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Abstract
Industry is a key player in the transition to a sustainable society where manu-
facturing companies need to respond to the challenges of environmental concerns 
in several ways. Nevertheless, even though several efforts have been made in 
practice and in academia, more research in operations management is needed in 
relation to implementing sustainable solutions. The management of change in 
production systems, such as energy efficiency, will be one of the important future 
areas for industry. 

In accordance with this, the objective of the licentiate thesis is, through theoretical 
and empirical work, focused on developing a model to support the implementation 
of environmental requirements in an operations environment. Literature reviews 
as well as two empirical case studies have been conducted in order to explore the 
environmentally driven change. The first case study conducted is a retrospective 
multiple case study, including four cases studying the implications of the 
implementation of technology and identifying key factors affecting the outcome of 
the change. The second case study is an international multiple study, including 
nine case companies. The study explores what needs to be considered, the drivers 
for initiating change as well as the key factors affecting the outcome of the change 
process. The studies conducted and the results are presented in five appended 
papers.

The research identifies three important links for managing environmentally driven 
change: how the requirements are introduced, how and if the link between 
strategic and operational level has been considered and how the need for change is 
transferred to action and implementation. By providing a system approach for 
managing change, it also points out the importance of understanding the 
organisational abilities and maturity of the companies, which influence the 
projects. The result points out sets of drivers as well as key factors, related to the 
organisational abilities, that are affecting the outcome. 

As future research the model, which is developed to support operations 
management in their work to implement environmentally driven change, needs to 
be validated in practice. In particular, research on personal commitment and 
collaboration is addressed to be studied in relation to a systematic approach as 
well as how to balance the priorities during the implementation.  
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Sammanfattning 
Industrin är en viktig aktör i övergången till ett hållbart samhälle där de 
tillverkande företagen på flera sätt behöver möta utmaningarna som krävs på 
grund av miljöhänsyn. Trots insatser som har gjorts i både praktik och akademi så 
behövs det mer forskning kring implementering av hållbara lösningar inom 
området operations management. Hanteringen av förändringar i produktions-
system, såsom energieffektivitet, kommer att vara ett av flera viktiga framtida 
fokusområden för industrin. 

Syftet med licentiatuppsatsen är att, genom teoretiskt och empiriskt arbete, 
utveckla en modell för att stödja processen från översättning av miljökrav till 
genomförande i praktiken i en produktionsmiljö. Litteraturöversikter samt två 
empiriska fallstudier har genomförts för att undersöka miljödriven förändring. 
Den första fallstudien är en retrospektiv multipel fallstudie med fyra fall som 
studerar konsekvenserna av genomförandet av teknikförändringar och identifierar 
viktiga faktorer som påverkar utfallet av förändringen. Den andra fallstudien är en 
internationell studie med nio företag. Studien undersöker vad produktions-
organisationer behöver ta hänsyn till när man initierar förändring med fokus på det 
som initierar och driver förändring samt de nyckelfaktorer som påverkar resultatet 
av förändringsarbetet. Studierna som genomförts och dess resultat presenteras i 
fem bifogade artiklar. 

Forskningsresultaten identifierar tre viktiga länkar för att hantera miljödriven 
förändring: hur kraven införs, hur och om sambandet mellan strategisk och 
operativ nivå har beaktats och hur behovet av förändring överförs till handling och 
genomförande. Ett systematiskt tillvägagångsätt för att hantera förändring 
presenteras. Vikten av att förstå den organisatoriska förmågan och mognaden i 
organisationen belyses också, vilket påverkar projekten. Resultatet presenterar 
även drivkrafter samt viktiga nyckelfaktorer, som relateras till organisatoriska 
förmågor och som påverkar utkomsten av projekten. 

I framtida forskning ska modellen, som är utvecklad för att stödja operations 
management i arbetet med att genomföra miljödriven förändring, valideras i 
praktiken. I synnerhet så kan forskningen studera det personliga engagemanget 
och samarbetet i relation till ett systematiskt tillvägagångssätt samt även hur man 
balanserar de prioriteringar som uppstår under genomförandet.  
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Preface
My interest in this topic of managing environmentally driven change in production 
started years before this research project was formulated. One contributing factor 
is that I have my educational background in Chemical Engineering. By the 
understanding that the nature of every chemical process depends on several 
invisible interactions, this created a foundation for understanding chemical 
processes in manufacturing. It also provides me with a general understanding of 
what the scientists show is happening to our environment with melting ice caps 
and imbalances in nature. My previous position working for paint supplying 
companies gave me further understanding of the complexity during these 
processes but most important - the development of new materials - can be 
managed in different ways in order to create a successful outcome for the 
customer. I brought these two lessons I learnt into my next job with paint 
development for an automotive company. In this environment, chemical 
engineering is a rather rare background. By being a part of a material expertise 
group, I often heard stories about the past experiences and for my questions I was 
referred to single persons in the organisation. Why this? These were lessons that 
are not taught at school but still it steers the decision-making and the working 
process. Great obstacles have been overcome in the past and influence the ways of 
working. A change that has caused products recalled by performance failures in 
the past leaves “fears” of changing a stable production process. But it also leaves 
knowledge of how to solve issues. However, time passes and people leave their 
positions and lessons are gone. In my case I saw a lot of people leaving in just a 
few years, by retirement or to other positions or companies. Parallel with this 
came greater demands for understanding and managing the upcoming 
requirements of changing the production process by substituting chemicals, by 
reducing energy etc.  

This background has of course influenced both my understanding of the topic but 
also my approach. The first study conducted, named Study 3 in the thesis, was 
driven by the curiousity of understanding the ways of managing the changes in the 
company. To give clarification to my research, I took the chance to interview 
retired persons with experience of managing environmentally driven change in the 
organisations. This first study also seemed to be appreciated at an international 
production conference ICPR22, 2013 where it was selected as “Best Paper Award 
Young Researchers”. With an increased news stream from science advisors about 
climate change, one clear message remains: “business as usual” is no longer an 
option. Environmentally driven change of different kinds seems to be absolutely 
necessary to, for instance, meet the global 2 degree Celsius target. 
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Early definitions 
Environmental aspect: element of an organisation's activities or products or 
services that can interact with the environment (ISO14001 2004). 
Environmental impact: any change to the environment whether adverse or 
beneficial, wholly or partially resulting from an organisation's environmental 
aspects (ISO14001 2004) . 
Environmental management system, EMS: part of an organisation's 
management system used to develop and implement its environmental policy and 
manage its environmental aspects (ISO14001 2004). 
Environmentally driven change: a change process that is initiated based on a 
need to reduce the environmental impact, which can be related to different 
environmental requirements. 
Environmental requirement: requirement formulated in order to reduce the 
environmental impact, in the thesis seen as coming from different levels in the 
organisational surroundings such as legislations, cost benefits, the earth’s 
capacity, different norms in the surrounding world, etc. 
Key factor: -“a circumstance, fact, or influence that contributes to a result”. A 
key factor can on the one hand result in a project being considered as successful. 
On the other hand, if the factor is not handled in a proper way it can also hinder 
the process of change from reaching its expected objectives. 
Model: A model is a likeness of something that exists in reality, but restricted to 
some particular aspects of this reality. Which aspects are presented depends on the 
purpose of the model i.e. on its intended use. It is used in science to provide 
conceptual organisation and show relationships between the concepts or attributes 
(Blessing and Chakrabarti 2009).  
Operations Management, OM: the way organisations produce goods and 
services. The term is used for the activities, decisions and responsibilities of the 
operations managers. Operations managers are the staffs of the organisation who 
have particular responsibility for managing the resources which comprise the 
operation’s function. In the broader definition the operations management treat 
much of the product development activities, most of the engineering/technical and 
purchasing activities and some of the personnel, marketing and accounting and 
finance activities as coming within the sphere of operations management. The OM 
includes the design, planning and control and improvement activities. 
Production system: A production system can be characterised as a transformation 
system with the core elements of a process, an operand and operators, where 
different subsystems are supporting the value-adding process (Hubka and Eder 
1988) 
Sustainable development: sustainable development is defined as “to secure a 
development that meets the needs of the present without compromising the ability 
of future generations to meet their own needs” (World Commission on 
Environment and Development 1987). Commonly, sustainable development is 
referred to as satisfying social, environmental and economic goals (Azapagic and 
Perdan 2000).
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1  Introduction 
The introduction gives a brief background to the research area and intends to give 
the reader an understanding of the problem studied in this research. The chapter 
starts with a description of the background, the problem statement, research aim 
and objective, research questions as well as scope and delimitation. These are 
outlined in order to clarify the scope of the thesis. The chapter ends with a brief 
presentation of the outline of the thesis. 

1.1 Background 
The rising demand for a better environment in both the industrialised and 
developing countries has led to an expanding supply of techniques, products and 
services offering a lower environmental impact. Growing concerns about 
environmental degradation are placing new demands on society in general 
(Intergovernmental Panel on Climate Change 2014) where sustainable 
development is a necessity to safeguard the interests of future generations. 
Research and the innovation it supports are essential tools in the global effort to 
achieve sustainable development (EU 2011).  

Industry is a key player in the transition to a sustainable society and 
manufacturing companies need to respond to this challenge in several ways for 
example by changing the mindset to see business opportunities in sustainable 
development, by creating awareness for consumers developing reliable indicators 
and by eco-efficiency in both products and the production of goods. As an 
example of the latter, International Energy Agency, IEA, figures indicate that 
technologies and best practices could save between 18% to 26% of current 
primary energy use in global industry (International Energy Agency 2008) . 
Further progress requires radical scientific and technological advances (EU 2011).

The conditions surrounding the manufacturing companies may have a potential 
impact on its efficiency and legitimacy. The organisations need to respond, not 
only to the conditions closely related to the organisation, but also to national and 
international conditions (Jacobsen and Thorsvik 2013). While in the past change 
has most often implied change in growth, expansion, quality improvement, 
improved efficiency, flexibility (Green 2007; Kotter 1995), mankind as a whole is 
facing something new. The conditions in the world around us are limited; the 
capacity of the planet to provide resources and absorb the emissions and human 
activities are finite; and in many geographical and industrial areas we have already 
exceeded the carrying capacity of the planet (Clift 2005; UNEP 2009; Perdan 
2011). For example, the field of chemical engineering needs to include decisions 
on sustainability and to reinforce technical specialists as agents for both social and 
technological change (Clift 2005). To provide an example in practice, the surface 
treatment process is a common and important operation for automotive, 
construction, food and drink containers. The surface treatment process is also 
considered as having several negative environmental impacts. Legislation such as 
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Best Available Technology, BAT, will change the competitive landscape by 
pushing technology development in specific industries to fulfil the lowest 
achieved environmental impact (EU 2006). These changes in a complex 
production system require high investments and at the same time might have an 
impact on the functionality and performance of the final product in a life cycle 
perspective. A new direction for research in understanding the dynamics of 
environmental innovation and potential mechanism for change is addressed 
(Geffen and Rothenberg 2000). 

Despite this call for research and the fact that sustainable manufacturing is seen as 
a concept that has been growing (Kleindorfer et al. 2005; Walker et al. 2014; 
O'Brien 2013), there is still a need for research directions into implementing 
sustainability (Chun and Bidanda 2013). Focusing on the determinants to succeed 
with environmental technological change, González (2009) concludes that there 
are relatively few studies focusing on the specific factors that are influencing the 
innovation and diffusion of environmental technologies, in comparison with the 
factors influencing the innovation process in general.  

This research responds to changes of the production of goods in manufacturing 
companies; environmental and sustainable issues will drive changes and 
innovations in the production system. As a result of an urgent need for increased 
environmental and sustainability demands in the world, necessary changes in the 
production process need to be initiated and implemented in the manufacturing 
industry. In the striving towards supporting sustainable operations management in 
implementing environmental sustainability, change management theory can 
provide lessons for the successful management of change (Burnes 2009; Kotter 
1996; Jörgensen et al. 2009; Oakland and Tanner 2007).  

1.2 Problem statement 
With regard to future needs to reduce the negative environmental consequences of 
the production of goods, there will be a need to manage the changes in the 
production organisations. Several environmental requirements triggered from 
outside have to be understood and realised within the companies. Priorities have to 
be balanced, such as cost for investment and changes having an impact on product 
and process quality. Recent literature encourages us to study the implementation 
of change and innovation within sustainable development (Chun and Bidanda 
2013; González 2009; Geffen and Rothenberg 2000).  

1.3 Research aim and objective 
This research aims to increase the knowledge of how to facilitate the management 
of changes triggered by environmental requirements, from when the external 
environmental requirement enters the company, until it creates a need for change 
and the organisation is preparing for change, and throughout the implementation 
of change.  

3

The research objective is to develop a model providing a systematic approach for 
the implementation of changes triggered by environmental requirements.  

1.4 Research questions 
To meet the research objective a main research question is formulated: 

RQ1. What needs to be taken into consideration when initiating change 
projects in order to meet environmental requirements? 

This question is formulated to identify the different aspects an organisation needs 
to understand, consider and manage when implementing the necessary changes in 
order to implement the environmental requirements. 

Further on, a special focus has been to respond to two subquestions: 

RQ1.1 What are the drivers for initiating environmentally driven change 
processes in the production organisation?

This question is formulated to identify the sets of drivers that are triggering and 
creating a driving force when the changes are initiated in the organisations, in 
order to meet the environmental requirements. 

RQ1.2 What are the key factors affecting the outcome in projects initiated to 
respond to environmental requirements? 

This question responds to understand the co-existing factors that contribute to the 
outcome of the change. 

In the process towards a licentiate degree the main work has been to respond to 
RQ1, RQ1.1 and RQ1.2. These questions respond to the final objective as a means 
to develop a model, see Figure 1. The model is designed to support the 
management of the changes triggered by environmental requirements.  

Figure 1: Visualisation of how the research questions relate to each other and the 
research objective. 
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1.5 Scope and delimitations 
In this licentiate thesis, case studies have primarily been performed at companies 
within the automotive industry. The focus has been on change processes triggered 
by environmental requirements in production systems. However, in order to create 
insights about the impact from different subsectors, other types of industries such 
as companies with chemical processes as their main process are included as case 
companies. The companies are chosen based on area of interest, the access to 
companies as well as geographical considerations.  
Based on theories from organisational change management, the research mainly 
contributes to sustainable operations management focusing on the implementation 
of changes triggered by environmental requirements, see Figure 2. 

Figure 2: Visualisation of how the theories are related to each other. The contribution of 
the licentiate thesis is primarily within the environmental management area, focusing on 
the implementation of environmental requirements, using theories from organisational 
change management. 

1.6 Outline of the licentiate thesis 
Chapter 1 introduces the research by presenting the background, the problem in 
focus, the research objective as well as the guiding questions. Chapter 2 presents 
the theoretical framework applied whilst Chapter 3 describes the research 
methodology. Chapter 4 describes the research results and Chapter 5 connects the 
theoretical framework and research results by responding to the research questions 
and a model for environmentally driven change is presented. Chapter 6 is a 
concluding chapter in which the contribution and future research are presented. In 
the last part of the thesis the five papers are appended. 

5

2  Theoretical framework  
This chapter introduces the theoretical framework, which constitutes the 
knowledge base of the research. This chapter initially provides an introduction to 
the sustainability area and environmental practices in manufacturing. The 
following part embraces theory on change management. It serves as input to the 
theories from sustainable operations and environmental management. At the end 
the chapter is summarised by providing the literature essentials. 

2.1 Environmental sustainability in an industrial context 
Over the last few decades, the concept of sustainability has been introduced and 
broadly accepted by governments, the general public and the business sector. 
Several different definitions of sustainability have been proposed over the years, 
see for example Gladwin et al. (1995), but still the most commonly used definition 
is the Brundtland definition, where sustainable development is defined as “to 
secure a development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs” (World Commission on 
Environment and Development 1987). Many people agree that sustainable 
development is about, on balance, satisfying social, environmental and economic 
goals (Azapagic and Perdan 2000). More recently, added to these, dimensions 
such as technology and education have been considered (Garetti and Taisch 2011). 
Technology, on which manufacturing is largely based, is to play a central role in 
order to achieve sustainability as well as education, research and development 
having the role of proposing options to society to meet the needs (Garetti and 
Taisch 2011). Sustainable development presents a framework for change rather 
than a list of prescriptions to achieve it. There is, however, a growing consensus 
that the transition to a more sustainable society requires new ways of meeting our 
needs which can reduce the level of material consumption and reduce 
environmental damage without affecting the quality of life. This will require, 
above all other manufacturing focuses, limiting the throughput of materials and 
energy in the economy and finding less wasteful ways of meeting needs by 
increasing efficiency, reusing materials and using sustainable technologies 
(Perdan 2011). 

Through the past many environmental restraints have been identified and many 
different efforts to change according to these restraints have been made within the 
manufacturing organisations (Nunes and Bennett 2010; Angell and Klassen 1999). 
Nevertheless, in the globalised world a sustainable development is among the 
main drivers for the current and future economy including globalisation of the 
economy, climate change, scarcity of strategic raw materials, overpopulation, 
employment, security of energy supply, ageing population, public health for all, 
poverty and social exclusion, loss of bio-diversity, increasing waste volumes, soil 
loss and transport congestion (European Commission EUR24282 2010).  
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Manufacturing firms need to improve their environmental performance in several 
areas (EU 2011) where eco-efficiency in production is pointed out as one 
important improvement area. A production system can be characterised as a 
transformation system with the core elements of a process, an operand and 
operators as well as different subsystems that support the value-adding process 
(Hubka and Eder 1988). Production models with environmental concerns have 
been developed such as Cleaner Production, Green Manufacturing, and 
Sustainable Production with different principles and concepts (Manzan and Ikuo 
Miyake 2013). The terminology to search for in the literature also offers several 
other terms such as environmentally conscious manufacturing, sustainable 
manufacturing, environmentally sound technology (Mittal and Sangwan 2014b). 
In practice, Luken and Van Rompaey (2008) use the categorisation of the 
environmental sound technology adoption as “adoption of End-of-Pipe 
technologies (i.e. treatment of waste and polluting streams) as well as cleaner 
technologies categorised as a) input material change b) better process control c) 
equipment modification as well as d) on-site recovery and reuse e) useful by-
products f) major technology change and g) product modification and 
reformulation. This categorisation also shows that different contents of change 
projects need to be considered. However, even if the basic definition of 
sustainability and its dimensions will remain, the way to achieve it, by defining its 
sub-dimensions, by tools and measures, may be time dependent. That means that a 
certain meaning of sustainable development valid at a certain time can change 
because of external factors. The development in the production system can be 
triggered by external factors such as enactment of a new law, availibility of new 
technology, depletion of resources or accumulation of undesirable products 
(Arena et al. 2009).

One of the already identified shortcomings within the area of sustainable 
development in operations management is the lack of integration of academic 
research with manufacturing practices as well as the need for research directions 
into implementing, assessing and leveraging sustainability (Chun and Bidanda 
2013). Two decades ago, Post and Altma (1994) were connecting organisational 
change with environmental change processes by case studies conducted in a 
chemical, an electric utility and a hotel company. Scholars have studied the 
implementation of environmental management systems in organisations (Zutshi 
and Shoal 2004; Ronnenberg et al. 2011), where the latter conclude that 
operations management can use the important guidance of change management 
theory and evidence in order to implement future technical process changes. 
Studying specific environmentally driven changes in the production processes, 
González (2009) reviews literature on determinants to technological change. The 
author addresses the need for more research on the role of information flows on 
innovation and the adoption of environmental technologies and sees that there are 
relatively few studies focusing on the specific factors influencing innovation in 
environmental technologies compared to the factors influencing innovation in 
general.  

7

After identifying this need and in order to increase the understanding for change 
processes, theories from organisational change management are studied in order to 
find considerations for managing change. 

2.2 Considerations for managing change in an organi-
sational context  

There is no organisation that is not affected by change in society (Jacobsen and 
Thorsvik 2013). Legitimacy is a constant pressure from the world around us but 
also to understand potential resistance and conflicts. Therefore the change 
management insight can be used to gain competitive advantages by improvement 
of existing production or by developing new products or services (Jacobsen and 
Thorsvik 2013). 

On a comprehensive level the term “change” relates to an important and basic 
development. Lewin (1947), in his report on human science, defined it as “from 
the present level to a desired one” and the driving forces corresponding for 
instance to ambition, the needs or fears of goals, are forces towards something or 
forces away from something (Lewin 1947). He was the first to embark on the 
planned change. More than 60 years later, Burnes (2009) continues to separate the 
planned from the accidental, unintended changes, to define the planned change as 
one in which the organisation identifies an area where it believes change is 
required and undertakes a process to evaluate and, if necessary, bring about 
change. Changes are of different intensity and speed and since they can occur at 
the individual, the group, the organisational, or the societal level, different 
approaches are required for different types of change (Gareis 2010). Change 
management can affect many areas, and has similarities to innovation. One way to 
divide innovation is into the soft and hard parts, or as incremental and radical 
innovation. Radical and incremental can also be applied in change management. 
However, innovation can take place without any organisational change and 
changes do not always mean something new (Jacobsen and Thorsvik 2013).  

According to Jacobsen and Thorsvik (2013) a change has occurred when the 
organisation shows different properties at different times, but since this definition 
is very general, there is a need to specify what type of properties vary at the 
different points in time, which means to specify the content of the change. The 
contents can be change of task, technology and/or objectives and strategy. It can 
also be change of the organisation structure, how work assignments are divided 
and coordinated, how to control and manage an organisation or what kind of 
reward system to use. It can be planned or unplanned changes in the organisation's 
culture, altered assumptions, norms and values. The content can be changes in the 
organisation's demographic ratio, recruitment or ends but also in the processes of 
production, communication, decision and learning. Within the area of innovation, 
Edquist (1997) separates organisation from institutions by defining institutions as 
sets of common habits, routines, established practices, rules or laws that regulate 
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sets of common habits, routines, established practices, rules or laws that regulate 
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the relations and interactions between individuals and groups. The author sees 
organisations as formal structures with an explicit purpose and they are 
consciously developed. The institutions can either be formal such as instructions, 
laws, regulations, or informal such as common law, customs, traditions, work 
norms, norms of co-operations, practices. The balance between formal and 
informal institutions may differ between countries, between sectors within 
countries and between small and large enterprises within sectors (Edquist 1997).  

The literature is full of models and frameworks offering solutions for successful 
change management within organisations (Burnes 2009). The literature provides 
guidance using terms such as “steps, success factors, key factors, practices, 
activities, commandments”, analysed in Study 1 and described in Table 1. The 
definition of key factor used in the thesis is-“a circumstance, fact, or influence 
that contributes to a result”. Key factors can on the one hand result in a project 
being considered as successful. On the other hand, if the factors are not handled in 
a proper way they can also hinder the process of change from reaching its 
expected objectives. 

Table 1: Key factors supporting change identified in the literature (analysed in Study 1 
and included in appended Paper II). The factors are listed in the order of frequency 
mentioned in the literature, where the description is based on the references in the right-
hand column. 

Key factors for 
change 

Description References used for 
the description 

Management 
commitment  

Having a powerful enough guiding 
coalition, setting the direction and 
ensuring that the change is 
implemented. Focus on solutions, not 
problems. Visible participation. 

(Mercer 2001; 
Oakland and Tanner 
2007; Sirkin et al. 
2005) 

Committed key 
persons 

Individuals with change experiences 
that are committed but also people 
that are followers. Starting change at 
the periphery where the ideas are 
spread to other units without pushing 
it from the top. 

(Denton 1996; 
Jörgensen, Owen, and 
Neus 2009; Oakland 
and Tanner 2007; 
Kotter and Cohen 
2002; Luecke 2003; 
Sirkin, Keenan, and 
Jackson 2005) 

Clear vision 
and goal 

Identify and define what type of 
change is required. Clear goals and 
deliverables. Develop a shared vision 
of how to organise and manage 
change. 

(Denton 1996; Ford 
and Greer 2006; 
Kotter 1995; Luecke 
2003; Mercer 2001; 
Oakland and Tanner 
2007) 
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Systematic 
approach 

Well planned and organised approach, 
through policies, systems and 
structures. Best fitted for the type of 
change being managed.  

(Jörgensen, Owen, 
and Neus 2009; 
Luecke 2003; 
Oakland and Tanner 
2007)  

Communication Continuous and targeted 
communication throughout the 
project, tailored in depth and breadth 
to the different interested 
communities. Two-way process, 
channels for feedback available. 

(Jörgensen, Owen, 
and Neus 2009; Kotter 
1995; Mercer 2001; 
Oakland and Tanner 
2007; Porter and 
Parker 1993)  

Cooperation 
and Cross- 
functional 
teams 

Cross-functional teams with high 
performers and the right skills, 
bringing broad perspectives and in-
depth knowledge, encouraging 
innovation and breakthrough 
thinking. Supported by the creation of 
social networks and staff 
involvement.  

(Jörgensen, Owen, 
and Neus 2009; 
Mercer 2001; Oakland 
and Tanner 2007) 

Knowledge and 
skills

Full realistic understanding of the 
upcoming challenges, their 
complexity and actions according to 
them. Skills development, training 
and the ability to experiment. 
Managing change skills. Sometimes 
external consultants to provide 
industrial excellence.  

(Ford and Greer 2006; 
Jörgensen, Owen, and 
Neus 2009; Mercer 
2001; Oakland and 
Tanner 2007) 

Follow up Follow up including project reviews 
and feedback. Having clear success 
measures, a focus on results and not 
activities. Measuring and monitoring 
the change. Creating short-term wins. 

(Denton 1996; Ford 
and Greer 2006; 
Kotter 1995; Luecke 
2003; Oakland and 
Tanner 2007; Sirkin, 
Keenan, and Jackson 
2005) 

Culture and 
values 

Sum of the behaviours and values the 
organisation most recognises and 
rewards. Changes should be anchored 
in the culture.  

(Kotter 1995; Oakland 
and Tanner 2007; 
Mercer 2001) 

Recent research in change management also points at the gap between change 
management and applied practice and the importance of a credible need for 
change, a clear plan and a clear goal – and an understanding of this in the 
organisation (Hallencreutz 2012). Al-Khalifa and Aspinwall (2008) make similar 
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findings about the extent to which Total Quality Management (TQM), has been 
implemented in UK industries. For example, there was a very low level of practice 
of  ”improvement tools and techniques” and ”continuous improvement systems”
within the respondent companies. To succeed, an efficient management with 
expertise, resources and structure to drive the change is needed, and better use of 
methods (Jörgensen, Owen, and Neus 2009).  

A general framework for change within organisations is developed by Oakland 
and Tanner (2007), see Figure 3. In their research they find the external event that 
triggers the change is influencing the need for change created within the 
organisation. The need must be translated into an operational context for the 
people in the organisation to understand how they will be affected and what they 
need to do to address the challenge. If the organisations need to react to a 
government initiative, this strategic need can be translated into something 
quantifiable that is understood at an operational level. This link is a central role of 
the leadership of the organisation as they set the direction. If the link is broken 
between the strategic and operational issues there is a risk of misdirected effort 
leading to no or limited bottom-line benefits, or the change will never get off the 
starting blocks.  

Another link that the authors stress is the link between the preparation phase for 
change and the implementation phase. These two levels are linked by the 
organisational core processes. Whether they are liked or not, whether the 
organisation has worked them out or not, it is the core processes that drive the way 
the organisation works, measures and behaves (Oakland and Tanner 2007).  

Figure 3: The organisational change framework, here in a simplified version, adapted 
from Oakland and Tanner (2007). 

11

The knowledge about external events is integrated to companies by corporate 
foresight. Corporate foresight and the early detection of medium- to long-term 
developments in the market and the market environment is seen as a necessary 
competitive advantage (Ruff 2006). Jacobsen and Thorsvik (2013) categorise the 
change triggered from external events into three levels; the environment closest to 
the organisation, national conditions as well as international conditions, see Figure 
4. In order to create a driving force in the organisation, Kotter (1996) uses the 
expression of “creating a sense of urgency”.

Figure 4: The different levels of external events that initiate changes in organisations, 
adapted from Jacobsen and Thorsvik (2013). The change triggered from external events 
is divided into three levels: the environment closest to the organisation, national 
conditions as well as international conditions. 

The outside world affects organisations by technological or institutional 
environment. The technological world around us can be viewed as conditions that 
have direct relevance to the resource availability of organisations and external 
conditions that are relevant for how the organisation obtains access to resources 
that it depends on. The institutional operating environment refers to the values, 
norms and expectations in the world which are relevant to how the organisation is 
perceived externally. The institutional outside world includes cultural conditions 
abroad: values and norms, goals, structure and support. All organisations must 
address both the technical and the institutional environment. Different 
organisations may be categorised by how strongly they are affected by technology 
and the institutional environment. The institutional environment, which can be 
explained as legitimacy in focus can affect the organisation by three different 
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pressures. The first pressure is the regulative or legislative, second the normative 
pressures which are the values and norms of society, or pressures as being 
cognitive, which is pressure coming from the obvious ideas in the same industry 
(Jacobsen and Thorsvik 2013).  

Vandermerwe and Vandermarwe (1991), point to the fact that the strategic paths 
of managing change differ in time, and these are dependent on working in an 
anticipatory and proactive way, a reactive way or in a crisis mode. The authors 
define a proactive change as “when a future event is recognized to be potentially 
problematic for the company and then there is more time to manage the change”.
In reactive change “something has begun to cause a problem and therefore less 
time is usually available to achieve the required results”. In a change triggered by 
a crisis, “the performance decline will be immediate and severe and therefore a 
rapid completion of the change process is vital”. Aligned with these definitions, 
Jacobsen and Thorsvik (2013) state that organisations that are proactive anticipate 
changes in the world and are able to act before the pressure to change is 
immediate. A reactive change occurs after something has occurred, which the 
organisation must consider or adapt to. Proactive change can produce large profits, 
first mover advantage. But most changes are a result of reactive behaviour. There 
could be many reasons why an organisation’s approach changes using a reactive 
behaviour. Firstly, it is risky to adapt to something you think will happen. 
Secondly, it is difficult for change agents to create a perceived pressure when 
something has not yet happened. Managing proactive changes is often met with 
resistance because the members of the organisation simply question whether it is 
necessary (Jacobsen and Thorsvik 2013).

2.3 Change management literature essentials 
Summarising the previous section, change can be considered as a movement from 
one level to another (Lewin 1947) showing different properties at a different time 
(Jacobsen and Thorsvik 2013). The change can have different intensity, speed and 
occur on different levels (Gareis 2010). Depending on the pressure related to the 
time available and the content of change, managing of change will take different 
strategic paths where companies can act proactively, reactively or in a crisis mode 
(Vandermerwe and Vandermarwe 1991; Jacobsen and Thorsvik 2013). To suc-
ceed, an efficient management with expertise, resources and structure to drive the 
change is needed, and better use of methods (Jörgensen, Owen, and Neus 2009).  

One important link to consider is how the pressure is translated from the external 
event that triggers the change to create a need for change in the organisation 
(Oakland and Tanner 2007). Kotter (1996) has used the term “creating a sense of 
urgency” and requires that the change agents create a perceived pressure, in order 
to act proactively (Jacobsen and Thorsvik 2013).

There is also an important link between the strategic and operational level. This 
link is created by the organisational core processes; it is the processes that drive 
the way the organisation works, measures and behaves (Oakland and Tanner 
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2007). In order to manage the change there are several key factors to consider 
during the change process, and these key factors affect the outcome of the change 
(see Table 1).  

Figure 5 summarises the findings of the organisational change management 
theories. These are further explored for environmentally driven change in Section 
2.4.

Figure 5: The considerations identified in the organisational change management 
literature are displayed in the boxes. Two important links are identified as needs to be 
considered in the change management framework. 

2.4 Considerations for managing environmentally driven 
change 

This section reviews the literature focusing on change management within the area 
of environmental management in operations management, following the same 
structure as the considerations highlighted in the change management literature 
section 2.3. The input to this section is visualised in Figure 6 and further presented 
in the text in the same order.  

Figure 6: To the left, the identified and selected considerations for change management 
are presented. These considerations will serve as an input to increase the understanding 
for environmentally driven change.  
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2.4.1 Proactive environmental management in operations 
management 

In the operations management literature the concept of environmental proactive 
change has had a shift in meaning over the decades. First, the view of seeing 
industry managing environmental issues in a reactive phase was common, which 
ran from the early 1970s to mid-1980s (Nattrass 2013). The main driver for 
improved environmental performance was regulation, and end-of-pipe solutions 
were almost the only options considered by industry at the time (Azapagic and 
Perdan 2000). Angell and Klassen (1999) found in literature that a firm’s 
orientation towards environmental management can be considered either as a 
choice along a strategic spectrum, ranging from reactive to proactive, or as stages, 
from naive to sophisticated. Four environmental profiles were presented at this 
time by Henriques and Sadorsky (1999) as being reactive, defensive, 
accommodative, and proactive. More proactive profiles do differ from less 
environmentally committed firms in their perceptions of the relative importance of 
different stakeholders (Henriques and Sadorsky 1999). More recent empirical 
results show that smaller firms are more responsive to value-chain, internal, and 
regulatory stakeholder pressures. These findings suggest that researchers 
evaluating organisations and the natural environment should be cautious about 
associating stakeholder pressures directly with the environmental strategies of 
firms (Darnall et al. 2010). Murillo-Luna et al. (2011), by building on this 
attention to the stakeholder, establish the importance of the internal organisation, 
that is related to prioritisation, budgets, relevant measures as well as the 
responsibility assigned to persons who are specialised in this matter. Aligned with 
the view of proactivity as an internal ability,  Höckerdal (2012) finds a need for 
increasing the general understanding of how each and every one can contribute 
towards reducing the environmental impact. This implies that everyone in the 
production organisation should know how the processes they work in affect the 
environment and how the related environmental impact can be reduced. Höckerdal 
(2012) presents the movement from a reactive to a proactive state by changing the 
culture of the company, see Figure 7. 

 
 

Figure 7: Identified steps towards a proactive approach in the process of environmental 
improvement (Höckerdal 2012) 
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2.4.2 Driving forces for environmental change 
Post and Altma (1994) provide a view of three drivers for environmentalism: 
compliance-based, market driven as well as value driven. The value driven drivers 
provide the understanding that consumers are willing to act on their environmental 
values. Aligned with this, Luken and Van Rompaey (2008) conclude that the 
drivers for environmentally sound technology adoption are dependent on 
subsector, country variations but also the closeness of end-customers. This means 
that an appropriate strategy to drive environmental change must do more than rely 
on a traditional regulatory approach; it must also leverage market and community 
pressures. The reason for considering community pressures are important;  
Khanna and Anton (2002) find differences in the environmental practices adopted 
depending on the incentives created to meet regulatory threats or seeing market 
opportunities. A third factor, apart from institutional pressure and the ability for 
organisations to adopt environmental management practices, are the organisational 
characteristics (Delmas and Toffel 2004). Murillo-Luna, Garcés-Ayerbe, and 
Rivera-Torres (2011) find that the managers’ perception of the environmental 
demands from stakeholders is positively related to proactivity of the 
environmental response of firms. Managers perceive pressures from regulatory 
stakeholders, from internal - or external economic stakeholders and external social 
stakeholders. The drivers that initiate or trigger an environmental driven change 
process in the companies seems to be quite explored. Less mentioned in these 
theories, Bey et al. (2013) also consider the sustaining drivers; the sustaining 
drivers are important to keep an implementation going.  

2.4.3 Core processes for environmental management  
There has been a growing body of literature linking environmental improvement 
efforts to lean production, which is the production system of many companies 
today (Florida 1996; Rothenberg et al. 2001; Höckerdal 2012). Maxwell et al. 
(1998) and Rothenberg (2003) finds both qualitative and quantitative links 
between lean management practices and resource efficiency. The environmental 
area requires high skills of knowledge of different kinds. Therefore worker 
participation can benefit from a lean organisation, where line-workers initiate 
process improvement and information-sharing amongst areas of the plant. The 
management is also readily available as well as the culture of cross-training, 
cooperation and sharing (Rothenberg 2003). Implementation of sustainability can 
also benefit from using applied quality management, seen by studying both 
theoretical processes and implemented practice; TQM and total quality and 
environmental management (TQEM) initiatives are found to have much in 
common (Pil and Rothenberg 2003). One example is that superior environmental 
performance is associated with superior quality in automotive paint shops and 
efforts to attain superior environmental performance positively influence quality. 
Another example found is that the establishments that adopt the quality 
management standard ISO 9000 are more likely to adopt the environmental 
management standard ISO 14000. Quality and environmental problems have 
many of the same factors, including complex interactions and potential conflicts 
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common (Pil and Rothenberg 2003). One example is that superior environmental 
performance is associated with superior quality in automotive paint shops and 
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Another example found is that the establishments that adopt the quality 
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management standard ISO 14000. Quality and environmental problems have 
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with day-to-day operations, and they are managed with similarly structured 
reporting systems and information models (King and Lenox 2001). 

Several companies have adopted the Environmental Management System, (EMS), 
ISO 14001 which requires the organisation to establish, document, implement, 
maintain and continuously improve an EMS (Höckerdal 2012; ISO14001 2004) 
by: 

 Establishing an appropriate environmental policy. 
 Identifying environmental aspects in order to determine significant 

environmental impacts. 
 Identifying applicable legal requirements. 
 Identifying priorities and setting appropriate environmental objectives and 

targets.  
 Establishing a structure to implement the policy and achieve objectives and 

meet targets. 
 Facilitating planning, control, monitoring, preventive and corrective 

actions, auditing and review activities. 
 Being capable of adapting to changing circumstances. 

The EMS are important for operations to manage their environmental impacts. But 
still, related to what the drivers for change are, there is a flexibility and variation 
in the number of practices and the type of practices adopted (Khanna and Anton 
2002). They find that internal environmental policy, corporate environmental 
standards and environmental auditing are related to regulatory pressures while 
Total Quality Environmental Management and environmental reporting are 
motivated more strongly by the potential for gaining competitive advantage and 
improving relations with stakeholders. Further on, Frondel et al. (2008), find 
empirical evidence that the EMS adoption did not appear to be catalysts for 
innovation or reduction activities of environmental aspects. It was rather internal 
pressure groups, such as headquarters and management employees, that showed a 
positive impact on the abatement activities of facilities.  Aligned with this finding, 
Epstein (2008) found that best practice companies integrate sustainability into 
day-to-day practice and sustainability is made a central component of their 
strategy. Leadership is exercised to reinforce these objectives throughout the 
organisation. This means continuous decision making on several levels, both 
strategic and operational decisions (Epstein 2008). Both the longer term objective 
improvements and short term operational objectives and improvements need to be 
maintained in the environmental management (Garetti and Taisch 2011). In order 
to do so, the economic and environmental dimensions need to be balanced; to 
achieve longer term commitment, budgetary barriers have to be considered such 
as return on investment and the need for short pay off time (Mittal and Sangwan 
2014a; Höckerdal 2012; Murillo-Luna, Garcés-Ayerbe, and Rivera-Torres 2011). 
Another concern that has been highlighted is that existing tools applied for 
sustainability are often seen as separate solutions (Arena et al. 2009). The authors 
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note that in the literature there is a certain lack of system perspective, and 
therefore an inconsistency is created when reviewing sustainability as a whole. 
The different needs are linked together in order to identify the decisions on 
different levels - strategic, operational and tools and processes. 

2.4.4 Key factors for managing environmentally driven change 
Key factors are in this thesis defined as factors that on one hand can result in a 
project being considered as successful. On the other hand, if the factor is not 
handled in a proper way it can also hinder the process of change from reaching its 
expected objectives. Within operations management, several internal and external 
enablers but also barriers of different environmental improvements have been 
identified by scholars. While barriers are seen as obstacles that prevent movement, 
enablers can be seen as something that makes movement possible. When relating 
barriers and enablers to the key factors identified in change management in 
section 2.2, there are some factors that can be considered as both enablers and 
barriers. The role of management is commonly mentioned in theories. It has a 
central role in the implementation of Environmental Conscious Manufacturing; 
Mittal and Sangwan (2014a) see that the management can mitigate internal 
barriers. Therefore it is considered that the internal barriers are the root barriers 
for policy and economic barriers. A similar conclusion is arrived at by Murillo-
Luna, Garcés-Ayerbe, and Rivera-Torres (2011) who see that the difficulties from 
progressing in environmental strategy are within the firm. The progress could be 
controlled by allocation of the necessary resources.  

In order to support and facilitate different aspects of environmentally driven 
changes the role of management has been defined as follows:  

 Top management is encouraged to understand and embrace the significance 
of environmental management for their organisation (Tung et al. 2014).  

 Top management commitment transforms theory and practices so that they 
positively contribute to sustainable development (Rivera-Camino 2012). In 
large scale enterprises, management commitment for environmental issues 
is related to the creation of strategies and policies, monitoring of progress, 
allocation of resources and follow up (Nattrass 2013).  

 The top management should be visible (Seidel et al. 2010).  
 The behavioural aspect of management is related to their past performance, 

which has a significant influence on managers’ attitudes. (Rivera-Camino 
2012). The management should have engagement, motivation, ambition 
and social judgement (Gladwin, Kennelly, and Krause 1995; Rivera-
Camino 2012). 

 The middle management commitment is created when middle management 
is involved in policy development, when conveying the environmental 
targets, by having a documented implementation methodology, when 
environmental training is conducted and where environmental 
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implementation improves quality and productivity (Singh and Sangwan 
2011). 

In relation to implementing Environmental Management Systems, EMS, the top 
management is also considered to be the movement variable by Ronnenberg, 
Graham, and Mahmoodi (2011). The authors also found that employee input does 
not positively affect environmental performance. However, other scholars have 
focused on the role of individuals as positively contributing to the environmentally 
driven changes and have been presented as one of the main factors for enabling 
change (Rothenberg 2007; Hesselbarth and Schaltegger 2014; Gattiker and Carter 
2010; Fernández et al. 2003; Post and Altma 1994; Seidel et al. 2010). Every 
organisation possesses a distribution of individuals who can undertake innovative 
behaviours (Delmas and Toffel 2004). They find that the plants that are high 
adopters of Environmental Conscious Manufacturing (ECM) have larger 
environmental staffs than non-adopters. In these organisations where ECM is 
highly adopted, there were also individual managers who acted on their own when 
it came to implement, champion and spread innovative ECM practices. Another 
perspective presented by Gattiker and Carter (2010) is that environmental projects 
start with an agent who seeks to influence other individuals in an intra-
organisational influence process. The agent uses one or more influence tactics in 
order to produce some outcome. They also find that regulation may be a way to 
force organisations to implement various measures, but regulation alone is not 
sufficient when it comes to gaining buy-in at the level of an individual actor 
within an organisation. In fact, it may be counter-productive (Gattiker and Carter 
2010). According to Hesselbarth and Schaltegger (2014), a change agent for 
sustainability requires flexibility to perhaps change or create jobs, and a large set 
of different competencies, including general management and subject-specific 
competencies in sustainability management, methodological, social, and personal 
competencies. However, Löfgren (2012) explores the role of the production 
engineer as an enabler of environmental life cycle practices. The author considers 
that there is a need for individual actors to understand what they can do in day-to-
day technical improvements, rather than relying on environmental champions. A 
wider perspective on employee empowerment is given by Nattrass (2013). In the 
implementation of ECM this means that there are teams to tackle environmental 
issues, employees are empowered to handle environmental problems, they are 
actively involved in process of determining environmental goals/targets, 
encouraged to give suggestions for improvement, recognised for their contribution 
and that the organisation has a framework for evaluating employee participation 
(Nattrass 2013). 

The subject-specific competencies are of importance since environmental 
information is considered as a barrier by a rigidity of legislation and bureaucratic 
complexity as well as scarcity of information and lack of clarity on legislation 
(Murillo-Luna, Garcés-Ayerbe, and Rivera-Torres 2011; Mittal and Sangwan 
2014a). The same authors also identify insufficient technological information 
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about available technology choices. By viewing knowledge as a key factor, 
competence should be available in the organisation in order to:  

 Understand the information, where it is abstract and difficult to find 
(Höckerdal 2012; Bey, Hauschild, and McAloone 2013). 

 Understand what each person can do to reduce the environmental impact 
from their area (Höckerdal 2012). 

 Find alternative processes (Luken and Van Rompaey 2008; Bey, 
Hauschild, and McAloone 2013). 

Another key factor related to the understanding of the environmental impact is 
performance monitoring. Research has been conducted in order to support and 
find relevant indicators for sustainable manufacturing (Joung et al. 2012; 
Labuschagne et al. 2005), comprehensive analyses over the processes are also 
required (Herva et al. 2011). Delmas and Toffel (2004) highlight the importance 
of performance monitoring which includes quantified environmental goals and 
objectives, environmental performance monitoring, environmental cost 
identification, use of control processes, inspections and supplier audits. 
Additionally, (Seidel et al. 2010) show that by coming up with a strategy 
embedding sustainability practices and setting up of clear strategic targets, 
remarkable advancements are achieved. A traceability in the sense of transparency 
and measurement constitute highly relevant factors for the adoption of 
sustainability practices, where the authors suggest that IT plays an important role 
in collecting and analysing data. 

There is also the risk of uncertain benefits by investing in newer technology 
(Mittal and Sangwan 2014a). This uncertainty can be seen as a barrier in the terms 
of a fear of having performance impact on quality and productivity (Luken and 
Van Rompaey 2008). Key factors for how to overcome these are not identified in 
the studied literature but are considered as a area for future research (Walker et al. 
2014). Researching supply chain management, Wu and Pagell (2011) found that 
“Technical standards” and an “Operating principle” support the decision-making 
for environmental issues in the supply chain. By articulating the organisation’s 
environmental values and goals, managers are compelled to innovate to achieve 
the goal which in the end supports the decision-making. When an organisation is 
faced with a trade-off decision, especially in situations where the environmental 
costs or benefits of a choice are uncertain, they choose the option that is best 
aligned with the Operating Principle. However, it is the practical step after the 
identified trade-off that makes the company successful. Two practices are 
identified in which the first one is that the environmental efforts have to make 
business sense. The second practice is that the short term growth and long term 
competitiveness are considered by managers but continuously addressed by 
committed workers who are motivated by the organisation’s values and objectives 
(Wu and Pagell 2011).  
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2.4.5 Literature essentials 
Change related to sustainable development in operations management seems to 
have much in common with organisational changes in general (Ronnenberg, 
Graham, and Mahmoodi 2011). This connection can provide insights for 
sustainable development. The need for change is important in order to make 
change happen; a systematic approach when managing changes as well as the 
insight that organisational abilities can facilitate changes. Elements for defining 
environmental sustainability can be seen as dynamic and time dependent. This 
implies that the external factors will influence the definition of what is actually 
considered as environmentally sustainable at different times (Arena et al. 2009). 
The approaches of acting towards environmental requirements are explored where 
the literature in sustainable operations management presents a view of being 
proactive, not only to stakeholder pressures (Henriques and Sadorsky 1999; 
Murillo-Luna et al. 2008), but also having internal abilities such as creating 
commitment in the organisation (Murillo-Luna, Garcés-Ayerbe, and Rivera-Torres 
2008; Höckerdal 2012).  

The first link to consider according to Oakland and Tanner (2007) is how the 
external trigger creates an internal need for change. For environmentally driven 
change the external triggers are several: they derive from regulatory approach, 
leverage market and community pressures (Luken and Van Rompaey 2008; Post 
and Altma 1994). This comes from different levels and depending on subsector 
and country variations, the internal organisation has to adapt to the new 
requirements (Jacobsen and Thorsvik 2013; Luken and Van Rompaey 2008). Both 
the technological pressure and institutional pressure will influence the 
environmental management practices that the organisations adopt (Khanna and 
Anton 2002; Jacobsen and Thorsvik 2013). It is also highly dependent on the 
organisational characteristics and the managers’ perception of the environmental 
pressures from stakeholders and the employees (Murillo-Luna, Garcés-Ayerbe, 
and Rivera-Torres 2011).  

The second important link from section 2.3 is between the strategic and 
operational level. This link is created by the organisational core processes; these 
are the processes that drive the way the organisation works, measures and behaves 
(Oakland and Tanner 2007). The linkage between environmental management and 
the operations management can benefit from lean management practices and the 
culture of cross-training, cooperation and sharing (Rothenberg 2003). The EMS 
provides some important linkages such as a structured way of managing 
improvements, but the environmental dimension of sustainability also needs to be 
integrated into strategic and operational levels (Höckerdal 2012; Epstein 2008; 
Seidel et al. 2010). This also requires leadership (Epstein 2008). Decision making 
has to be done with a system perspective (Arena et al. 2009). Priorities need to be 
balanced between economic and environmental aspects, between the longer term 
objective improvements and short term operational objectives and improvements 
need to be maintained (Garetti and Taisch 2011; Wu and Pagell 2011).  
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It is clear that people constitute a key factor affecting environmentally driven 
change; it can be specialised individuals in the organisation (Rothenberg 2007; 
Gattiker and Carter 2010; Hesselbarth and Schaltegger 2014), management 
(Rivera-Camino 2012; Singh and Sangwan 2011; Seidel et al. 2010) or the 
employees in their daily role in the organisation (Löfgren 2012; Höckerdal 2012). 
The personal initiatives supported by environmental performance monitoring are 
important as well as traceability in the sense of transparency and measurement, 
which are highly relevant factors for the adoption of sustainability practices 
(Delmas and Toffel 2004; Seidel et al. 2010). A supportive culture can benefit 
from using technical standards and operating principles that influence decision 
making for operations managers (Wu and Pagell 2011).  
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3 Research methodology  
Chapter 3 is dedicated to outlining how the research in this thesis has been 
conducted. The starting point of the chapter is to present the adopted view of 
science and research methods. The studies conducted are thereafter described and 
a summary is presented at the end of the chapter. 

3.1 Scientific approach and research methods 
Scientific work consists of investigating and identifying coherence and non-
coherence between what we experience, what is actually happening and the 
underlying mechanisms that produce the events in the real world (Danermark et al. 
2003). Research can be performed using different methodological approaches 
(Arbnor and Bjerke 1994). The choice of method depends to a large extent on the 
researcher’s view of knowledge but also the nature of the research questions 
(Merriam 2009; Yin 2009). Applied research is undertaken to improve the quality 
of practice of a particular discipline (Merriam 2009). In this thesis, sustainable 
operations management is in focus. The questions to respond to are the 
considerations to make when initiating change projects, the drivers for change as 
well the affecting key factors for environmentally driven change. The research is 
conducted by having a system approach view; the system boundaries are the 
production system where the environmentally driven change is conducted, and 
where the change processes triggered by environmental requirements in 
production systems is studied. A system approach considers that real life is 
arranged in such a way that the whole differs from the sum of the parts (Arbnor 
and Bjerke 1994). The knowledge the system approach develops is system 
dependent, here applied in an operations management context.  

The research project is further conducted in close relation to the companies and 
inspired by Ellström (2007). The author reviews the research as an interactive 
process with two interacting systems, seen as the ”research system” and “the 
practice system”. Both systems are viewed as cyclical in character and driven by 
issues originating in research or practice (Ellström 2007). The work has been 
performed in parallel loops in order to supply new knowledge to both academia 
and industry, see Figure 8.  
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Figure 8: Application of the interactive research approach (Ellström (2007). Research has 
been performed in parallel loops in order to supply new knowledge to both academia and 
industry.  
 
The research clarification was formulated based on problems in the practice 
system and by studying forecasting reports on manufacturing such as EU reports 
(European Environment Agency 2010; European Commission EUR24282 2010). 
The first phase of the research project was to identify the problem in the practice 
system. This was influenced by the researcher’s background and performed in 
collaboration with senior researchers and practitioners in one of the case 
companies. The local theories and organisational actions were identified in the 
first Study 3, a retrospective study. The local theories were further conceptualised 
and problematised in the research system, developed, combined with theories and 
concepts and analysed in a literature study, Study 1. In a third phase, upcoming 
issues of environmental requirements were identified, Study 2. Local theories and 
local organisational actions were captured in the practice system. These were 
combined with theories and concepts and further analysed in order to meet the 
research objective, presented in this thesis. 

Collaborative research requires some attention to potential threats to objectivity 
and thereby also to the validity of the research results, due to the involvement of 
the researcher in practical activities. On the other hand, this collaborative 
relationship between researchers and practitioners may contribute to a better 
access to important processes, but also to more valid data where the relationship 
between the researcher and the subjects of research is less authorial (Ellström 
2007). Following three practical suggestions of Ellström (2007), there has been an 
initial agreement and continuous discussions between researchers and 
practitioners concerning research problems, the role of the researcher and the 
general design of the research project. Management support for the successful 
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formation of interactive research projects has been established. In order to engage 
and encourage participation from the employees and their representatives within 
the organisation, the researcher has participated in several networks but has also 
had an observatory role in specific projects. The research project is presented to 
the network and project members in the early phase of the collaborations in order 
to clarify the role of researchers vs practitioners.  

A suitable research method to collect empirical data, when the focus is on the 
contemporary phenomenon and the investigator has no or little control over 
events, is to perform case studies (Yin 2009). The phenomenon that is studied in a 
real life context is the process of change in a production system in order to better 
understand what needs are to be considered during the change processes triggered 
by environmental requirements in production systems. The unit of analysis being 
the change processes triggered by environmental requirements in production 
systems creates a bounded system.  

3.2 The research process 
The research has been conducted in an iterative process, which is presented in 
Figure 9. Study 1 relates to exploring the drivers, RQ1.1 and key factors RQ1.2, 
Study 2 explores considerations as RQ1, drivers RQ1.1 and key factors RQ1.2 
while Study 3 primarily focuses the response to key factors, RQ 1.2. The studies 
are further described in the text in section 3.3.1-3.3.3 and concluded with the 
publications in Table 4.  

Figure 9: The research process. Study 1 relates to exploring the drivers, RQ1.1 and key 
factors RQ1.2; Study 2 explores considerations such as RQ1, drivers RQ1.1 and key 
factors RQ1.2, while Study 3 primarily focuses the response to key factors, RQ 1.2.  

The state-of-art review is based on the literature identified in Study 1, by attending 
key note speeches at conferences, by reviewing major journals in the operations 
management field such as the International Journal of Production Research. 
Additional searches were made in Scopus, by using the key words 
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“manufacturing” and “environment” and “enablers, barriers, factors, drivers, 
obstacles, difficulties, hinders”. The articles were first read in their abstracts and 
then sorted out as relevant or not, depending on their relation to environmentally 
driven change in manufacturing. The articles found were categorised as general, 
drivers or key factors (enablers or barriers). 

3.3 Data collection and data analysis 
A case study does not claim any particular methods for data collection or data 
analysis, any or all can be used (Merriam 2009). Choosing techniques for data 
collection and analysis depends on the problem investigated, that is, the objective 
and research questions the researchers set out to investigate (Yin 2009). Questions 
related to “how” and “why” are suitable for case studies but also “what”
questions in the sense of being explorative studies (Yin 2009). Based on the 
explorative questions of considerations, drivers and key factors, and the research 
questions addressed requiring a deeper understanding of the phenomenon of the 
change process, cases studies were chosen as a method. If compared with surveys, 
the relations and deeper understanding of the mechanism would not have been 
achieved without addressing the phenomenon studied. The methodology used for 
this journey is presented by the three Studies 1, 2, 3 and their descriptions below. 

3.3.1 Study 1 – Managing environmentally driven change – mov-
ing from reactive to proactive behaviour

Study 1, presented in appended Paper II, is an explorative literature study which 
had the aim to identify the driving forces for environmental change but also to 
better understand how to support the organisations in the preparation for change.  
Sampling and data collection: The literature was selected in two different parts. 
The first part covered the change management literature. Books and literature 
from commonly cited sources were studied and structured based on content and if 
providing key factors. The change management literature was selected for ongoing 
research in the area by a co-researcher, and additional books from commonly cited 
sources (Burnes 2009; Green 2007; Kotter 1996) were selected by the first author 
and further studied. A list of publications was made in which citied authors were 
also selected based on providing factors impeding or supporting change. If 
repeatedly cited, these sources of literature were searched for in Google Scholar.  
In the second part, a search based on keywords was conducted. The keywords 
used were “environmental driven” (or “environmentally driven”) and “change”
(or “change management”) and “manufacturing” limited to the period from 1990 
onwards, using Scopus. The amount at midyear 2013 was 59 hits, and based on 
the most cited publications, abstracts were read and papers selected. A list of 
selected authors, citations as well as publications provided the required overview. 
Complementary searches backwards upon citations were made and forward 
searches were performed with Google Scholar to find recent publications 
(Webster and Watson 2002). Authors that have published in more than two papers 
in the area were further reviewed. Also specific journals that were published 
within the fields of sustainable manufacturing and environmental quality 
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discipline were reviewed. The data analysis was performed by structuring the data 
and identifying the approaches from the literature, which provided a qualititative 
understanding. By analysing, quantifying and defining the key factors from 
change management, factors mentioned by three or more authors were selected. 
These selected factors were used to pre-code the environmental management 
literature. The findings were discussed amongst the authors of Paper II. From 
environmental management the approaches for driving environmental change 
were identified, responding to RQ1.1. This study was also the theoretical 
contribution to RQ1.2, where key factors identified were synthesised with 
environmental management literature. The results and conclusions were discussed 
with the research colleagues and further discussed with an environmental expert 
group in one company.  

3.3.2 Study 2 – Exploring environmentally driven change  
Study 2, presented in Paper III and Paper V, is an explorative multiple case study 
with several aims related to RQ1 “What needs to be taken into consideration when 
initiating change projects in order to meet environmental requirements?”. The 
study also responds to RQ1.1, the drivers for initiating change processes, and 
RQ1.2, the key factors affecting the outcome of the projects. But first of all the 
study set out to increase the understanding of the content of environmental 
implementation projects in the manufacturing industry. Sampling: In the study 
respondents from twenty-six production plants and one head office are 
interviewed. Thirty-four people are interviewed. The criteria for selecting the 
cases were large, multinational companies. These companies have production and 
suppliers available worldwide. The production plants are located in either America 
or Europe. There are in total nine different companies interviewed and the main 
focus has been on one automotive company, Company 1, see Table 2. The major 
number of production plants in the study belongs to this company. Company 1 
manufactures vehicles; three business areas are surveyed within the company, in 
order to understand the organisation’s role versus the product. In Company 1, 
international production plants are also included with the aim of creating an 
understanding of the possible global and national differences. As the driver is 
found to be dependent on subsector (Luken and Van Rompaey 2008) two of the 
companies are chosen which have chemical processes as their main production, 
which creates a higher environmental burden in terms of chemicals, waste and 
emissions. The first one is the pulp and paper company, which was selected since 
it is considered to have had high pressure for change by legislation in the past 
(Post and Altma 1994). The second one is the pharmaceutical industry, a research 
intensive and innovative business segment, which has processes that are highly 
controlled by standards (Blum-Kusterer and Hussain 2001). In relation to these 
two, the automotive industry has a smaller proportion of chemical processes. For 
some companies there exist lower degrees of in-house production, and production 
has been outsourced to suppliers, moving the environmental impact of production 
in the value chain. In order to create an understanding of the value chain, two 
companies are selected. The first is a supplier of components to the automotive 
industry, and is regarded in the industry be at the forefront of sustainability issues. 
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Additionally a company that does not have its own production but is based on 
vendor sales, in direct relation with the end customer, are included. This is done in 
order to understand variations in the customer impact. Table 2 displays the 
companies included in the multiple case study. 

Table 2. The nine case companies and their subsector, country, main processes and the 
number of respondents in each case. 
Case 
Company 

Subsector Country (number 
of plants) 

Main Processes Number of 
respondents 

1 Heavy vehicle US (1), Brazil (1), 
Europe (2), 
Sweden (4)

Assembly, drive 
train, cab 

12 

 Trucks & Bus US (1), Brazil (1), 
Europe (1), 
Sweden (4) 

Assembly, drive 
train, cab 

9

2 Heavy vehicle Sweden  (1) Assembly, 
Component 

1

3 Car Sweden (4) Assembly, drive 
train, 
component, cab 

4

4 Trucks Sweden (1) Drive-train 1 
5 Train Sweden (1) Drive-train 2 
6 Supplier  Sweden (1) Component 1 
7 Pulp and Paper Sweden (1) Chemistry based 2 
8 Pharmaceutical Sweden (1) Chemistry based 1 
9 Retail company Sweden (1) No production 1 

Data collection: Data collection was made during the period from 24 July 2013 to 
26 June 2014. The main method of data collection in this study is interviews. An 
interview protocol was developed by using the guidelines of Lantz (2013). A 
semi-structured questionnaire was chosen on the grounds of both understanding 
factors and the relations between those factors. An interview plan was developed 
and test interviews were conducted with an industrial senior expert within the 
area, a co-researcher in Study 2 and an environmental coordinator from a 
company that was not included in the study. Additionally to the interview, 
meeting protocols, presentation material, notes from project and network meetings 
are included to validate the data. The interviews were held for one hour with the 
key respondent being environmental coordinators or managers of environmental 
departments. The first part of the interview reflected on the position and the 
environmental work carried out at the production plant at the time of the study.  
The second part was a retrospective part to describe an environmentally driven 
change and reflect on different key factors that supported the work. The third part 
included a reflection on the organisational abilities in relation to the future 
demands. The interview was recorded and later transcribed by the researcher. This 
was done in order to be able to reflect on the nuances of statements and the 
meaning of the subject’s stories by both reading and listening (Kvale 2008). While 
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transcribing the data, special attention was directed to the respondents’ behaviour 
when responding, the interviewer’s communication on hidden expectations in 
order to pay attention to potential problems such as bias (Blessing and Chakrabarti 
2009).  
Data Analysis and Synthesis: The analysis raises questions about characteristics of 
the individual parts. In the following synthesis of the overall principles, the 
question is raised of the interaction or mutual relationsships of the parts (Lantz 
(2013). The analysis of the data in the study is mainly done using a deductive 
approach, using pre-defined categories from Study 1 (Blessing and Chakrabarti 
2009). The analysis was done together with a co-researcher in order to increase its 
validity and reliability (Yin 2009). This colleague is also conducting research 
within the sustainability area. The principles provided by Lantz (2013) were 
followed in order to analyse but also further on synthesise the data collected. In 
the analysis, data reduction was first done based on the research questions. In this 
process, the predefined categories from Table 1 and the drivers from Study 1 were 
used. During the process of reducing data additional patterns for considerations 
were also sought for in the empirical data. Further on, analysis within the 
interview material was done in order to detect any consistency between each 
respondents’ answers in the three different parts of the interview protocol. In the 
cross-case analysis, the data as structured into the codes from Table 1, patterns 
were sought for by identifying the different organisations´ approaches as being 
proactive, reactive or acting on crisis. The considerations, key factors and drivers 
stated in the interviews were compared between the cases but attention was also 
paid to the differences. The qualititative data were also quantified in order to find 
support for the different categories and give increased meaning to the final 
synthesis. The conclusions drawn were reviewed during the process by the 
research colleagues, both in parts and as a whole (Lantz (2013). In order to 
construct validity (Yin 2009) multiple sources of evidence were also studied by 
the researcher. Notes, databases of the collected data, narratives and reports have 
been managed during the process and considered during the data analysis. 
Documents such as organisational charts and meeting protocols from the case 
companies were also studied. In one of the production plants, a follow-up 
interview was held one year later due to a successful project by using the Green 
Performance Map (Höckerdal 2012), which became a part of changing the culture 
for managing environmental issues. The results and final synthesis were 
continuously discussed with the co-authors and research colleagues. The final 
results were also sent out for validation by the key respondents. 

3.3.3 Study 3 – Exploring key factors for change  
Study 3, presented in Paper I and Paper IV, is a multiple, descriptive case study 
with the aim to better understand the key factors for environmentally driven 
change in manufacturing that are complex in the sense of unpredictable outcomes. 
Following the principles of Yin (2009), a case study protocol was developed 
before conducting the studies and a pilot study was held with a former employee 
who participated in one of the major changes. The study was performed in two 
parts, and three cases performed early in 2013 were included in Study 3. 
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Encouraging feedback from the industry and academia led to a complementary 
case from more recently, D, which was conducted in November 2013 and 
included in Paper V.  
Sampling: Four cases were selected which operationally took place over several 
decades, see Table 3. The process in focus is the surface treatment process, which 
is a chemical process in automotive industry. The process has several environ-
mental impacts and influences the final functionality and performance of the final 
product in use. The criteria for selecting the cases, done in conjunction with the 
two companies, were that:  

 The changes were initiated due to environmental restrictions.  
 The changes made could be studied from the life cycle perspective of 

functionality and performance. 
 They had an important impact on the organisational learning, remembered 

several years after the actual implementation was completed i.e. surface 
treatment experts within the company were still referring to the learning 
resulting from the projects. 

Table 3: An overview over the four different cases included in Study 3: the number of 
respondents, the type of industry, the decade when the project was implemented as well 
as the case characteristics.  

Case Data collection Type of industry Decade 
occurred 

Case characteristics  

A Group interview with 
concluding 
workshop. Five 
hours. Six 
respondents. 
Documents. 

Car manufacturing 1970s Improve health aspects 
for workers. Impact on 
corrosion properties. 
Resulted in important 
learning for the 
organisation. 

B Group interview with 
concluding 
workshop. Four 
hours. Three 
respondents. 

Construction 
Equipment 
manufacturing 

1980s Remove hazardous 
substance. Impact on the 
colour and by that the 
brand image of the 
product.  

C Group interview with 
concluding 
workshop. Five 
hours. Nine 
respondents. 

Construction 
Equipment 
manufacturing 

1990s Reduce external 
emissions. Impact on 
surface finish appearance. 
Short implementation 
time in production.  

D Group interview with 
concluding 
workshop. Five 
hours. Five 
respondents. 
Documents. 

Car manufacturing 2000s Remove hazardous 
substance. Impact on 
corrosion and assembly 
properties. Change 
occurred in the supply 
chain but with large 
impact on their own 
production. 
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The data collection was performed by gathering four former project groups in 
order to rebuild the image of past experiences. The interview started with an hour 
of non-structured discussion with the common theme of their own role in the 
process of change. This part was followed by an interactive workshop to list the 
factors on a whiteboard. These factors were ranked and additionally discussed and 
explained. The interview was recorded and the conclusion of the information was 
transcribed into text by the researcher.  
Data analysis: The interviews were recorded and the conclusions of the 
information were transcribed into text. Documents were studied in order to 
triangulate the data (Yin 2009; Merriam 2009). The following pattern matching by 
Yin (2009) resulted in analysing the implications such as process stability, cost, 
time, functionality and performance but also choice of strategic path. The analysis 
of the key factors was made together with the respondents but also compared with 
the documents that were available. The cross case analysis focused on identifying, 
analysing and synthesising the key factors in the phases of the project. The 
summary of each case was sent out to the participating persons for an individual 
review to validate results and the content. The overall conclusion, summarised in 
the Paper IV, was validated in the same way. 

3.3.4 Summary of the conducted studies 
Table 4 provides an overview of the studies conducted related to the papers 
included in the thesis.  
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Table 4: The relationship between research questions, RQs, studies and papers. Study 1 
relates to exploring the drivers, RQ1.1 and key factors RQ1.2; Study 2 explores consider-
ations as RQ1, drivers RQ1.1 and key factors RQ1.2. Study 3 primarily focuses the 
response to key factors, RQ 1.2.  
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4  Findings  
In this chapter, the main findings from the empirical studies are presented. 
Towards the end of the chapter an overview is presented and to summarise the 
essentials of the findings.  

4.1 Study 1 - Managing environmentally driven change –
moving from reactive to proactive behaviour 

Study 1, by exploring driving forces and key factors to manage environmentally 
driven change in the literature, also provides an overall understanding of how 
sustainable development has evolved during the last few decades. The literature 
on sustainable operations management has presented different driving forces in 
order to reach sustainability, moving from a time where approaches such as End-
of-Pipe, i.e. treatment of waste and polluting streams as well as regulatory 
pressures, were the most common in industry. Since the 1990s, the literature has 
focused more on driving forces related to cost advantages, market awareness, 
integration to lean and quality management, focusing on life cycle implications 
but more recently challenges towards resource depletion and the earth’s capacity. 
In relation to these aspects the term proactive is explored in the study as using 
definitions from change management theories, to acting in time and as a result of 
pressure. Based on the global trends identified by international associations and 
researchers the pressure ahead will be in relation to earth capacity and resource 
depletion. Figure 10 is developed and presented in Paper II. 

Figure 10: Conceptual visualisation of driving forces for environmental change, here 
combined with strategic paths of being proactive, reactive or acting in a crisis. If not 
proactively considering the access to resources or earth capacity, it can lead to a path of 
acting in a crisis (appended Paper II). 
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The set-up for Study 1 is based on input from the change management literature. 
Apart from the importance of a credible need for change, a structure to follow and 
management of change is highlighted by change management authors. Paper II 
also presents a summary of key factors that are identified in the change 
management literature studied, which was presented in Table 1, Section 2.3. The 
characteristics of these key factors are further developed based on the 
environmental management literature studied and presented in Paper II. One 
reflection from that summary is that the literature studied from sustainable 
operations management and environmental management is rather presented as 
separate solutions and not providing a holistic view of managing change.  

4.2 Study 2 – Exploring environmentally driven change 
Study 2 first of all explores what to consider in the projects initiated in order to 
meet environmental requirements, presented in Paper III. It also provides an 
overall understanding of the content of environmentally driven projects ongoing in 
industry and the predicted future needs. By responding to RQ1.1, it explores the 
drivers that create an implementation process at the production plant, presented in 
Paper V. The study also describes and relates to the key factors that are important 
when initiating change projects, presented in Paper III. In the findings these 
factors are related to how prepared the organisations consider themselves to be 
meeting future requirements. 

Within the organisation of the production plant, several parallel initiatives and 
projects are ongoing such as energy reduction, waste reduction, change of process 
technology, implementing formal routines and control systems as well as having 
projects to change norms, values, and responsibilities by cultural change. For 
twenty-six of the respondents the future main focus is predicted to be energy 
efficiency. With continuously increasing demands on environmental issues, 
attention is directed towards maintaining productivity and lowering the cost, 
global warming and carbon dioxide emissions, waste, chemicals, water, resources 
and, as some respondents state, “everything”.

4.2.1 The considerations when initiating change projects in 
order to meet environmental requirements 

There is a growing awareness, presented by the respondents, that the organisations 
need to improve the way of working in relation to to new environmental 
requirements.This is also shown by the number of parallel projects ongoing. To 
provide some understanding of this a quotation from one of the respondents is 
presented:  

“I have seen a mind shift during the time I have been here; we must integrate the 
environmental aspects in the daily operations and that is where it will have an 
effect. We need a long term strategy including the environmental aspects, we need 
more education; we need to monitor this area all the time and constantly stay 
informed of what's coming.”  
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In order to be proactive it is required to keep up with what is coming, to include 
environmental aspects into strategies as well as into day-to-day operations and to 
increase knowledge in the organisation. Related to this there is also a difference of 
the required effort related to the production process in the production plant. In 
production plants with assembly as a major process, more efforts have to be made 
with controlling the supply chain. This requires knowledge and skills in another 
department of the company. In production plants having processes using 
chemicals, more knowledge and skills are required internally in order to both 
understand the requirement but also to find new technologies in the production 
process.  

In some of the production plants, environmental issues are still managed separate 
from the daily operations.  

“Core value is a ‘parallel universe’ with hardly any connection to the 
management line. For my understanding we are a team of experts that foresee the 
requirements, find solutions, make proposals but then it must go through the 
management line regarding the goals and for the budget.”  

This process not only makes the implementation person dependent but it can also 
cause delays in the change process implementation. Other causes of delays noted 
in the case companies are:  

 Staff turnover –people in the environmental departments or in other key 
roles decide to change positions. By having only one or a few persons in 
this position makes the environmental work vulnerable. The period of a 
vacant position can also result in a lack of commitment in the organisation, 
not having an environmental expert to advise or to follow up.  

 The specialist role is expected to manage not only the environmental area 
such as waste, emissions, and energy but also health and safety aspects, 
which requires prioritisation between the environmental areas as well as the 
social dimension of sustainability. The needs for change are therefore “put
on hold”.

 The ownership is unclear and since environmental requirements can be 
considered as abstract, it is delegated to the few environmental experts to 
prioritise between the different environmental areas. 

 Key roles in management have other priorities or have a lack of interest and 
are not visible to support the change in the organisation. 

 The need for testing alternative technologies is not prioritised; the attempts 
that are made are argued by saying “…we can not afford to lose 
productivity”. 

 Installing new technologies provides issues that cannot be foreseen such as 
noises, smells, vibrations or unwanted by-products. Suboptimisations need 
to be managed, and that means improving one aspect in one part of the 
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production system, which can lead to a problem in another part of the 
process. 

 By pushing the need for payback of investments – the projects make short 
term investments and do not look at a longer term gain perspective. This 
leads to investments that in the end require effort and more cost later on. 
This category is substantially expressed in several of the organisations. 

 This passivity of investing in new technologies can also lead to a deficient 
knowledge of environmental technology development. Sixteen of the 
respondents consider that the organisation does not have enough of the 
skills required for technology development. On the other hand requirements 
for payback on investments push the organisation towards improving 
behaviour and engagement from employees in the first hand.  

 The processes from the authorities are slow and bureacucratic. Parallell to 
this there can also be slow processes within the company. There is also a 
need for the specialists to communicate the information further; otherwise 
they become a small group having this awareness. Time-consuming efforts 
can also be made while trying to spread information with a high 
uncertainity of the impact. In the end they have to provide information for 
the management to take decisions upon, even if the consequences of the 
new requirements are vague.  

In the case companies, frequent activities in collaboration and cross-functional 
work is ongoing. For the environmental department persons collaborate within the 
enterprise, between departments, on different hierarchial levels but also across 
corporate boundaries with authorities, sister companies, companies in the same 
industry, suppliers, waste companies and transporters. This collaboration supports 
the progress during the implementation while bringing in environmental issues, 
understanding them, creating commitment and finding solutions but also creating 
motivation for the persons managing the projects.  

Connected with the collaboration factor it is essential to have people with personal 
commitment in the organisation. This is crucial to receive the new requirement but 
also to implement the project regardless of the employee’s formal role or 
organisational hierarchical position. That means that there could be different 
persons during the change project. It is not only the knowledge of environmental 
impacts that is crucial but also the interest and willingness to make change 
happen. Finding people with personal involvement in management is an essential 
factor for the project's progress. There are case companies having a formal 
“champion” in the management team that enforces the changes in the 
organisation.  

These two factors are general for all the case companies, despite the approach the 
organisation is acting towards. However, in the companies where a proactive 
approach is considered by the respondents, there is a link between strategic and 
operational day–to-day work. This is achieved by having the vision and objectives 
created at the corporate company broken down from corporate strategies and 
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integrated at the plant level by the top management. A difference between the case 
companies is clear: if this is done by the management and not from the 
environmental department the environmental coordinator can act as a support and 
the project is less dependent on a particular person for the progress. This is also 
related to whether the ownership is established. The operation managers have 
realised that the ownership of the environmental issues belongs to them. It is their 
responsibility if they do not act upon the recommendations of the environmental 
department. Meetings held with the environmental department and management, 
on a regular basis, facilitate the work by following up the change progress, targets 
and concerns.  

The proactive cases also consider that there are supportive systems and tools in 
place in the company, while the respondents who present themselves as working 
reactively refer to personal dependencies, stress and “ad-hoc”. Several of the 
respondents refer to change projects that are ongoing; the organisation installs new 
chemical management systems, material databases or establishes new routines. 
Lean practices such as Pareto diagrams, or quality management tools such as 
PDCA or six sigma are applied for the environmentally driven changes. When 
introducing new technology, some of the proactive companies mention that there 
are systematic ways to test the new alternatives of environmentally conscious 
technologies in production. By integrating environmental improvements in the 
production management, there is room for managing environmental aspects with 
the existing practices. Common tools, e.g. for project activities and problem 
solving, are developed to evaluate the environmental, safety and security, fire, 
energy, quality, legal and other requirements, so the project teams consider the 
issues when working through the project.  

4.2.2 The sets of drivers that create an implementation process 
Presented in Paper V, the sets of drivers that create an implementation process at 
the production plant are studied from the perspective of a trigger from external 
events that create a need for change. The regulatory requirements from authorities 
is the predominating answer in both aspects. These requirements depend on 
national and regional legislation. This trigger is also stated to be person-
dependent; it is considered to be important to keep good relationships with the 
personnel at the authorities. There is a distinction between the different 
organisations and closeness to the end customer. For the companies whose 
products are more consumer-related such as automobiles, pulp and paper to 
consumer products, the triggers from customer requirements are mentioned as 
being highly important, which is also stated from the supplier in the automotive 
value chain. Cost is also important from two aspects: the respondents mention 
avoiding penalties but also finding cost advantages. By being recognised as taking 
environmental responsibility, the companies maintain competitiveness. In 
contrast, the interviewees that mention the earth's capacity and limitations of 
resources stress this as the driving force that will arise primarily through public 
opinion. As stated by one of the respondents in the automotive industry, “What 
will drive the changes are deficiencies, lack of resources, combined with serious 
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environmental impacts that generate a strong public opinion.” The organisational 
need for change derives from regulations and permits, company strategies and 
policies, cost reductions but also by integrating environmental issues into the 
existing practices of quality and lean. However, the main driver for change next to 
regulations is seen to be personal initiatives on different levels of the company.  

4.2.3 Key factors affecting the outcome in projects initiated to 
respond to environmental requirements 

In the previous chapter 4.2.1, there are several factors listed of what to consider 
for the companies to have a proactive approach. However, there are also key 
factors that facilitate the progress of the change projects if these are in place in the 
organisation. If not available, the factors need to be managed during the project. 

 There is a control system available as a means to learn more and to follow 
up the environmental impact of the plant. Through measurements on daily, 
weekly and monthly and even quarterly financial statements of the 
respective sub-flows, one can follow deviations and long-term trends. This 
facilitates the setting up of local targets, masterplans formed and scorecards 
available on both plant level and group level.  

 Communication - Several of the environmental issues need improvement 
all over the plant and this affects many individuals at the site. Therefore, to 
communicate and to involve is considered as a great challenge. One of the 
plants enlists the aid of the communications department to reach out to 
employees in several ways in order to meet various personalities, where 
“some read, some look at a plasma screen, some talk and listen; there are 
many different personalities on a plant with 2,000 people”.  

 One site making their challenging environmental requirements makes their 
target simple and clearly expressed and by that they have overcome big 
challenges. “By using terms such as ‘in the spot’ – we put our new 
condition in the middle of a dart board, and this is what we have to 
achieve” or using visions such as “we will become a fossil-free company”.
The same case company says “Information and communication is 
extremely important in situations like this; it's very important to have 
bidirectional communication.”  

 Knowledge exists within the organisation in order to receive and 
understand future legislative requirements, to create awareness in order to 
facilitate the implementation of the change but also to acquire the right 
competence for solving the issues. This need for increased knowledge and 
sharing of information is facilitated by internal and external cooperation.  

 The key respondents also stress the need for awareness. By conducting 
training courses with all the employees a culture is created that supports the 
environmental projects. If the environmental objective is worked upon in 
the whole organisation, big achievements can be made. Some of the 
organisations’ studies have taken active decisions on projects in order to 
“change the mindset of the organisation”. This has also been done in 
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relation to working to a specific target such as energy reduction or by 
identifying the environmental aspects in the plant in a structured way by 
applying the Green Performance Map developed by Höckerdal (2012). 

4.3 Study 3 – Exploring key factors for change 
Study 3, by describing several cases that can be studied from a life cycle 
perspective, a better understanding is acquired of the key factors that were 
important for managing complex environmentally driven change in the past. These 
are presented in Paper I and Paper IV. Table 5 provides an overview of the cases 
and the results.  

Table 5: Overview of the cases in Study 3, the implications and the strategic path in 
relation to time. 

Case A Case B Case C Case D 

Process before change Stable, lower cost Stable, 
lower cost 

Unstable, same 
cost 

Stable, 
lower cost 

Requirement on life cycle 
properties

High requirement on 
corrosion 

High requirement on 
appearance 

Medium 
requirement 
on corrosion

Low
requirement 

on 
appearance 

High 
requirement on 

corrosion 
Medium 

requirement on 
appearance 

Medium 
requirement 
on corrosion
Requirement 
on friction 

First  
Phase

Second 
Phase 

Negative results on 
products’ functionality 
and performance 

Impact 
corrosion 
resistance  
high cost, 
negative 
customer 
reputation

No
severe 
issues 

Deviation in 
appearance, 

colour 

Deviation in 
appearance, 

finish 

No severe 
issues, 

deviation in 
assembly 

When in the product life 
cycle the issues occurred 
(after sales) 

<1 year 
No

severe 
issues 

No severe 
issues 

No severe 
issues 

No severe 
issues 

Time for pre-testing and 
development in the 
company 

>3 years >2 years <2 years >6 years >6 years 

Time for achieving a 
stable process after the 
introduction of new 
technology 

>5 years >1 year <1 year <0,5 year <1 year 

Strategic path Reactive Crisis Reactive Proactive Proactive 
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The projects studied have been long term projects where it is important not only to 
find a technical solution and implement it but also revise the standards and test 
methods. The results show the importance of knowledge about the requirements, 
about the production process, about possible impacts: “one must understand the 
consequences of what you do, everything from design and what can go wrong with 
the material side of what can go wrong in production”. Still unexpected events 
occur. These projects involve a lot of uncertainty, which requires resources from 
the organisations, skills and understanding from the organisations that several 
turns of trial and error are expected. As one of the respondents in Case D explains:  

“You must not forget that there is a development, you can move into unknown 
territory. It's like a Columbus trip. Columbus planned to reach India by sea, but 
he was not there, he came to the Caribbean - but it was alright there as well. Some 
people don’t like to hear this, but this is the way with new development, it does not 
have hindsight.”

The key factors identified are displayed in Figure 11. In all of the cases they have 
been facilitated by cooperation on different levels. In Cases A, C and D, a 
systematic approach has been beneficial. It also shows the importance of clear 
directives and commitment and knowledge from the management, but also 
communication from them. The committed key persons are pointed out as being 
crucial, where a few persons have long term commitment. Collaboration was also 
essential to create motivation for the persons managing the projects. The variables 
of the change are also pointed out as being important; when changing these 
complex processes an understanding of the risk exposure is fundamental in order 
to avoid unwanted implications. The need for the possibility to follow up the 
changes needs to be considered when initating the project.  

Figure 11. The different steps in the implementation phase relate to the key factors 
identified in the retrospective case study, presented in Paper IV. 
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4.4 Essentials from the findings 
Study 1 provides a general understanding of the key factors important for 
managing change. It is also creates a general understanding of the driving forces 
for environmentally driven change and different strategic paths, which it relates to 
the time available.  

From Study 2 it is clear that the new requirement and the need for change also 
requires a need for action. There are several recollections of experiences of things 
that cause delays for the managers of the project, despite having an awareness of 
the new environmental requirements within the organisation. The external event 
that triggers the change derives from several levels in the surrounding area with 
different categories of pressures. There are also many ways to encourage the 
organisation and create a need for change, but they are strongly related to 
regulations and personal initiative. The personal initiatives are important in order 
to drive the implementation but by collaboration and communication the 
environmental issues are brought into the organisation, understood, commitment 
created and solutions found. By preparing the organisation in different ways 
production plants can improve their ability to manage future projects triggered by 
environmental requirements.  

The lessons learnt from Study 3 are based on real life project that points out the 
importance of proactiveness. To find alternative technologies and verify them 
requires time, cooperation and knowledge and a longer term, systematic approach. 
Collaboration is also essential to create motivation for the persons managing the 
projects.  
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5  Model for implementing environmentally 
driven change 

This chapter synthesises the findings of this research and presents a model for 
environmentally driven change. Based on the studies conducted, the research 
questions are responded to in the first section. In section 5.2 the result is 
presented. The result supports the final objective of the thesis which is to develop 
a model for environmentally driven change. 

The need for skills in implementing environmentally driven changes within 
manufacturing companies is perhaps more key than ever, as explained in the frame 
of reference, section 3.1. This will require, above all other manufacturing focuses, 
limiting the throughput of materials and energy in the economy and finding less 
wasteful ways of meeting needs by increasing efficiency, reusing materials and 
using sustainable technologies (Perdan 2011). Study 2 shows that the key 
respondents at the companies are aware of the upcoming challenges, where energy 
reduction is pointed out to require the most attention in the nextcoming years. 
Also seen in Study 2, differences exist between companies in relation to how the 
organisations are prepared for managing the environmentally driven changes. 

5.1 Considerations when initiating change projects in 
order to meet environmental requirements 

To manage an environmentally driven project is very much related to the 
preconditions, as seen in Study 2: the actual production on the plant, the maturity 
the organisation has to face the environmental concerns, and the organisational 
abilities to respond to these. The movement from a traditional way of managing 
environmental projects is confirmed by the sustainable operation management 
literature but also stated by respondents in Study 2. The organisations that are 
better prepared to meet environmental challenges have started to integrate 
environmental issues in the core processes. This implies that the implementation 
of each single project will be facilitated. If the organisational abilities are 
lacking, it will require more from the project organisation, it may result in delays 
and, in the end, the risk of not meeting expectations from the external 
stakeholders.  

In order to prepare for future events, different pressures have to be identified 
coming from technological and institutional pressures as explored in the thesis and 
Study 2, in particular Paper V. To gain and obtain motivation to change for the 
people in the organisation, there is an important link in order to transfer the 
information from the external events such as regulations to a more operational 
need for change in the organisation. There is a need for short and longer term 
action with a strong trend towards more energy reduction. This requires a change 
of the traditional approach of managing the environmental department as a unit 
separate from the production, expressed as a “parallel universe” in Study 2. In 
order to proactively consider and manage environmentally driven change, the 
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companies need to act in time related to continuous pressures of resource 
depletion and the earth’s capacity, as discussed in Study 1. Several external 
technological and institutional pressures need to be considered within the 
environmental field, as seen in Study B and by the literature (Luken and Van 
Rompaey 2008; Mittal and Sangwan 2014b). Expertise, resources and structure to 
drive the change is needed, and better use of methods (Jörgensen, Owen, and Neus 
2009). The content of the environmental change covers different areas: from 
introducing technology, to formal routines and responsibilities and the 
development of systems, as well as behaviour change and cultural change, which 
is seen as a necessary step according to Study 2. 

There is also one important link between the strategic and the operational level. 
The organisation should have links that are created by the organisational core 
processes; it is the processes that drive the way the organisation works, measures 
and behaves (Oakland and Tanner 2007). This link, as well as leadership, is also 
identified as being important for environmental management; the integration of 
environmental improvement into the strategic targets brings advantages (Epstein 
2008; Seidel et al. 2010). This requires a system perspective (Arena et al. 2009) as 
well as finding ways of balancing the priorities between different sustainability 
dimensions on short term and longer term objectives (Wu and Pagell 2011; Garetti 
and Taisch 2011). This need for operations management to balance the priorities is 
confirmed by Study 2 and Study 3. 

Applying the links on Study 2 it is also clear that there is an important link from a 
need for change to a need for action, relating proactivity “to act in time”
(Vandermerwe and Vandermarwe 1991). Despite having strategies and EMS in 
place, there still needs to be supporting management to first of all understand the 
requirements, prioritise them and to work on the alternative solutions. As Study 3 
shows, these processes require time for finding alternatives; the directive is 
sometimes unclear at the time when starting and the outcome is not predictable. 
The knowledge and skills required depend on the subsector –the different 
challenges relate to the production processes and this requires knowledge in order 
to understand the requirement and how it applies to your production (Höckerdal 
2012). Study 2 shows differences between subsectors. This means that the 
operations management in a production plant needs to ensure that the competence 
needs for the specific processes in the production systems are available. 

It is clear from the literature that personal commitment is essential for succeeding. 
Whether it is specialised individuals in the organisation (Rothenberg 2007; 
Gattiker and Carter 2010; Hesselbarth and Schaltegger 2014), management 
(Rivera-Camino 2012; Singh and Sangwan 2011; Seidel et al. 2010) or the 
employees in their daily role in the organisation (Löfgren 2012; Höckerdal 2012) 
it is clear that people constitute the key factor for affecting the outcome of the 
change. This is confirmed by Study 2; personal initiative supports the drive for 
regulation but also points at the importance of having supportive networks in the 
organisations. The scarcity of information (Mittal and Sangwan 2014a) is 
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facilitated by the share of knowledge through collaboration, internal and external. 
Collaboration is also important to translate the requirement into their own process, 
to receive information, to find motivation and support as well as to find solutions 
to meet the requirement. Collaboration is important between the people involved 
inside the company on different levels, by corporate networks, with other 
companies and by keeping good relationships with authorities.  

In order to find considerations for the change process, key factors for change in 
literature have first been explored in Study 1, which serves as a theoretical 
foundation for Study 2 and Study 3. In the section above some of the identified 
key factors are presented such as personal commitment and collaboration in order 
to manage and drive the project. In order to facilitate the links between the 
strategic and operational levels, the balancing of priorities will be important for 
the implementation of new environmental requirements. This is also the key factor 
to be added to Table 1 for environmentally driven change: the ability to balance 
priorities. The strategic and operational link also makes the distinction between a 
proactive and reactive approach. In the proactive case companies in Study 2 the 
environmental objectives are integrated in the strategy on the plant level. 
Therefore, concluding from Study 2 it is essential that the managers have to take 
ownership of the environmental aspects. This is also confirmed by several authors 
in the literature (Rivera-Camino 2012; Seidel et al. 2010). Depending on their 
attention to stakeholders (Murillo-Luna, Garcés-Ayerbe, and Rivera-Torres 2011), 
past behaviours and commitment (Rivera-Camino 2012) and involvement in 
breaking down the high-level policies (Singh and Sangwan 2011) it will support 
the progress of the project. Managing environmental impacts should be integrated 
into the core processes, as seen in Study 2, and benefit using the existing systems 
and practices (Epstein 2008; Rothenberg 2003).  

A clear vision is not only setting the direction for environmental objectives, it can 
also be facilitited using an “operating principle”; a simple phrase can facilitate the 
decision making to manage uncertainty (Wu and Pagell 2011). This operating 
principle can create a push from employees to managers. This is applied in case 
companies in Study 2 by stating simple visions such as “we are going to be a 
fossil-free company”. Other factors influencing the proactive approach are, except 
from changing the culture of the plant, increased control over the environmental 
production. Increased control can also lead to increased awareness, and by that 
cultural change. If the environmental objective is worked upon in the whole 
organisation, large achievements can be made. This requires a change of culture. 
Having control by measuring existing production processes with short intervals 
creates a better starting point as well as facilitate the implementation of the 
environmental project. The control is supported by the use of IT (Seidel et al. 
2010) which is a way of communicating. The communication is mentioned as 
being essential to transfer information from specialists to other employees, to 
inform, to create knowledge but also to link the strategic with daily operations in 
Study 2 and Study 3.  
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Study 3 also implies the importance of knowledge creation when understanding 
the environmental requirements and finding alternative technologies, where 
repetitive try-outs create learning. The study also shows that these changes need 
time and resources for the testing and verification of new alternatives. Test 
methods, technologies and standards might need to be re-developed during the 
projects. The changes might have implications on other applications not planned 
for. Therefore a few variables are changed at each time and there is a need for 
regular follow-up. Follow-up is also related to suboptimisations, as highlighted in 
Study 2. One environmental improvement can imply a negative effect on another 
part of the process. The follow-up is connected to the control of existing 
processes, to create knowledge for future projects but also linked to the 
forthcoming needs for reducing the environmental impact.  

5.2 A systematic approach for managing environment-
ally driven change 

The consequences of the future focus on environmental and sustainability 
concerns is that several environmental requirements triggered from outside have 
to be understood and realised within the companies. Both short term and longer 
term environmentally driven changes have to be considered where trade-offs and 
implications such as changes having an impact on product and process quality also 
have to be managed. Based on the research questions responded to in the thesis, a 
model has been developed, presented in Figure 12.  

The model presents what to consider when initating a change process and how to 
facilitate the management of changes triggered by environmental requirements. 
The change process is seen as a flow from when the external environmental 
requirement enters the company, until it creates a need for change and the 
organisation is preparing for change, and throughout the implementation of 
change. Literature from the change management field has been studied to 
understand the considerations when managing change; for example, theories from 
Oakland and Tanner (2007) and Jacobsen and Thorsvik (2013) have been used. By 
building on the framework of Oakland and Tanner (2007) considering approaches, 
links and key factors (from Figure 5, section 2.3), exploring the concept of 
sustainable development in operations management and by including the empirical 
studies, the content of the model, described in Figure 12, has been defined.  
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Figure 12. A model for systematically managing environmentally driven change. The 
change process is seen as a flow from when the external environmental requirement 
enters the company, until it creates a need for change and the organisation is preparing 
for change, and throughout the implementation of change. Three important links are to be 
considered: the transfer of external drivers to internal need for change, the link between 
strategic and operational level, and the time dependent link between the need for change 
and the need for action. These three links are supported by different key factors. The 
management of individual projects are related to the company’s organisational abilities to 
manage environmental concerns. 

There are three important links to be considered in the model: 

 First there is an important link in order to transfer the information from the 
external events such as regulations to a more operational need for change in 
the organisation. The companies need to act in time related to the 
continuous pressures of resource depletion and the earth’s capacity, as 
discussed in Study 1. It implies understanding and acting towards the 
dynamic targets of sustainable development, which is dependent on what is 
sustainable at a certain time .  

 The second link is the link between the strategic and the operational level. 
This depends on the abilities to manage environmentally driven changes 
existing in the organisation. These organisational abilities have influence 
on the management of the single projects. What is important for operations 
management when planning the project is to understand their own 
organisational abilities. 

 The third link is related to linking a need for change into a need for action 
in the specific projects. There are several reasons for delays to consider in 
the environmentally driven projects, which show that this link also depends 
on the organisational abilities.  
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The key factors that support the environmentally driven change projects overall 
are: 

Personal commitment – awareness and willingness to improve the environment. 
Collaboration – transfer the environmental requirement from a need to 
implemented change by internal and external collaboration. 
Systematic approach – in order to maintain the progress of a project, change 
management methods are used. 

In order to support the second link, between the strategic and operational level, the 
following key factors are important: 

Clear vision and goal – strategic objectives and goals exist for the production 
plant, integrated in the existing systems and followed up by measurements and 
control. Vision is communicated easily as an “operating principle”.
Management ownership – management assumes the ownership and active 
leadership for the environmental concerns at the production plant. 
Using the existing practices – commonly used and existing practices are also used 
for environmental requirements. Considerations for environment are integrated in 
the production plant’s core processes. 
Balancing priorities – a key factor is identified in order to balance the priorities 
between short and long term objectives, between sustainable dimensions but also 
within the environmental areas in order to avoid suboptimisation.  
Committed key persons – need to be at all levels and in different departments in 
order to achieve the challenging requirements such as idle energy reduction.  
Follow-up – is needed in order to understand the impacts of changes, to obtain the 
knowledge achieved, to avoid suboptimisation and give input to the next “need for 
change” within the area.  

There are also key factors that relate to the core processes to support the third link 
to facilitate the steps to move from a need for change to a need for action in 
relation to environmentally driven change projects. As identified in the empirical 
findings, these longer term processes relate to uncertain targets, lack of 
information as well as stretched over longer time periods. In order to facilitate this 
link, the following key factors are identified: 

Control over environmental impacts – the organisation has control by monitoring 
and by this creating awareness about the environmental impacts in the production 
processes. This information links new requirements with the day-to-day 
operations. When managing change, by only changing a few variables in the 
processes, it facilitates traceability if something goes wrong. Increased control can 
also lead to increased awareness, and by that cultural change. 
Supportive culture for environmental concerns- environmental objectives are 
worked upon in the whole organisation and where large achievements can be 
made. Using operating principles can create a supportive culture which also 
facilitates the decision-making.  
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Communication – different ways to communicate are used in order to spread the 
environmental requirements from awareness from specialist to other employees, to 
motivate people at different levels and to report achievements. 
Continous knowledge creation – knowledge is needed in order to understand the 
new requirements and to apply them on the organisation’s own production. Try-
outs to find alternative technologies will be a continuous learning process.  

The model can also be used as a support for operation managers when considering 
the degree of proactivity at their production plant. If the organisational links have 
not been considered, it will impact the implementation of the environmentally 
driven change by making it rely to a greater extent on the individuals managing 
the project. The operations managers also need to consider the importance of 
staffing the project with people with commitment, appropriate knowledge and 
with collaboration skills. 
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6 Discussion and conclusions  
This chapter is introduced by summarising the findings of this thesis. After the 
summary, the chapter presents the validity, reliability and contribution of the 
research. After the contributions have been described, the chapter ends with a 
discussion about potential future research paths. 

6.1 Fulfilment of the research objective 
There is a growing consensus that the transition to a more sustainable society 
requires new ways of meeting our needs which can reduce the level of material 
consumption and reduce environmental damage without affecting the quality of 
life. This will require, above all other manufacturing focuses, limiting the 
throughput of materials and energy in the economy and finding less wasteful ways 
of meeting needs by increasing efficiency, reusing materials and using sustainable 
technologies (Perdan 2011). In order to support operations management in this 
transition, focusing on environmentally driven change, the objective of the 
research has been: 

“to develop a model providing a systematic approach for the implementation of 
changes triggered by environmental requirements.” 

In order to fulfil this objective, one main research question and two subquestions 
have been responded to: 

RQ1. What needs to be taken into consideration when initiating change 
projects in order to meet environmental requirements? 

In order to respond to this question, Study 2 and complementary State-of-the-Art 
have provided a greater understanding of how companies are more or less 
prepared to manage the changes. The considerations to take when initiating a 
change project in order to meet environmental requirements are very much related 
to the preconditions of the production plant organisation. These preconditions are 
the actual production on the plant influencing the content of the change and the 
resources needed, the maturity with which the organisation has to face the 
environmental concerns, and the organisational abilities to respond to these. Three 
important links needs to be considered: how the requirements are introduced, how 
and whether the link between the strategic and operational level has been 
considered and how the need for change is transferred to action and 
implementation. The third link is important in order to act in time according to the 
requirements. Related to this, the management of the environmentally driven 
projects can be more or less dependent on individual persons, where traditionally 
the environmental management expertise has been considered as a separate unit of 
the plant.  
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The further considerations, identified by the two subquestions, are the drivers and 
key factors that are to be important for managing the individual projects. 

RQ1.1 What are the drivers for initiating environmentally driven change 
processes in the production organisation?

To answer this question, Study 1 provided a general understanding of the driving 
forces by the insights of the growing field of sustainable operations management. 
This literature study was followed by one empirical study, Study 2 and the State-
of-the-Art. The triggers for environmental change are considered to be from both 
technological and different insititutional pressures in the sector domain, at the  
national and at the international levels. There are several different environmental 
requirements, which increases the importance of having corporate foresight. The 
step of linking the external driving forces to the internal need for change is also 
important to overcome the barrier of the legislation to be perceived as abstract 
(Mittal and Sangwan 2014a). It requires both short term action and longer term 
planning in order to foresee coming requirements to make the right efforts at the 
right time. Internally there are several drivers to create a need for change in the 
organisations. However, the main driver for change next to regulations is seen to 
be personal initiatives on different levels of the company. 

RQ1.2 What are the key factors affecting the outcome in projects initiated to 
respond to environmental requirements? 

This research question was responded to in an iterative process, where Study 3 
first described cases retrospectively, Study 1 provided the theory from change 
management and environmental management and Study 2 provided key factor 
implementation of environmental requirements in practice. As seen, the key 
factors derived from change management also apply for conducting a successful 
environmentally driven change project. These, placed in the context of 
environmentally driven change, are: a clear vision and goal, management 
ownership, committed key persons, personal commitment, collaboration, a 
systematic approach, continous knowledge creation, communication, supportive 
culture for environmental concerns, control over environmental impacts and 
follow-up.  

In order to manage environmental concerns in the future it will further on require 
an awareness from the whole organisation to meet the requirements. While some 
of the key factors listed above can be seen as generic for change management, 
such as communication, there are some additional factors that require more 
attention.  

First, related to sector, the knowledge and skills in managing the change of for 
example chemical systems. Second, skills in balancing priorities is a key factor 
that can be seen as more specifically related to environmentally driven changes - 
the changes can require high investments or have implications that need to be 
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managed. This ability will have a major impact on the time needed for 
implementing environmentally driven change projecs related to the decision-
making process of the companies.  

The model developed and presented can, from the organisational change 
management point of view, be considered as rather generic. It is based on the 
framework of Oakland and Tanner (2007) but also highlights the fact that the need 
for change also has to result in a need for action. The question of what 
differentiates environmental change from other types of organisational change can 
then be raised. One response is that it is not the management of the change process 
itself that will differ. It is rather the fact that the organisation has to accept that this 
is an area that will be fundamental in the future and that the environmental issues 
also need to be managed in a systematic way. The fundamental reason for the 
companies to have production in the past relates to the main objective for 
production: to deliver products at the right time and of the right quality. It will 
perhaps in the future also require a holistic view including “to the lowest 
environmental impact”. Including this concept will require organisational 
abilities: expertise in order to understand the environmental requirements, to 
understand what each person can do, and to find alternative processes. In order to 
make the big efforts, commitment from individuals such as managers, engineers 
and shop-floor employees in the company is important. Perhaps one of the most 
important factors for environmentally driven change is understanding how to 
balance the priorities in order to create the right actions in time. Today, based on 
the empirical studies, it is not always clear benefits of investing into sustainable 
technologies when being measured on the short-term economic profits. Therefore, 
the management of a successful project requires organisational skills and risk-
taking in the decision-making, which also relates to the ownership and 
commitment of the decision makers.  

It is considered that the objective of the thesis has been fulfilled and that the 
research contributes with knowledge that supports the initiation of 
environmentally driven changes in academia and in practice. The research has 
been conducted in an iterative process guided by the research objective and the 
research questions in order to establish a chain of evidence. It is understood that 
the design and chosen method have had an influence on the conclusions and thus 
the results. The research process has been followed by reflections on the empirical 
findings, the theoretical findings, the researcher’s role and the research methods. 
The result from these reflections regarding validity, reliability and contributions 
are addressed and discussed in the next section. 

6.2 Validity of the presented research 
The selection of the empirical findings has been multiple cases gathering 
experience from several companies in Study 2 but also from different decades as 
in Study 3. By including a range of similar and contrasting cases, it has been 
easier to understand the findings from a single case perspective such as heavy 
vehicles. In Study 3, the cases were recalled from the past by the persons in a 
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group to be studied from a perspective where the implications could be reviewed. 
In order to strengthen the concern for concluding things that are remembered by 
people, documents were studied and by using the same data collection method 
with multiple cases. Including several cases has made it possible to compare the 
cases, being reflective, notifying outstanding cases but there has been a lot of data 
to process. It has therefore, for both multiple case studies, been time-consuming, 
and the analysis has been conducted in different steps allowing for reflection 
between the parts and the whole. On the other hand, this time period that has 
passed has left room and space for alternative explanations and provided 
arguments for the final results. It also provided the opportunity to conduct one 
follow-up interview in Study 2 one year after the main interview, which supported 
the data analysis but also the overall synthesis. The result, presented as this model 
seem also supported and confirmed, concluded by participating in networks and 
observing the project meetings in one of the case companies.  

One of the main concerns for validity in the research is the key respondents. Study 
2, and to some extent Study 3 could have benefited by interviewing people with 
different perspectives. The key respondents in Study 2 and Study 3 have specialist 
competences, building on an expertise of experience and background and their 
responses can in some questions differ from the view of managers and overall 
employees at the production sites (Luken and Van Rompaey 2008). However, by 
reflecting on these respondents’ practical work in the company, it is clear that they 
have a major impact and insight on the work that is proceeding. Therefore, the 
choice of respondents is considered to be highly relevant at this stage of the 
research process but this concern is a note for future research. This concern has 
also been managed by participation in projects in the production organisations 
with cross-functional groups. 

Since the research is defined from identifying the problems in practice in the 
interactive process, it will influence the terminology and language used. The 
literature on which the theoretical foundation is based is found by two major 
searches, Study 1 and the state-the art review. Study 1 was done during the early 
stages of the research project and both the change management literature and 
environmental management literature could be broadened by key words used from 
findings in state of the art. The theoretical foundation of expressing drivers, 
barriers and enablers comes from rather recent sources in sustainable operations 
management. To find a common concept for the factors to consider that should 
work in both academia and practice, for example, the term “key factors” has been 
chosen as the overall term to use.  

To increase the validity, Paper I, Paper II, and Paper IV have been peer-reviewed 
and the comments have been taken into consideration. 

6.3 Reliability of the presented research
The researcher’s background, previous knowledge and expectations have of 
course influenced the research process. By having a background in chemical 
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engineering and previous work life experience in the value chain it has influenced 
the selection of cases, respondents but also the interpretation of data. Moreover 
having a background as being employed by a company has facilitated the access to 
data internally but also in understanding the organisational impact and importance 
of language when for example developing the research protocols.  

Since qualitative research is dependent on human behaviour and gives numerous 
interpretations, an important question for qualititative research is whether the 
results are consistent with the data collected. Providing the results from the studies 
in this case, triangulation, peer examination and description of how data were 
collected, how categories were derived and how decisions are made (Merriam 
2009) have been considered throughout the inquiry. In the empirical studies, Study 
2 and Study 3 triangulated data have been considered, a description of the data 
collection has been done and analysis of Study 2 is done with co-researchers in 
order to strengthen its reliability.   

Continuously during the project a reflective dialogue has been held with the 
researcher, industrial supervisors and research colleagues in academia regarding 
the role as an industrial PhD student. The dialogue has resulted in an insight that 
in order to strengthen the contribution to both academia and practice, presence in 
the company is important and by this also the importance of developing 
transparent research procedures.  

6.4 Practical and theoretical contributions 
The inclusion of multiple cases is a common strategy for enhancing the external 
validity of generalisability of your findings in order to transfer the result to 
another setting (Merriam 2009). As discussed in section 6.2, the multiple cases 
studies have resulted in a lot of data and have been time-consuming. Therefore it 
has been important to focus on the questions being asked and the nature of the 
research problem. On the other hand, by including different subsectors in Study 2, 
the model is considered to be general for industrial companies and for different 
environmental projects. Since many of the companies have been driven by 
regulatory pressures on the results, the respondents in Study 2 have more 
experience of managing change according to that approach. On the other hand, the 
triangulation by researcher participation in projects and networks has been 
considered when developing the model. It would, however, be an area of further 
research to validate the model acting on different drivers and different content. 

Contribution to sustainable operations management research: this research 
complements  previous research by reviewing the process of implementation of 
environmental projects, using theories from change management research. It 
relates the individual environmental project to the organisational abilities. The 
research conducted identifies three important links when managing 
environmentally driven change and defining the key factors for an implementation 
project rather than scholars in previous research, single enablers and barriers in the 
organisation.  
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Contribution to change management research: The thesis presents a model for 
environmentally driven change, an area which has not in the past had any major 
role in organisational change management. Still the need for environmental 
sustainability will be an essential driver for change in the future. The model builds 
on existing frameworks and is therefore considered to be appropriately linked with 
the more general change management research and it can therefore give some 
empirical insight for change management scholars in relation to how 
environmental requirements are managed in practice.  

Contribution to practice: By pointing out three important links and key factors for 
managing environmentally driven change, the model developed can be used as a 
support for operation managers to consider the degree of proactivity in their 
operations. As seen in the empirical studies, manufacturing companies still use ad-
hoc approaches to some extent when implementing changes triggered by 
environmental requirements. The results point out the relationships between 
different factors to be aware of when managing change. It provides a systematic 
approach which is one of the key factors pointed out in change management. This 
model should provide a general understanding for one individual in the 
organisations by providing a model to evaluate “what are the conditions in my 
company to facilitate my project and where is more effort needed from the 
project?” The operations managers are also advised to consider the importance of 
staffing the project with people with commitment, appropriate knowledge and 
with collaboration skills.  

6.5 Future research 
First of all, the model needs to be validated empirically, which is considered as the 
next step in the research project. The results imply the role of personal 
commitment and collaboration, internally and externally, which is important in 
creating an action. In particular, the relations between a systematic way of 
working and the personal and collaboration skills to manage change is an area of 
further interest. Further on, the author addresses research that creates a better 
understanding of how to balance priorities aligned with the study by Wu and 
Pagell (2011). That means, how are the trade-offs managed between longer and 
shorter term objectives and between the different sustainability dimensions - 
environmental, social and economic.  
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