmental 
sustainability goals and some traditional operational targets (RQ2) as well as 
how to set up principles for integrated environmental and operational im-
provement (RQ1) to design machines and maintenance systems in order to 
achieve an efficient and sustainable use phase of the system. The paper is 
also connected with RQ3 by investigating in detail the knowledge and inter-
action needed in PSS collaborations involving managing process fluids, 
maintenance and machines. 
 
The paper covers specific elements of green and lean design principles and 
how to specify product requirements as a tool to meet these principles. As a 
specific example, this study deals with efficient and environmentally adapted 
fluid management as well as design and development of fluid systems on an 
operational level. The study indicates that specifications of (fluid) system 
design need to be detailed and clear. There is need for standards and guide-
lines to cover the gap between common practice and best practice, where 
process material and equipment are easy to maintain and free of contami-
nants and proactive control is applied thanks to proper design.  
 
The paper concludes by presenting an ideal situation where a properly de-
signed system has an easy application of frequent and exact on-site monitor-
ing of direct parameters as well as leading parameters. Effective practice 
makes it possible to lift process fluids from being a consumed material to 
being an investment material. Statistical process control (SPC), variance 
control and possibly multivariate analysis  in order to minimise addition of 
chemicals and still keep (biological) contaminants under control are features 
of an excellent system.  
 



 60 

Proposed principles for equipment and design monitoring system include the 
following: 
  

 The equipment should be easy to keep clean, maintain and repair.  
 The system should support proper maintenance such as daily 

check of status (fluid level, concentration, colour and smell), mon-
itoring and control of contaminants and fluctuation from normal 
condition (bacteria, tramp-oil, particles and temperatures).  

 SPC and variation control are used for monitoring these parame-
ters using trends/system history, and multivariate analysis or other 
advanced methods are used for deeper analysis and investigation.  

 
The results are further elaborated in Kurdve (2010), on inclusion of all of the 
life cycle and how use-phase and design-phase interaction can be built in a 
collaborative PSS. Appendix A in Kurdve (2010) expands on how to achieve 
environmental improvements in the use phase of fluids and the knowledge 
and information management needed to improve critical fluid system factors 
affecting, e.g., energy demand, up-time and quality for the whole manufac-
turing system.  

4.1.4 Paper IV: Chemical Management Services: 
Safeguarding Environmental Outcome 

 
The paper focuses on how collaboration with a supplier can be set up that 
considers environmental sustainability goals and measures (RQ3), what a 
collaborative relation looks like and how such collaboration may be moni-
tored on system and process level (RQ2).  
 
The basis for the paper is that a business model by which suppliers are paid 
by functional result (as in Figure 12) and where supplier responsibilities 
encompass the entire life cycle has the best theoretical potential for a posi-
tive long-term sustainable development. In addition, in order to build a suc-
cessful collaboration between suppliers and buyers, it is important to set up a 
financial agreement and allocate responsibilities of materials/products and 
services accordingly. However, the business model alone will not guarantee 
a positive environmental outcome. Trustful communication, logic responsi-
bility allocation and (long-term) knowledge management will also be crucial 
in order to achieve positive results. The process development must involve 
all important actors. 
 



 61 

Use of material/
products

Customer wants

to reduce volumes
Traditional supplier

wants to increase volumes

PSS supplier wants

to reduce volumes

 
Figure 12: Aligning incentives between suppliers and buyers, general model (modi-
fied from Paper IV).  

The successful supplier–user collaborations presented in the paper show 
broadly supported and communicative process management with good 
maintenance and material management, including standardisation, prolong-
ing material life, emissions reduction and material recycling, which is bene-
ficial with regard to environment, quality and cost aspects. System monitor-
ing is supported by following performance indicators for each significant 
environmental aspect of the process. Suggested eco-efficiency parameters 
for fluid management or material management include fluid or material us-
age per produced unit, indicating plant efficiency, and system turnover time, 
indicating efficiency at the operations level.  
 
To support continuous improvement, the paper also describes additional 
factors that influence collaboration and should be evaluated regularly. 
Communication and trust between actors may be monitored by surveys. 
Tools like environmental management accounting (EMA) or material flow 
cost accounting (MFCA) can be used to create a common baseline for mate-
rial, energy and workflow. Other tools supporting collaborative improve-
ment work may be needed to enhance the complex and interlinked factors 
influencing the environmental process performance, such as responsibility 
allocation and the financial models, but also agreement on common (envi-
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ronmental) goals and developing of knowledge management support sys-
tems. Finally, trust and involvement of all actors is a prerequisite for long-
term sustainable development.  
 
The paper could not conclude whether lack of incentives and responsibility 
or process knowledge at suppliers could be the reason of unsuccessful col-
laboration, or whether the monitoring of the collaboration was too inexact. In 
a continued study, Kurdve (2010) uses some of the suggested monitoring 
parameters and finds that some collaborations fail due to unfit organisation 
or inadequate responsibility allocation and others due to lack of knowledge. 
Internal KPIs at either actor that counteract the agreed financial model have 
sometimes been seen as a hindrance even when trust and communication 
have been positive.  

4.1.5 Paper V: Use of environmental value stream mapping 
and environmental loss analysis in lean manufacturing 
work at Volvo  

 
This paper shows how an integrated XPS analysis methodology with regard 
to both traditional operations management targets and environmental goals 
can be designed (RQ4), integrating common lean tools like value stream 
map and loss analysis with environmental management tools like energy and 
material surveys. 
 
The studies presented in the paper used a combined green-lean tool, envi-
ronmental VSM (EPA 2003), extended with a loss model to show operation-
al and environmental losses. Life-cycle assessment (LCA) based impact 
analysis was used to evaluate different environmental aspects. It showed 
how the combination of methods provides the user with hands-on tools sup-
porting strategic as well as operational management. Examples of practical 
improvement actions were found including reduction of energy use and floor 
space as well as reduced waste flow through lowered packaging material 
usage. It was also shown that a combined analysis saved time compared with 
doing lean analysis and environmental analysis separately and led to avoid-
ing sub-optimisation. 
 
In conclusion, combining lean manufacturing with environmental manage-
ment using environmental VSM and the loss model is considered useful for 
continuous improvement work with the specific useful properties visualisa-
tion, comparability between the current and future states, simplicity and 
practicability. However, limitations were that data collection was considered 
time consuming, if not already available in, e.g., energy monitoring systems, 
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and the tools were still considered as expert tools to be used by lean and 
environmental engineers although the output is used by operators. 

4.1.6 Paper VI: Waste flow mapping to improve 
sustainability of waste management: a case study 
approach  

 
The paper presents a multiple-site case study concerning how to design tools 
that support collaboration for integrated green and lean continuous im-
provements (RQ4), in this case focusing on integrated improvement tools 
and methods for material flow analysis as well as how to monitor with re-
gard both to traditional operations management targets and sustainability 
goals (RQ2), here with a focus on improvements in material efficiency. It 
also gives some input to RQ3 as it concerns collaboration between actors in 
the waste management services supply chain.  
 
The study concludes that a method for efficient waste management should 
empower staff, emphasise collaboration, mutual understanding and easy 
learning and be hands-on. It should integrate environmental management 
with lean principles like visualisation and root cause analysis as well as har-
monise with ISO 14001. It also needs to consider the extended supply chain, 
the reverse flow of goods, the services involved and the organisation of re-
sponsibilities. 
 
The paper builds on initial work on waste management in Volvo (Kurdve 
2008a), where the waste hierarchy was used as a visualised principle and 
performance monitoring of waste management was developed. It also builds 
on a practical team method development at Haldex (Kurdve et al. 2011b), 
where operators analysed material losses and identified improvement poten-
tials both in waste management and upstream supplier development. The 
method development can be seen as a process where similar building blocks 
are combined depending on the setting, which actors are involved and what 
business models are used.  
 
The experience from using waste flow mapping (WFM) in the multiple-site 
case study revealed it as an appropriate framework to analyse the materials 
management process, discover material value loss and identify resource effi-
ciency improvement potentials. Categorising different waste fractions into 
materials segments and analysing them individually was necessary to identi-
fy best practice where mixing quality grades of the same material was avoid-
ed. The study resulted in a number of performance and monitoring indica-
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tors. The most important were overall material efficiency, segment sorting 
rate and segment average treatment cost. 
 
However, guides for implementation of best practice with clear and relevant 
goals for all actors were not fully attained by the method. Since different 
actors have different drivers (e.g. economy, environment, use of resources, 
efficiency) and these are applied at different levels in the organisation, a 
service concept could be an efficient approach. Additionally, integrating 
sustainability and operations management requires follow-up of performance 
on a regular basis. Hence developing a tool or system that facilitates updat-
ing and performance monitoring for each actor is suggested for further im-
provements.  
 
The development and evaluation of WFM shows a possible way for tool 
development, reconfiguring lean and green tools into integrated methods.  

4.2 Green lean production system framework  
This section explains the major result of this research, a proposed model of 
an improvement system with integrated operational and sustainability goals, 
a toolbox and monitoring and control, which supports integration and col-
laboration. It can be seen as an emergent theory, developed from reflection 
(Coughlan and Coghlan 2002) on the implementation presented in Section 
4.1. The aim is to present how this system can be organised to support inte-
gration and supplier collaboration. It extends and integrates the results of 
each paper into a more comprehensive production system framework. How-
ever, it cannot be seen as a generally valid model that will work for any 
company without adaption. 

4.2.1 System model  
 
A major driver in management efforts of organisations has been to improve 
operations, and one of the most important features of an organisation is to 
improve faster than the competitors (Senge 1990). Thus a Lean programme, 
XPS or production system can be seen as the management system of opera-
tional improvements that should ultimately engage all involved people in a 
joint effort. As such it should be able to include all formal management sys-
tems with all types of improvements in the system and also include im-
provements in the whole value chain even if they are not within the legal 
boundaries of the organisation. That is the main idea for a (holistic) green 
lean production system.  
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As explained in the frame of reference of Paper I, the Toyota Production 
System (TPS) has been the role model for many companies, which, although 
not always successfully, have tried to use the same tools and methods as 
Toyota (Jayaram et al. 2010; Kurdve et al. 2012b; Netland 2012). A general 
XPS improvement system can be seen as consisting of a management system 
of rules, improvement methods and a monitoring system, all functioning in 
the actual operations in the socio-technical production system as described in 
the schematic structure in Figure 13. It includes a rule system (with one or 
several interlinked management systems with rules and principles) and a 
toolbox (with several standard methods and tools that may be required or 
stated in the rules or not mentioned but used in practice) and finally a per-
formance monitoring system (PMS) with a set of monitored parameters that 
are used to control the system.  
 

 
Figure 13: Integrated XPS 

The rules system has to be integrated to include all types of improvements in 
order to achieve internal efficiency. It also has to be connected to the toolbox 
of methods to use for analysing and implementing practice. As values and 
principles change, the tools may need redesign to target new challenges. 
Designing an improvement-focused XPS as the glue that binds the systems 
together (Figure 14), also requires monitoring the overall improvement ac-
tivities as done in one of the companies in Paper I (Kurdve et al. 2014b). 
Improvement monitoring often includes measuring qualitative parameters. 
This may sometimes become an obstacle to general understanding of the 
monitoring and control system as is elaborated in the frame of reference of 
Paper II (Kurdve and Wiktorsson 2013, pp. 2-3).  
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Operations management (OM) of manufacturing companies deals with man-
agement of complex interaction systems of humans and machines. Paper III 
(Kurdve and Dagini 2012) shows the importance of adequate design of ma-
chines (Kurdve and Daghini 2012, Section 3.2) as well as monitoring and 
control system (on a micro level, for process fluids) to avoid later problems, 
and the importance of measuring leading as well as resulting parameters, in 
order to have proactive control (Kurdve and Daghini 2012, Section 4). In 
order to grow towards environmental sustainability, standardised require-
ments or design criteria can be developed for implementation in each system 
to promote effective maintenance of the system. Thus this thesis elaborates 
on what design criteria/parameters can be used for the monitoring and con-
trol system, tools and methods, organisation and rules system, each of which 
is explained in the following paragraphs. 

4.2.2 The XPS – integrating the other parts 
 
Paper I (Kurdve et al. 2014b, Section 4) shows how leading Swedish manu-
facturers in the vehicle industry have built up their Lean production systems 
as operational improvement systems and their different approaches to inte-
grate their environmental and other management systems in these pro-
grammes. Also these are built on sustainability visions, principles and prac-
tice in line with the principles. Visions of companies are broken down into 
principles that are used to develop (and choose) methods that help guiding 
the learning efforts. 

 
Figure 14: The XPS is the framework for improvement of the system. 

XPS
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In Lean systems the values and visions are in turn broken down logically to 
guiding principles (Figure 15). These principles support putting the values 
into practice in the operations of that specific company. One way to visualise 
the hierarchical structure of the XPS described in Section 4.2.1, introduced 
in Paper I (Kurdve et al. 2014b, Section 5), in line with Liker (2004) and 
Netland (2013), is to present the company vision and how this leads to the 
company principles. The principles/general rules then guide what methods, 
tools and specific requirements to use (and develop). The toolbox includes 
the tools and methods used to change (and sustain/maintain) the operations. 
Finally the operations results are measured in the performance monitoring 
used to control the system.  
 

 
Figure 15: XPS chain of commands (Kurdve et al. 2014b). 

4.2.3 The rules system 
 

If, as suggested previously (Figure 13), the corporate environmental man-
agement (and QMS, OSHMS, etc.) is seen as a rule base (Figure 16) for the 
company improvement system, it can be compared to a lean programme as 
shown in Table 5 from paper I (Kurdve et al. 2014b). In such a comparison it 
is obvious that there are great similarities in demands of the systems. The 
full picture is that environmental management exists under the threat of be-
coming an issue on the side of operations, but if the difficulties in different 
views are overcome, there are large mutual benefits of integrating EMS (and 
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other management systems) with lean XPS as discussed in Paper I (Sections 
3.2.2 and 5) and Paper II (Discussion and conclusion section). 
 

 
Figure 16: The rules system or management systems. 

In an ISO14001-based EMS the environmental vision is expressed in an 
environmental policy, but not in company principles (as shown in Section 
3.2.2 in Paper I, Kurdve et al. 2014b). If the policy is expressed in another 
document than in the general company value description of the operations, 
the principles, deducted from the operational values, will lack environmental 
(and other sustainability) values. This may be an explanation why sustaina-
bility issues are seldom expressed in the principles of XPS (Netland 2012). 
There may be unspoken principles, such as „comply with legal requirements‟ 
or „safety first‟. Often, however, legal requirements may not be the main way 
to lead sustainable improvements, instead sustainability principles have to be 
formulated that aim further than mere obedience of laws. In a green lean 
production system, the value statement and principles of the company should 
include the sustainability values. A discussion started in Paper I argues that 
if company-specific green and sustainability principles can be formulated in 
the same way as lean principles, they may support integration of corporate 
sustainable development. A way to create green/environmental principles is 
to use the environmental aspects/challenges and out of these create general 
principles that may be integrated with the lean principles. 
An EMS instead requires identification of aspects (just as OSHMS requires 
identification of risks) that also aim to generally direct efforts. In many of 
the companies researched the logic behind the connection between vision 
and aspects on the one hand and operations and the possibilities to influence 
environmental performance on the other has been perceived as weak. In one 
company in the study presented in Paper I even the operations environmental 
manager discusses abandoning the concept of environmental aspects entire-
ly. Instead of that, this research proposes to see the identified aspects (and 
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risks) as operational challenges with regard to the environment. This is in 
line with Toyota’s view according to Liker and Hoseus (2008). In order to 
drive focused operative improvements, the identification of challenges and 
subsequent definition of monitorable targets together with employees is im-
portant. This is elaborated on in Paper II and is in line with other empirical 
studies (Zobel 2008). 

4.2.4 Performance monitoring and control system 
 

 
Figure 17: The performance monitoring and control system (PMS). 

 
Operational challenges are connected with the company goals and targets 
and in order to measure improvements, target parameters should be specified 
in the PMS as key performance indicators (KPIs) as depicted in Figure 17. 
However, setting global KPIs for the organisation, such as a defect ratio for 
quality or CO2 emission for environment, and then breaking them down to 
each process and department as is often common practice may be inefficient 
if the organisation wants to achieve local improvements towards that goal as 
explained in the frame of reference in Paper II (Kurdve and Wiktorsson 
2013). Instead the operational challenges for each area (e.g., environmental 
aspects) can be identified on each operative level (Figure 18). From the chal-
lenges, target conditions are defined by KPI measurements on each level.  
 
Figure 18 means that an environmental challenge to greenhouse warming 
potential may result in an overall KPI on CO2 at plant level, but a 
kWh/produced vehicle KPI on line level, and a reduction of standby time (h) 
of a machine, on operator level. Similarly a challenge to product delivery 
may result in a late delivery (#) KPI on plant level, a lead time (h) KPI for 
the line and a change-over-time KPI on operator level. 
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Figure 18: Breakdown of challenges rather than targets and KPIs  
 
The monitoring and control system has to be in line with the rest of the sys-
tem. The importance of the response time, monitoring frequency and control 
limits for complex non-linear systems, such as process fluid systems, is 
shown in Section 4 of Paper III (Kurdve and Dagini 2012). Similarly, when 
controlling a complex production system, it is important to measure close 
enough and often enough to be able to control the variable parts of the sys-
tem. This is a lack also in many lean XPSs and a reason (mentioned in the 
studies connected with Paper I) for why some lean programmes have not 
been successful enough. It is also necessary to understand what possibilities 
exist to influence the system, as this constitutes the control limits. This un-
derstanding is a shortcoming in the environmental management systems in 
some companies mentioned in the studies connected with Paper II.  
 
In several of the papers included, the use of environmental performance 
monitoring is addressed. In the empirical section of Paper IV (Kurdve 
2008b) the environmental indicators for water use, volatile organic com-
pound (VOC) emission and hazardous waste at a number of plants are used 
in order to compare improvement rates for different chemical management 
cooperation concepts. However, as stated in the author’s licentiate thesis, the 
environmental indicators used may often be too general or difficult to use for 
direct comparison between operations (Kurdve 2010). One way to overcome 
this is to do as in Paper IV and not compare the performance level in volume 
per produced unit between sites but rather compare the improvement rate of 
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each indicator. It may be argued that this measure cannot be used to evaluate 
how well an operation performs environmentally, but for the improvement 
management it is essential to monitor the improvement rate, regardless of the 
starting point, and this can thus be a viable method also for other issues like 
quality, work environment, etc. 
 
Several of the indicators used in industry (Paper I and Paper IV) are not use-
ful for quick response/control. In several of the papers, Papers I, II, III, IV & 
VI and (Kurdve 2008a; Kurdve and Mont 2006b; Kurdve et al. 2012a), pa-
rameters for monitoring, control and verification of targets/goals/results are 
discussed and suggested, and also some performance indicators for compar-
ing operations are mentioned although the improvement rate (as in paper IV) 
for any parameter seems to be the most useful to monitor improvement pro-
gramme effectiveness. Paper VI introduces both environmental and opera-
tional efficiency KPIs for industrial waste management. In Paper II, a system 
for visualising green KPIs together with other operational KPIs and the logic 
behind them in a Green Performance Map is presented as well as the need 
for logical breakdown of vision and principles all the way down to actions 
and with the logic monitoring system needed to control this system. The 
GPM visualisation presents a natural link between the top KPIs and the ap-
plication-specific tailored KPIs on lower system levels. 
 
A complete performance monitoring and control system for an integrated 
green lean XPS as discussed in Paper I incorporates all sustainability issues 
and monitoring parameters for all actors included. The KPIs will then need 
to address each of the stakeholders, dealing with, e.g., quality (Q) and deliv-
ery on time (D) for the customers, safety, work environment, health and 
wellbeing (S) and people development (P) for employees, environmental 
performance (E) and legal compliance (L) for society, and cost and revenues 
(C) and return on investment (R) for the owners. In order to monitor the 
improvement system itself, continuous improvement performance should 
also be measured. One of the companies studied addresses all aforemen-
tioned stakeholders in their performance monitoring (Paper I, Section 4.5), 
using SQDIEPC, where S = safety and health – or rather safety and work 
environment as well as health and wellbeing, Q = quality, D = delivery, I = 
improvements, E = environment, P = people development, C = cost and rev-
enues. 
  



 72 

4.2.5 Toolbox: Tools and methods supporting 
improvements 

 
An important difference between lean programmes and formal management 
systems is the prescription of methods, tools and standards (Figure 19). Most 
lean programmes use similar (almost standardised) tools and methods (Hines 
and Rich 1997; Liker 2004), and these tools and methods all adhere logically 
to the company-specific lean principles. In environmental management there 
is no such streamline of tools, rather, as stated by Lindahl (2005), there exist 
a large variety of environmental tools and development of new tools and 
methods.  
 

 
Figure 19: Toolbox of methods, tools and standards.  

Tools and methods usually have two types of objectives, either to analyse 
the current state of an operation in order to identify and categorise and set 
priority on challenges, e.g., VSM, assessments, spaghetti chart, etc., or act as 
a framework to support implementation of a skill or a practice in order to 
change, in line with a certain challenge, e.g., 5S, SOP, waste sorting hand-
book. Obviously these are used together in some methods like SMED or eco-
design, containing both analysis and an implementation framework. 
 
The studies conducted in Papers II, V and VI have mainly investigated anal-
ysis tools and methods, i.e., methods that may support identification and 
categorisation of appropriate challenges and to select (and adapt) the method 
or tools for implementation. In this research, rather than inventing new 
methods, new approaches have been developed by adaption and combination 
of existing lean and green tools with the objective to perform the sustainable 
development task as well as to adhere to general lean principles. In Paper VI 
(Kurdve et al. 2014a) the generic and continuous development of a toolbox 
for minimising unnecessary material use, waste flow mapping (Kurdve et al. 
2011b; Kurdve et al. 2012a) is presented. This way of developing adapted 
methods based on tasks and principles can be generalised. The concept of 
adding environmental values and principles and then rethinking existing 
tools was used in the further development of the environmental value stream 
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map (E-VSM) and loss model (paper V, (Kurdve et al. 2011a) and in the 
development of the Green Performance Map (GPM) (Bellgran et al. 2012; 
Höckerdal 2012; Romvall et al. 2011) from MFCA methodology and PDCA-
based teamwork as described in Paper II (Kurdve and Wiktorsson 2013) as 
well as in the above-mentioned WFM development publications.  
 
There is usually a need to redesign analysis tools and methods and adapt 
them into a sustainability context. Expert tools may need adaptation for use 
by operative staff. The attributes and design criteria of successful green and 
lean tools are demonstrated in Papers II, V and VI. Usability, visualisation 
and support of communication are among the most important properties to 
build into operational improvement tools. Thus certain design criteria can be 
formulated for tools and methods in an integrated green lean production 
system. The main design criteria listed in the papers are:  
 

 The methods need to give a holistic picture including business and 
environmental issues.  

 „Go to gemba‟ – to go and see the problem where it occurs is an 
important part of the root cause problem solving.  

 The methods need to be easy to use and time-efficient. 
 Analysis output should be visual and enhance communication.  
 Analysis should, if possible, be performed as teamwork to support 

collaboration on resulting activities. 

4.2.6 Socio-technical system – organisation and 
collaboration in the SCM 

 
The socio-technical system of people, machines and systems, or the produc-
tion system (Figure 20), needs to support interaction both internally and ex-
ternally. The interactions are influenced by the rules, the toolbox and the 
performance monitoring and control system operating on the production 
system as well as by the organisation of the system. 
 

 
Figure 20: The organisation of the socio-technical system. 
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On a higher level, in Paper IV (Kurdve 2008b) the system design is dis-
cussed. The importance of organisation, common vision and goals for the 
different actors involved, control of influential factors as well as achieving 
the desired environmental and economical outcome is shown and a model 
for collaboration in a PSS partnership is introduced in the paper. 
 
Including environmental values in the strategy portfolio in the company 
means that the entire supply chain performance needs to be taken into ac-
count (see Section 2.1 in Paper I); this is in line with several authors 
(Ammenberg and Sundin 2005; Kurdve et al. 2012b; Nawrocka et al. 2009; 
Zackrisson 2009). Since sustainable development demands more control of 
the supply chain while at the same time addressing outsourcing trends that 
tend to externalise more of the operations (those that are not core business), 
there is a need for a collaboration system in order to aim for the same goals 
in the improvement work. 
 
The author’s licentiate thesis, “Chemical Management Services from a 
Product Service System Perspective: Experiences of fluid management ser-
vices from Volvo Group metalworking plants” (Kurdve 2010) extends the 
studies in Paper IV. As mentioned in (Kurdve and Mont 2006a), it is im-
portant to link environmental improvements to operational management, but 
also to include the PSS user or customer perspective. Cooperation between 
organisational entities may be informal, as is often the case among company-
internal staff in different departments in a plant, or formal as in the case of 
external suppliers where most common issues around products, services, 
responsibilities and business models (Figure 21), are regulated in contracts. 
When it comes to suppliers operating on-site, usually both formal and infor-
mal cooperation will exist in parallel, where parts of the requirements of 
material and services are regulated in written agreements and other parts are 
affected by the informal collaboration. 
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Figure 21: A general PSS collaboration set-up including scope responsibility and 
financial model (modified from (Kurdve and Mont 2006b) 

In traditional business, as described in the licentiate thesis and in Paper IV, 
Section 11.3, the user wants to minimise unnecessary consumption of the 
supplied item (whether that is a product or a service), while the supplier 
wants to maximise sales in order to get a high profit (Figure 12). Thus, tradi-
tionally the supplier takes the responsibility to produce and supply the prod-
uct, but not for how it is used, and the buyer takes all the responsibility for 
minimising unnecessary usage of the product. Specific use-phase knowledge 
may sometimes be considered non-core business for the customer; new busi-
ness models can be introduced, by which the supplier also provides optimal 
use of the product. The consumable product is converted to a product service 
system, as thoroughly explained in Paper IV and the author’s licentiate the-
sis, when it comes to chemicals and process fluids. 
 
The success of this concept, however, is not automatic; supplier selection, 
involving knowledge and trust, responsibility allocation and scope of the 
connected services and material, has to be designed logically into the system 
(Figure 22). It becomes more important to find a supplier who can collabo-
rate with the customer in development of products and processes than to find 
the best match of goods. The concept can be applied to a service if the busi-
ness model is converted from a the-buyer-orders-and-the-supplier-performs 
type of system into a system where the supplier takes the responsibility of 
optimising the service. Paper VI touches on how such services can be de-
signed when it comes to waste management services and what KPIs can be 
used to set common goals for the actors in the waste management service 
supply chain. 
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Figure 22: Model of collaboration between customer and supplier in B2B. 

 
It is concluded in Paper IV that the success of a (B2B) PSS depends on a 
number of key components. The economic incentive has not proven to be 
strong enough on its own; instead the allocation of the responsibility for the 
whole life cycle of the product to the supplier seems to be the most im-
portant factor. It is also important that the supplier has good knowledge of 
the use process and a capability to reduce process losses (lean maturity suit-
able for the customer). 
 
Again internal performance indicators at the supplier and the customer may 
act as obstacles to improvement work if they are not aligned (Kurdve 2010). 
Trust, good communication and opportunities to collaborate will be crucial 
in the aligning process. 
 
With this view of collaboration, it is emphasised that each pair of supplier 
and customer needs to align their company visions and principles or rules for 
their cooperation as well as allocate responsibilities mirrored in the business 
model in a detailed way. A practical rule for the allocation of responsibility 
found in the studies reported in Paper IV is for the actor who can affect a 
result to usually have responsibility for that action and get financial gain for 
that part of the result. During the course of the collaboration, transparent 
exchange of information and development of knowledge will support a 
trustworthy companionship. It is important to agree on common goals of the 
collaboration and follow up on those goals in the same way as in internal 
improvement work.  
 
Issues that will influence the collaboration include:  
 

 Financial incentives and responsibilities 
 Knowledge and development 
 Monitoring and control 
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 Trust and communication 
 

It is further shown in Paper IV and in Kurdve (2010) that a working collabo-
ration model needs to contain common strategies for 
 

 scope of products/materials and services 
 knowledge and information sharing 
 responsibility and financial gain 

 
Some more practical examples and suggestions for how to set up the collab-
oration are presented in Paper IV and in Kurdve (2010). For waste manage-
ment, practical issues of monitoring different waste management services are 
presented in Paper VI. 



 78 

5. Discussion 

This section presents a discussion about the empirical and theoretical find-
ings. The analysis will be made from the perspective of the scope and the 
research questions. The conclusions drawn in Chapter 4 will be evaluated in 
accordance with critical research practice (Alvesson and Deetz 2000). The 
answers to the research questions, with support and counter-arguments from 
recent research as well as remaining gaps will be discussed under each sub-
section.  

5.1 Towards integrated green and lean XPS? 
RQ1: How can sustainability be integrated in company-specific green and 
lean production systems (XPSs)? Specifically, how has the integration of 
green and lean been organised and what factors are seen as important to 
achieve operative and environmental improvements at industrial vehicle and 
automotive companies located in Sweden? 
 
The first step in answering the question was to define what a company-
specific production system (XPS) is. The studies show that companies im-
plement lean-based XPS in different ways (Paper I, (Kurdve et al. 2014b), 
but the core of the XPS is seen as an improvement system focused on organ-
isational as well as personal learning. The research proposes a categorisation 
of elements included in XPSs and management systems divided into  
 

 vision and values  
 principles  
 methods and tools  
 monitoring and control including auditing system  
 organisation and responsibilities  

 
The view of what an XPS is or what TPS is differs between authors. Hines 
(2009) argues that lean is evolving. Jayaram et al. (2010) see it similar to 
how the system is described in Section 4.2.1; instead of a toolkit perspective 
of TPS, it is important to be seen as having one set of tools and methods, or 
practices, and one set of rules (including values, principles and guidelines) 
(Jayaram et al. 2010) as well as a monitoring system. Netland (2012) sees it 
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as a set of values and principles that guide improvements, much like Liker 
(2004) and as described in Section 4.2.2, but tools and methods are added. 
Ståhlberg et al. (2012) describe a ”holistic improvement system” similar to 
the author’s view in Figure 13 and 17where multiple management systems 
(compare with rules according to Jayaram et al. 2010) are linked to the pro-
duction system and multiple improvement tools and methods as well as a 
performance measurement system (or control system). This is also in line 
with the way Bergmiller and McCright (2009 a,b,c) describe green operation 
systems and lean production systems. The conclusion is that the view of an 
XPS may differ, but the view presented in Section 4.2 is in line with many 
recent publications (Bergmiller and McCright 2009c; Jayaram et al. 2010; 
Stålberg et al. 2012).  
 
Once the XPS had been defined, the second step was to analyse the integra-
tion of different management systems, specifically environmental systems, 
with lean systems. Several researchers (Brorson and Larsson 2009; 
Jørgensen et al. 2006; Zackrisson and Berglund 2001) extol the benefit of 
integrating and streamlining management systems like QMS, EMS and 
OSHMS by saving administrative effort, adding simplification and a holistic 
view. The similarities of lean type XPSs with formal management systems 
as shown in Paper I indicate that the same reasoning should apply to the 
integration of XPSs with other management systems. (Bergmiller and 
McCright 2009b) show that lean systems will improve environmental sus-
tainability; in addition EPA has shown that EMS and OSHMS can add to 
lean (Bergmiller and McCright 2009a; Bergmiller and McCright 2009c). 
Benefits include that lean helps EMS in rate of improvement and EMS can 
help lean systems with reducing hazards, risks and hidden losses (e.g., mate-
rial and energy). In the studies for Paper I, it is concluded that integration 
also reduces administrative losses from having parallel systems. Recent stud-
ies come to similar conclusions, at least regarding EMS and lean pro-
grammes (but not excluding OSHMS) (Bergmiller and McCright 2009c; 
Zokaei et al. 2013), and also that aligning the systems is not enough 
(Jørgensen et al. 2006; Zokaei et al. 2013).  
The extended integration that is recommended in Paper I is in line with these 
previous studies that point out the need of reaching a level of ‟symbiosis‟ 
(Zokaei et al. 2013) or „coherent integration‟ (Jørgensen et al. 2006) to 
achieve full efficiency in system implementation. Further research could 
point out the more precise formulation of green principles included in the 
system as a way to reach a higher integration level.  
  
Once the general benefits of lean and green integration were verified, the 
question on how to integrate was analysed. One aspect that was pointed out 
in the studies performed was the integrated lean and green tools as an im-
portant way to reach full integration. Analysis tools may be used as a help to 
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identify aspects or challenges on the appropriate level. One example is the 
Green Performance Map (Bellgran et al. 2012), which was used in Paper II 
as a way to include the identification of environmental aspects (as compulso-
ry in ISO 14001 and EMAS) when constructing operational challenges, as is 
done when including environmental issues in lean operations (Liker and 
Hoseus 2008). It can be discussed whether principles with their connection 
with challenges should be seen as a compulsory component (as suggested in 
Paper I). It seems clear, however, that challenges have a straightforward 
connection with aspects and risks. As a supplement to established procedures 
for identification of aspects such as GPM, risk analysis and similar tools can 
be used to choose between different actions and implementation methods. 
 
Paper I also adds to other recent studies that confirm business and environ-
mental improvements on the operational level for green and lean shop-floor 
integration (Pampanelli et al. 2013; Zokaei et al. 2013). Additional results 
have been reported in Zackrisson and Kurdve (2013), where 203 environ-
mental managers in the metalworking industry were interviewed regarding 
integration of the EMS with their XPS. The study found that most managers 
thought that integration of systems was important and that they were to some 
or a high extent integrated, but that the current level of integration is appro-
priate or enough (although none answered “too much integration”). On the 
other hand, the business results from environmental measures were not per-
ceived as stronger in those integrated systems, which poses a question 
whether the integration level is high enough (Zackrisson and Kurdve 2013).  
 
Another aspect in organising integration of lean and green is the learning 
functionality in the systems. In addition to the system elements of the XPS, 
the XPS also needs to function as a learning system, built not only on prob-
lem solving, but also on positive tension formed by current state analysis and 
forming challenges and target states to aim for (Senge 1990). These ideas by 
Senge are in line with the kata thinking (Rother 2010; Soltero and Boutier 
2012), which has been a leading light in the tool development as well as in 
the view of performance monitoring based on target states rather than single 
values reported in this thesis. The current extent of implementation of envi-
ronmental target states as described in Paper II and tools that promote organ-
isational learning at the companies studied is not large. However, all five 
companies studied in Paper I have started pilot work in this direction.  
 
The integration of corporate sustainable development into the company-
specific green and lean production systems is, however, not always straight-
forward. Instead of a rigid prescription of tools and methods, ISO-based 
systems prescribe operational procedures. The difference from the lean 
methods and tools is that the procedures may often be explicitly stated for 
each operation and situation, and to adapt the procedures according to opera-
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tional development and improvements may become an administrational 
nightmare that prevents continuous improvement rather than supporting it. 
Another difference between lean programmes and formal management sys-
tems is adherence to legal requirements. This is not specifically mentioned in 
most lean XPSs, although the laws have to be followed in order to have a 
long-term survival of the company.  
 
Another complication in integrating lean and green systems is that integra-
tion makes systems more complex and difficult to manage. A way to resolve 
this is to work with simplification. The most integrated of the companies 
studied in Paper I had 15 principles at the start of the study in order to in-
clude all types of improvement, but with 15 principles and 10 pillars the 
system became fractionalised and it had to be simplified. The principles have 
since then been reduced to five more general ones, and discussions are going 
on about how to integrate the improvement work in the different pillars. The 
balance of integration and complexity is crucial in the design of the produc-
tion system, and it is suggested that further research should explore how to 
balance the complexity of the XPS with the integration level for different 
management systems. 
 
The final dimension in analysing the integration of environmental manage-
ment into the production systems was the actual status of this integration in a 
selected set of companies. If sustainability values are included in the general 
company values, this should be reflected in the principles as well as the 
methods and tools used for operational development. As shown in Paper I 
this is not always the case. Also Netland (2012) shows that sustainability is 
seldom mentioned in companies’ XPS principles, and consequently the re-
search suggests that companies may be more efficient in their integration 
efforts if they add sustainability principles and integrate lean and green tools. 
Although Paper III proposes some design principles for equipment design in 
order to meet sustainability challenges, other researchers have investigated 
this from a more general point of view (Herrmann et al. 2009). 
 
Swedish companies in general are seen as rather mature regarding sustaina-
bility and many companies have embraced the importance of environmental 
values in their core operations management. However, the understanding of 
how to do this may have limitations and to just have an EMS is no guarantee 
of improved environmental performance (Zobel 2012). In companies that 
only claim short-term profit as their business driver and that do not (or 
should not), as, for instance, the weapons or tobacco industry, (Guziana 
2013) embrace all aspects of sustainability and if market strategy does not 
include sustainability, the integration is obviously less beneficial. A question 
may be if and why these companies have any EMS to integrate anyway. 
However, most companies aim for long-term survival of their business and 
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of their customers, and then an efficient sustainability strategy may be use-
ful.  
 
Similarly it may be questioned whether all companies should embrace lean. 
To formulate a lean XPS requires some sort of stability, which may not be 
the case for industries with disruptive innovations in technology (Netland 
2013), and caution should also be taken if the company does not have inter-
nal stability enough to run a change programme and may run into conflict 
and revert the development (Johansson et al. 2013). 

5.2 Monitoring of an integrated XPS   
RQ2: How can monitoring of an integrated XPS with regard both to tradi-
tional operations management (OM) targets and sustainability goals be de-
signed? Specifically, what features/elements are important for the set-up of 
operational monitoring and control of environmental issues? 
 
Papers I, II, III, IV and VI all touch upon monitoring and control aspects. 
The view of monitoring and control of an XPS as suggested by the studies is 
to use the vision and principles to form target states. Current state analysis 
tools help finding opportunities and challenges for the organisation, and the 
monitoring is done on those challenges in each critical area. To define tar-
gets on the operator level gives the benefit of organisational learning and 
self-autonomy on the operational level and it is easy to understand the rele-
vance of the goals for the operators. However, there is a cost of work time in 
defining challenges and target states for each level and each team. The pro-
posed performance measurement system can be said to be a delegated sys-
tem where no measures are predefined, but in order to integrate all formal 
management systems, it may be important to include sustainability issues 
into every target state and set up the states with parameters for all manage-
ment systems, e.g., SQDIEPC (S = Safety and health, Q = Quality, D = De-
livery, I = Improvements, E = Environment, P = People development, C = 
Cost and revenues.) 
 
Alternative views may be used in practice and often centrally defined per-
formance targets may simply be broken down (Salloum and Myrelid 2012) 
instead of working with target states. In a hierarchical controlled operation 
with clearly defined measures, it may be proper to break down central KPIs 
into individual operation KPIs, which gives transparency and easy under-
standing for managers of how each operation affects the main target. This 
way of working may have drawbacks for operator commitment and limita-
tions to improvement work with critical issues on company level. For, e.g., 
environment the latter means that sub-processes with no significant impact 
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on the crucial environmental aspects of the whole company will have no 
targets, no actions and thus no learning in the environmental area. Instead, if, 
for example, the company’s significant impacts are noise and energy, a glu-
ing operation team, with low noise and low energy consumption, may still 
work beneficially with reducing hazardousness and volumes of glue.  
 
If the EMS (and other management systems) is integrated in the XPS, it has 
to be integrated with regard to vision, principles, methods and monitoring 
and control, as explained in Section 4.2 and Paper I. The monitoring and 
control of the sustainability parameters then has to be connected with the 
operational management as suggested in Papers II and III. It will be im-
portant to show the connection between different operational KPIs as shown 
in Paper II and the challenges. The logic between vision, principles and per-
formance measures as well as between challenges, target state and goals has 
to be clearly understood in the organisation since the design of the perfor-
mance monitoring system is delegated within the organisation.  
 
It is important to understand that there may be two kinds of monitoring, with 
the purpose either of validating results or of control. The kind researched is 
mainly the monitoring performed in order to control the system; in that case 
measurement has to be close to the operations. There may be another type of 
monitoring aiming to measure effects and compare results. These measure-
ments may be important in order to understand the results and benchmark 
best practice. This type of measurements was used in Paper IV but even then 
direct measurements were hard to compare. Instead, improvement indices 
may be used to compare different programmes as in Paper IV, where the 
improvement rates of a number of parameters were used to determine the 
success of improvement work. 

5.3 Company – supplier collaboration 
RQ3: How can collaboration between a company and its suppliers of pro-
cess materials and services be designed with regard to environmental goals 
and measures? Specifically, how has external collaboration been supported 
in fluid and waste management services? 
 
The question of how collaboration between a company and its suppliers of 
process materials and services could be designed with regard to environmen-
tal goals and measures is analysed in Paper IV with some support in Papers 
III and VI. In order for the improvement system to be effective also with 
regard to sustainability parameters, it has to include the entire value chain. 
Collaboration and real-time response in the supply chain may become more 
important in the future (Netland 2012), especially in information sharing 
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across the supply chain. This may support reduction of the bullwhip effect, 
which if unleashed leads to increased variance of production and thus more 
losses (Zokaei et al. 2013).  
 
The first step in answering the question on company – supplier collaboration 
concerned the basis for a product service system (PSS) in general. Since 
information and learning are essential in the improvement system, this leads 
to the question of how to collaborate around knowledge management. The 
companies in the supply chain have to share information and collaborate 
around learning. From the studies on product service system suppliers, the 
research presents a collaboration model applied to chemical management 
(Paper IV). The model allows financial incentives and responsibilities to be 
aligned around the materials and services supplied; information, knowledge 
and development are delegated to each actor with agreed targets on key per-
formance indicators that are monitored for the whole system. The system is 
dependent on trust and transparent communication between all actors in-
volved. 
 
The collaboration with a product service supplier is affected not only by the 
economic incentive model, but also by the responsibility allocation model 
applied to the services provided as well as the physical material delivered 
(Paper IV). In addition, since trust is one of the most crucial factors affecting 
a supplier – customer relationship, the information and monitoring and con-
trol of performance have to be properly designed for all actors.  
 
The second step in answering the question was to narrow the analysis to how 
the sustainability aspects are included in the company – supplier collabora-
tion. In order to include environmental goals, the studies (Paper IV and 
Kurdve 2010) have shown that both companies have to acknowledge the 
common challenges and have internal targets for these challenges. E.g., if oil 
consumption is a challenge both to the customer company and the supplier 
company, they have to embrace the challenge and set appropriate limiting 
internal targets on oil consumption. The studies have shown examples where 
the supplier company has internal targets on sales volumes in tonnes rather 
than economic targets in euros, leading to difficulties in reducing the vol-
umes used, regardless of profitability. Likewise the responsibility for reach-
ing the common target and limit volumes consumed has to be clearly pointed 
out to all actors (and all staff involved at all actor companies).  
 
As an extension to the company – supplier collaboration studies, it may be 
possible to use the collaboration model also for internal collaboration be-
tween individuals and departments towards improvement, but it has to be 
adapted to the weaker formalisation of responsibilities. This is a possibility 
for further research. 
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It is argued that the close customer – supplier collaboration that a PSS leads 
to may not always be beneficial (Guziana 2013). In markets with stability in 
demand but where the competitiveness depends on technology development, 
partnerships and collaboration with suppliers are beneficial in order to stay 
competitive. However, in markets with slow technology development but 
volatile demand, the reasons to collaborate are fewer (possibly for risk shar-
ing) and it may be more important to be able to switch suppliers. 
 
Another obstacle to collaboration is if either company also competes with 
the other on its arena. This will affect the knowledge sharing, since one part 
does not want to share its core knowledge with its competitors. It will also 
usually affect trust negatively. A variation of this theme is in a setting where 
a company tries to collaborate and build knowledge with several suppliers, 
where the suppliers may compete with each other, e.g., a company collabo-
rates with its supplier of waste management and wastewater treatment as 
well as with their process fluid suppliers; both compete regarding the 
wastewater treatment and this area thus may suffer from lack of trust (as 
seen in Study A, Paper IV). This research has not found any simple method 
to resolve this problem except to choose collaboration partners who are ex-
perts in their areas and do not compete with other partners or in your own 
area. It has been indicated in studies on machine design (Paper III) that this 
is a major obstacle in need of further research to be resolved. 

5.4 Developing green lean tools and methods 
RQ4: What criteria can be used when developing green lean tools and 
methods? Integrating lean and green tools into green lean tools could 
potentially function as a practical enabler to achieve integration of 
the two perspectives. The answer to RQ4 details the specific criteria 
for development of such tools and methods. 
 
In order to integrate sustainability and formal management systems into the 
XPS, combined lean and green tools are seen as practical enablers to achieve 
integrated environmental improvements. Papers IV, V and VI show that 
certain criteria are helpful enablers when developing green lean tools.  
 
The tools need to be designed so that they are useful for solving the task, i.e., 
to analyse the current state of operations with regard to the desired parame-
ters and/or support desired implementation/improvement activities. They 
should also adhere to general design criteria; the tool should be easy to adopt 
and it should facilitate fulfilment of the task without missing out on im-
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portant issues. In addition it is crucial that it is time-efficient to use the tool 
(Lindahl 2005). If the tools are not time-efficient for the user they will simp-
ly not come into wide use in the company. 
 
In addition, the tools should adhere to green and lean principles. To follow 
general lean principles, tools and methods should be visual, easy to use and 
engage everyone (Kurdve et al. 2011a; Kurdve et al. 2012a; Romvall et al. 
2011) as stated in Paper VI. Usually a tool or method is developed on the 
basis of an existing tool or set of tools as in the development of E-VSM from 
VSM. In the development of the GPM method, several tools not usually 
combined, such as non-visual methods like MFCA, were combined with 
improvement work in teams to engage operators and present a visual picture, 
together with Eco-mapping to visualise and create a common understanding. 
In the development of WFM, main features of VSM such as visualising the 
main process were used and combined with the waste hierarchy, which 
works as a material efficiency principle; the new concept of segments was 
added in order to enable performance monitoring of different types of mate-
rial.  
 
Experiences of using a green lean tools approach, using the GPM (Bellgran 
et al. 2012) to find improvements on operation levels have been shown to be 
useful for operator teams as well as technicians and managers (Romvall et al. 
2011) in their effort to integrate sustainability in operations management. 
Recent studies confirm business and environmental improvements on the 
operational level for green lean integration on the shop-floor level, using 
similar approaches (Pampanelli et al. 2013; Zokaei et al. 2013). 
 
It may be further discussed what tools and methods to integrate, both among 
tools for analysis and classifying of decisions and tools for implementation, 
or change of behaviours and attitudes, mentioned in Section 2.1.4. 
 
The tools for process mapping, such as VSM or risk analysis tools, like 
FMEA, bring benefits if sustainability is integrated, since they help staff 
from different approaches to get a common understanding. When it comes to 
the implementation tools, integration is more dependent on what tool to use 
and what principle the tool aims to adopt and how it fits into the rules system 
and performance management. An implementation tool like 5S may be valu-
able to integrate with some areas of sustainability (mainly safety-related) as 
pointed out by EPA (2006), but also lean operator maintenance may be bene-
ficial to integrate with environment and energy efficiency. With this said, 
this research cannot provide any general rules on what tools to integrate and 
in what areas: this is left for further research. 
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6. Conclusion 
and research 
quality  

6.1 Conclusion and contribution 
The major conclusion of this thesis is that a company’s production system 
(XPS) can be viewed as consisting of an organisation of humans and ma-
chines limited by a rules system, a tool system and a performance measure-
ment system. In order to get an efficiently functioning XPS it is advanta-
geous to integrate different formal management systems in the rules system 
and to integrate the tools and performance monitoring into one system in line 
with the company visions. This, however, is not a simple task, but the efforts 
put in will be beneficial to the company in the long run. 
 
From a corporate sustainable development point of view, a lean production 
system can be a support in achieving efficient progress towards sustainabil-
ity. From an operations management point of view, sustainable development 
and, e.g., environmental management adds to lean thinking by ensuring a 
balance and long-term survival and profitability of organisations. The studies 
in this thesis show that it is possible to integrate corporate sustainable devel-
opment areas, like environmental care, into a lean manufacturing programme 
if sustainability issues are integrated in values and principles, tools and 
methods adhere to those principles and the monitoring and control system 
includes a holistic set of measurements.  
 
Targets and goals in the performance management system also need to be 
constructed considering the sustainability vision of the company and the 
ability to engage all parties involved in improvement activities. These targets 
should be based on the challenges on each operational level and the chal-
lenges should be broken down from company challenges. 
 
Full integration of environmental management and operations management 
may be advantageous for business regarding both cost reduction and compe-
tition improvement. Companies that have implemented formal management 
systems profit from integrating these with their XPS.  
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To optimise the whole value stream, the improvement system needs to in-
clude suppliers. In order to improve efficiency and environmental perfor-
mance of critical processes and value streams, extended supplier collabora-
tion may be advantageous for, e.g., product service system suppliers. A con-
ceptual collaboration model for suppliers is suggested as one way to organise 
and systematise the collaboration, highlighting its important elements, 
knowledge management, monitoring of common goals, trust between actors, 
financial incentives and strategies for responsibility and financial distribu-
tion for the scope of products/materials and services involved. 
 
Tools and methods used in improvement work include analysis tools and 
implementation tools. These tools may need to be modified or re-designed to 
satisfy holistic sustainability criteria regarding function as well as compli-
ance with company principles. That criteria are suitable implies that analysis 
methods include both business and sustainability issues; it is important to go 
and see the problem where it occurs; methods need to be easy to use and 
time efficient and be performed as teamwork to support collaboration on 
resulting activities; and the output should be visual and enhance communica-
tion. 
 
This dissertation is beneficial as input and helps explaining the system’s 
interactions for practitioners working with developing their XPS in a sus-
tainability direction. The work may be used for support in continued devel-
opment of companies’ green lean production system. 
 
The contribution of this work to science is mainly in connecting corporate 
sustainable development and cleaner production research with the research 
on operations management, specifically research on lean production. It sup-
ports previous studies with examples of benefits of lean integration with 
management systems and also explores how the integration can be realised 
and managed.  
 

6.2 Research quality and validity 
Since major parts of the research have been qualitative research, it is im-
portant to discuss the validity and research quality; plans and applied proce-
dures are presented in Section 3.5. The nature of the case studies and action 
research makes major parts non-repeatable, therefore validation has to be 
done by other means, triangulation through comparing results with other 
similar studies, logical reasoning and statistical evidence. The results regard-
ing the view of the system and benefits of integration are in line with other 
reported studies (Bergmiller and McCright 2009a; Dües et al. 2013; Yang et 
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al. 2011; Zokaei et al. 2013) and thus the qualitative findings may be said to 
be validated although in detail findings may and should be disputed and fur-
ther evaluated. 

6.2.1 Risks of personal or organisational bias 
 
A systems approach has been used for both the management and for the pro-
duction system as a whole. Large parts are based on action research in a 
company, which gives access to crucial business-related information needed 
to understand complex systems but may mean that results are biased in fa-
vour or disfavour of that company or biased due to the role of the researcher. 
However, since the company and research has had the same goal to study, 
describe and possibly find ways to improve systems integration and collabo-
ration, the organisational bias towards companies is minimised. It is im-
portant to take bias into account and watch out not to make „grandiose 
claims‟ based only on action research (French 2009). Distortion of a study 
due to the presence of the evaluator can be categorised in four ways: 1) par-
ticipants’ reactions to evaluator presence, 2) change of the evaluator (which 
is a wanted feature in action-based research), 3) evaluator bias or predisposi-
tion and 4) evaluator incompetence or lack of understanding the situation 
(French 2009; Patton 1990). The last point is obviously a risk in all types of 
research and one reason to do action research in your own organisation is to 
minimise this. To do action research requires a conscious and explicit effort 
to come to terms with what values are and how we can understand them both 
among the researchers and among the people studied (Benham and Shimp 
2007). Since the researcher in this thesis does not have any benefits of re-
porting success in any of the areas, personal bias can be argued to have been 
avoided to some extent. In addition there is no conflict between the compa-
ny’s and the researcher’s aim to understand the system. Since the company 
and the researcher have had the same goal to study, describe and possibly 
find ways to improve systems integration and collaboration, the organisa-
tional bias towards companies is minimised.  
 
However, when it comes to interviewing suppliers, it is recognised that there 
may be a conflict in that interviewees may want to give a more positive pic-
ture, especially to a customer. There may also be internal individuals who 
are reluctant to change and therefore hide information or hinder action and 
systematic improvement. Therefore alternative ways of studying these sys-
tems, such as analysing quantitative data from various business systems and 
observations on-site, have been used as a supplement.  
 
Also since the company goals and the researcher’s action objective have 
included implementation of green management as well as lean management, 
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the results will be biased with regard to any questions about whether it is 
desirable or not to implement lean and green strategies. The bias due to the 
researcher’s role as implementer of lean manufacturing and of environmental 
management is recognised and therefore the reader should be cautious of 
drawing conclusions regarding if green lean should be introduced; the thesis 
rather answers how that may be done and factors to consider when imple-
menting it. 

6.2.2 Applicability and usefulness 
 
As stated in Section 3.5, the evaluation of usefulness can be ensured in prac-
tice if the concepts are tried and those who tried them continue to use them. 
In one respect, the usefulness has been evaluated. The Volvo Group, which 
has been part of most of the studies, continues to develop its production sys-
tem in the general direction laid out in this thesis, although the author has not 
worked there for several years. Also other companies have started to move in 
this direction. Although it cannot be proven to be the best path, at least it 
proves to be a feasible path.  
 
Green manufacturing and cleaner production are necessary for sustainable 
development but do not offer sufficient conditions to achieve manufacturing 
that addresses sustainability in accordance with the definition presented in 
Section 1.1 (Bi 2011) and thus a green lean production system may be one 
important step towards a sustainable production system but not the only one. 
 
The thesis does not give any scientific proof that a lean management strategy 
or a green management strategy is the best management strategy, mainly 
since it is based on a few case studies and the research method has to a great 
extent been action research within an organisation and thus may have a bias 
towards the goals set up by the organisation (this is further explained in Sec-
tion 3.5.3).  

6.2.3 Cultural context 
 
The majority of the studies have been based in Sweden or in companies with 
a base in Sweden, and therefore the cultural learning context may be an im-
portant delimiter to take into consideration outside Sweden or in different 
cultural settings.  
 
In terms of validity, the question is whether the findings from, for instance, 
Volvo are valid in other vehicle producing companies in Sweden and even in 
other industries. Taking into consideration the dependence on cultural con-
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text mentioned in Section 2.1.2, the findings are considered to have stronger 
validity in a cultural context similar to that in Sweden with low authoritari-
anism and decentralised decision making (Hofstede 2001). 

6.2.4 Small or large companies 
 
The cases in this thesis have also generally focused on large companies. 
Since smaller companies have a less complex organisation, it could be con-
sidered easier to integrate the production system in smaller organisations 
than in larger companies. However, lack of resources and knowledge needed 
for operational improvements may be a larger obstacle to overcome in these 
companies. Experience from Smurfit Kappa, Produktionslyftet and two of 
the supervised student theses indicate that although great similarities exist 
between metalworking and process industries and between large and small 
companies, there are also differences. Parts of the research especially from 
Phase (iii) may be applicable to smaller companies, but the studies in Phases 
(i) and (ii) are dependent on the condition that companies are large enough to 
have staff allocated to take responsibility for environment, quality, work 
environment and supply chain management. In small companies with a sin-
gle person appointed for these issues, integration problems may be of a much 
smaller magnitude. However, the basic components, such as trust and mutual 
understanding, may be as important. 

6.2.5 Applicability to fields of industry 
 
Although action research has provided crucial input, traditional research, in 
the form of benchmark visits, interviews, industrial workshops and scientific 
seminars, has been critical as a complement to the action research and to 
assess how generalisable the research may be. The complementing research 
has been central in distinguishing between company-specific and industry-
general situations.  
 
The empirical focus has been on vehicle and metal-working industry, but 
results may be generalised to most industrial manufacturing of products and 
to some extent to production of services. However, in applications in other 
industries, adaptation of the implementation may be needed, the strength of 
influencing factors will change and thus the importance of different elements 
may shift. The nature of process industry, for instance, may shift the focus of 
its challenges somewhat compared with metalworking industries. Flow and 
short lead times are often built into the process and there might be a stronger 
material and energy focus, which may sometimes favour integration in these 
industries. However, the term lean is less used in the XPSs of these indus-
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tries, and therefore green lean will not be perceived as important. The inte-
gration of sustainable development into operations management and collabo-
rations in the supply chain should, however, be equally or more interesting, 
and cross investigating existing as well as further research in this field is 
welcomed. 

6.3 Further research 
There are a number of additional issues that emerged during the studies in 
order to fully integrate into a holistic XPS – issues that still, however, need 
further research.  
 
Perhaps the most important area for further scientific development is green 
lean product development, i.e., efficient development of sustainable goods 
and services with fast time to market and products designed to be efficiently 
produced, used and reused/recycled. Concerning product and material devel-
opment, the lean and green integration may point at further integration of, 
e.g., lean product development and eco-design, which has been seen in re-
cent research, e.g.(Johansson and Sundin 2014).  
 
The conceptual collaboration model presented has been applied to process 
fluid management services and to some extent to service suppliers in the 
waste management service supply chain. Further empirical studies on, e.g., 
maintenance, logistics and engineering services are proposed to see how the 
model will change when applied in less environmentally critical areas. Also 
supplier collaboration on process material design, e.g., on green lean equip-
ment design, is an area where more practical research is needed; some input 
may be taken from Paper III.  
 
It also calls for further empirical research on how to drive green lean im-
provements in supply chain management, for instance when and how to col-
laborate and manage knowledge together with direct material, or, process 
material suppliers with regard to  e.g. sustainability and CSR issues. Espe-
cially within integration of sustainable development into operational supply 
chain collaboration, further research is welcomed. 
 
With further development from linear production systems to circular produc-
tion systems, more studies on closed-loop supply chains for reuse, remanu-
facturing and material recycling are needed. Reduction of complexity will 
become even more important in circular systems. 
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