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An inspiring Greek story for explorers...

“Ulysses”, by Alfred Lord Tennyson

It little profits that an idle king,

By this still hearth, among these barren
crags,

Matched with an aged wife, I mete and dole
Unequal laws unto a savage race,

That hoard, and sleep, and feed, and know
not me.

I cannot rest from travel: I will drink

Life to the lees: All times I have enjoyed
Greatly, have suffered greatly, both with
those

That loved me, and alone, on shore, and
when

Thro’ scudding drifts the rainy Hyades

Vext the dim sea: I am become a name;

For always roaming with a hungry heart
Much have I seen and known; cities of men
And manners, climates, councils,
governments,

Myself not least, but honoured of them all;
And drunk delight of battle with my peers,
Far on the ringing plains of windy Troy.

I am a part of all that I have met;

Yet all experience is an arch wherethro’
Gleams that untraveled world whose margin
fades

For ever and forever when I move.

How dull it is to pause, to make an end,

To rust unburnished, not to shine in use!

As tho’ to breathe were life! Life piled on life
Were all too little, and of one to me

Little remains: but every hour is saved

From that eternal silence, something more,

A bringer of new things; and vile it were

For some three suns to store and hoard
myself,

And this gray spirit yearning in desire

To follow knowledge like a sinking star,
Beyond the utmost bound of human thought.
This is my son, mine own Telemachus,

To whom I leave the sceptre and the isle,
Well-loved of me, discerning to fulfil

This labour, by slow prudence to make mild
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A rugged people, and thro’ soft degrees
Subdue them to the useful and the good.

Most blameless is he, centred in the sphere
Of common duties, decent not to fail

In offices of tenderness, and pay

Meet adoration to my household gods,

When I am gone. He works his work, I mine.
There lies the port; the vessel puffs her sail:
There gloom the dark, broad seas. My
mariners,

Souls that have toiled, and wrought, and
thought with me

That ever with a frolic welcome took

The thunder and the sunshine, and opposed
Free hearts, free foreheads—you and I are
old;

Old age hath yet his honour and his toil;
Death closes all: but something ere the end,
Some work of noble note, may yet be done,
Not unbecoming men that strove with Gods.
The lights begin to twinkle from the rocks:
The long day wanes: the slow moon climbs:
the deep

Moans round with many voices. Come, my
friends,

"Tis not too late to seek a newer world.

Push off, and sitting well in order smite

The sounding furrows; for my purpose holds
To sail beyond the sunset, and the baths

Of all the western stars, until I die.

It may be that the gulfs will wash us down:

It may be we shall touch the Happy Isles,

And see the great Achilles, whom we knew.
Tho’ much is taken, much abides; and tho’

We are not now that strength which in old
days

Moved earth and heaven, that which we are,
we are;

One equal temper of heroic hearts,

Made weak by time and fate, but strong in
will

To strive, to seek, to find, and not to yield.
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ABSTRACT

Eco-efficiency improvements in manufacturing is a controversial subject for researchers,
practitioners as well as policy makers. The widely accepted definition of "doing more with
less" is not accurate enough to guide the design of improvements that can deliver products in
a sustainable way. The outcome of these challenges is evident through significant
environmental performance variations across various levels of manufacturing operations. The
study is concerned with the complexity of manufacturing systems and the required practical

support for companies that aim to improve eco-efficiency.

A maturity model has been developed in this work that simulates the influence of
manufacturing practices on eco-efficiency. The model takes the form of a maturity grid
(PMGE) that overviews practices at process level, management systems and top-management
level and decomposes them into 15 dimensions of performance overall.  Evidence shows
that practices tend to evolve from reactive to proactive as manufacturing systems mature and
embrace eco-efficiency as a systemic property. It was also found that mature companies
achieve improvements in energy and resource efficiency by relying on existing internal
capabilities. Tools to facilitate research and intervene with practitioners in real-life problems

were developed and tested.

The researcher combined research findings and tools into a maturity-based method
(PMGEM) for eco-efficiency improvements. The method intends to help practitioners plan
and design eco-efficiency improvements aligned to existing internal capabilities and adopt a
more proactive behaviour to environmental challenges. PMGEM was ultimately applied in
two case studies with ultimate goal to help practitioners resolve real-life challenges. The

applications were positively commented and encourage further work in this field.

The researcher envisages that methods such as PMGEM are deeply needed in manufacturing
to support practitioners approach complex concepts such as eco-efficiency. Simplification
and decomposition techniques with a clear intended use can facilitate the implementation of

ambitious improvement strategies for sustainable development.
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1 INTRODUCTION TO THE
RESEARCH INQUIRY

1.1 Introduction to the chapter

The first chapter of this inquiry describes how environmental performance in manufacturing
is expressed as a phenomenon and how it is linked to issues such as climate change and
economic growth. The middle ground between environmental and economic performance is
the versatile concept of eco-efficiency or what the World Business Council for Sustainable

Development refers to as “doing more with less” (WBCSD, 2010).

It is acknowledged that various routes of inquiry exist for eco-efficiency and this could have
an impact on the course and outcomes of the study. This doctoral journey is part of a wider
researcher plan involving many researchers. Therefore, there was some flexibility as to what
philosophical paradigms could be followed by different researchers. In orderto clarify the
researcher's observational angle, the reader is introduced to the philosophical and
methodological choices followed. Philosophical choices refer to the assumptions that the
researcher makes about the reality of eco-efficiency. According to Van de Ven, "underlying
any form of research, is a philosophy of science that informs us of the nature of the
phenomenon examined (ontology) and the methods for understanding it (epistemology)" (Van
de Ven, 2007). Methodological choices are relative to the type of information that has been

acquired and processed and further affects the types of outcomes.
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1.2 Environmental pressures

A starting point for this work is a reference to the overall socio-political trends that make
environmental performance relevant to businesses and government. The World Business
Council for Sustainable Development sees three factors affecting the pathway towards a

sustainable future (WBCSD, 2010):

e Growth: Population, urbanization and consumption
“Between now and 2050 the global population is expected to increase from 6.9 billion
to more than 9 billion, with 98% of this growth happening in the developing and
emerging world, according to UN estimates”.

e [Inertia and inadequate governance
“The governance and policy responses to manage this growth often happen in silos
and are limited by short-term, localized political pressures, and thus fall short of the
level of commitment needed to make significant progress”.

e Degradation: Climate change and deteriorating ecosystems
“The Millennium Ecosystem Assessment found that 15 of the 24 ecosystem services
they evaluated have been degraded over the past half century. A rapid and continuing
rise in the use of fossil fuel-based energy and an accelerating use of natural resources
are continuing to affect key ecosystem services, threatening supplies of food,

freshwater, wood fibre and fish”.

At a regional level, the European Union states that it is aligned to world-wide efforts towards

a more resource-efficient economy (“The Roadmap to a Resource Efficient Europe,” 2011):

e “Economic growth can be combined with avoiding unsustainable pressures on the quality
and quantity of natural assets, according to the Organisation for Economic Co-operation
and Development’s Green Growth Strategy 20.”

e “Phasing out inefficient fossil fuel subsidies, as a way to reduce budget deficits, deliver
growth and reduce environmental harm according to the Group of 20 commitments.”

e “Greening ten central sectors of the economy, in order to shift development onto a low-
carbon, resource- efficient path by investing 2% of the global Gross Domestic Product,

according to United Nation's Environment Programme Green Economy Report 21”
g g y Rep
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1.2.1 The opportunities at business level

The aforementioned pressures may affect businesses at more local levels but it is yet not clear
how companies adjust themselves internally to address environmental concerns. A recent
study by Lavery et al., suggests that there is a potential for the United Kingdom (UK) market
for (Lavery et al., 2013):

o £10 billion additional profits per annum for manufacturers — a 12% increase in
average annual profits.
e 314,000 new manufacturing jobs - a 12% increase in manufacturing employment.

e 4.5% reduction of the UK’s total greenhouse gas emissions since 2010.

This potential is derived by comparable data between highly efficient companies and laggard
ones. Figure 1.1 demonstrates this variation for energy efficiency. A number of companies
stand out as exceptional in their energy efficiency — both for their annual rates of energy
reductions and the period over which they have sustained these improvements. Lavery et al.,
(2013) distinguish companies on Figure 1.1 as “Leaders”, “Stars”, “Slow & Steady” and
“Laggards”. The way that Lavery et al., (2013) describe the potential for improvement is
aligned to the triple bottom-line perspective of sustainable development that Elkington coined

in 1997 (Elkington, 1997a).

According to Elkington, a balance between economic, environmental and social performance
is the basis for sustainable development. Dyllick and Hockerts look at sustainable
development from the business perspective and focus more on the overlap between economic
and environmental sustainability (Dyllick and Hockerts, 2002). In Figure 1.2 Hockerts
describes schematically the resultant between environmental and economic sustainability as

eco-efficiency (Hockerts, 1999).
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Figure 1.1. The potential for companies to improve as described by Lavery et al. (2013).
Companies can be distinguished between ‘‘Leaders”, “Stars”, “Slow & Steady” and
“Laggards”. Leading companies exhibit more that 50% reductions in energy and

resources
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Figure 1.2. Eco-efficiency as the integration between economic and environmental
sustainability. The figure is taken by Hockerts (1999) and it originally derives from the

World Business Council for Sustainable Development.
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1.3 Environmental performance variations in manufacturing

There is a parallel stream of work to sustainable development that links eco-efficiency to
environmental performance in manufacturing. A short exploratory study on environmental
performance variation (EPV) preceded this doctoral study and described the phenomenon of
how similar factories in technology and infrastructures may be using different levels of
energy and resources to make the same products (Bocken et al., 2013). Table 1-1 shows what
types of variations can be observed (not an exhaustive list). According to Table 1-1, one
could be observing EPV in process behaviour charts, employee behavioural patterns (i.e.
shifts in a factory) as well as equipment performance. For a practitioner, variations in
environmental performance (EP) can be important as these can challenge their root cause

analysis skills (Zutshi and Sohal, 2004).

The term environmental performance (EP) is used here to describe the ways that a
manufacturing system interacts with the natural environment. It can refer to the way that
energy is used to make products or support industrial operations (Abdelaziz et al., 2011;
Yang et al., 2011). EP may also refer to the way that a factory is using raw materials or the
types and amount of waste and pollution it may create (Hasanbeigi and Price, 2015). The
levels of pollution can have immediate or long-term impacts on the natural environment and

the lives of the people that live in the area (Azapagic, 2004; Hasanbeigi and Price, 2015).

Multiple studies have demonstrated how complicated it can be to measure and manage
energy and resources in manufacturing (Abdelaziz et al., 2011; Boyd et al., 2008; Cagno and
Trianni, 2012a). The design of manufacturing systems that have no negative environmental
impacts has drawn the focus of many academics and governmental organizations (Ball et al.,
2009; Gibson, 2001; Rossiter, 1995). Several studies however show significant inertia in
current, wasteful manufacturing systems due to numerous barriers to improvement (Bey et
al., 2013; Trianni et al., 2013). Barriers to improve EP may be organizational, managerial and
technical (Chai and Yeo, 2012; Golev et al., 2014). In some occasions, EP is associated with
the wider manufacturing supply chain performance (Brockhaus et al., 2013; Zhu and Geng,
2013). Overall, practitioners and researchers tend to investigate opportunities for

improvement of: environmental performance as well as economic performance.
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Table 1-1 Different types of environmental performance variations (Bocken et al., 2013)

Type of variation

Explanatory comments

Within factory —
across shifts

Within one
factory — over
time

Across production
sites of the same
company

The role of individuals in shifts that can shape the environmental
performance profile per shift.

Comparing the factory site against itself over time can provide
insights on the effectiveness of specific practices, such as training

Deviations from the company targets and management processes
may be observed, lead sites and “sustainability champions” may be
identified

Across factories
within the same
sector

In factories of sectors that use mature technology, variances in
environmental performance may be observed.

Across industries ~ What is driving performance in each industry (e.g. technology,

of different policy)?
sectors
Processes Some processes are common in many different industries (e.g. air

compressing).

1.4 Environmental performance variations and eco-efficiency

The discussion about EP in manufacturing is a significant part of a larger debate about the
impact of industrial activities on the natural environment and society (Elkington, 1997a;
Frosch, 1992; Glaser, 2006). As mentioned earlier (section 1.2), industrial activity has been
associated with global warming and further climate change but also with benefits coming
from economic growth (Ekins, 2005; Hukkinen, 2014; Jelinski et al., 1992). The World
Business Council for Sustainable Development (WBCSD) therefore proposes a roadmap for
improvement globally, that seeks to secure the needs of future generations (WBCSD, 2010).
EP in this context is part of the eco-efficiency framework, “creating more value with less

impact” or in Layman’s terms “doing more with less” (WBCSD, 2010).

As shown in Figure 1.1 and Figure 1.2, eco-efficiency is a concept that acknowledges the fact
that production needs to continue in a way that satisfies rising human needs. At the same
time, the use of resources and waste needs to be reduced compared to today levels. EPV as a

phenomenon indicates that there are ways of making products in factories with less resources
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and having less environmental impacts to the natural environment (as shown by Lavery et al.,
2013). Dyllick and Hockerts review the ways that academics and practitioners can approach
eco-efficiency (Dyllick and Hockerts, 2002; Hockerts, 1999, 2015). Various ways have been
proposed to-date that look at eco-efficiency at the product level, production level or consumer
level. More specific research challenges that arise for eco-efficiency are discussed in chapter
3, where the researcher reviews relative literature and highlights the research opportunity.
Before that debate can take place, the researcher considers that philosophical and

methodological concerns need to be clarified for the reader.

In 1990, the Intergovernmental Panel for Climate Change argued that global warming was
linked to industrial activities of the twentieth century. At the same time, their own data
showed a controversy that a similar phenomenon was observed 1000 years ago (Easterby-
Smith et al., 2015). In this example, contradicting results from different studies ended up in
the same report and made the report less trustworthy. What Easterby-Smith et al.,
demonstrate is that research boundaries need to be well-defined and that the researcher’s
viewing angle needs to be clarified every time. In the following paragraphs the researcher

describes the adopted philosophical position in this work.

1.5 Researcher’s philosophical stance

Hart argued that, as of the mid-1990s, “there were no examples, of large manufacturing firms
committed to a vision of sustainable development. Research on sustainable development—
based strategies, must necessarily take a more qualitative, case-comparative approach” (Hart,
1995). To clarify what the boundaries of this work are, the researcher describes the adopted
philosophical stance here as well as the implications for this inquiry. The researcher is
positioned within the manufacturing system and seeks to experience the phenomenon of eco-
efficiency as a practitioner does. The aim is to achieve insights about EP and eco-efficiency
that are balanced between theory and practice. Ritchie and Lewis classify this type of
research as qualitative and support the definition by Denzin and Lincoln (Ritchie and Lewis,

2003):

“Qualitative research is a situated activity that locates the observer in the world. It consists of
a set of interpretive, material practices that makes the world visible. These practices turn the
world into a series of representations including field-notes, interviews, conversations,
photographs, recordings and memos to the self. At this level, qualitative research involves an

interpretive, naturalistic approach to the world. This means that qualitative researchers study
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things in their natural settings, attempting to make sense of, or to interpret, phenomena in
terms of the meanings people bring to them”. In order to give some structure to this
definition, Ritchie and Lewis provide the following dimensions as generic associations
between qualitative research and methodological stances. These dimensions and the choices

made in this study are presented in Table 1-2 (Ritchie and Lewis, 2003):

Table 1-2 Methodological stances associated with qualitative research

Methodological
Research strategies followed in this study
stances

Perspective of the Sustaining empathic neutrality whereby the researcher uses personal

researcher and insight while taking a non-judgemental stance to interpret his
the researched observations.
Nature of Conducting naturalistic inquiry in real-world rather than experimental or

research design manipulated settings (though methods vary in the extent to which they
capture naturally occurring or generated data) — see chapter 2 about
research design and validity of naturalistic research (Guba, 1981; Guba
and Lincoln, 1982)

Nature of data Using methods of data generation which are flexible and sensitive to the
generation social context in which the data are produced.
Nature of the Main qualitative methods include: observation, in-depth individual

research methods interviews, focus groups, and analysis of documents and texts.
used

Nature of Based on methods of analysis and explanation building which reflect the
analysis & complexity, detail and context of the data.

interpretation

Nature of outputs e Mapping meanings, processes and contexts

e Consideration of the influence of the researcher's perspectives
samples that are small in scale and purposively selected on the
basis of salient criteria

e Analysis which is open to emergent concepts and ideas and
which may produce detailed description and classification,
identify patterns of association, or develop typologies and
explanations

e Outputs which tend to focus on the interpretation of social
meaning through mapping and 're-presenting' the social world of
research participants.
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However, before one refers to the particular methods that can be used for research, as
Saunders et al., quotes (primarily from Guba and Lincoln): “both qualitative and quantitative
methods may be used appropriately with any research paradigm. Questions of method are
secondary to questions of paradigm, which we define as the basic belief system or world view
that guides the investigation, not only in choices of method but in ontologically and
epistemologically fundamental ways” (Saunders et al., 2009). The questions about paradigm

and basic belief system is explored in the following section.

1.5.1 Ontological considerations

In order to sustain consistency between the methodological stance and the researcher’s
positioning, reference to the basic beliefs about reality is necessary. The researcher here
accepts that there is a measurable output in manufacturing (environmental and financial
performance) that can be quantified and monitored with technical means. Therefore, there is a
reality which is external to the system under investigation (i.e. a factory and measured
emissions). This reality exists independently to people’s beliefs and their understanding of
reality. In other words there is a distinction between the way the world is and the meaning
and interpretation of that world held by individuals (Ritchie and Lewis, 2003). This position

is referred to as realism.

As a philosophical position, realism is aligned to the researcher’s own beliefs, work
background and the intention to investigate eco-efficiency through real-life situations. At this
point, one may comment that the way that the definition of reality is used in this study may
not stand true within larger system boundaries (i.e. how EP can guide political decisions
related to global warming and carbon emissions?). This loop of “experienced reality” versus
“accepted reality” and it’s relevance to other socio-technical systems can be used as a link to
other types of studies with positivistic or phenomenological orientation (Cupchik, 2001;

Jonathan D. Owens, 2007).

The discussion about reality in this study is also important for the clarification of its
boundaries (as in the earlier example by Easterby-Smith et al., 2015). For example, the
energy usage, or the volatile organic compounds in a manufacturing process may be
determined with technical means. This measurable output may influence the control of other
manufacturing processes, the quality of the local natural environment or workers’ health and

safety. People interfere with processes and control systems are designed to help practitioners
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deal with such complex tasks. For the researcher, manufacturing systems are socio-technical

systems, where people may influence process output and vice-versa.

The researcher here uses the description about the relationship between people and technical
systems from Shafeey and Trott: “The environment is perceived as subjective, difficult to
penetrate, or changing, and, thus, less analysable. It is, therefore, enacted, created by
managerial cognition and action. Managers are entrepreneurs; they synthesize and create.
They are architects. They design and construct organizational systems to enhance the
productivity of whatever resources the firm acquires. They make their contribution largely
through architecting and constructing capabilities internally” (Shafeey and Trott, 2014). It is
also important to describe how the researcher interacts and senses the occurring phenomena.
The epistemological approach requires further clarification within this ontological

perspective.

1.5.2 Epistemological considerations

According to Crotty, research can be divided in three epistemological research approaches
constructivism, objectivism and subjectivism. These approaches are based in the relationship
of the researcher and the subject under investigation. Table 1-3 describes briefly each case
(Crotty, 1998). The research tradition or epistemology that is better aligned to this research
inquiry is constructivism. Constructivism aims to display 'multiple constructed realities'
through the shared investigation (by researchers and participants) of meanings and

explanations (Ritchie and Lewis, 2003).

Table 1-3 Epistemological research approaches (Crotty, 1998)

Objectivism Objectivists “hold the meaning, and therefore meaningful reality, exists as
such, apart from the operation of any consciousness. For the objectivists,
meaning is already inherent with the object being examined and the
properties of that object can be measured and quantified. From this
perspective it is the researcher’s role to decipher and map out this meaning
and reality. Therefore, objectivism is closely aligned to positivism and thus
related to quantitative methodologies.

Subjectivism The epistemology of subjectivism, suggests that meaning emerges from a
vacuum. Meaning “does not come out of an interplay between subject and
object, but it is imposed on the object by the subject. Here, the object as
such makes no contribution to the generation of meaning.
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Constructivism In constructivism, truth or meaning, comes into existence in and out of
one’s engagement with the realities in one’s world. There is no meaning
without a mind. Meaning is not discovered, but constructed. In this
understanding of knowledge, it is clear that different people may construct
meaning in different ways, even in relation to the same phenomenon. In this
view of things, subject and object emerge as partners in the generation of

meaning.

Another consideration that needs to be discussed further is in regards to the choice of

research paradigm. In general, there are two distinct research paradigms: phenomenology and

positivism. The differences between positivist and phenomenological paradigms is shown in

Table 1-4, by Silverman, where the two paradigms are analyzed with respect to their basic

beliefs, researcher’s activities and methods of data bias reduction (Silverman, 1993).

Table 1-4 Research paradigms, comparison of Positivism and Phenomenology as in

Silverman (1993).

Positivism

Phenomenology

(chosen paradigm)

Perception of
the World

Objectives

Research
Methods

Methods of
Data
Collection

Methods of
Analysis

Role of
Respondents

The social world is separated from

human beings. Social reality can
be investigated by the use of
objective measures.

Empirical testing of theories by
process of verification or
falsification for reaching a general
principle.

Hypothetical deductive approach.

Sample surveys and
questionnaires.

Statistical models.

Information based on frameworks
prepared by researcher through
questionnaires.

Humans are part of the social world,
which exists due to the interaction and
actions of human beings.

The understanding of how members of
a social group by actions enact
meanings, beliefs and realities of the
social world.

Process of understanding how practices
and meanings are formed by humans as
they work towards common goals.

Interviews, documents and
observations.

Interpretation, description and analysis
of the social world from the viewpoints
of the participants.

Allow respondents to use their own
ways of explaining their experiences
and concepts of the social world.
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The phenomenological paradigm fits well with the philosophical stance and has been

followed throughout the inquiry.

1.6 Chapter summary

Governmental and societal pressures have been rising in recent years and very few
manufacturing companies have managed to show exceptional progress in the way that energy
and resources are used efficiently. One way to observe this improvement potential is through
environmental performance variations in manufacturing systems. In order to study eco-
efficiency, the researcher chooses to position himself at the same level with practitioners in
manufacturing and observe the challenges that they face. A phenomenological approach is
chosen, within realism and a constructivist paradigm is followed to understand how eco-

efficiency can be expressed and interpreted in manufacturing.

The following chapter fuels the exploration of eco-efficiency further through environmental
performance variations with particular focus in the way that practitioners experience these.
The following chapter describes this phenomenon in greater detail and sets research tasks.
Philosophical and methodological considerations manifest in a research plan in chapter 3,
influenced by the literature review chapter 2. In the following chapter a research design is

introduced that can provide guidance and structure to this research endeavour.
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2 LITERATURE REVIEW

2.1 Introduction to the chapter

This chapter overviews literature related to eco-efficiency in manufacturing and demonstrates
what the research opportunity is. In the first chapter, the researcher presented evidence about
the importance of eco-efficiency within the context of sustainable development. In this
literature review chapter, the reader will be further informed about influencing factors and
attributes of eco-efficiency. The chapter starts with an overview of sustainability in
manufacturing as a research field. A range of popular frameworks is presented. The
researcher then explains how environmental performance is related to eco-efficiency and
seeks to adopt a usable definition of eco-efficiency for this research. Some important
influencing factors of eco-efficiency are also presented. The overall aim is to demonstrate
what the current research status is for eco-efficiency and the area of contribution of this work.

At the end of the chapter a research question is established.

2.2 Literature review methodology

The researcher reviewed literature using the keywords: “sustainable manufacturing”,
“environmental performance”, “eco-efficiency”, “green manufacturing”, “energy efficiency”,
“management”, “performance”, “measurement”. The bibliographical, peer-reviewed
resources (papers and well-cited books) used were: Scopus, Web of Knowledge and
Cambridge University library catalogues. Non-peer reviewed publications were also studied

from sources such as consultancy and government reports. This chapter contains 72 papers
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that account for 10% of the researcher’s overall bibliographical database and 30% of the

overall bibliography presented in this thesis.

Paper abstracts were read to short-list relevant results in the data-base. As Scopus provides
information about each paper’s citations, this information was used to identify papers with a
high-level of citations. Based upon citation (popularity), the researcher was able to locate key
authors and their work. He was also able to see connections with other authors and review
parallel work streams from the same research groups. This snowballing technique helped the
researcher find authors that were more influential in the field than others and what the most
influential papers were (based on number of citations). Nevertheless, on few occasions and
depending on the study objectives, less cited papers were reviewed that covered more specific
issues or to better understand the use of a research method in the field. Key journals were also
traced through this process: “Journal of Cleaner Production”, “International Journal of
Production Economics”, “International Journal of Operations & Production Management”,

“Journal of Environmental Management”, “Journal of Industrial Ecology”.

2.3 Sustainable manufacturing definitions and frameworks

In a recent doctoral thesis by Despeisse, 12 definitions of sustainable manufacturing are
offered and briefly compared to each other (Despeisse, 2013). Each definition offers a
differentiated perspective on sustainable manufacturing. These perspectives aim to improve

manufacturing on dimensions that can be loosely clustered as (there are overlaps):

e transformation process of materials (Allwood, 2005)

e industrial eco-systems (Frosch and Gallopoulos, 1989)

e sustainable production (Glavi¢ and Lukman, 2007)

e environmentally conscious manufacturing (Sarkis and Rasheed, 1995)

e product life-cycle (Rahimifard and Clegg, 2007)

In this work, the researcher adopts the United States’ Department of Commerce definition for
sustainable manufacturing (SM) as: ‘‘the creation of manufactured products that use
processes that minimize negative environmental impacts, conserve energy and natural
resources, are safe for employees, communities, and consumers and are economically sound’’
(as found in Jayal et al., 2010). This definition is chosen for the triple-bottom balance it offers
between economic, environmental and social performance, aligned to Elkington (1997).

Aligned to this definition for sustainable manufacturing, a range of frameworks has been
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developed. Smith and Ball identify 3 main frameworks that can guide improvement actions at

a business and manufacturing level (Smith and Ball, 2012):

“The Natural-Step is a broad strategic framework for organisations, which provides high-
level guidance for sustainability investments and initiatives. According to this framework,
there are system conditions which must be met for society to become sustainable and a
strategy is required to change the organisation in order to fulfil these conditions
(understanding the conditions, understand a company's relative position, creating a vision and

specifying an action plan)”.

“Industrial Ecology as a framework, consists of three models that describe the resource flows
from the natural environment to the technical environmental of production and consumption.
The framework views that resource flows can become cyclical and return back to the natural
environment in a closed loop. The Industrial Ecology concept has not been applied at factory
level yet and therefore whilst conceptually it is of relevance there is no guidance for its

deployment in companies.”

“Sustainable Manufacturing (based on environmental conscious manufacturing) is broad in
scope, taking a high level view of manufacturing and including all three elements of the triple
bottom line (Elkington, 1997a). Sustainable manufacturing (SM) looks beyond the
boundaries of a single facility and considers the entire material cycle from material extraction

through processing and use to subsequent disposal.”

Within the third 'SM' framework, four strategic objectives have been identified by Abdul
Rashid et al., (2008) as the most favourable for manufacturers that intend to control their
environmental impacts: a) waste minimization, b) resource efficiency, c¢) material efficiency
and d) eco-efficiency. The latter is seen as the most popular of these strategies and this is one

of the reasons that it became the focus on this work.

Nevertheless, the industrial and academic community does not offer a widely adopted
operational definition of eco-efficiency. In the following sections, the researcher comments
on the work that has been done so far to define eco-efficiency as a strategy and practice
(Abdul Rashid, 2009). As a practice, Despeisse et al., observe that there is a gap in the
availability of methods that can operationalize eco-efficiency as a sustainable manufacturing

strategy (M. Despeisse et al., 2012).
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2.3.1 Eco-efficiency definitions and approaches

In chapter 1, the researcher introduced eco-efficiency through observations of environmental
performance variations. In this section, eco-efficiency is approached as a sustainable
manufacturing strategy. WBCSD proposes that: “Eco-efficiency is achieved by the delivery of
competitively-priced goods and services that satisfy human needs and bring quality of life,
while progressively reducing ecological impacts and resource intensity throughout the life-
cycle to a level at least in line with the earth’s estimated carrying capacity” (WBCSD, 2010).

WBCSD outlines seven targets/objectives of eco-efficiency:

e Reduce material intensity (make more goods with fewer inputs)

e Reduce energy consumption (make more goods with less energy)

e Reduce dispersion of toxic substances (make more goods with less poisonous waste)
e Enhance recyclability (make the goods recyclable)

e Maximise use of renewables (make goods out of materials that won't run out)

e Extend product durability (make goods that last)

e Increase service intensity (meet demand with a service and not with goods)

Nevertheless, the overall objective of “doing more with less” does not provide clear
instructions to manufacturers that want to improve their eco-efficiency. Numerous
researchers focused on ways that eco-efficiency can be better defined and quantified so that it
can become a measurable, and more tangible target. According to Huppes and Ishikawa, eco-
efficiency may have four expressions, depending on the organizational approach (Huppes and

Ishikawa, 2005a):

e Environmental productivity
e Environmental intensity of production
e Environmental improvement cost

e Environmental cost-effectiveness

The same authors propose that these definitions require a wider social consensus from
interested parties (Huppes and Ishikawa, 2005a). Based on such operational definitions of
eco-efficiency, several authors set out to quantify the eco-efficiency of manufacturing
systems (see (Charmondusit and Keartpakpraek, 2011; Figge and Hahn, 2005; Garcilaso et
al., 2006; Kamande and Lokina, 2013). However, quantification studies seem to be more
valuable for companies that have developed deeper understanding of their EP and the

economic value of their production system capabilities (Saling et al., 2002). Sikdar in Figure
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2.1 views eco-efficiency metrics as the convergence of economic and environmental metrics
(Sikdar, 2003). Different metrics are applicable for economic or environmental improvements

and new ones need to be created to quantify improvements for eco-efficiency.

Figure 2.1. Sikdar demonstrates the overlap between economic and environmental
aspects as eco-efficiency and the requirement to develop suitable metrics. The figure is
aligned to the triple-bottom line perspective of sustainable development (Elkington,

1997)

Socio-economic metrics

Economic aspects

N

Sociological aspects

Sustainability metrics

Eco-efficiency metrics

Socio-ecological metrics

Environmental aspects

2.3.1.1 Approaching eco-efficiency through benchmarking

Environmental performance variation (EPV), as introduced in the first chapter, offers a
quantification of environmental and economic aspects of sustainable manufacturing. This
particular viewing angle permits the reader to witness the improvement potential that can be
unlocked and the available routes through which, this potential may be achieved. Through
variation and EP benchmarking, industries may be informed about practices that offer
superior performance potential and then to adopt them into their own organization processes
(Nachiappan and Anantharaman, 2006; Schaltegger et al., 2012). There can be three types of

benchmarking which are commonly performed in companies:

e internal benchmarking, whereby a multi-site manufacturer sets company-wide
performance standards for each of the sites to follow, and then charts each site’s

performance against that standard (similar to Figure 2.2);
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e industry benchmarking, where a company’s performance is measured against those of
other organizations in the same industrial sector (as in Figure 2.4); and

e best practice benchmarking, where performance is measured against those of other
companies considered to be the leaders in that industry, regardless of the end product

or provide service of that particular business (as in Figure 1.1 and Figure 2.2).

For example, in Figure 2.2, Dahlmnan, director of global energy strategies for Electrolux,
presented the energy consumption per production unit between five manufacturing sites
which can vary up to 300% (Dahlman, 2012). It is not clear whether this level of variation
percentage is an observation in Electrolux manufacturing sites or an idea that the author was
trying to convey to his audience based on their experiences. As a practitioner, Dahlman
proposes, that there are certain key success factors that can help practitioners implement

“climate programs” (Dahlman, 2012):

e Management decisions and clearly defined targets. Targets should be short and/or
medium term

e Engaged drivers from respective parts of the organization. Regular meetings of core
team — keep momentum

e Follow up key performance indicators in a standardized format. Report progress to
local and central management on regular basis

e Include green programs into business systems

e Communication: Encourage good projects through recognitions (Awards, employee

magazines, etc.)

Figure 2.2 Electrolux presents a 300% variation per product unit across 5 factories in

the eceee industrial summer study 2012 (Dahlman, 2012)

I I I I

Factory 1 Factory 2 Factory 3 Factory 4 Factory 5

Energy/unit
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Researchers Delmas and Blass offer on overview of EP variation across a range of
customized indicators for several listed companies in the chemical sector. Figure 2.3 groups
these companies in three groups (different grey scale shades indicate low to high
performance). Their findings show how well one firm can perform across a range of
indicators constructed for eco-efficiency benchmarking. The findings in this work can be
used by investors to better understand face trade-offs between different investment options

(Delmas and Blass, 2010).

Figure 2.3 Environmental performance variation across a range of chemical companies
and across a set of special indicators (Delmas and Blass, 2010). The numbers also

indicate ranking as 1 for best performers up to 15 for worst performer.

Firm Rank based on Rank based ECHO (average  Reporting REC  KLD total KLD total
TRI total release/  on RSEl risk  non-compliance (7 criteria) ER*  strengths concerns
sales (Ib/$) score/sales  quarters/facility)

Avon Products, Inc. 1 1 6 N/A 8 1

Clorox Company 3 7 2 8 1

Colgate-Palmolive 2 6 5 8 1
Company

Dial Corporation N/A

Dow Chemical
Company
DuPont Company

Eastman Chemical 8
Company

Ecolab Inc. 2 1

International Flavors 8 1
& Fragrances Inc.

Johnson & Johnson 2 6

Lilly (Eli) and 8 7
Company

Merck & Co., Inc.

Pfizer, Inc.

Procter & Gamble 7
Company

Rohm and Haas 6 7

Company

Table 2. Rankings — comparison'’
'Rank = 1 represents the best performer; rank = 15 represents the worst performer.
*Roberts Environmental Center (REC) environmental reporting scores (ER).

Another study on EP in a state-of-the-art beer brewing company in Vietnam shows how
managers were driven by the gap in energy and water use to achieve improvements through
cleaner production projects (Schaltegger et al., 2012): “The production manager, was
alarmed by international benchmark figures for electricity and water consumption of beer
brewing as he noticed that the company was performing poorly. In fact, he observed that the

total water and energy demand per unit beer produced was at least twice as high as the
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international benchmark figures.” In Figure 2.4, company Sai Gon is compared to its German

competitor (Jever) for energy and water use.

Figure 2.4 Sai Gon is using 100% more electricity, 30 % more thermal energy and 100 %
more water per product unit when compared to the German Jever. The Sai Gon site

was established in 1999, so fairly new at the time of the study (Schaltegger et al., 2012)

58

38
18 15
9 10
] = B =
Electric energy Thermal energy Total energy Water
(kWh/hl) (kWh/hl) (kWh/hl) (hi/hl)
mJever @Sai Gon Beer OSai Gon Beer excluding bottling

Geffen and Rothenberg explored the way that three companies in the automotive collaborate
with their suppliers. They specifically looked at the paint-booth process in one of the plants
in each company and found a 300% variation in normalized emissions data across the three
plants (Geffen and Rothenberg, 2000). The authors suggest that plants should learn to work
with their suppliers in order to achieve environmental goals faster than their competition.
They also imply that the results of such collaborative projects are hard for competition to pick
up and replicate. More examples that involve environmental benchmarking with quantitative
methods were found by various other authors (Honkasalo et al., 2005; Nagel, 2003; Samuel et
al., 2013; Van Passel et al., 2007). Their approach is to construct performance indicators and

environmental performance models that offer a level of predictability for the factory.

However, qualitative studies of EP variations have also been reported (i.e. (Baumgartner and
Ebner, 2010; Sardinha et al., 2011). Qualitative types of studies on EP variations were found
to be less frequent in the literature search. The attention in qualitative studies is not on the
variation itself or its size, but rather on the ways that practitioners control EP and implement
efficiency measures in factories. At this point, the literature search focus shifted to studies
with qualitative character, aligned to the researcher’s philosophical stance. The focus of the

literature search moved into more qualitative studies that would explore drivers and barriers
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of eco-efficiency improvements in manufacturing. For example, the role of policy in EP for
manufacturing companies (Ruiz-Tagle, 2008). A greener policy was found to have a direct

and positive influence on both the greener ships and the greener suppliers (Lirn et al., 2014).

2.3.1.2 Barriers to eco-efficiency

There is a well-researched body of knowledge that reflects upon the barriers that stop
manufacturers from improving their energy and resource efficiency or sustaining a desirable
level of performance. There is particular focus on energy efficiency but there are implications
for material consumption as well. United Nations have researched into the barriers for energy
and resource efficiency (Sorrel et al., 2011) and from an industrial policy perspective they

identify several barriers to energy efficiency such as:

e Risk of investment

e Imperfect information and opportunity cost

e Hidden costs and over-estimations

e Access to capital — internal or external funding for projects
e Split incentives between stakeholders

e Bounded rationality in decision making for better projects

Chai and Yeo further elaborate on such barriers and propose that there are connections
between the barriers that make them even more persistent and hard to overcome. Same
authors propose that these interactions transcend organizational layers and affect stakeholder
behaviours, that require attention (Chai and Yeo, 2012). A behavioural approach to barriers
of eco-efficiency has also been proposed in another study where Cagno et al., stress the
importance of the real and perceived values of barriers by its stakeholders in manufacturing
systems (Cagno et al., 2013). Cagno et al., present the behavioural and tacit elements of eco-
efficiency improvements through a taxonomy of barriers and the use of the taxonomy as a

tool for research.

2.3.1.3 Environmental management systems as drivers for improvement

Literature search about environmental performance frequently led the researcher in the area
of Environmental Management Systems (EnMS). These are often linked to management
standards such as ISO14001 for environmental management (Zutshi and Sohal, 2004) or
ISO26000 for corporate responsibility (Hahn, 2013). However, there are survey-based studies

that have challenged the effectiveness of the system with mixed results (Link and Naveh,
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2006; Newbold, 2006; Tung et al., 2014). In fact, a study by Hertin et al., shows that there is
currently no evidence that EnMS have a consistent and significant positive impact on
environmental performance (Hertin et al., 2008). In order to clarify what factors can help
companies lead a smooth, faster, effective and sustainable implementation of an EnMS,

Zutshi and Sohal suggest that attention needs to be paid to (Zutshi and Sohal, 2004):

- Management leadership and commitment, supported by practices:

Cultural change and organizational vision
Allocation of resources
Appointment of a champion
Communication with internal external stakeholders
o Avoidance of personality clashes
- Learning from other organizations’ experiences and benchmarking, supported by

O O O O

practices:

o Reference to industry standards and guidelines

o Employee induction and training

o Training and awareness for other stakeholders and suppliers
- Internal analysis, supported by practices:

o Conducting cost-benefit analysis and environmental gap analysis
o Identification of environmental aspects and impacts along with setting of
objectives and standards
o Internal regular audits
o Document control system
o Integration of existing management systems
- Sustainability embedded vision supported by practices:

o Life-cycle analysis
o Design for disassembly
o Industrial ecology

The analysis of success factors by Zutchi and Sohal indicates how EP management is a multi-
dimensional challenge for companies and involves the engagement from multiple
stakeholders. This observation about the nature of the proposed success factors is aligned to
the nature of the barriers for improvement as presented in the previous section (Cagno et al.,
2013). It is also noticeable that Zutchi and Sohal refer to specific environmental management
practices such as “life-cycle analysis” or “internal audits” as success factors. The authors also
refer to practices that are applicable in other manufacturing areas such as: “Conducting cost-
benefit analysis” and “employee induction and training”.

The following sections discuss on these two categories of practices and the relationship with
economic performance and eco-efficiency. It should be noted that the latest revision of ISO

140001:2015 requires companies for the first time to analyse the context of the organization
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and the identification of interested parties needs and expectations that could affect the
achievement of the intended results of the system. Ultimately, the latest revision of this
standard intends to better integrate its principles into the core business functions rather than
require business conformance as an external authority. The latest revision also highlights the
importance of alignment of the standard to the business strategy (“ISO 14001, 2015

Revision,”).

2.4 The role of environmental practices

There is evidence that a firm’s financial performance (FP) can be enhanced by improved EP
(Ahuja and Hart, 1996; Ambec and Lanoie, 2008; Claver et al., 2007). Evidence has been
produced through surveys, showing that companies that take care of their environmental
impacts (i.e. pollution prevention programs) have actually witnessed bottom-line
improvements. These improvements are not easy to quantify and little guidance exists for
practitioners to understand how improvements came to effect. Potentially, bottom-line
improvements are not the only metric to pay attention to when looking for benefits from EP

improvement programs (Molina-Azorin et al., 2009).

The importance of certain environmental manufacturing practices to the firm’s economic
performance has been investigated through a survey-based study by Montabon et al., (2007).
Montabon et al., found that remanufacturing, environmental design, design goals, and
surveillance of the market for environmental innovation were positively associated with the
firm’s FP. These practices are more specific to environmental management standards and
potentially easier for companies to adopt. The same authors divide environmental
manufacturing practices into: operational, tactical, strategic and performance measures. This
categorization is aligned with the views of Porter and van de Linde that there is a positive
relationship between environmental performance and enhanced economic performance
(Porter and Linde, 1995). Moreover, proactive corporate environmental strategies or a pattern
of environmental practices that went beyond compliance with environmental regulations were
found to be associated with improved financial performance (Aragén-Correa and Sharma,

2003). Aragén-Correa and Sharma observe that:

“...several firms have moved from minor changes in practices (as required by regulations) to
adoption of an easier standard (i.e. ISO 14001), and then shift to another, more difficult

standard. However, this complexity of shifting standards has prevented many firms from
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undertaking a systemic and coordinated investment of resources in building the

environmental capabilities necessary for a proactive environmental strategy”.

Their observation may partially explain why environmental management standards were
found to have limited effectiveness (Hertin et al., 2008). Sambasivan et al., survey 291
companies in Malaysia and conclude that environmental proactivity is positively related to
operational performance, organizational learning, environmental performance, stakeholder
satisfaction and financial performance (Sambasivan et al., 2013). According to Sambasivan et
al., environmental proactivity refers to “voluntary actions beyond compliance that a firm
undertakes to minimize or eliminate the negative impact of its activities and/or products on
the natural environment”. Therefore, environmental proactivity becomes a catalyst for
reaping benefits other than just financial performance. Buysse and Verbeke, (2003) consider
that this proactive behaviour may require a voluntary collaboration between companies and

government.

The link between EP and stakeholder satisfaction and particularly employee integration in EP
improvement processes is investigated within proactive environmental strategies, in a survey
by Alt et al., (2014). Their study indicates that employee suggestions and information will
only translate into environmental performance improvements if managers integrate these into
firms’ strategic planning and implementation. To et al., find that there is a lack of literature
that describes how environmental practices are perceived by employees (To et al., 2015).
This could be a missing link in understanding how environmental practices can become more
effective in eco-efficiency improvement and it is further aligned to the perception issues

mentioned earlier about efficiency barriers.

2.5 The role of practices

In parallel to more direct studies on environmental management systems (EnMS), researchers
have explored the contribution that other management systems and practices may have on a
manufacturing site’s EP (Laugen et al., 2005). Canato et al., define practice as “behavioural
routines, tools and concepts that are used to accomplish a certain task” (Canato et al., 2013).
To distinguish manufacturing practices from environmentally-oriented practices Walls et al.,
make the following distinction: “Environmental practices tend to differ from other social
practices since they are technical, require specific firm capabilities and significant capital

investment, are guided by regulation, and have their own reporting criteria” (Walls et al.,

2011).
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Lean management (see Ball, 2015; Bandehnezhad et al., 2012; Hajmohammad et al., 2013;
Nagel, 2003), quality management ( see Craig and Lemon, 2008; Lu et al., 2011; Ormazabal
and Sarriegi, 2012), production costing and asset management (see Ciroth, 2009; Liyanage,
2007; Nachiappan and Anantharaman, 2006), have been gradually embedded into
manufacturing systems and can be considered more traditional today when compared to
EnMS or even sustainable manufacturing management principles (Jayal et al., 2010). Indeed,
researchers have previously looked into the influence of various manufacturing practices on
the plant’s performance (measured as quality, flexibility, speed and cost, see (Laugen et al.,
2005). Laugen et al., find that product focus, pull production, equipment productivity and
environmental compatibility qualify as best practices for economic efficiency. Environmental
compatibility is operationalized as “putting efforts into and commitment to improving the

company’s environmental compatibility and work place health and safety.

Environmental improvement programs were found to have positive influence on most action
programs in the factory. However, these are seen as quality management practices rather as
part of a standalone EnMS (Laugen et al., 2005). Referring back to EP variation, there are
studies that observed the use of “six-sigma” methodology to reduce EP variation in
manufacturing (Jami et al., 2012; Kumar et al., 2011). Brunet and New observe that the
practice of the Japanese origin “kaizen” provides support for training. Kaizen allows the
inclusion of non-performance oriented projects such as for safety, health or environment
which may otherwise be overlooked by teams and their managers trying to achieve

production objectives (Brunet and New, 2003).

The “balanced scorecard” is a tool that can be used for corporate strategy implementation
(Kaplan and Norton, 1992). Its usefulness to connect non-monetary success factors with
economic performance has been tested in the area of sustainable manufacturing strategy
implementation (Figge et al., 2002; Moller and Schaltegger, 2005). Evidence from using the
balanced scorecard effectively to improve EP are scarce in the literature. However, the
attention that it has received so far, mainly from academics, can be seen as another well-
established practice in companies that can be used to guide EP improvements. The format of
the balanced scorecard allows verification of the existence of links between the broad
strategic objectives and performance references with specific objectives, measurements,

initiatives and achievements (Dias-Sardinha and Reijnders, 2005).

From a human resources management point of view, there are indications that HRM practices

can further facilitate EP improvements (Collins and Smith, 2006; Paillé et al., 2014; Radnor
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et al., 2005). More specifically nurturing teamwork and practicing reward schemes can assist
the facilitation of environmental programs (Daily and Su-chun, 2001). Attention to human
resource practices can also indirectly influence EP through improved kaizen practices, as

mentioned above (Farris et al., 2009).

There have been efforts to clarify the relationship between EP and FP for manufacturing
systems. For example, Albertini, in a meta-analysis of 52 studies over a 35-year old period,
concludes that there is positive relationship between EP and FP (Albertini, 2013). On the
other hand, Iwata and Okada survey 268 firms from 2004 to 2008 and suggest that even
though there may be a positive relationship between FP and EP, this would be subject to
various contextual and firm specific properties that enable that connection to be positive.

(Iwata and Okada, 2011).

2.6 Research question and objectives

This chapter has expanded on the initial observations made on environmental performance
variations through a review of relative publications in the literature. Via this literature search,
the researcher departed from the original quantitative nature of EPV and expanded further in
the qualitative nature of the variations. Publications on the role of management systems,
practices and barriers to eco-efficiency were further explored. However, very few
publications explored how eco-efficiency is practiced effectively in manufacturing today in a
systematic or repeatable way. Support for practitioners in the literature was found to be very
brief and with unclear theoretical grounds and boundaries. Therefore, the researcher set the

following research question:

“What kind of practical support may further enable companies to improve the eco-

efficiency of their manufacturing systems?”

The researcher envisages that the support will enable practitioners to design customised
solutions for improvements in factories with environmental and economic benefits. The
researcher, through the eyes of a practitioner, sees the research questions as a design
challenge. The research question further implies two research objectives that need to be

satisfied. These are seen as necessary requirements to answer the research question:
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Research objective 1: The research question implies that practitioners in manufacturing could
assess current eco-efficiency levels and understand their improvement options. Therefore, an

assessment capability for eco-efficiency is required (see chapters 4-6).

Research objective 2: It is implied that the support is applicable in real-life situations and it
needs to be usable by practitioners in manufacturing. Therefore, the researcher needs to offer
guidance for practitioners on how to systematically and effectively apply such support (see

chapters 7-10).

Viewing the research opportunity as a design challenge offers another level of novelty in this
work and this view is explored in the following chapter in more detail. This viewing angle is
consistent with the researcher’s positioning (see section 1.5.1 definition by Shafeey and Trott,
2014). Design researchers study interventions in practice, with the dual goal of progressively
refining the design of an intervention itself and the theories of learning and teaching that

inform the design (Bielaczyc, 2013)

The researcher intends to approach eco-efficiency improvements in factories as a systems’
design challenge. Such an attempt differentiates this study from the literature that typically
intends to offer quantitative tools that support eco-efficiency improvements (see sections 1.3,
14,23.1.1, 23.1.3, 2.5). The implications for this approach are reflected in the following
chapter that deals with the selection of an appropriate research methodology that takes into

account the requirements set in this section.

2.7 Chapter summary

In this chapter the researcher sought to better understand what the research opportunity for
eco-efficiency is and explored various routes in the literature aligned to the researcher’s
positioning. This initial literature review helped the researcher to identify the main research
question and stemming research objectives. This chapter concludes the research clarification

phase of the research design.

The scope of the inquiry is to support practitioners in manufacturing to design effective eco-
efficiency improvements. The researcher has to take into account the complexity that
surrounds eco-efficiency in manufacturing and find ways to simplify and operationalise eco-

efficiency for practitioners.
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3 RESEARCH DESIGN

3.1 Introduction to the chapter

This chapter aims to describe the research plan that has been followed in this work. The
research plan is aligned to the researcher’s positioning to investigate eco-efficiency in
manufacturing systems as an embedded observer. The philosophical and methodological
choices influence the research design and help to further narrow the research focus. This
chapter can be considered as parallel to the following chapter. The result of these two
chapters is a clarification of the research scope and objectives. The main focus here is to

describe the phases of the research design.

3.2 Research knowledge area

The research scope in this work is to better understand how eco-efficiency is expressed in
factories and manufacturing systems today. This would enable the researcher to make
recommendations for faster and wider advancement of eco-efficiency in industry, aligned to
the aims of the World Business Council for Sustainable Development. Speed and scale will
help manufacturers to deal effectively with environmental and societal pressures (section
1.2). The researcher will be generating knowledge within the fields of industrial sustainability

and environmental management.

3.3 Research methods

Empirical data input for this work was achieved through interview transcripts, e-mail

correspondence, hand-written notes from meetings and interviews, corporate newsletters and
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academic periodicals as well as workshops with practitioners. The process of acquiring
access to cases and practitioners and the data analysis process is described in each occasion.
Practitioners in manufacturing companies was the main audience for this work. It was seen
more appropriate to consider any type of manufacturer as potential data source, as the breadth
of the types of companies would make findings more generalizable in the long run (Yin,

2003).

Under the chosen research paradigm of constructivism, more emphasis was given to research
methods such as interviews and workshops, with varying levels of participation by the
researcher. Other research methods such as surveys and statistical analysis were not seen as
applicable at this level of research maturity. The researcher acknowledges that quantitative
methods could apply in this work but preferred to remain clearly under the chosen paradigm.
In the long-run the researcher sees that this work can accommodate more quantitative

methodologies (examples are Munda, 2005; Pigosso et al., 2013).

In regards to data collection techniques, these are described in each case and are subject to
the research objective. For example, in chapter 4 a research guide for semi-structured
interviews with practitioners was developed through literature review in chapter 3. As the
research activities become more focused (chapter 5 onwards), the researcher is using more
particular techniques (such as focus groups in chapter 6 and workshops as in chapters 5 and
8) to inform this work. Details about data collection and processing are described in each

case.

3.3.1 Triangulation

The matter of triangulation of research workings is critical for the validation of results in this
work. Throughout this inquiry, the researcher strived to acquire a level of confirmation about
his workings from many sources. Peer and non-peer reviewed literature was collected from
academia and/or consultancy companies. Moreover, practitioners from various companies
have been interviewed regardless of size, sector or markets. As mentioned earlier, more than
generalizability of findings, the researcher used the audience variability as a way of gaining
more perspectives about EP in different contexts (Lincoln, 1995). Specific reference to the

validity considerations through triangulation techniques is described separately in section 2.7.
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3.3.2 Unit of analysis and research plan requirements

The unit of analysis in this work is eco-efficiency improvements in manufacturing systems
(see section 3.4). The researcher focuses on the methods and techniques that may be applied
in factories to improve eco-efficiency and learn about their effectiveness and conditions of
application. In each company visited in this study, a different perspective about
improvements was introduced due the different contextual conditions and people involved.
The amount of research work that had to be undertaken was not pre-defined at the beginning
of this doctoral journey. The researcher had to adopt to a research plan that could cope with a
wide array of companies and with various real-life situations in order to practice case study
research (Yin, 2003). A rigorous research plan would maintain a logical and coherent course
of action and sustain linkage between theory and practice. Applications of interventions

(practical support) in real life situations would need to be assessed for effectiveness.

Review of existing literature that aimed at developing supporting methods or tools
(interventions) to practitioners was explored in order to structure the research plan. Very few
academics have dealt with this type of requirement in participatory action research (Platts,
1993a) - the assessment of the intervention - and offer a tested solution for researchers

(Blessing, 2015; Blessing and Chakrabarti, 2009b).

3.4 Design research methodology

Developing support for practitioners is one of the key objectives of the Design Research
Methodology (DRM), introduced by Blessing and Chakrabarti in 2009. (Blessing and
Chakrabarti, 2009a) DRM is a structured methodology that can guide research in real-life
situations (Figure 3.1). The publication of this research framework is recent (2009) and its
logic and structure has been applied to support several doctoral studies (for example Siyam,
2014). However, Blessing and Chakrabarti (2009) do offer a range of examples of doctoral
thesis in their book that cover a wide range of projects, all of which intend to develop and test

a new intervention.

Even though DRM has emerged from engineering design schools, its applicability has been
extended in other disciplines (i.e. manufacturing management). It provides a rigorous
structure and research design options that can be used for various research tasks. One of the
key characteristics in this framework is the development of support for practice that is driven

by intended use. DRM can help researchers better define the intended use of their research
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output and strive for usability and usefulness. Figure 3.1 shows the basic elements of DRM

(means of inquiry, stages and expected outcomes per stage).

Figure 3.1 Design Research Methodology framework (Blessing and Chakrabarti, 2009a)

Basic means Stages Main outcomes
Literature —, Research Clarification | =—— Goals
Analysis m
Empirical da'Fa > Descriptive Study I = > Understanding
Analysis l
Assumption ﬂ
Experience =>—> Prescriptive Study =>_"> Support
Synthesis m
Empirical data Descriptive Study I | = Evaluation
Analysis

The framework provides a range of possible scenarios that can be adopted for various
research plans. In general, a DRM-based inquiry consists of a research clarification stage, two
descriptive studies and one prescriptive study as shown in Figure 3.1. There are two-way
connections and circular loops between the stages (represented by arrows) that allow
researchers to explore phenomena by using various routes of this process. Depending on how
far a researcher can elaborate in each stage of the inquiry, in terms of detail and results,

Blessing and Chakrabarti propose 7 types of projects. Figure 3.2 lists the proposed project
types.
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Figure 3.2. Seven types of projects, their main stages and the depth/type of inquiry in
each stage (Blessing and Chakrabarti, 2009a). The fifth type of project is chosen in this

work.

Research Descriptive Prescriptive Descriptive
Clarification Study I Study Study II

1. Review-based — > Comprehensive

2. Review-based —* Comprehensive —> Initial

3. Review-based —» Review-based —» Comprehensive — Initial

4. Review-based —> Review-based —> Review-based - Comprehensive
Initial/ . '
Comprehensive

5. Review-based —* Comprehensive—> Comprehensive = Initial

6. Review-based —> Review-based —T*> Comfrehensive - Comprehensive

) S _ ]
7. Review-based —* Comprehensive—» Comprehensive - Comprehensive
. _ ]

3.5 Research plan and discussion

In this study, the fifth type of project was chosen (Figure 3.2). The first three stages are
informed with literature and empirical work carried out in the descriptive study I (DS1) and
the prescriptive study (PS). The descriptive study II (DS2) remains at initial level. Time
restrictions did not allow the researcher to fully evaluate the outcomes of this work but
indications of utility are discussed in chapter 9. In Figure 3.3. the researcher presents the
overall research plan against the DRM stages with a short description of the chapter contents.
The reader can also observe the flow of information between the chapters (how each chapter
is informed from previous ones). Theoretical chapters in Figure 3.3 intend to review
literature or connect research findings to theory. Further literature support is presented
throughout the chapters to clarify evolving research objectives or connect research findings
back to theory. Chapters with empirical work contain the researcher’s interactions with

practitioners in real-life situations.

Alternative research methodologies that have been explored include engaged scholarship

(Van de Ven, 2007) and soft-systems methodology (Checkland, 2000). Potentially, both
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alternatives could have been used but with DRM the alignment to the research objective was
seen as more appropriate. DRM offers a more structured framework as it guides the
researcher through his case studies and offers a good level of flexibility. For example, the
researcher can do parallel work in the prescriptive and descriptive stages and inform his work
or review his findings accordingly. Engaged scholarship was seen more appropriate for more
theory oriented work on change management. For example, it could be used to navigate this
work with emphasis on how companies may change their processes towards higher eco-
efficiency levels. Alternatively, soft-systems methodology can be used for more narrow,
problem-solving and participatory type of work (Blessing and Chakrabarti, 2009a). In this
context, soft-systems methodology may have been useful in the case studies in chapter 9 to
develop improvement solutions. Between these two options DRM seems a more balanced

approach.

Nevertheless, Blessing and Chakrabarti acknowledge that DRM has not been used
extensively for development of improvement methods and are more confident using it for
product design research (Blessing and Chakrabarti, 2009a). Siyam further indicates that DRM
does not offer an elaborate and detailed evaluation plan or discuss heavily on the applicability
of findings in other real-life contexts for the fifth type of research project (initial DSII)
(Siyam, 2014).
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Figure 3.3. Chapters and information flow based on DRM framework (type 5).

Different colours indicate the transitions of this work between theory (red) and real-life

(blue). The figure illustrates the four stages of project type 5 and maps them onto this.

DRM stages - Chapters

Deliverables

Research clarification

Prescriptive study Descriptive study 1

Descriptive study 2

A

-

P

Chapter 1
Description of phenomenon as
expressed in real-life.
Researcher's philosophical
stance/viewing angle of observation

Chapter 2 \
Initial literature review
Research question

N\
Chapter 3
Research methodology (DRM)
Research plan and objectives
Chapter 4 \

Environmental management in
practice — challenges from
practitioners in various companies
A conceptual theoretical framework
for eco-efficiency and the concept of
maturity in practices.

Chapter 5 \
Building a maturity model (PMGE) and
testing its applications in real-life.

Chapter 6 \

Leamning how expert practitioners:
* approach eco-efficiency
* improve their eco-efficiency levels

-

Chapter 7
Improvement method development
(PMGEM)

Chapter 8 \

Application of PMGEM in real-life
settings (two cases)

Chapter 9 h
Evaluation of application
Chapter 10 \
Contributions
Future work

A chapter with theoretical work
A chapter with empirical work

A chapter with a mix of theoretical
and empirical work

Chapter 1. Preliminary review on the current state of
industrial environmental performance and eco-efficiency.
Description of philosophical research stance.

Chapter 2. Clarification of the literature research gap and
setting of the main research question and objectives.

Chapter 3. Selection of research methodology and
development of research plan.

Chapter 4. Empirical data analysis reveals three
influencing factors of eco-efficiency and a proposed
theoretical framework. Maturity emerges as concept to
study eco-efficiency improvements.

Chapter 5. Design of maturity grid for eco-efficiency and
development of three methods of application. Set of
requirements for effective application of the maturity grid
in real life.

Chapter 6. Learning about success factors of eco-
efficiency improvements from experts. Set of requirements
for assessment of the outcomes of the application of tools
developed.

Chapter 7. Synthesis of improvement method (PMGEM)
for application in real-life settings.

Chapter 8. Application of PMGEM and data analysis.

Chapter 9. Strengths and limitations of the method and
recommendations for improvement (based on practitioners'
feedback).

Chapter 10. Contributions for theory/practice and future
work
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3.6 Avoiding bias

According to Miles and Huberman there are three archetypical sources of bias in qualitative

research (Miles and Huberman, 1994):

a)

b)

"The holistic fallacy: interpreting events as more patterned and congruent than they
really are". This risk was observed in the case studies in chapter 4 and therefore the
thematic analysis remained at a low level of resolution and a generic theoretical
framework was produced.

"The elite bias: over-weighting data from articulate, well-informed, usually high- status
informants". This risk was observed in chapter 6 where the inquiry is informed by field
experts. It is acknowledged that the cases in chapter 6 may influence the generalizability
of the research output and additional cases are necessary to make more valid
assumptions.

"The going native bias: losing one’s perspectives and being co-opted into the perceptions
and explanations of local informants". This is another risk that the researcher was
cautious about for two reasons. Firstly, as an ex-practitioner in manufacturing, the
researcher's own perspective is already biased through own past experiences. Secondly, as
the researcher spent more time with the practitioners in the case studies in chapter 8,
caution was required to exclude the native bias from the observations. Third parties were

consulted about this work in chapter 8 and feedback is presented (see section 9.2.1).

3.7 Research validity

The researcher is positioned within the settings where the phenomenon is observed. The data

collected are influenced by people’s perceptions or interpretations and therefore divergence

of findings is expected rather than convergence to a single truth (Guba, 1981; Guba and

Lincoln, 1982). Guba proposes four dimensions of validity in this type of research (Guba,

1981). These dimensions are presented below with a comments of how the researcher

addressed these in this work:

50

a) credibility: “festing the data with members of the relevant human data source
groups”. Researcher has presented this work in four academic conferences that
supported peer-review processes and received feedback on content and applicability.

In addition, the work up to chapter five has been published in a peer-reviewed journal.



b) transferability: “form working hypotheses that may be transferred from one context to
another depending upon the degree of "fit" between the contexts”. The theoretical
propositions that have been developed through this work have been tested with
several practitioners and in a range of companies. The researcher was interested in
applicability of the propositions in different contexts. In chapters 5, 6 and 8 the
applications are described. In chapter 7 the researcher describes the conditions for
transferability in different contexts.

c) dependability: “a concept that embraces elements both of the stability implied by the
rationalistic term reliable and of the trackability required by explainable changes in
instrumentation”. In order to secure internal consistency of the workings and findings,
the researcher performs cross-case analysis in chapter 6 to finalise the first descriptive
study (DSI). Additional analysis is performed in chapter 9 for the second descriptive
study(DSII).

d) confirmability: “requiring evidence not of the certifiability of the investigator or his or
her methods but of the confirmability of the data produced. Data about the companies
that offered the data in this work have been collected that offer a level of data
confirmability”. Some of companies in this work (i.e. the automotive company in
chapter 6) have been referenced by other companies here as exemplar for the practices

they employ and the quality of their manufacturing system.

Building upon from Guba’s framework, Creswell and Miller propose an array of methods to
check for validity that crosses research paradigms (Creswell and Miller, 2000). Overall, what
Creswell and Miller propose is that even within a specific research paradigm (constructivist

in this case), one may be open to review of validity processes from other paradigms.

In Table 3-1, the researcher reflects upon the validity methods that have been used in this
study by cross-referencing the lens of the research stakeholders (left column) to the research
paradigms that Creswell and Miller broadly fit research into (top row) (Creswell and Miller,
2000). Creswell and Miller suggest that it is beneficial to acquire as many tests as possible

within an inquiry (however not all tests have been applied here).
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Table 3-1 Validity methods that have been used in this study (in italics).

Post-positivist or

Systematic Paradigm

Constructivist

Paradigm

Critical Paradigm

Lens of the Triangulation Disconfirming evidence Researcher reflexivity
Researcher Some numerical data Limitations in chapter 9 are  The researcher was an ex-
have been used to presented in regards to the =~ manufacturing practitioner and a
understand the applicability of this work certain level of bias was
connection between high  for certain audiences. expected in the interpretation of
EP and firm’s findings. The researcher was
performance. (i.e. graphs relying on past industrial
in chapter 7 for the experience to make the tools
automotive more applicable to the audience
company).The graph by testing the tools on himself as
provides confidence in a potential research participant.
the inductive analysis in However, at the same time when
chapter 4. it came to interpretation of
findings, the personal bias
remained a challenge.
Lens of Study Member checking Prolonged engagement in  Collaboration
Participants Feedback on the methods the field In the prescriptive study the
has been requested from  Time restrictions made the  researcher was influenced to
participant practitioners relationship with some extent by the two case
in all parts of the study. participating companies studies. Expert views were very
This method has also difficult. For example in important both for internal
been used purposefully to  one of the case studies in validity but also for re-adjusting
check internal chapter 8, some of the the researcher’s viewing angle.
consistency in chapter 6 participants were quite
with one case. remote to build more
effective relationships and
this affected the overall
process (had to be
modified).
Lens of People  The audit trail Thick, rich description Peer debriefing
External to the N/a The level of detail in the This work has been reviewed in
Study . . . .
. maturity grid could have two PhD curriculum milestones
(Reviewers, been thicker. It is one of (1 year report and 2™ year
Readers) :

the recommendations for
future research to enrich

the tools with more data

and dimensions.

report) with the assigned PhD
supervisor and advisor. Peer-
reviewed papers have been
written and helped the researcher
to test and share the ideas with
the wider research community
(see list of publications).

3.8 Review summary and research opportunity

Looking back into the literature chapter 2, the various topics that have been reviewed can be
represented with an association diagram (figure 3.5). These diagrams are used in DRM to
describe what the current status is and what the desired change will look like. In Figure 3.4,

the reader can review the topics that this initial literature review has covered so far as links to
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eco-efficiency. Starting from observed EP variations in various manufacturing settings, the
researcher was led to find out more about EP under a framework that is consistent with his
ontological and phenomenological perspectives (chapter 1). Sustainable manufacturing as a
framework enables the researcher to interpret observations about EP and guide further
research actions (section 3.3). The next step in this literature review is to better understand
how environmental management systems have dealt with eco-efficiency (section 3.4.3). The
effectiveness of EnMS has been challenged by various authors. On the contrary, researchers
have focused on more specific environmental practices and behaviours (EPrs) to understand
what may drive EP improvements. EPrs, being standalone features within a manufacturing
system, are a sub-total of manufacturing practices (MPrs) (To et al., 2015). The latter have
also been reviewed in terms of their contribution to EP improvement potential. The link

between EPr and economic value is also inconclusive in the literature.

Figure 3.4 The diagram demonstrates the areas that have been explored in the
literature and the connections between them and eco-efficiency. The red lines represent
the literature gaps that have been identified or alternatively what the desired change

may be.

Other business functions
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It is further illustrated how EP and FP could be linked with alternative routes (i.e. through
environmental practices or via manufacturing practices). Grey coloured areas (such as

Financial Performance) are acknowledged but are not the focus areas of this work. The
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narrative that unfolds based on this initial literature review follows the numbered links in

Figure 3 .4:

Link 1: EP variations allow us to explore the ways that EP can be expressed in various
industrial contexts and conditions. Studies that reveal EP variation can be found in literature
and guide researchers into underlying factors that influence EP in manufacturing (see section

chapter 1 and section 3.4.1).

Link 2: Sustainable manufacturing as a framework guides research in addressing eco-
efficiency issues in factories (section 3.3). Improvement methods for sustainable
manufacturing have received little attention so far from researchers and very few
(quantitative) studies exist that demonstrate how sustainability can be practiced in
manufacturing (Despeisse, 2013; May et al., 2015; Thiede et al., 2013). Nevertheless, the
potential for EP and financial performance (FP) improvement has been demonstrated by

certain manufacturing companies (section 1.2.1).

Link 3: Eco-efficiency has been defined generically as “doing more with less” in the official
reports and some of the literature (section 3.4). Various authors have tried to define
quantitatively and translate this term in industrial context but there seems to be little
agreement amongst researchers on what eco-efficiency is or how it can be practiced
manufacturing. The researcher accepts the definition of “doing more with less” to bridge two
measurable attributes of eco-efficiency: environmental and economic performance (see

chapter 2 about accepted reality).

Link 4: Environmental management systems (EnMS) have been found to have contradictory
environmental impacts and there are studies that imply that little or no improvements have
been delivered through EnMS implementations (section 3.4.3). Potentially, EnMS can be one
of the routes that can influence EP and FP in manufacturing. However, the conditions that
support such systems need to be better understood by practitioners and academics. In Figure
3.4, EnMS is linked to other manufacturing systems as a standalone sub-system rather as a

contributor to the overall manufacturing performance measures.

Links 5 & 6: There are examples of environmental practices in the literature that have been
studied as standalone best practices in managing and improving EP (sections 3.4.4 and 3.4.5).
To some extend EnMS can be considered as an environmental best practice that is typically
optional for companies to choose and support. However, it is not clear in the literature how

environmental practices can help manufacturers improve their FP.
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Link 7: Manufacturing practices are traditionally and directly linked with FP and
manufacturing systems. There are studies in the literature that attempt to link the effect of
certain manufacturing practices on EP (section 3.4.5). Further empirical investigation is
required to indicate whether or how this route can help manufacturers improve their EP and
FP or alternatively their eco-efficiency. The lack of knowledge here has been previously
flagged by Despeisse et al., when reflecting on the use of appropriate methods that enhance

sustainable manufacturing (Despeisse, 2013).

Links 3,6,7 in red dotted lines in Figure 3.4 indicate possible routes to influence eco-
efficiency or alternatively link environmental and economic performance. These specific
links are weakly documented in the literature and highlight the research opportunity in this

study.

3.9 Chapter summary

This chapter presented the research plan that guides this inquiry on eco-efficiency. It is based
on Design Research Methodology (Blessing and Chakrabarti, 2009a). The study overall
consists of four main stages: a research clarification stage (chapters 1-3), two descriptive
studies (chapters 4-6, 8-10) and one prescriptive study in chapter 7. Validity considerations
have also been presented. Validation of the workings from following chapters is discussed in
chapters 9 and 10. This chapter can be considered as parallel to chapter 3, where the
researcher intends to clarify the objectives of this study and the current knowledge gaps. The
researcher acknowledges the influence of the chosen research design on the outcome of the
literature review in chapter 3 and the research clarification phase. The following chapter
initiates the first descriptive study of this work (chapters 4, 5, 6) and responds to the first
research objective. The researcher initiates engagement with practitioners in various real-life

settings and informs the inquiry with empirical data collection and analysis.
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4 INTERVIEWS AND
THEORETICAL FRAMEWORK

4.1 Introduction to the chapter

Chapters 4, 5 and 6 are components of the Descriptive Study 1 (DS1). In the first part of this
chapter, data are collected through interviews with practitioners that are directly involved in
projects for energy and resource efficiency in manufacturing systems. The researcher seeks to
learn more about the challenges they face and how these are overcome. The interviews
introduce a range of perspectives on eco-efficiency. The researcher explores what the

challenges and contextual conditions are in each case.

In the second part of this chapter data are analysed. The researcher aims to understand the
influencing factors for eco-efficiency improvements. The analysis is linked to theories that

may further support the objectives of this inquiry.
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PART A. EMPIRICAL DATA ACQUISITION

4.2 Audience, access and data collection process

The selected companies are manufacturers or manufacturing service providers that have
publicly expressed their interest or work in eco-efficiency. Their relationship with eco-
efficiency was indicated either by being affiliated with an organization that promotes
environmental management or being known for their own sustainability initiatives (for
example environmental awards). More specific selection criteria were not defined at this
phase. However, limitations such as geographic location of manufacturing sites did exist as
most companies contacted had their headquarters in the United Kingdom (UK). Another
limitation is the control that the researcher had over the type of manufacturing activity or type
of product i.e. continuous, mass production versus discrete and modular production.
Companies that cannot be considered as manufacturers but instead provide an environmental-
oriented solution/service (i.e. energy auditors) to manufacturers were also invited. The latter
offered their opinions about manufacturing systems and eco-efficiency, based on their

experience through consultancy services.

The companies presented in this chapter are all anonymized to maintain the requested level of
confidentiality across all participants. These are described in Table 4-1. At this phase, an
interview guide was developed to help the researcher have semi-structured interviews. The
interview guide can be found in Appendix A. It consists of open questions regarding EP
variation. EP variation, as described in Table 1-1, can take various forms and was used as a
way of describing the research challenge and gaining access for interviews. It was found to be
easier to describe EP variation than trying to define eco-efficiency. The interview guide was
sent out approximately a week before the interviews. The researcher allowed time for
interviewees to consider material issues of EP variation in their factory that they would like
to discuss. Table 4-1 describes the 9 companies that took part in this phase of the study. Each

case is briefly presented to provide some contextual information to the reader.
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Table 4-1 Participating companies and sectors. the table demonstrates the range of

companies that were contacted for the descriptive study and the data collected in each

case.
Intervi
Type of exteer‘;e;vzzein LTI G
Company Industry yp . P . interview Artefacts
manufacturing eco-efficiency g
. (minutes)
projects
1.Car 1 Automotive Discrete No 60 notes
2. Construction Construction  Discrete and service  Yes 60 transcript
company projects provider.
3. Energy Energy Service provider Yes 30 emails,
management efficiency reports,
consultancy auditing factory
audit
4. Pumps Pump Discrete & service No 90 transcript
manufacturer manufacturin  provider
g and solution
provider
5. Car2 Automotive Discrete Yes 120 notes
6. Civil aircraft Aerospace Discrete Yes 60 notes
manufacturer
7. Grain mill Food Process No 60 notes
(commodity)
8. Waste Working with ~ Service provider Yes - Emails-
management companies, project
organization individuals report
and local
authorities
9. Industrial Industrial Service provider No 60 Emails and
Community Community access to
community
forum

4.2.1 Car manufacturer 1 (Carl)

The company is a UK multinational automotive company headquartered in the United

Kingdom, and is a subsidiary of an Indian group. The interviewee was one of the production

managers who is set responsible for driving and implementing the environmental strategy in

the factory where he is positioned. The interview focus was more on measurable targets and

specific measures that the company implements. They have been certified with ISO14001

since 1998 and their targets with a 2007 baseline are:

e 25% CO, reduction in operations by 2015
e 25% reduction in joint fleet average carbon dioxide (CO,) by 2015
e 25% reduction in waste to landfill by 2015

e 10% reduction in water consumption by 2015
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The practices for sustainable manufacturing that he would like to implement are:

e Plasterboard technology for use in regulating indoor temperatures
e Rainwater harvesting

e Solar thermal heating

e High efficiency lighting

e Spray foam insulation

e Wind powered engine plant

The factory he runs has delivered 50 projects in 5 years which have saved over Sm tonnes of

CO2. Their aim is to save 9 million tonnes of CO2 by 2014. Projects include:

e Variable speed drives onto motors — in particular with air compressors.
e (Qas heaters installation, as external boiler houses are being phased out.
e Combined heat and power is used in some locations.

e Solar panels in roofs

The interviewee considers automakers Toyota and BMW to be pioneers in eco-efficiency and
environmental benchmarking at least in the automotive sector. One of his challenges is to
share best practice across their sites and he was concerned with the production benchmarking
process on cost, quality, safety, morale and environment as in: “having accurate and

meaningful indicators” .

4.2.2 Construction company

This family owned company operates in the construction sector primarily in the UK and
employees approximately 1000 people. It consists of four divisions: buildings, highways,
plant and construction equipment and consulting services for the sector. The company had
won several awards for its environmental improvement efforts and quickly accepted the
invitation to participate to this study. The interviewee was the environmental, health and
safety manager who had been working there for 8 years at the time of the interview. The
company is developing its construction sites in every contracted project in various locations
in the UK with an average of 100 people each. A certain level of standardization is required
each time and a way to control operations is also necessary as each project is unique. Best
environmental practice is one of the areas they want to improve and this also affects the

corporate headquarters (offices and buildings).
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The 2008 financial crisis made the company realise that cost savings can be made when
improving energy and resource efficiency. The drive to be more efficient was supported from
the owner of the business who represents the environmental function at board level. Practices
such as “environmental champions”, quick-wins and rewards were additionally implemented
at headquarters, to influence behaviours towards environmental improvements. Top-
management ran a survey to learn what their employees could propose to save energy and
resource. Three environmental improvement objectives, coming from employees, were

included amongst the 15 corporate future objectives overall.

4.2.3 Energy management consultancy

The researcher had the opportunity to learn about energy efficiency from a company that
provides energy auditing, monitoring and consulting services in manufacturing. Through a
government funded scheme this service provider was performing a series of energy
monitoring and mapping audits in scheme participating companies. The researcher was
invited to observe their work in a textiles factory operating in the UK for the past 250 years.
The company was fully funded from government to undergo the energy audit and there is

some doubt to whether this would have happened without any external financial support.

Energy meters were installed for monitoring energy usage on production equipment and the
results were translated in cost saving opportunities. The output and recommendations of this
work were also presented in cost savings to top-management. This cost-driven presentation
was designed to enhance the engagement with managers more effectively and gain their
attention for improvements due. The initial results from the audit were shared with the
researcher. The latter was also invited at the presentation of the results to the factory
directors. During the presentation of results (for example showing machines performing the
same task at different energy requirements) managers and directors found it very difficult to

explain some of the results and finally decided to carry out all the improvements specified.

The energy auditor himself was also interested in academic research on eco-efficiency as he
felt that theoretical research work would help him identify and carry out improvements better.
He was also interested in growing his business in the energy efficiency consulting area. He

felt that it would be helpful to learn about it from the academic community.
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4.2.4 Pumps manufacturer

The company supplies pumping systems in various industries and further offers aftersales
service. As pumps are widely used in industry today, pump efficiency is important because of
the scale of such application and the misuse that occurs in pumping systems (Kaya et al.,
2008). This case study was a valuable addition to this research phase, as the interviewee (the
business manager for energy systems) had gained a wealth of experience in this sector from
visiting factories. As in the case of the energy auditor previously, the interviewees were
people that had observed energy and resource misuse in industry and repeatedly mentioned
non-technical barriers to energy efficiency aligned to the ABB report of 2010 (ABB Energy
Efficiency Solution, 2010).

The company had set a strategy to provide, integrated pumping solutions having examined
the customer requirements and market trends. In the manager’s view this was the best way
forward for them. However, not a lot of information was revealed about the company’s
environmental performance at a manufacturing level. Instead the manager was happy to
discuss about his observations in the field for the past 25 years. For example, the case of a
factory technician that would not let his superiors know about a quick fix that he made in a
pump, out of fear of losing his job. This quick fix was found to be costing thousands of

pounds per year to the company.

Pumping systems belong to a range of ancillary equipment that can be found across many
industrial sectors, along with motors and air compressors (ABB Energy Efficiency Solution,
2010). It can be debated whether some industries have managed to make more efficient use of
this equipment. According to the business manager in this case study hotels probably excel in

'3

this dimension of pump use: “...hotels will probably be way ahead of other people because
they are incredibly price conscious...they will be innovators of this [use of pumping

systems]” .

4.2.5 Car manufacturer 2 (Car2)

The company is a leading global automotive manufacturer and a lean management pioneer.
They are actively pursuing environmental and social sustainability improvements and other
companies find their methods inspirational or exemplar. The interviews were held with the
environmental and social responsibility manager for Europe and one of their factory
managers in the UK. The company has been continuously improving on various

environmental indicators for the past 20 years and they feel that the environmental proactive

61



thinking already lies within the way their practitioners work. Being able to quantitatively
assess improvements on energy and resource efficiency is a challenge and naturally escalates
when one has to measure efficiencies across multiple production sites (9 sites in the European
branch). However, according to the factory manager, they do acknowledge that sometimes

measurement may not be the key ingredient in efficiency efforts:

“I believe that companies are looking at theoretical frameworks as a means to achieve certain
quantifiable targets or goals. It's difficult to assess the effectiveness of a system without a
measurement baseline and tracking systems. On the other hand, I also agree that some
quantitative indicators could be misleading or even influenced by external factors of

production systems, which do not reflect the improvements of the system in place.”

As there was access to people involved in corporate sustainability in key positions the
researcher was able to extend this particular case study in the Prescriptive Study (PS) in

chapter 6.

4.2.6 Civil aircraft manufacturer

This aircraft manufacturer operates eleven production facilities across four European
countries and has developed and sustains an environmental sustainability strategy since 2006.
The interviewee was an energy efficiency specialist in one of their UK sites. Several eco-
efficiency projects had been initiated across all sites. There was strong effort to monetise the
allocation of human and material resource per improvement project and per employee.
Managers had to make sure that this resource allocation was matching the expected
improvements and savings. Processes were in place to support these projects and meet

savings expected.

A lot of effort was also being placed in supporting good communications and information
flows between manufacturing sites and keep people connected (newsletters, collaborative
electronic platforms, television channel). Industrial internal networks had been created for
various functions of the business i.e. technology management, innovation or even gender
equality). Similarly, to the previous case, this case was taken forward to the prescriptive

study to learn more about eco-efficiency across such manufacturing networks.
4.2.7 Grain milling company
The company operates in the commodity sector (wheat products) and owns twelve sites in the

UK. It had recently been acquired by a large UK food manufacturing group. The researcher
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met with two managers in one of their sites who were interested in learning more about the
research on eco-efficiency. This is a process type of industry that depends heavily on
equipment that few suppliers can provide. The interviewees demonstrated good technical
knowledge on product-making and were well-aware of the energy consumption at process
level caused by raw materials quality variation, seasonality of demand and overstocking.
However, the energy and resource efficiency strategy they were trying to implement was not
meeting its targets as fast as they had scheduled, with the exemption of the zero-waste-to-

landfill project they achieved in 2010.

As the company runs multiple sites in the UK, that make similar products with similar
processes, there is a level of differentiation between sites that have different customers. For
example, the sites that make product in large quantities (bulk packaging) have better energy
utilization per kilo of product. The company is aware of this difference in energy use but it
was not clear during the interviews whether this was an issue they were trying to resolve.
Overall, there was little evidence of an improvement strategy behind their improvement

initiatives (mostly on energy efficiency).

4.2.8 Waste management organization

This is a government led organization that is tasked to drive energy and resource efficiency
across a range of industries and connects industrialists with policy makers and academic
communities. A meeting with one of their representatives and emails exchange with another
senior member of the organization were established through the Centre for Industrial
Sustainability at Cambridge University. The organization is concerned with funding new
research projects that have easy industry adoption and develop further guidance for
practitioners. It operates as a charity organization and is accountable to its stakeholders,
(primarily government) for the funding they provide to businesses. Funded projects are

assessed and great effort is made to maintain records and track results against targets.

The case study here reports the learnings from one of their sub-programs that ran in the UK
between 1994 and 2009. The program was funded by government and claimed to have saved
2 billion pounds through energy and resource efficiency savings in companies nationwide.
During the program, approximately 250 improvement guides were published with a focus on
energy and resource efficiency in factories. In addition, tools were developed to share this
type of information. The aim was to interact faster with the target audience (industrial

practitioners). In terms of efficiency and value for money this represents a saving of £38 for
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the business for every £1 invested by government. Since 2007 approximately 20% of the total

target market used the programme’s services.
The official program aims were:

e to convince businesses about the benefits of resource efficiency;

e to provide businesses with accurate, credible and action orientated advice;

e to provide better integrated advice and support to business through partnerships

e to ensure outcome targets are being achieved through impact assessment;

e to ensure credibility as a recognised and valued provider of practical, independent and
confidential advice; and

e to increasingly embed resource efficiency into everyday business practises.

The program was trying to achieve these aims through work on various organizational
levels namely:

e  Process or product improvement (mainly)

e  Product or service redesign

e Technology change

e Systems design

4.2.9 Industrial community

This organization runs and supports a collaboration platform for manufacturers and
businesses with over 49,000 members from 178 countries and promotes energy and resource
efficient economic systems. They run large-scale programs and provide member services that
enable thousands of people to solve problems, share best practice and collaborate to procure
solutions. As a result, they claim that their members and clients are able to accelerate their
sustainable business strategies to innovate and cut costs, risks and impacts, whilst at the same
time drive shareholder value up. The primary contact for this forum was one of the project
managers with key portfolio, at the time of the study, to drive and improve the sustainability

of a large retailer’s supply chain in the UK.

The data from one of their workshops related to eco-efficiency are used in this study to
understand the organizational and business challenges for eco-efficiency improvements. The
results from the workshop suggest that one has to consider improvements in 3 organizational

levels, namely: shop-floor, middle management and senior/board directorship.
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4.2.10 Cases summary

The cases presented in the first part of this chapter showcase the way that eco-efficiency is

approached in various industrial settings by companies and professionals. The data from

interviews and material collected are analysed in the second part of this study (see summary

in Table 4-2). The aim of this analysis is to better understand the support requirements that

can facilitate eco-efficiency improvements in manufacturing.

Table 4-2 Summary of approaches and challenges regarding eco-efficiency from the

case studies in Table 4-1.

Company Eco-efficiency improvement approach Challenges relevant to this study
. . e Sharing best practice and trackin
Environmental benchmarking across and within £ pre ng
Carl . . results across sites (follow up in
manufacturing sites. .
prescriptive study)
. Capturing information across projects and engagement .
Construction ap g . proy sag Scaling improvements across
with people. Rewarding contributions and top- . .
company . construction projects
management commitment.
. . . . Guiding companies into better,

Energy Installing metering equipment and producing ine P

- . . . sustainable energy management

solutions improvement scenarios. Process level improvements but . o7

. o . . rather than delivering one-off

provider missing a robust and standardized improvement method. . .

energy efficiency improvements.
Being aware of the issues in oversized and abused .
. . . . Very hard to educate people into

Pumps equipment in factories the company changed their . . . ..

. . . . using their equipment efficiently

manufacturer business model to provide support for practitioners to find . L

. . and design efficient systems.
the right pump for their needs.
Standardization and benchmarking across manufacturin . .

Car2 sites g & (follow up in prescriptive study)
The scale of operations (11
manufacturing sites) makes

Civil Engaging people in energy efficiency and sharing best improvements difficult to track

aircrafts practice. and scale-up. This is however true
for more traditional
manufacturing

s . Not a clear indication of a long-
They’ve set energy and resource reduction targets and an . . g
L . . . term strategy behind their targets.
Grain mill improvement strategy. However, this process was lacking ..
Not clear sense of direction,
support from top-management and was rather slow. .
reasoning or urgency.
Funding valuable projects and tracking savings. The .
Lo . . . Developing large scale programs
organization is developing long term planning solutions S . .
Government . . . . with high-potential. It is an
for a range of industrial sectors and is currently adopting a Lo
led body . . organization that seems to be
circular economy type of approach for the environment . .
adapting to business trends.
and natural resources.
The community manager is building a best-practice . .
. Y £ . g P . In the context of improving the
sharing platform for eco-efficiency for one of the retail .
. . . environmental performance of the

Industrial market leaders in the UK. They are currently collecting o .

. . R : . retailer’s supply chain overall, a
community best practices from the retailer’s supply chain factories

and try to promote these to other factories through this
online collaboration platform.

lack of a coherent improvement
strategy was observed.
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PART B. DATA ANALYSIS AND CONNECTION TO THEORY

4.3 Data analysis

Interview data were recorded with permission by the practitioners and transcribed. If
recording was not an option, hand-written notes were kept during the sessions. In some cases,
data were collected by email exchange (see Table 4-1). The diversity of the audience and
industries involved were such that only a thematic sorting was seen as possible at this stage.
The data analysis process was inductive (Thomas, 2006). This type of analysis can provide
simple and systematic procedures to analyse qualitative data (Siyam, 2014). The process the

researcher followed consists of three steps:

1. The researcher read all data carefully and repetitively until he memorised what each
interviewee described in good detail.

2. All transcribed data were compiled in one table in excel.

3. Broad themes were developed within that table and each bit of interview information
was then sorted accordingly. The researcher made notes in a separate column that
helped him control the overall process and critically question/interpret the interview
data.

4. The categories and comments helped the researcher explore non-interview data (i.e.

corporate document and reports) and populate the information database.

All transcripts were read multiple times so that the researcher would familiarize with the

content and evidence collected. The data was divided in 3 themes in an excel sheet namely:

e “Practice description”, where the interviewee describes a method or a tool or a routine
(as per the definition of a manufacturing practice by Walls et al., (2012). See section
43.1.

e “Indication of strategy/purpose”, where the interviewee mentions the reason why a
particular practice exists or the purpose it serves. See section 4.3.2.

e “Indication of organizational capability/resource”, where the interviewee describes
how a practice is supported by the organization (i.e. technologically, culturally). See

section 4.3.

The analysis table contains 257 rows, 3 columns and overall 13206 words in 771 cells.
Example of the analysis table is given in Figure 4.1. Non-interview data, such as reports,

emails and corporate documents were analysed and used to shape the analysis output. The
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following three sections focus on each one of the themes that have been identified as a

common pattern in the cases.

Figure 4.1 Interview data analysis in three themes.

. L. Indication of strategy Indication of organizational
Practice description .
or purpose capability/resource
Evidence, comment, underlying practice Evidence, comment Evidence, comment

delays are being analyzed continuously to try
and form this continuous improvement
he is looking at all of our accreditations and all ~ Sharing best practice from a model factory
of our quality improvements that they are
applicable too

as a measure of this investment we now have a
continuous improvement manager so a young lad,
graduate that's focusing on that...but his role is
also global

Metering equipment is necessary as well as
Monitoring and targeting g equip "y

(a basic cost-based manufacturing strategy trained people to install this, otherwise
should have this, outsourcing this process (like with Ecopare).
We recommend that this is a compulsory step ) 9 P ( Eai=l
hat don’t t
as wha y of‘ on't measure y o.u canno Accountability for controlling energy (Brewer's guide:) "The fundamental principle of
manage. It isn’t an 18 month project anymore , X ) 0 .
i ) consumption should rest with the people MA&T is that energy and other utilities are direct
but more than likely an 18 day project — we i , i R
, . i P who use it, namely the brewery’s costs that should be monitored and controlled in
can install into most operations within a day. . ,
departmental managers. The plant the same way as other direct production-related

controller should also be involved since this costs such as labour and malt. As such, actual

This is al thing that needs to b . . . .
s 15 al0 something that neeas to be is the person who will want to know how ' energy use should be included in the management

ingrained into the culture (which does typically

these controllable costs are managed. accounts in the same way as labour or malt is
take 18 months to succeed). N "
included.
initially looked at carbon a couple of years ago
in terms of measuring it...we found there were
lots of different ways of measuring
carbon...cradle to gate...cradle to grave...and
it was that...what do we do...where do we go Systems to monitor/measure carbon or other
with this...who is asking for this information env.perf.indicators

) this is guided by the client (business case is
with some plans now we use the e-carbon

. . granted)
calculator...yet not every customer is asking
for that and being honest we don't do it to so we do use the e-carbon calculator to measure
every project..but we do have one client that that

wants to measure that from the start of the
project to the end and throughout the
installation we've put in..

4.3.1 The role of practices in eco-efficiency improvements

The first theme describes what can be categorised as practices in manufacturing following the
definition adopted by Canato et al., 2013 (see section 3.4.5). The differentiation implies that
environmental practices are a subset of manufacturing practices. The definition by Walls et

al. further highlights the social side of practices (section 3.4.5).

From chapter 3, Figure 3.4, it was concluded that eco-efficiency can be influenced by generic
manufacturing practices as well as environmental-oriented practices. Both types of practices
can influence environmental and economic performance. Potentially, certain practices may

have a stronger influence on eco-efficiency than others or may be more preferable in some
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companies than others. This potential may then be characterised by a degree of maturity that
each practice requires. The degree of maturity would indicate how easy or hard it can be for
some companies to implement the practice at full potential. Practice maturity here refers to
the sophistication of the routines, tools and concepts that are used to accomplish a certain

task (using the definition above by Canato et al., 2013).

4.3.2 Strategic intent

Scope and alignment of performance improvements to manufacturing and business strategy
has been a key driver in many change initiatives and it is perhaps not a coincidence that it has
appeared in this study (Ahuja and Hart, 1996; Aragén-Correa and Sharma, 2003; Paiva et al.,
2008; Perego and Hartmann, 2009). The interviewees in most cases would refer, directly or
not, to the link between EP and their manufacturing strategy or purpose. For example, the
strategic differentiation of production i.e. bulk vs specialty products between sites had an
impact on the environmental performance of each site. In bulk production, big batches were
allowed with less changeovers and delays in production, ultimately using less energy per kilo
of product compared to specialty, smaller batch production. The word “strategy” was also
found to be an indication of purpose behind some actions without evidence of organized
actions or evident competence in planning ahead. Like in the example below, purpose behind

actions taken or practice performed was not always clear:

“... at that time we were engaged with NISP and Envirolink and also we got involved with
WRAP because we did the "halving waste to landfill" initiative so was part of that we had a
package to work with a consultancy to improve some of our policies, look at supply chain,
look at how we were vetting waste management companies and developing our systems for
capturing information”. — Environment, Health & Safety manager in construction business
(see section 4.2.2). It is assumed that it is the alignment of manufacturing practices to a key
strategic purpose that may add economic value to a particular environmental improvement

plan.

4.3.3 Organizational resources and capabilities
The third column gathered evidence about the organizational resources and capabilities that
are available or missing from the manufacturing system and thus support or delay eco-

efficiency improvements. The age of certain assets (equipment or buildings), availability of
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experts (i.e. dedicated energy manager) and/or measurement systems are some of the

necessary resources that the company owns or leases to carry out improvements:

“Metering equipment is necessary as well as trained people to install this, otherwise

outsourcing this process”. — Energy consultant (see section 4.2.3)

Certain resources are necessary to support specific practices. These can be tangible or rely on
people’s skills and expertise. However, resources can be also costly and it was found that not
all companies can resource practices at the same degree or achieve equivalent levels of
performance. It is assumed that there are various ways of supporting a practice, depending on

availability of organizational resources and capabilities.

4.3.4 Data analysis summary

Overall, the data analysis indicated three broad factors that influence eco-efficiency:
organizational resources/capabilities, strategic intent/purpose and practice maturity. In order
to better clarify their role, this researcher reviewed relative literature using combinations of
keywords: strategy, competence, capabilities, maturity, practices, manufacturing, eco-
efficiency. The snow-balling technique as described in chapter 3 led to a deeper investigation
of these three factors. In the following paragraphs the researcher explains which theoretical
concepts are aligned with the data analysis and how they link back to the objectives of this

inquiry.

4 .4 The resource-based view theory and eco-efficiency

Reflecting back to the original issue of EP variation and environmental benchmarking
between companies the element of competition surfaced after the interviews. In the late 1980s
a theory emerged to explain why companies with similar physical assets may show variation
in manufacturing performance. This theory focused in internal capabilities and how
companies may leverage their know-how to gain competitive advantages in the market. The
core-competency perspective focused attention on the importance of knowledge creation and
building learning processes that would lead to competitive advantage. (Bartlett and Ghoshal,
2002). The resource-based view (RBV) of the firm emerged and proposes that firms that
build their strategies on assets that are path dependent, socially complex, and intangible, can
outperform firms that build their strategies only on tangible assets (Barney et al., 2011;

Wernerfelt, 1984).
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Specific organizational resources (tangible or intangible assets) and strategy (path
dependency) were mentioned during the interviews. The connection between strategic intend
and organizational resources has been explored in the literature and its importance here needs
to be clarified. The first distinction that needs to be made is between different types of
resources. From a business perspective, resources are the “tangible and intangible assets that
a firm owns or accesses to conceive and implement strategies” (Barney, 2001). Intangibles

have four intriguing features that distinguish them from tangible resources:

1. “Intangibles do not deplete or deteriorate with use. For example, a person’s skills may
improve with use. Hence, intangibles are expected to confer benefits for an undefined
time frame as opposed to tangible resources, which have expected depreciation.
(Gautam Ray et al., 2004)

2. Multiple managers can simultaneously use intangibles. For example, the use of a
brand does not make that brand less available to other managers. (Gautam Ray et al.,
2004)

3. Intangibles are immaterial (inaccessible to the senses). Immateriality makes
intangibles difficult to exchange, as they often cannot be separated from their owner.
Indeed, to acquire an intangible such as a brand, firms must often purchase the
organization. (Gautam Ray et al., 2004)

4. Finally, resources and capabilities within an organization are embedded in the
organization, and the degree to which they are able to add value may depend upon the
presence of complementary assets and supporting routines (Christmann, 2000).
Aragén-Correa and Sharma further notice that “complementary process capabilities
may contribute to cost advantage when a firm implements best practices for

environmental management” (Aragén-Correa and Sharma, 2003).

Competency-based strategies are dependent on people. Scarce knowledge and expertise drive
new-product development, and personal relationships support key clients at the core of
flexible market responsiveness (Bartlett and Ghoshal, 2002). It is important to understand
how social and organizational processes (i.e. internal learning) influence eco-efficiency and
how these have evolved over time within one company (path dependency). Copying practices
that work well in one company may not work equally well in another as these may be
“idiosyncratic and path dependent” (Gautam Ray et al., 2004; Schroeder et al., 2002).
Therefore, the influence of the organizational specific conditions is important to be

acknowledged in this work. Profits may be generated through copying of best practices but
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not value (Gautam Ray et al., 2004). An example of value generation within the RBV theory
can be the increase of intellectual capital and its influence on firm’s performance (Carlucci et

al., 2004; Figge and Hahn, 2004; Pike et al., 2005).

In 1995 Hart suggested that RBV is a theory that is constrained by the limits of the natural
environment where companies operate (Hart, 1995). Barney et al., observe that: “models of
sustainable competitive advantage need to be expanded to include the constraints and
challenges that the natural environment places on firms, and how resources and capabilities
rooted in the firm’s interaction with its natural environment can lead to competitive
advantage (Barney et al., 2011). Hart proposed three applicable strategies that can be
followed within this extended version of the natural-RBV theory (n-RBV), see Figure 4.2:

a) pollution prevention, where companies seek to improve internally and become more
efficient in using energy and resource and producing less waste and pollutants to the
natural environment.

b) Product stewardship, where companies seek to improve the environmental
performance of the product throughout its life-cycle (life-cycle analysis is a practice
that can facilitate this process).

¢) Sustainable development, where companies seek to eliminate their environmental

burden as they grow.

The researcher has chosen to align this inquiry with the RBV and specifically its extension n-
RBYV as it offers a clear link to cost-advantages through pollution prevention and follows an
internal view of the manufacturing system. The latter property is important as it sets well-
defined boundaries for the inquiry: the eco-efficiency improvements within the
manufacturing system of a business. As there is particular attention to the influence that
practitioners have in the improvement process as intangible assets, n-RBV is well-aligned to

the researcher’s philosophical stance.

Other relevant theoretical frameworks such as industrial ecology (Frosch, 1992; Jelinski et
al., 1992) or systems thinking (Checkland, 2000; Senge and Sterman, 1992) could be
alternative theoretical options here and there are some methodological overlaps. However,
industrial ecology has a broader perspective of the manufacturing system as it tends to
incorporate more businesses in the improvement efforts. Eco-efficiency synergies between
companies have been studied in the literature but the economical side of the synergies is not

always clear (Despeisse et al., 2012; Golev et al., 2014). One the other hand, systems
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thinking as a concept focuses on problems that are well-bounded and specified (Blessing and
Chakrabarti, 2009a). System’s thinking would be more appropriate methodology for use

within a particular company.

Figure 4.2 Hart demonstrates how strategies with a different focus area of EP
improvement are linked to each other. This inquiry is focusing more on the top-left

corner of this framework where pollution prevention is also seen as a way of

manufacturing
Lower Preempt Future
Costs Competitors Position
. L. Strategies are
Pollution Minimize emissions, path dependent
Prevention effluents and waste

\

Product
Stewardship

Minimize life-cycle
cost of products \v

. Minimize environmental
Sustainable

burden of firm's growth
Development

Strategies are embedded and development
and overlapping

Another reason to align this work to n-RBV is the link that it offers to strategy and purpose.
Environmental strategy can be different to manufacturing strategy (i.e. the capabilities that a
factory has to generate competitive advantages (Schroeder et al., 2002). As one moves from
pollution prevention to sustainable development, in Hart’s framework, environmental
strategy is integrated into manufacturing strategy as it becomes part of the business growth.
This particular observation is explored further in chapter 6. Indeed, Sanchez argues that
because RBV lacks adequate conceptual basis for constructing such chains of causality, “the
core proposition of the RBV is simply theoretically unjustified, and therefore the RBV

provides no actual basis for enacting the core proposition in practice” (Sanchez, 2008).

From a high-level view, it seems logical to consider that the effectiveness of organizational
capabilities and resources can be leveraged if these are aligned to a strategic goal (Trevor and
Varcoe, 2016). Sanchez , has criticized this link however for lack of clarity and there are not
many detailed studies in the literature to show how resources are strategically used to achieve
competitive advantage (Sanchez, 2008). Strategy formulation can be constrained by social
and organizational practices and this could potentially explain the lack of clarity that Sanchez

observes (Vaara and Whittington, 2012). Nevertheless, the researcher did observe the
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connection between practices and alignment (or lack of alignment) in the companies that

were introduced in the first part of this chapter.

4.5 Practices and the concept of maturity within RBV

The RBV theory expresses the idea that companies can obtain competitive advantages
through the development of internal competencies. Barney and Grant in the late 1980s and
early 1990s started developing this theory through the viewing angle of core capabilities and
competence (Barney, 2001; Grant, 1991). The rigidity that this theory implied for the core
strengths in the manufacturing system was addressed by Helfat and Peteraf in 2003 with the
introduction of dynamic capabilities as change enablers in the system (Helfat and Peteraf,
2003). The implication for the RBV was the development of a theoretical branch about
operational and business capabilities and routines and how these may form internal
competitive advantages. This is the link to manufacturing practices according to the earlier
definition of practices by Walls et al. Helfat and Peteraf describe an organization as mature
when capabilities can be maintain and are time-persistent (Helfat and Peteraf, 2003). They
use the metaphor of an athlete that exercises (they would be using the word “exercise” to

imply practices):

“The maturity stage entails capability maintenance. This involves exercising the capability,
which refreshes the organizational memory. If exercised regularly, the capability becomes
more deeply embedded in the memory structure of the organization. Routines may become
more habitual, requiring less and less conscious thought. Over time, the ability of the team to
recall the development path may fade and the capability may become more tacit in nature.
This shift to reliance on 'softer' forms of organizational memory does not imply any change
in the level of capability. Evidence from experience curves shows that under conditions of
continuous production, productivity declines do not set in. Interruptions in production,
however, do lead to organizational forgetting and declines in productivity. By implication,
how well the capability is maintained depends on how often and how consistently the team

exercises the capability” (Helfat and Peteraf, 2003).

A similar way of describing internal capabilities (i.e. through regular exercise) has been
expressed in the work of Ferdows and Thurnheer (2011) using the notion of “factory fitness”.
In a 15-year case study across 42 aluminium plants, Ferdows and Thurnheer propose that a
factory can learn to continuously accumulate capabilities and use those as skills for further

improvement Ferdows and Thurnheer (2011).
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The concept of maturity has also been used in other types of studies to describe the way that a
process evolves in time. It has been applied in risk management for projects (Yeo and Ren,
2009), intra-organizational collaborations (Campos et al., 2013), performance measurement
(Bititci et al., 2005) as well as product eco-design (Pigosso et al., 2013). Definitions of
maturity can be given through a maturity model, where the typical behaviour is exhibited in a
number of levels of 'maturity', for each of several aspects of the area under study (Fraser et
al., 2002). In each aspect and level of the maturity model a description of how maturity is
expressed is given by the researchers. A maturity model can be developed that describes how
organizational maturity and practices influence eco-efficiency. Practices at low-maturity
levels would then show a negative or neutral potential for eco-efficiency, whereas high-
maturity practices would have a positive improvement potential. Advancing on the evolution
path between the two extremes involves a continuous progression regarding the

organization’s capabilities or process performance (Becker et al., 2009).

As this remains a qualitative study, the researcher acknowledges that the potential for
improvement can also be case specific. It is also acknowledged that the use of maturity as a
vehicle to describe manufacturing practices implies that these are seen as a dynamic rather
than static elements of the manufacturing system (Ven and Poole, 2005). This dynamic view
of manufacturing practices is aligned to the RBV theory and dynamic capabilities (Peteraf,

1993; Teece, 2007).

4.6 Organizational maturity and eco-efficiency in practice

Following the assumptions in section 4.3.1, in order to examine the link between eco-
efficiency and practices in manufacturing, the researcher explored the concept of maturity
further. Manufacturing strategy and organizational resources may facilitate the adoption and
maintenance of high maturity levels in practice. This abductive reasoning about practice
maturity was developed through examples from the empirical data analysis as well as
supporting literature. For example, building and maintaining a system like ISO14000 for
environmental management can be useful for companies that align its purpose to their
strategic plans and provide adequate resources for its support. It has been observed that
ISO14001 is a common practice in manufacturing environments. It is used to drive
environmental performance improvements but evidence in the literature suggests that it
doesn’t always deliver what is expected from its adoption (Barla, 2007; Boiral, 2007). This

was found true in cases Carl, Car2 and Aircraft. However, in other cases like Pumps and
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Grains, the practice of maintaining such system standards was perceived to be equally

valuable (Craig and Lemon, 2008):
“ISO14001...that's just a piece of paper... [Pumps]

“After 2006 the company decided as part of its strategy to obtain the ISO14001” [Civil

aircrafts]

This variability in the way companies undertake and perceive manufacturing practices to
improve EP, was further investigated by Walls et al., who showed data both from government
sources such as the Environmental Protections Agency’s Toxic Release Inventory and from
ratings agencies. The data was used to enable longitudinal studies on EP, allowing
researchers to test for causality in the relationship between environmental and financial
performance in a way that was not possible in earlier studies (Walls et al., 2011). “This
research has begun to uncover evidence regarding the antecedents of environmental
capabilities, for example, by demonstrating that firms develop capabilities in response to
stakeholder pressures, which are perceived differently by firms at different levels of eco-
efficiency. (Hart and Dowell, 2011; Walls et al., 2012). The heterogeneity and the link to the
capabilities that Walls et al., offer is well-aligned to RBV theory: “Firm-level heterogeneity
encompasses not only heterogeneity in the existence of resources or beliefs about resources’
value but perhaps more importantly heterogeneity in the ways that firms use their resources.
As such, one could argue that RBV is a theory of interactions rather than a theory of main

effects”. (Ray et al., 2004)

4.7 Theoretical framework for eco-efficiency

Pursuit of eco-efficiency solutions seems to originate from the process level and expand to
other areas of the manufacturing system. Companies at first hand try to reduce their
environmental impacts, which is the environmental footprint of their processes. This is
perhaps why monitoring and tracking of data related to energy and resource efficiency are
important practices. However, transformative manufacturing processes is also an area of core
capabilities and competitive advantage (Grant, 1991). Hart supports that in the early stages of
pollution prevention, there is a great deal of "low hanging fruit", which are fairly easy to reap
and result in good environmental benefits at relatively low cost. As the firm's EP improves,
further improvements become progressively more difficult, often requiring significant

changes in processes or even entirely new production technology (Hart, 1995). Such evidence
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was found in the case of the Car2 company. Having achieved satisfying results from EP

improvement projects the environmental manager mentioned that: “we became hungry... [for

more improvements|”.

In Figure 4.3, the researcher brings together the factors identified in a generic framework for
eco-efficiency. Eco-efficiency may depend directly from these three factors (organizational
resources, strategic purpose and practice maturity) but also from interdependencies between
them. It is assumed that there may be synergies between these themes (dotted lines with
letters A, B, C). The framework summarises the initial indications about the influence of
practices and eco-efficiency. A literature search has been performed for each area in order to

establish the novelty and research opportunity. Table 4-3 summarises this research

opportunity.

Figure 4.3 The researcher graphically summarises how he combined literature and

empirical data analysis into a high-level framework that can be used to navigate this
inquiry further.
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Table 4-3 Describes the interdependencies in Figure 4.2 and provides supporting
literature in each case. The left column provides literature support to the framework
connections. The right column comments on the relevance of existing literature to this
work. Areas B and C are found to have received little attention in the literature. This is
expected to some extend as the topic of sustainable manufacturing practices is relatively
new in organizational and strategy literature. The additional element of practice

maturity further narrows the existing literature.

Supporting references (not an
exhaustive list):

Researcher’s comments and
relevance to this work

Link between “Strategic intent”

and “eco-efficiency”

(Abdelaziz et al., 2011; Abdul
Rashid et al., 2008;
Baumgartner and Ebner, 2010;
Bereketli and Erol Genevois,
n.d.; Grant, 1991; Sharma and
Vredenburg, 1998)

Link between “Organizational
resources/capabilities” and eco-
efficiency

(Cagno and Trianni, 2012b;
Crick et al., 2013; Farris et al.,
2009; Hart, 1995; Russo and
Fouts, 1997; Trianni et al.,
2013)

Link between maturity of
practices and Eco-efficiency
(Baumgartner and Ebner, 2010;
Ngai et al., 2013; Ormazabal
and Sarriegi, 2012)

Researchers propose that there are reactive and
proactive strategies for eco-efficiency improvements.
This interaction was evident in cases: Carl, Car2 and
civil aircraft. These companies actively pursue eco-
efficiency improvements across a range of business
functions and there was a clear sense of strategy or

purpose to support these improvements.

Authors focus on the study of internal competences to
explain efficiency improvements. Technology, capital
investments, cleaner production projects as well as
improvement methods that rely on certain
organizational resources are found in this type of
literature. Essentially, the success of an improvement
process is directly related to the level of resource that

has been assigned to it.

The idea of a maturity for sustainable manufacturing

strategies was conceptualized in 2010 by Baumgartner
and Ebner. Their work connects manufacturing strategy
to sustainability in 5 levels of organizational maturity

(see next chapter). Maturity models can be found in



Interaction area A
(Aragén-Correa et al., 2008;
Brown and Blackmon, 2005;
Elliot, 2011; Grant, 1991; Russo
and Fouts, 1997)

Interaction area B — limited
literature

(Abdul Rashid et al., 2008;
Dangayach and Deshmukh,
2001; Baumgartner and Ebner,
2010)

Interaction area C— limited
literature

(Barney et al., 2011; Fraser et
al., 2002; Hart and Dowell,
2011; A. M. Maier et al., 2012;
Pdunescu and Acatrinei
(Pantea), 2012; Subic et al.,
2012; Witcher et al., 2008)

various contexts in the literature (i.e. risk management,
sustainable products or quality management).
However, there seems to be a gap in the literature in
terms of describing practices through the lens of
maturity.

A typical link between organizational resources and
manufacturing strategy. This strong link between the
two constructs implies a reinforcing effect on eco-
efficiency and it will be explored to some extend in the
following chapters.

As mentioned earlier, the link has been criticized for
lack of clarity and there is little evidence in the
literature to show how resources are strategically used
to achieve competitive advantage (Sanchez, 2008).
This is a relatively novel approach in the literature that
the researcher will explore further in this study. The
researcher assumes that there is a connection between
these constructs which reinforces eco-efficiency
improvements in factories. Potentially, different
strategies would nurture different types of practices or
exclude other options for manufacturers. See chapters 6
and 10.

Another idea that this work brings forward is the link
between practice maturity and the organizational
resources & capabilities. The way that resources are
organized and managed in factories is linked to the
organizational maturity reflected in practices. The
interview with car2 manufacturer highlighted that the
maturity of practices in manufacturing was not the same
across all business units and in return this delayed

improvement projects for the environment.
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4.8 Chapter Summary

The first part of this chapter investigated how practitioners today approach eco-efficiency and
how they may support eco-efficiency improvements. Data from 9 diverse cases were
collected and analysed. Three key influencing factors are identified through an inductive data
analysis. These factors guided an additional literature search in applicable theoretical
frameworks. The result was to consider these factors within the natural resource-based view
of the firm. This internal view of the manufacturing capabilities focuses on competitive

advantages that stem from efficiency gains and pollution prevention strategies.

It was also found that the role of practices in manufacturing is not well documented in the
literature and specifically within the context of eco-efficiency. Moving forward, the focus of
this work is to understand the role of practices in eco-efficiency improvements through the
lens of organizational maturity. Aligned to the first research objective (section 3.5) the
researcher will be using the concept of maturity to assess eco-efficiency potential for

improvements.
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5 MATURITY MODEL DESIGN
AND APPLICATIONS

5.1 Introduction to the chapter

This chapter describes how the researcher embedded the evolving relationship of maturity in
manufacturing practices and eco-efficiency into a maturity model. The chapter is divided in
two parts. The first part describes the design of a maturity model for eco-efficiency. The
researcher reviewed literature on maturity models and describes how the model was

developed and what design principles it adheres to.

In the second part of this chapter, the researcher explores how the maturity model can be
applied in real-life. Application designs are guided from literature evidence and are modified
accordingly. The goal is to better understand what types of real-life applications can support
the inquiry further. The researcher observes how practitioners interact with the maturity
model within each application and consideration is put into the procedural element of the
application. Finally, the researcher offers feedback points on the model's utility from

practitioners.
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PART A. MATURITY MODEL DESIGN

5.2 Introduction to maturity models

Following up from chapter 4, the researcher intends to make the evolving concept of maturity
useful for practitioners to support further research activities. Modelling practices may help
the researcher better understand how improvements for eco-efficiency can be more effective
under varying conditions. Maturity models have been used to simulate how organizational
routines and practices evolve within organization in stages. This staged approach was
originally used by Crosby in the discipline of quality management and extensively applied in
other disciplines such as software assessment processes by the Software Engineering Institute
— Carnegie Mellon University (Crosby, 1979; Humphrey, 1988). Subsequently, maturity
models have been designed to assess the maturity (i.e. competency, capability and level of
sophistication) of various organizational processes, based on set of criteria. Maturity models
"use qualitative assessment or statements but may also be supported by additional descriptive

accounts and also by quantitative measures" (Srai et al., 2013).

Maturity model application has been extensive and can be summarised into three groups
based on the intended use (Becker et al., 2009; A. M. Maier et al., 2012; Roglinger et al.,
2011):

a) Descriptive models: assessment of phenomenon under investigation against certain
criteria (diagnostic tool)

b) Prescriptive models: provide guidance for change i.e. towards higher levels of eco-
efficiency, essentially the improvement mechanisms.

¢) Comparative models: a platform for benchmarking, in this case across different

manufacturing systems (i.e. different factories).

The aim in this work is to start with a descriptive model and further aim to add prescriptive
capabilities in the long-run. Ultimately, the model could be used as a benchmarking standard

for manufacturing practices.
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5.3 Literature review of maturity models

In order to understand more about how maturity models can be used in qualitative research
and how these can interact with practitioners, the researcher sought to review relevant
publications. The main aim of this literature review is to collect information about eco-
efficiency practices in manufacturing and how these can be graded in a maturity ladder (i.e.
in five steps) or find existing maturity models that focus on eco-efficiency, industrial
sustainability or environmental improvement and inform this work. The same technique to
search literature was used as in chapter 3. The keywords in this search were: maturity,
maturity model, eco-efficiency, practice, organizational maturity, maturity stages, CMM,

tool, performance, assessment.

One of the aim in this literature review was to understand more about the use of maturity
models in qualitative research, examples are: (Ngai et al., 2013; Pigosso et al., 2013; Srai et
al., 2013). Therefore, some papers were found to be influential in terms of: content and/or
maturity model design properties and/or intended use. Even though maturity models have
been widely used in research, there are some concerns that need to be acknowledged as well.
Roglinger et al., review maturity model literature and raise 5 points/objections related to the

use of maturity models (Roglinger et al., 2012):

1. they have been characterized as “step-by-step recipes” that oversimplify reality and
lack empirical foundation

2. maturity models tend to neglect the potential existence of multiple equally
advantageous paths

3. maturity models should be configurable because internal and external characteristics
(e.g., the technology at hand, intellectual property, customer base, relationships with
suppliers) may constrain a maturity model’s applicability in its standardized version

4. maturity models should not focus on a sequence of levels toward a predefined “end

state”, but on factors driving evolution and changeter.

Table 5-1 In Table 5.1 the researcher presents and comments on a selection of publications on
eco-efficiency that have influenced the construction of the maturity model in this chapter.
This selection of papers serves the development of the maturity model (presented in Table
5-3). Some of the studies follow the maturity route and some others an approach that reflects

upon the structure of the organizational and operational systems. There are also some papers
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that enhance the theoretical links of this study with the resource-based view and the

theoretical framework described in the previous chapter.

Table 5-1 Selected publications that have informed and/or guided the development of
the maturity model. The researcher describes what the contribution of each publication

has been and discusses on their usefulness where appropriate.

Source  Contribution in this study

(Chrissis  One of the key textbooks on capability maturity models integration (CMMI) for
etal.,
2007;
Curtis et the application of capability maturity models for organizational process
al.)

processes and human resource management. The authors guide practitioners into

improvement. Two types of models are introduced based on the way that
improvement is expected to occur: continuous or staged. The difference between
the two types of representation is in regards to the expected improvement path.
Across a level of improvement dimensions, the user assures that all dimensions
reach a certain level of maturity before pursuing further improvements (staged
representation) or allow the dimensions to vary in maturity (continuous
representation). The important learning from this source is the characterisation of
attitudes that describe each maturity level. Continuous representation process
levels are: 0) Incomplete, 1) Performed, 2) Managed and 3) Defined. In staged
representation process levels are: 1) Initial, 2) Managed, 3) Defined, 4)
Quantitatively managed and 5) Optimising. Users may choose either type of
representation but that choice needs to remain consistent throughout the
application of the model. For this research, it is not obvious why all process
dimensions need to reach the same maturity level before moving on to the next
one. This distinction between different representation options brings a level of
complexity that may not be well-received in real-life applications. Indeed, this is
addressed by Maier et al., (2012) who offer the maturity grid alternative (see
following paragraph). Nevertheless, in regards to maturity models, the lesson for
this work is the behavioural element that characterises each level (i.e. initial or
optimising). This behavioural element exists in each level of maturity models
and helps the researcher group eco-efficiency practices accordingly. Maturity
model users can use that information to understand the content of the maturity

model better.
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(Claver
etal.,
2007)

(A.
Maier et
al., 2012;
Moultrie
etal.,
2016,
2007a)

(Baumga
rtner and
Ebner,
2010)

(Campos
etal.,
2013)

84

The authors describe tangible and intangible resources and capabilities and the
connection between maturity models and RBV. They follow a qualitative
assessment approach. Content for capabilities and practices is adopted from this
work.

This group of authors has common research roots in the Cambridge Engineering
Design Centre. The authors offer a critical review on maturity models and their
use across a range of industries and management processes. In particular, they
offer a distinction between maturity models and maturity grids. Maturity grids
are seen as more flexible tools for carrying out participatory action research (as

pioneered by Platts (1993).

According to Maier et al., grids overcome the rigidity that CMMI literature
presents for process improvement, as practitioners find them easier to understand
and engage with. The paper by Maier et al., (2012) has been used in this inquiry
to guide the researcher through the key requirements of such a tool (maturity grid
for eco-efficiency). Key requirements refer to structure, content and intended use
of maturity grids. The researcher also obtained an overview on research use of
maturity grids and aligned this work with that literature.

Baumgartner and Ebner develop a theoretical maturity grid that describes
different types of sustainable manufacturing strategies. The authors follow a
triple-bottom  line structure (Elkington, 1997b) to describe various
objectives/dimensions of corporate sustainability strategy. They also link their
work with competitive advantage, which is consistent with RBV theory. The key
learnings from this work is the behavioural characterisation of various
sustainability strategies, the theoretical link to RBV theory and finally an idea of
how to use maturity grids in real-life conditions (maturity profiles, see part B,
The authors develop a maturity grid as the core of a toolkit for action research.
Measurement within each maturity level is performed through the views of the
managers involved in this action research who contribute and evaluate to the
model. Their figures 2 to 7 provide insight of how a maturity grid can be a part
of a toolkit for action research and discuss on the methodology of performance
measurement and self-assessment. However, facilitation of the application

process is not very clear in this study.



(Ngai et
al.,2013)

(Ki-
Hoon
and
Cheong,
2011)

(Yeo and
Ren,
2009)

(Subic et
al.,2012)

Ngai et al., describe the behavioural change that a company undergoes on the
road to sustainability. Ngai et al., present a quantitative, maturity grid for energy
and utilities. The maturity grid is used here to enable research with practitioners
in real life situations. The authors develop a maturity grid based on Capability
Maturity Model Integration (CMMI) terminology (Chrissis et al., 2007). The key
learnings from this work is the example itself of using a maturity grid to drive
the research inquiry deeper. The study has inspired the second application in

section 5.4.2.
Carbon footprint measurement framework in supply chain at Hyundai Motor Co.

5 levels of maturity are offered across 3 tiers of the supply chain with emphasis
in measurements and information management. A quantitative perspective on a
carbon footprint framework. This is an example of a maturity grid that spans
across 3 tiers of the supply chain (not just one company but over a manufacturing
system). The authors however do not emphasize how they have developed the

framework or the improvement mechanisms.

Yeo and Ren describe risk management practices in complex product systems
projects, sorted in maturity order. The authors discuss the maturity model they
created based on CMMI, the assumption about robustness, security and
capability areas and the necessary improvement mechanisms to move the system
forward in maturity. The key learning from this study is how authors combine
various knowledge disciplines in a coherent framework to facilitate practitioners

to manage complex projects.

Subic et al., develop a capability assessment tool and perform an environmental
gap analysis across suppliers in the sportswear apparel industry. Their grid
consists of three sub-grids representing energy and resource efficiency,
emissions reductions and management practices. The assessment is based on a 1-
5 scoring scale for each supplier. The key learnings in this study are: the
connection of practices to eco-efficiency and the tool design that binds three
improvement areas together. It can be highlighted here how their maturity grid

reflects the organizational hierarchy.
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(Duflou  Production facility as a complex control system (fig 16, 17, 18, 19). Two areas
etal.,

2012) are described in their maturity model (process and multi-machine). This study

has inspired the researcher to apply the maturity approach in multiple areas of

manufacturing and creating 3 maturity grids within the maturity model.

(Pigosso The authors describe the development and use of an eco-design maturity model.
etal.,

2013) They offer insights about the development of the tool for eco-design. It is an

action research approach with guidance for users. Practices for eco-innovation
are presented in a maturity model and a quantitative benchmark is developed.
This is one of the rare examples in the literature that exhibits how the maturity
model is put into practice for process improvement (in this case the eco-
innovation process in manufacturing). The paper offers insights about the

application of the maturity model and how to process data post application.

(Veleva Discussion on environmental performance in 6 process areas (aspects of
and
Ellenbec
ker,
2001)

sustainable production) and the indicators that represent these:

e  Energy and material use

e  Natural environment (including human health)

e  Economic performance

e  Community development and social justice

e  Workers

e  Products
Insights in the possible process areas for sustainable production. Again little is
known about the mechanisms of improvement to the next maturity level.
(Ormaza The authors offer dimensions for eco-efficiency improvement: 1) Environmental
bal and

Sarriegi,
2012) Green Company. These dimensions are used in the development of the maturity

Compliance, 2) Training, 3) Systematization, 4) Eco-Innovation 5) Leading

grid in this study.

The researcher’s intent is to project the maturity concept on eco-efficiency and describe the
various states of eco-efficiency in maturity levels. In the following section, the researcher
describes the design process followed to develop the maturity model which links the use of

maturity grids with intended use. The design process helps the researcher to retain structure
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in the development process and build internal consistency in this work with a verifiable
process. Validating the description of practices in a specific order is not intended. Some
flexibility within the maturity model is permitted and it is open for users to develop further

and improve.

5.4 PMGE design principles and design assessment

Maier et al., and Roglinger et al, have studied the way that maturity models are designed as
these seem to appear more and more frequently in the literature and possess common
characteristics (A. M. Maier et al., 2012; Roglinger et al., 2011). The guidelines that Maier et
al., provide have been used in this study to build the Practice Maturity Grid for Eco-
efficiency (PMGE), as in Table 5-3. The study by Maier et al., has also been used here as it
offers methodological compatibility with the Design Research Methodology and appears to
have more structural elements in its composition than the one offered from Roglinger et al.
Certain criteria that have been identified from reviewing maturity frameworks by Maier et al.,
were used to guide the design of PMGE ( Maier et al., 2012). These serve as a benchmark for
the design of such tools. The review of the current maturity grid against those criteria is
presented in Table 5-2. Table 5-2 describes the planning and development phases of the
PMGE. Evaluation and maintenance phases are discussed in chapter 9 as part of the overall

evaluation process of this work.

Table 5-2 Maturity grid design tool application according to Maier et al. (left-hand

column shows the design dimensions).

Decision points Comments in relevance to the PMGE design

Phase I - Planning
1. Specify The audience for the PMGE are practitioners who work in manufacturing

audience . . . .
companies and have a certain level of authority to make improvements.

2. Define aims The grid aims at providing practitioners with a starting ground to consider
various improvement areas and dimensions of eco-efficiency. Therefore the
initial aim is to generate awareness about eco-efficiency. A secondary aim
that links this work further with the research question is benchmarking.
Benchmarking includes comparison against an identified best practice

example and making statements about performance of a whole industry
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3. Clarify
scope

4. Define
success criteria

sector in terms of a certain process or capability (Maier et al., 2012).

Scope here refers to the use of the maturity grid within a specific context
(i.e. a specific industry). The researcher remained at a generic level of
scope and as it was intended to make the maturity approach applicable to

various industrial contexts.

The researcher proposes practice maturity can be a proxy to eco-efficiency
in manufacturing. Success in the design of the grid is to enable users to
describe the strengths and weaknesses in a manufacturing system and
propose actionable future improvements. It is recognised that the success of
the grid may be difficult to assess in the timeframe of this thesis. Evidence
about the usability of this work (the degree to which users understand the
language and concepts used) are pursued through the evaluation of its

application in the second part of this chapter.

Phase II — Development

1. Select
process areas
(components
and theoretical
framework)

2. Select
maturity levels
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The dimensions of the grid were selected by literature review and the
empirical data analysis. These were then clustered in 3 groups that reflect
organizational layers in manufacturing systems. The clustering in three
groups reflects the evidence from chapter 4 (see case of industrial
community). It needs to be clarified that the three sub-grids are loosely
connected. This means that these could be used independently from each
other i.e. if someone explores the maturity of practices in manufacturing
processes then only the process-level maturity sub-grid (Table 5-3a) can be

used.

Justification of the choice of the levels and the content is provided in the

last column in Table 5-3 as well as supporting literature presented in ter.

Table 5-1. The overall description of each level vertically follows this
sequence from left “business-as-usual” to right “leading performance”
practices. In each level a certain type of behaviour is expected in terms of

practices (underlying rationale):

e Maturity Level 1: The company supports initiatives on a trial and error

basis — data availability/analysis is limited.



3. Formulate
cell text

4. Define
administration
mechanism

e Maturity Level 2: Some more coordinated improvement efforts appear
and companies over-resource activities to gain results faster
(unsustainable in the long-run). Effort to understand the system better
through data acquisition and analysis capabilities.

e Maturity Level 3: Consistency in performance levels is being achieved
through deeper understanding of the manufacturing system and its
capabilities. Aiming for standardisation, practice of management tools
and techniques.

e Maturity Level 4: Production agility and control are systemic
properties with support from cross-functional teams. The researcher
assumes that there is some alignment to manufacturing strategy and
better utilisation of available resources and capabilities.

e Maturity Level 5: Environmental performance improvements are
aligned to manufacturing strategy. Inclusive strategic planning of EP
improvements. It is assumed that no business decision impacts EP

negatively.

The description of practices within the cells indicates a certain type of
behaviour which is the expression of the underlying rationale of PMGE.
Ultimately, the grid aims to offer support for practitioners and therefore
prescribe how to improve. Potentially, once the underlying rationale is
understood, the improvement steps can be deducted by the users. As a
model (Table 5-3), PMGE is a descriptive model according to Maier et al.,
but the potential application of the grid can be prescriptive for practitioners

( Maier et al., 2012).

Focus on the process of assessment (e.g. Face-to-face interviews,
workshops) or focus on end results (e.g. Survey). PMGE has been designed
to facilitate qualitative research with industrial practitioners. In Part B of
this chapter the researcher will demonstrate the way it can be applied.
Three processes are tested in Part B and the results are evaluated to drive

further research activity.

Phase III (evaluation) consists of two parts: validation and verification of the maturity grid.
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Validation in this context means: correctness of results and evidence of correspondence
between the researcher’s intent and user’s understanding. Verification, in this context,

requires correspondence with specified requirements. Phase III is examined in chapter 9
where the intended use becomes more clear through empirical work (second part of this

chapter and chapter 7).

Phase IV requires maintenance of the maturity grid. The researcher can show how the grid is
updated and cells descriptions are adjusted and/or how the database of results from use is
maintained (if applicable). Finally, how the development process is documented and

communicated (this is audience specific).

Phase I1I and IV will be presented in Chapter 9 as part of the evaluation of this work before

The review on sustainable manufacturing (chapter 3) and maturity models from Table 5-1,
was combined with data from the interviews in chapter 4. The researcher identifies four
elements of manufacturing systems (for example see Bartlett and Ghoshal, 2002; Smith and
Ball, 2012): energy and material flows, production systems (i.e. equipment or information
systems) and people. The organizational structure (see section 4.2.9) is projected on these

elements and this generates 15 dimensions of performance split in 3 groups:

a) Process and operation practices (or Processes) [see cross-references in Table 5-3]

1. Energy consumption

Materials usage/consumption

Water usage/consumption

Process waste/pollution

Human factor impact / workers & operators

ANl

Process equipment procurement/performance
b) Production and management systems (or Facility and systems)

Energy management systems
Resource management systems
Waste management systems
Human resources management
Factory suppliers

SNh L=

¢) Higher management level functions (or top-management and leadership)

Information systems and knowledge management
Company norms and values

Supply chain configuration

Product and process development

=
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These dimensions are combined in a maturity grid that consists of 3 sub-grids (to represent
each group) and follows a 5-step maturity ladder. The cells of the grid provide descriptive
text about practices at each level, also known as a “behaviourally anchored scale”(Maier et
al., 2012). This means that the description in the cells is an indication of what types of
practices one can expect to find in each maturity level in manufacturing systems. The

description is not definitive and can be subject to change by the user of the PMGE.

The three-group structure is in alignment with work from other authors that see the
manufacturing system as a pyramid that consists of multiple organizational sub-structures
(Taticchi et al., 2012). The decomposition between 3 layers intends to simulate the scale of
influence on eco-efficiency (process level practices have limited influence to eco-efficiency
and practices at top-management level have a much higher and escalated influence to eco-
efficiency). The decomposition approach has been followed in other studies in the field of
sustainable manufacturing and eco-efficiency as well (Campos et al., 2013; Subic et al.,

2012).

In Table 5-3, the researcher proposes the practice maturity grid for eco-efficiency (PMGE).
For each of the 15 dimensions in total, the maturity levels are developed based on literature
and interview findings. A column at the right side of the maturity tables has been added with
literature references about each particular row/dimension to link the dimension to literature.
The levels from left to right have not been given a title (as in CMMI literature) but a
numerical sequence has been used from 1 to 5 for distinction. The first maturity level
describes the less mature state and the fifth level the highest maturity state. The description of
practices in the cells has been modified to make the language easier for users to understand
(as in (Moultrie et al., 2007b). The progression of the maturity levels and underlying

conditions are described in Table 5-3.
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Table 5-3 The Practice Maturity Grid for Eco-efficiency (PMGE).

a) Process practices and operations

Maturity Supporting
Levels 2 3 4 > literature
=
'é Maybe some data Energy monitoring is Understanding the energy efficiency Looking for opportunities, savings Energy is a regulated resource  (Hervaet al.,
g available but not happening at some level. of your sector or competitors (main and re-configuring the energy supply =~ within a whole systems 2011;
Z meaningful or (i.e. smart metering, processes or auxiliary systems i.e. for unit/process. Link these numbers design approach. Further Postelnicu et
3 trustworthy. tracking bills)? Identify pumping, boilers). Learning about with cost savings. Possible research research for high energy- al., 2012;
4 inefficient equipment or use  your sector/competition’s energy into the thermodynamics or efficient processes and Zhang et al.,
§ of equipment from leaking performance through networking or chemistry of the process may help equipment is on-going. Ask 2012)
o similar activities. Able to convert

Material usage/consumption

Water usage/

consumption

Material usage
control based on
cost accounting
principles

Maybe not enough
data about water
consumption.
Perhaps not a
valuable resource
(or abundant)?

air-compressors to switch-
off of idle machines
between production cycles.

Understanding real-time
consumptions or materials
mass balances per process.
Identify lags

and bottlenecks in

stocks. GMP's and good
housekeeping practices are
explored.

Monitoring of water
consumptions per process
and costs related. GMP’s
and good housekeeping
practices explored.

inefficiencies to cost per unit of
product.

Understanding how changes in
materials affect efficiencies in
resources. Consider the trade-offs
with quality, cost and time.

Add environmental restrictions in the
production function and suppliers.
Recyclability of materials. Reducing
variation within production with
statistical tools.

Defined water flows and recycling
ratios. Understanding of

current water system

and water source. Qualities and
properties of water used (i.e. distilled
vs reversed osmosis).

identify more sustainable
technologies. Process energy is seen
as any other valuable resource to
make product in a cost-effective way.

Look for saving opportunities in the
process or in other processes with
complementary

properties in materials. Established
KPI system to direct/support
improvements. Link to the waste
stream is important to decide actions
(i.e. if process waste can be
commercialized it could have a
rebound effect on material efficiency
at process level). Learning about
material properties from suppliers and
customers (links to quality control?).

Source water from other processes or
establishments (i.e. rainwater
collection pool). Re-configure the
water system and optimize for cost.
Calculation for water efficiency
available. What water quality is
necessary for our process?

for help from experts.

Improve process to maximize
resource efficiency to a
theoretical minimum. Design
implications that expend to
recyclability opportunities —
whole systems design. Ideally
materials are recycled in a
closed loop system

(research scope).

Recycle water within the
factory following a

closed loop paradigm. Engage
with surrounding community
regarding water efficiency.
Corporate Social
Responsibility activities.

(Martins et al.,
2007)

(Ingaramo et
al., 2009)

92



Process|

Human factor impact

Process equipment

Waste / pollution

/workers and operators

procurement/performance

Landfill, or disposal
Limited information
about waste streams
is available.

Untrained
personnel.

They have limited
control over the
process. Random
selection of
operators for
specialized tasks.

Limited information
on equipment
specifications from
suppliers or
optimum ranges of
operation.

What are the most
valuable assets to
the business?

Partial recycling of process
waste. Identified the
barriers and controls to
improve recycling ratios.
Re-work all that is possible.
GMP's and good
housekeeping practices
explored.

Training in maintenance
and energy/materials
savings. Keeping training
records for all.

Regular maintenance,
record faults and leaks, cost
analysis of these (savings
opportunity). Monitoring
equipment performance.
GMP's and good
housekeeping practices
explored. Mapping of assets
and their limitations

Satisfactory recycling ratios.

Waste segregation. (i.e. use separate
bins under each machine for
discarded and rejected items).
Convert waste into resource for other
processes. Changeover waste is
identified and is one of the problems
to solve.

Training personnel to improve
equipment performance.

Training on efficiency and reporting
back to floor managers with
recommendations for best practice.
Establishing of standardized
procedures and consistency of
practices (make them routines).

Environmental footprint of our
physical assets. i.e. What does
underperformance in a packaging
process mean in terms of energy and
materials to be saved?

Set operating standards that maximize
resource-efficiency that relate to
equipment handling. Overall
equipment efficiency measurements.

Zero waste to landfill is an example.
Zero-cost to the environment or zero-
emission targets are in place and
trying to achieve. Business
opportunities happening. Using waste
emission properties (such as
temperature) back into processes (i.e.
circulate hot flue gas instead of
heated air)

Cross-functional teams of people that
look for opportunities for
improvements. Understanding
people's skills at this level is also
important for higher integration at
other organizational areas.

Explore options to replace greener
equipment or supporting
infrastructure. Cost benefit analysis
and long term planning capabilities
should involve additional corporate
responsibility dimensions and trends
in legislation. Coordinated use of
sensor technology helps regulate
production, maintenance quality etc.

Prevention of unmanageable (Kliopova and
process waste within the Staniskis,
manufacturing perimeter. 2006)
Eliminated process waste.

Conditions to convert to

material for other processes or

added value products are met.

Continuous improvement is

the target for this level.

Continuous improvement (Daily and Su-
efforts from authorized cross chun, 2001)

functional personnel.

Equipment can be leased and
the company that makes best
use is rewarded. In
conjunction with energy and
materials efficiency this level
targets work on continuous
improvement on equipment
efficiency and involves .
automation and controls?

(Saidur et al.,
2009, 2010)
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b) Production and management systems

energy).

“corporate social

identify possible clients for

topic.

Maturity 1 2 3 4 5 Supporting
Levels literature
Non-standardized ISO, EMAS type of system Improved data quality and Eco-efficiency calculations are  Energy efficiency is part of an ~ (Energy
g consumption data implementation (not necessary  level of detail that reveals available and reliable integrated asset management Management
g collection (if any) to have certification). Data are  inefficiencies and variations. (top-management can rely). system. On-going research at Matrix, 1998;
B available and recorded and Actions of energy Energy is a regulated resource.  this level will reveal more on Ngai et al.,
% reviewed for consistency and consumption across all Leading the competition in the  the opportunities available for ~ 2013)
g reliability. Set indicators for processes through standardized  sector. high eco-efficient production
& energy flows manufacturing best practices. Substitution with renewables systems. Energy optimization
g Energy audits across Formal energy management (may reduce risks/add is part of a closed loop system.
i production units. department (or similar flexibility to system
20 authorized organizational boundaries/time frame).
é structure). Saving energy
through improved process
technology.
Cost accounting, product Indicators for material flows Improve data quality and Production set up that Asset (tangible and intangible)  (Fliedner,
- quality. No environmental are set and visible to all. resolution. Data should minimizes environmental management is addressing 2008)
g performance data Deploy charts on the shop indicate root causes of impacts and costs. Quality, materials, equipment, skills
'i for output floor if information systems inefficiencies. Mass balances cost, environment are built in and capabilities. There is
; are not available. in place and updated? qualities of the production on-going research into
() Follow ISO, EMAS guidelines  Implemented lean system. Reconfigurations are production models that
go for compliance. manufacturing principles like taking place through inter- incorporate energy and
s "good housekeeping rules" in Value Stream Mapping, organizational initiatives. resource efficiency principles.
g place. Factory Layout, 5S (sort, flow, Handling complexity through
3 systematic cleaning, system design (i.e. Toyota and
5 standardize, self-discipline) Dell manufacturing systems
% safety, security, aid operators to choose the
~ satisfaction (target), Set-up right parts for assembly).
Time Reduction (based on
changeover improvements)
= Waste disposal aligned to Set indicators for waste flows Coordination with production Treating waste as a valuable Optimization for waste (Gibson,
g legal requirements for that are visible to all and supply-chain. Waste resource for another process management within a 2001; Kurdve
50 z compliance. (managers and staff). management initiatives like (up-cycling or treatment for framework for closed loop etal., 2015;
£ 8 Good understanding of the "lean and green" or green recycling). Asking economies. Cradle-to-cradle Rossiter,
g E» source of waste (materials and  supply chain. Consider procurement and sales to help approaches. On-going research ~ 1995)
z

responsibility” reporting in the
long run.

your waste. Invest in win-win
solutions for treatment and
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Human resources management

Factory suppliers

Inconsistent management
practices. Aiming for cost
reduction. Communication is
not a formal process.

Cost based supplier search
and selection

Personnel trained in
identifying opportunities in
energy/resources savings
and pollution prevention.
Understanding people
management through
repeatable practices.
Organizing social events for
people. Aim for interactions.
Customized information
system to support knowledge
sharing.

Understanding the effect of the
supplies in the EP of the
system. Introduce quality,
environmental and corporate
responsibility criteria for
selection.

Setting up teams that control
environmental performance
(energy team, materials team,
waste management team).
View the production system
through eco-efficiency ratio.
Competency management
through understanding of
competency-based practices.
Encourage social events in
terms of trust development.
Aim for knowledge sharing
platform.

Minimum stocks, rework Lean
management practices. Aim at
a direct pull system from
suppliers

that minimizes paperwork
(indicator of good
collaboration)

secure supply and demand.

Empowerment and initiatives
from personnel on
opportunities for
improvements. Measured and
empowerment practices lead to
capabilities. Social events are
driven by people. Trust and
openness facilitates
improvement. Informal
sessions authorized by top-
management help generate
more ideas for improvement.

Collaborations with local
suppliers that improves times
and product carbon

footprint. Develop
collaborations that improve EP
in the factory with main
suppliers.

Links to continuous
improvement work and change
management capabilities.
Expedient adoption to
environmental and business
challenges. Organizational
models like matrix
organizations are used to
deliver improvements.

Sustainable supply chains
guide the opportunities

within the production system
to optimize for eco-efficiency.
On-going research topic.

(“Beyond the
matrix
organization |
McKinsey &
Company,”
nd.; Luet
al., 2009)

(Geffen and
Rothenberg,
2000)
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c¢) Higher level functions

Maturity 1 2 3 4 5 Supportlng
Levels literature
)
g %D Facility compliance Facility level material/energy Facility effect indicators. Links ~ Supply chain and product life- Sustainability system (Micheli and
% B indicators. Legal compliance  use performance indicators. to cost savings. Understanding  cycle indicators. Linking indicators (subject to research). Manzoni,
g E should be top priority at this Feedback from operations on the material issues in production KPIs with product 2010)
s oy level. environmental impact. production regarding eco- life-cycle analysis. Research
g efficiency calculations and into possible options for
ug targets. further development.
g &
g % Limited awareness of People’s skills and expertise on ~ Manager's commitment to Cross-functional coordination Use of management accounting  (Adams and
i _; employees on eco-efficiency environmental knowledge change and sustainability and communication practices on eco-efficiency Whelan,
g = targets. objectives 2009)
g
5]
@)
g g
%’ = No data on the impact of Standardization protocols such ~ Target setting for suppliers Collaboration with supplier to Closed loop supply chain. On- (Brockhaus et
> ?0 suppliers to the EP. as ISO and EnMS produce data  regarding environmental minimize energy and resource going research and links to al., 2013; Cai
= b= Unexplored firm's impact in and screening capabilities for impacts. Cost/benefit analysis consumptions -research circular economy. and Yang,
% 8 the supply chain (life-cycle suppliers. This will lead to with a long-term view on the initiatives 2008;
approach) improved understanding of operational sustainability. O’Rourke,
critical control points for Tools such as a sustainability- 2014).
suppliers regarding energy, balanced scorecard can be used
emissions, resource to facilitate decision making on
consumptions. eco-efficiency.
2 e
§ g Reduced resource utilization Recyclability of returned Reusability of returned product ~ Recoverability of returned Re-manufacturability of (Sugiyama et
= product. product for further processing returned products as usable al., 2008)
£ E’ product
53
=
3
=
A~

96



Chapter 5

5.5 Model simplifications and assumptions
There are some assumptions that have been made in this model. It is a continuous

representation model according to CMMI literature (seeter.

Table 5-1). Companies can appear to be more mature in some dimensions of performance
than others. Nevertheless, the researcher assumes that companies will strive to become more
mature across all dimensions in pursuit of higher eco-efficiency levels (as proposed in
Baumgartner and Ebner, 2010). The researcher considers that there may by an
interconnection and integration of practices from the process layer to top-management layer
(a similar concept exists in Taticchi et al., (2012). As the maturity grid represents some
aspects of manufacturing systems it is expected that low maturity level practices in one

organizational layer will impact eco-efficiency in other layers.

The overall description of each maturity level (regardless of layers and dimensions of
performance) loosely follows the CMMI sequence of: 1) initial, 2) managed, 3) defined, 4)
quantitatively managed and 5) optimized (see Table 5-3). At this phase of development (prior
to testing), the researcher allows some flexibility as to how each level can or should be

named.

There is also a missing element in PMGE: the improvement mechanism between levels. In
chapter 6 this will be explored with companies that demonstrate a high-level of competence

in the way they deal and energy and resources in manufacturing.

In the second part of this chapter the researcher describes three types of applications that have
been explored in real-life conditions. During the applications, the researcher seeks to assess
how effectively PMGE functions as the interface between theory and real-life. Data about
manufacturing practices and eco-efficiency are also collected (the collection process is also

part of the tool efficiency assessment).
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PART B — APPLICATIONS

The PMGE has been developed to help the researcher answer the research question. It offers
the possibility to assess eco-efficiency through maturity assessment. In the second part of this
chapter, the researcher sought to understand how the PMGE can be applied in real-life
conditions. The focus is more on the procedures of the application rather than successful
intended use. Therefore, the researcher is not participating in solving a real-life problem. The
researcher remains an observer of the interaction of practitioners with the maturity grid
through its applications. Better understanding of the intended use and success factors is

material to the researcher.
Three application options are explored, aligned to the researcher’s philosophical stance:

a. maturity profiling through quick self-assessments (inspired by the work of
Baumgartner and Ebner, (2010) as well as Goodson, 2002; Jgrgensen et al.,
2003; van et al., 1996),

b. as guide for case study research (Ngai et al., 2013), and

c. as an interactive workshop process with practitioners (inspired by the work of

Kerr et al., 2013; Platts, 1993).

Further discussion to the background of its application is presented in each of the following

sections 5.4-5.6.

5.6 Profiles of practice maturity

In the theoretical work by Baumgartner and Ebner, the authors develop archetypes of
sustainability strategies in the form of maturity profiles with support from the resource-based
view theory (Baumgartner and Ebner, 2010). Each maturity profile describes how the
corporation operates or behaves across a range of sustainability dimensions. The maturity
levels being used in their work are: 1) Poor, 2) Sufficient, 3) Satisfying and 4) Sophisticated.
In Figure 5.1 the reader can see what these behavioural profiles look like. Ultimately, the
authors argue that a successful sustainability strategy is aligned to the overall corporate

strategy. (Baumgartner and Ebner, 2010)

The work by Baumgartner and Ebner is not informed empirically. Their maturity grid covers

many areas of environmental and social responsibility and there is little guidance of how this
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concept can be used to drive research. The researcher used the idea of maturity profiles to
facilitate the application of the maturity grid in real-life situations within a narrower
environment (improvements within the manufacturing system compared to the overall
business). The work by Baumgartner and Ebner, as a base for this study and evidence of

compatibility:

e has common theoretical backgrounds (resource-based theory as a source of
competitive advantage) and

e uses a maturity model to describe sustainability strategies qualitatively in phases

e the linear maturity profiles vertically across cells can be a way of quickly describing
the performance across various dimensions that are interlinked. It further links to the

initial discussion about EP variation and benchmarking.

Figure 5.1 Maturity profiles by Baumgartner and Ebner 2010.

SustainabilityAspect Maturity Level 1:

Poor

Maturity Level 2:
Sufficient

Maturity Level 3:
Satisfying

Maturity Level 4:
Sophisticated
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-
-----
-

Collaboration

Knowlegde Management
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Ethicalbehaviour & Human Rights
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No corruption & cartel

Corporate Governance
Motivation & Incentives

Health & Safety

Human capital development

Corporate citizenship

Introverted

ten,

e
.
.
e
-

r——=—==1
Conventional
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visionsary

Transformative
Extroverted

The work in this thesis differentiates from Baumgartner and Ebner as:

e [t is narrower in its field of application (focus in the manufacturing system rather than

the whole business).

e [t aims to develop (in the long run) prescriptive improvement support for practitioners

rather than describing maturity levels for corporate strategists.
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The work by Baumgartner and Ebner remains influential for this study as it is aligned with
the eco-efficiency framework presented in chapter 4 and proposes a qualitative and visual
route to investigate behavioural variations in manufacturing systems. The behavioural
characteristics of a system (expressed in their wording i.e. as “extroverted”) could further
imply a link to practices and the way these shape the system’s sustainability behaviour. The
word “behaviour” may be a more suitable term in this qualitative approach to eco-efficiency

than “performance”.

5.6.1 Self-assessment

As simple self-assessment process was developed, asking practitioners to create their own
maturity profiles as in Figure 5.1, by using a printed version of the PMGE. Van de Wiele et
al., use the self-assessment definition by the European Foundation for Quality Management
(EFQM): “‘a comprehensive and systematic review of an organizations activities and results
referenced against a model of business excellence. It allows the organization to discern
clearly its strengths and areas in which improvements can be made and culminates in
planned improvement actions which can be monitored for progress’’ (van der Wiele et al.,
1996). Moultrie et al., follow the self-assessment work by van der Wiele et al., to assess
design for companies by using a maturity-based assessment tool, similar to PMGE. (Moultrie

et al., 2007¢)

The practice maturity grid for eco-efficiency (PMGE) was used in three applications to assess
the usability of the PMGE self-assessment process. The first application was in a
sustainability academic conference through an interactive poster (Figure 5.2). The second and
third types were practitioners who were briefly introduced to this work through the
conference poster (Figure 5.2). They requested a template via email to use it in their
companies (one in the aerospace sector and the other one in electric equipment manufacturing
sector). The practitioners in the second and third application were active environmental and
sustainability practitioners in senior management roles. The self-assessment process was
facilitated by the researcher only in the first case. The practitioners in the second and third
case received a PMGE template via email with brief instructions for use. The use of PMGE
was allowed with and without facilitation by the researcher in order to understand the
researcher’s influence on the outcomes. Overall the self-assessment was used with 7

practitioners in six companies.
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5.6.1.1 Facilitated process of self-assessment

The maturity grid was displayed in a conference as a poster where people had the opportunity

to draw the profiles of their manufacturing system. A racetrack background was used to

capture the attention of the conference attendees and imply the relationship to competition

and performance (Figure 5.2). In Table 5-4 the maturity profiles of 4 different

practitioners/companies are presented and described in more detail.

Figure 5.2 The interactive poster after use.
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On-going research theme.
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Table 5-4 The maturity profiles for each company that took part in this exercise during

the conference. Three active managers in manufacturing and one university professor

with manufacturing background took part.

L R ED T

Automotive company
External assessment on manufacturing practices in the
automotive sector. The participant (currently in

‘academia) provided her view on the maturity of

manufacturing practices in the automotive factory that
she had formerly worked for. The researcher allowed

ithis assessment to be part of this study as it
‘demonstrates that a third-party assessment is one of the
‘possible applications. In this case the results indicate
JJlow or business-as-usual practice implementation
‘across most of the EP dimensions of the maturity grid.
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d 2 2 4 2 Optics manufacturer

= The production manager of a large manufacturing
facility of optic systems assessed the maturity of
practices they implement across the organization. A
strong signal that top-management is not supporting
implementation of energy and resource -efficiency
= practices, even though his assessment suggests that
middle manager’s competence at facility level is much
= better. Another issue is noticed as more attention is
f f given to equipment performance than other areas of the
= grid.

Building products manufacturer

This is the maturity profile that the production manager
_ from a building products company in the UK produced.

The assessment indicates that there is a clear interest

across all organizational layers to deliver improvements

1 2 3 4 5
T on energy and resource efficiency. The profile indicates
= " practices between maturity level 2 and 5. The
- researcher noticed that the product’s nature allows for

re-manufacturability and this can be considered as the
catalyst for certain types of higher-level practices,
particularly in the area of waste management (achieving
maturity levels of 3 and 4 in the grid).

Metal packaging company

The technology manager of a packaging solutions
manufacturer shows that his company is already
working on energy and resource efficiency and most of
the EP dimensions of the maturity grid include
practices in levels 3 (10 out of 15 areas) and level 4 (3
out of 15). There is an inconsistency of maturity of
practices related to energy consumption at process level
(ML 4) and energy management (ML 2) which calls for
further investigation. The product (metallic) allows for
re-manufacturability (ML 5) and this is reflected at
process waste (ML 4) — internal re-cycling and
collection of returned/re-called products or recycled
products, zero-waste to landfill.

fr

R T R (| W

i

5.6.1.2 Application as self-assessment template — not facilitated by the researcher

The self-assessment was also performed in a global company in the aerospace sector that
makes engines. Their head of environment was attracted by the maturity profiles as seen in
Figure 5.2 and found the profiling idea interesting enough to request to test it internally. With
a brief description of the process requirements via email, the researcher received the feedback

from that assessment as seen in Figure 5.3.

The self-assessment was completed by the head of environment and one of his associates in
the same function. It has to be noted that these two practitioners work closely together in the
same function and are based in the UK headquarters. Even though the maturity profiles do

not vary significantly (1 level plus or minus) it is clear that there is very little overall
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agreement on the maturity levels in each dimension. In some of the dimensions, semi-levels

were used to indicate that there is work in progress towards higher-level practices.

Figure 5.3 The maturity profiles from two environmental managers in a manufacturer
in the aerospace sector, showing their perception of the maturity of their practices

across the factories that they oversee (global business).
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5.6.1.3 Application in the electronics industry — not facilitated by the researcher

A template of the PMGE was requested by the lead environmental executive in an another
global electronics equipment manufacturer. The practitioner had a chance to use the maturity
grid in a different way than expected. It was used to structure her work on environmental
improvement programs. There were no maturity profiles generated but feedback on the utility

of the PMGE was received:

“I have used the maturity grid to help me to shape some ideas as part of the planning for
future Environmental Programs. I hope to build this into our plans for the future as a way of

measuring our progress.”
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This application had a different type of use compared to the previous two applications.
PMGE was used to facilitate planning for environmental programs. This outcome may have
not emerged if the process was facilitated by the researcher. Nevertheless, the self-assessment
process was found to be understandable by practitioners and could be followed without

facilitation. The implications of this observation are discussed further in chapters 7 and 9.

5.7 Semi-structured interview guide

The researcher used the PMGE as an interview guide with a drinks manufacturer in Italy to
assess the practices employed in that factory and try to develop recommendations for
improvement. Two practitioners (the production manager and the maintenance manager)
were introduced to the research agenda and the PMGE was sent via e-mail a few days prior to
the initial meeting. The research plan was to conduct interviews with employees from
different management layers, assess that information, and present the results back to the team
responsible for EP in the factory for further discussion. During the interviews, the
practitioners were asked to describe the manufacturing practices they use to manage
environmental performance. A group of Masters’ level engineering students from the local
Italian university were involved in this process and were present during the interviews as
observers. They were all interested in learning about eco-efficiency particularly at process

level and each student delivered a thesis as requirement for their studies curriculum.

One of the limitations that the authors observed in this application is that the interviewees
were not able to comment on all dimensions of the PMGE. This was either because of lack of
data or because some dimensions were not considered important for that particular facility.
However, since the PMGE covers 15 dimensions of eco-efficiency, indications of the practice
maturity were observed and guided the development of recommendations. In Table 5-5 the

reader can see a selection of the interview output, following the PMGE dimensions.

Table 5-5 Example of data collection output based on PMGE to guide the case study.

Processes

Process water ~ Washing for microbiological cause and allergens. They have made a test to
minimize the washing cycles. They received the supplier’s recommendation about
the washing cycles. It is also an optimized process per product.

There is an understanding of using different qualities of water (distilled, osmosed,
city, dwelled).

Production and management systems
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Energy There is a real-time energy monitoring system (the data are not monitored by
management someone — so it is reactive). They fear that there are a lot of small losses that are
missed (not seen).
Top-management
Supply chain Target is to reduce stocks. Some materials are locally sourced but this is not a
configuration  norm and can be price driven. 65% of the production is exported).
They changed harbour (shipping hub) to feed Russian market from the sea. Again
this was due to price rather than opportunity to reducing the carbon footprint.

The students followed up from the researchers visit and used the maturity grid to guide their
thesis. It remained unclear how the PMGE was useful to them but it was certainly an early

sign of utility and a sign that it was applicable as a technique in a real-life situation.

5.8 Workshop process

The third application for PMGE was a workshop process. Two variations of the process were
executed in two separate occasions. It was already observed from the self-assessment process
that speed is an important factor for the application. The researcher aimed for collection of
data from participants about eco-efficiency, enhance horizontal communication between
peers about eco-efficiency and reduce facilitation as much as possible. The design process of
the workshop followed the seven design criteria that Kerr et al., set in their work on

principles for developing technology management tools (Kerr et al., 2013):

a) Human centric

b) Workshop based
¢) Neutrally facilitated
d) Lightly processed
e) Modularity

f) Scalability

g) Visuals

A mix of practitioners from a range of industries and backgrounds was invited in this process.
They all had a common interest in sustainable manufacturing and eco-efficiency but they
were not necessarily experts in this field. The first case was hosted by an organization that
provides consultation for companies on environmental management and assessment. The

second case was hosted within a conference about energy and resource efficiency.

5.8.1 Workshop version 1
The researcher organized a workshop through a professional industrial network, the Institute

of Environmental Management and Assessment (IEMA). The institute provides consultancy
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services on environmental assessment for companies in the private and public sector. The
organization has an international network of members for whom they offer educational
seminars for continuous professional development in the broader field of environmental

management.

An invitation that outlined the scope and objectives of the workshop was posted on IEMA’s
website and was further circulated to their network of practitioners via e-mail. The workshop
attendees were: 3 practitioners from industry (2 from construction materials and 1 from steel
processing), 2 environmental consultants, 1 senior environmental and quality manager from a
borough council, and 1 senior researcher from a UK university. The attendees and companies
retain their anonymity throughout this work. The attendees covered roles mainly in middle
management. It was assumed that they would be able to provide views about manufacturing
practices that occurred across many organizational areas (process, facility, and top
management). It should be noted that they were already members of the IEMA and therefore

some bias about their perceptions towards environmental performance was expected.

The maturity grid was printed and mounted on the wall (in 3 rectangular, AO size posters one
for each sub-grid) and coloured repositionable notes (post-it notes) were handed out to the
delegates. The post-it notes were color-coded: yellow for current/scheduled practices and
blue for future ones (indicating stretch practices). The workshop contained three main
exercises (one hour per exercise). The first one was about collecting data about past or
current best practices in manufacturing. The second one was about collecting data about
future or stretch practices. The third exercise was about re-arranging the data collected, via
discussions between participants, about the maturity sequence of the practices. The sequence
was described as starting from “business as usual” to “leading performance”. At this point, a
maturity sequence and clusters of practices start to develop for each dimension of the

maturity grid.

The time axis (past, present, future) was used to convey the idea of a maturing organization
that continuously improves its environmental performance. It was intended to help
practitioners consider how their companies evolved through time and how they may use
existing internal capabilities to enhance environmental performance. Based on the theoretical
assumptions of n-RBV, looking at past and present practices, a practitioner is bounded by
choices that occurred in the past and have an impact on EP for the future (path dependency as
in section 4.3.2). At the end of the workshop, the practitioners reviewed the inputs and

clusters by reflecting on the question of “What we need to be good at to improve our eco-
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efficiency?”. The question aimed at collecting further information on the capabilities that are

perceived as important enablers of eco-efficiency improvements.

All data were tagged according to the nature and scope of the practice described (i.e. “review
of waste contractor for recycling facilities” was assigned the tag “Audits”). Data, by default,
were split into future and present practices (colour coding of the post-its made this possible).
The findings from the workshop were consolidated in a pivot table. The structure of the grid
made that possible. The analysis helped the researcher observe some trends in the maturity of

practices:

e Management systems become more and more important in dealing with energy issues
in factories.

* Reporting and collaboration with stakeholders could support energy efficiency more
rather than regulation, policies, and top-management commitment.

e Top-management “commitment” and “team-work” as current distinct practices
converge into a collaborative work as practice. This implies cross-functional
teamwork across various management layers in the factory.

e Current practices of monitoring, reporting, policy incentives, and sourcing of
renewables or clean energy are well supported in present and future. It was further
noticed that as organizational maturity grows in dealing with energy efficiency,
systems rely more on management attributes such as communication and well-
designed procedures rather than KPIs, costing, and measurements (present).

* Sourcing becomes even more important with particular interest in recycled materials
that become a primary source of input.

e Internal recycling is not viewed as a practice that could help improve on eco-
efficiency in the future. It can also be considered as a shadow practice that will
become the business-as-usual scenario in manufacturing (in some cases it already is).

* Collaboration with suppliers and customers to improve resource efficiency followed
by life cycle thinking seems to support sourcing practices in the future.

* Standardization of processes and procedures, audits, and costumer requirements form
the basis of ISO management systems. It could be assumed that these can be

supporting practice to resource efficiency management.

The final workshop step was about capabilities that may enable the transition between

maturity levels. This step aimed at informing this work with ideas about practice enablers for
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maturity progression. In Table 5-6 the workshop participants presented their views about

enabling capabilities. These are answers to the question: “what do we need to be good at to

improve on eco-efficiency”. The question follows the logic of “What should we be doing?”

which is associated with strategic thinking (Normann, 2001).

Table 5-6 For each organizational layer the workshop participants listed a set of

capabilities that they saw as important for moving forwards between maturity levels.

Process level capabilities

Data management, monitoring and analysis

Technical expertise and staff training

Staff understanding of process improvement methods

Knowledge sharing and collaboration

Worker’s proactivity - Enforcement authorities to prevent rather than react
Reporting conformity

Production facility and systems

Include sustainability to business and furthermore to people’s roles

People understanding how their work effects overall business performance
Providing responsibility of ownership

Empower staff to influence performance

Capabilities of a learning organization

Capture and analyse information and performance data

Carry out effective and accurate cost-benefit analysis

Accurately calculate whole-life cost.

Afford and capability of up-scaling environmental awareness

Supply chain performance management skills

Top management

Management commitment - make the business case to address sustainability/
eco-efficiency issues

Confidence in data; reliable analytics

Moving responsibly to all the departments performance/efficiency

Finding ways around payback period; wider factors, new financial models
Capability to make long term decisions (more than 2 years horizon)

Influence stakeholders with real vision

Influence investors to accommodate long term requirements.

Sustainable leadership capabilities

Reconstruct outside the current business model

A summary with the data analysis was sent out to IEMA for further circulation along with a

feedback form about the workshop. This was a standard feedback form that IEMA uses for all

the training workshops they perform:

Feedback from practitioners about the workshop quality (1: very low, 5 very high):
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1. How useful did you find the content of this event?

1. 0%
2. 0%
3. 25%
4. 50%
5. 25%
2. How would you rate the content given by the presenter at this event?
1. 0%
2. 0%
3. 25%
4. 75%
5. 0%

3. How satisfied were you with this event overall?

1. 0%
2. 0%
3. 40%
4. 60%
5. 0%

4. Please add any further comments that you may have (anonymous information)

Participant A: "The approach was a bit confusing to start with but turned out to be a very

good stimulant for useful discussion".

Participant B: "Not sure whether it helped us more or the presenters. I was expecting to
attend this event to gain some practical tips on how to improve eco-efficiency within a
manufacturing environment from the Centre for Innovative Manufacturing - not having to
provide the information myself. (Though this may change when the results of the session are
sent out - hopefully with some recommendations?). It would have been better to have more
attendees from a manufacturing background to give more rounded views - perhaps marketed
to a more specific audience. Some parts of the session were too long, and since the group was
small would have benefitted from more group discussion rather than going round re-ordering
priorities which I assume is to help the researchers, rather than the attendees to come away

with more practical knowledge."

Participant C: "I felt, like a previous workshop I attended, that the event was very much
geared to allow IEMA to collect our ideas for their research, rather than to give new

information to the practitioners. The only factor that would change my opinion is if I am
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subsequently sent a detailed list of all the suggestions made by the group, which I could then

use in my workplace".

Participant D: "Looking forward to receiving info from the information gathered".

5.8.2 Workshop version 2

A second workshop was organized within an annual conference about energy and resource
efficiency. The workshop was attended by 15 conference delegates who covered a range of
roles within manufacturing and the service sector. More specifically, the workshop was
attended by 5 industrial practitioners, 5 consultants and 4 academics. Compared to the first
focus group, this one consisted of people whose work experience was more focused on
sustainability from a business perspective rather than just manufacturing. They were people
that would spend more time working and communicating with practitioners at the business
front of the organization rather than the manufacturing front. In this execution of the
workshop, the researcher printed the maturity grid posters in AO size but gave the template a
circular format instead of a grid (see Figure 5.4). This change was necessary as there was no
option to hang posters on walls for people to wander around. There was no time or space
allowed for repositioning post-it notes on the template like in the previous case. No time for
discussion at the end was available either, so the process had to be adjusted. The researcher
wanted to allow time for practitioners to discuss about practices and maturity levels. In order
to retain consistency with the workshop in case 1, the researcher decided to execute only the
first exercise and request participants to hand-write their contributions on the posters. In order
to allow some mobility of data between maturity levels, arrows were used to demonstrate
alternative opinions about maturity levels. Three tables were used to organize people into
three groups (4-5 people in each group). The posters were laid on top of the tables and the
groups would rotate every 20 minutes. In order to constrain the inputs, questions were written

on the sides of the poster to guide the participants. To summarise, the steps followed:

1. The researcher gave an introduction to the scope and aims of the workshop

2. AO sized posters were printed with the dimensions of the maturity grid in a circular
format instead (see figure 5.4).

3. Instructions were given to rotate the posters every 20 minutes to allow everyone to

write on each dimension
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4. Each group had 20 minutes for people to discuss with each other and write on the

poster on each maturity level the manufacturing practices they thought belonged in

that level.

Figure 54 (a, b) The circular format of the PMGE for manufacturing processes eco-

efficiency
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Compared to the first workshop this one did not achieve as much data input mainly due to
time constraint. Two participants commented that it was a rather short session (90 minutes).
Nevertheless, the workshop provided the opportunity for the researcher to: i) experiment with

a shorter variant and ii) collect some data on manufacturing practices and eco-efficiency. The
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table of processed data can be found in Appendix B. Compared to the first workshop, the

researcher made three observations about eco-efficiency:

1.

Companies should be embracing a more proactive behaviour through their
manufacturing practices in dealing with environmental issues. There is a reactive to
proactive direction which has been incorporated in the thinking behind the PMGE and
it is now again evident in the workshop data.

Measurement and standards are increasingly important capabilities in gaining
efficiencies in energy and resources. However, words that have been used such as
“constant”, “planning”, “define”, “systematically” indicate further capabilities in the
way that manufacturing practices are executed.

Words like culture and behaviour are found within the dataset i.e. “Culture that

doesn't care” or “create culture [to achieve ...]”, “behave as partners”, “changing

behaviour”.

Workshop 2 feedback was received through emails exchange and it was not as structured as

worksh

op 1- mainly to time and resource constraints (Table 5-7).

Table 5-7 Workshop 2 feedback from the second workshop

Participant’s Workshop feedback Researcher’s comments
profession
1.Doctoral "It was a bit challenging for others to A similar comment was
student start putting into the model. Some people received from one of the
investigating eco- came to listen and I think they were not participants in workshop 1.
efficiency in ready to put thoughts. I am not sure how A level of confusion was
supply chain. much did they got back on that session expected due the variability
since we didn't have time to challenge of the audience. Additional
content on site. Overall, they had idea of ~ work on facilitating and
how important is the model for the presenting the content will
Manufacturing field. Many thanks." help the researcher be more
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effective in delivering the
scope of the exercise
quicker. In both cases
though, once the process
starts, people seems to
follow up faster once they
see how it works in
practice".



2.Designer
working on
sustainable
architecture

3. Product
designer

4. Sustainability
advisor/consultant
coming from
electronics
industry

5.Experienced
energy
management
consultant

Chapter 5

"Thanks for a great session!"

"I enjoyed really a lot the workshop
(even it was really short time) and I think
it was valuable for what I would like to
engage with, that is remanufacturing and
in general Circular Design.

The only thing I didn't like it was about
the general topic, I couldn't really focus
about an innovative design strategic
action, instead if I had maybe an object
(for example washing machine) or a
subject (washing machine industrial
system) I could think about something
better. But maybe this is just my problem,
so perhaps you want it to force people
think more “outside of the box.”

"I did find the workshop useful, thank
you. I think that is going to be really
useful to have in mind as companies look
to develop greater circularity in their
processes - realizing that not only within
their organizations but also outside, there
are different views on where the
opportunities are. I'd be interested to
hear as you continue your research on
how companies that are at "business as
usual" but want to be "leading
performance" decide where to focus -
especially if they are relatively immature
in a lot of ways."

"The workshop was interesting and it was
an occasion to meet people and exchange
ideas. To be honest I was not particularly
surprised about the content, because 1
basically work on the same subjects and
therefore I couldn’t find any breaking
news. You might consider working a
little bit further in building the case (why
your approach is making a difference) in
order to be able to introduce the topics
more effectively and with less slides. It
would be great to have a summary of the
things written in the posters, always good

This designer had little
experience in manufacturing
systems and her positive
comments are encouraging
enough to suggest that the
overall process and content
were relevant to her work.

This participant understands
the basic ideas behind the
workshop but evidently
prefers this to be applied in a
specific manufacturing
system so it can be more
concrete and relevant.

This participant had
experience working on
sustainability in
manufacturing supply chains
and offers her thoughts. She
mentions that the workshop
was useful but it is not clear
what exactly that means for
her. A positive comment
nevertheless for the process
and content.

This comment is seen as
very useful for evaluating
the process. The consultant
is already aware of issues
and challenges in sustainable
manufacturing and runs an
energy management
consultancy in Italy. He
finds the content very
familiar which means that
the process is relevant and
applicable. Furthermore, he
admits that it facilitates the

113



Design for eco-efficiency improvements in manufacturin

to see what comes out of such a mixture  occasion of people meeting

of profiles." and discussing on such topic
which was the intended use
of the workshop.

5.Porcelain "Thank you for the workshop, it was This general manager of a

manufacturer really interesting indeed. A bit short Spanish manufacturing

(CEO) though, to fully understand the ideas you = company found the content
propose. If possible, could you please interesting and asked to run

send me the slides you used? It would be  the self-assessment process
interesting for me to apply this method in ~ with his employers to see
my company, to see in what extend are how aligned they were to the
we aligned with the sustainability goals." sustainability goals that the
workshop sets (“leading
performance” column). His
comments link this work
with the idea of alignment
and benchmarking of
manufacturing practices to
sustainability goals.

5.9 Chapter summary

Driven by empirical data analysis and theoretical support, this chapter offers a model that
projects the concept of organizational maturity on manufacturing practices for eco-efficiency
improvement. The researcher described how the practice maturity grid for eco-efficiency was
developed and what design and theoretical principles it adheres to. In order to understand
how such a model can be used in real-life, three types of applications were explored. The
utility that these applications exhibited is reviewed in chapter 7 to serve the prescriptive study
(PS). In addition, this chapter calls for further research action. It remains to be clarified in
more detail how companies can move forward between maturity levels (prescriptive use as
per Roglinger et al., 2011). The following chapter aims to provide such insights and satisfy
the first research objective. The researcher investigates how more mature companies

approach eco-efficiency and what capabilities can be used for that purpose.
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6 CAPABILITIES FOR ECO-
EFFICIENCY IMPROVEMENTS

6.1 Introduction to the chapter

The aim of this chapter is to provide additional support to PMGE, by collecting the views of
expert practitioners in two cases. The practitioners actively work on the area of energy and
resource efficiency in manufacturing. The chapter intends to inform this inquiry on how
companies can mature their internal processes and be more eco-efficient. It also serves as a
transitional chapter to the following synthesis chapter. The researcher comments on the cases

and links this chapter with literature and previous research findings.

In the first part of this chapter, two case studies are introduced from the aircraft and
automotive manufacturing sectors. The companies in these cases have publicly committed to
reduce their energy and material footprint (for production and product level). The chapter
focuses on the observation of certain practices that used in these companies to support energy
efficiency projects. PMGE is also applied in one of the cases to build a level of

trustworthiness into the maturity grid.

The second part of this chapter examines more closely the factors that help these companies
improve on energy and resource efficiency. The observations help the researcher verify some

aspects of the maturity grid and build stronger connections to the RBV theory.
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PART A

6.2 Two case studies

Two companies that actively pursue manufacturing excellence and are concerned with the
impact of their operations on the environment were approached. The first one is a company
that operates in the aerospace sector and the second one in automotive. Table 6-1
demonstrates some of the characteristics that were found to be common in these companies
and how these are important for this work. It is acknowledged that these similarities may
influence this work. The right column in Table 6-1 discusses the potential implications of

these characteristics for this work.

Table 6-1 Observed characteristics that the cases share in this chapter. The right hand
column describes the links with literature and potential bias that the characteristics

bring in this work.

Observed characteristics relevant

to the study Comments and relevance with this work

Discrete manufacturers (vehicles and Both companies issue social corporate responsibility

aircraft) with international suppliers and
customers as well as members of global
parent companies. Formally committed
to their stakeholders about reducing their
environmental impacts.

Both companies employ lean
manufacturing practices.

Both companies operate multiple
manufacturing facilities across various
European countries and there is material
flow between the factories towards final
product assembly.

Both companies support environmental
management systems and are ISO14000
accredited for their manufacturing
practices.

reports for their region and report efficiency numbers
for energy, CO,, and Volatile Organic Compounds
(VOCs). Both support actions on Climate Change and
have dedicated departments for environmental
management at facility level.

It is observed by various authors that an effective lean
environment can be a nurturing ground for EP
improvements or EP benefits (Bandehnezhad et al.,
2012; Baumgartner and Zielowski, 2007;
Hajmohammad et al., 2013; Lunt et al., 2015)

Therefore, the boundaries of their manufacturing
systems expands beyond national borders (different
languages per site) and one factory can be the internal
customer/supplier of another.

ISO14000 has been positively linked to eco-efficiency
as a supporting factor in some cases but there is doubt
in literature about its effectiveness (section 3.4.3)..

Practitioners from middle and senior management were interviewed about their improvement
journey on eco-efficiency (in chapter 3, using open-ended questions of how and why). All

practitioners in these two cases were chosen for their involvement in environmental
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performance management and managing energy and resource efficiency projects. Data
availability and time restrictions allowed the researcher to investigate energy efficiency more
than resource efficiency in these companies and therefore some limitations may apply to the
conclusions of the study here. It was known that both companies are active in waste reduction

and resource efficiency.

Transcribed interviews, emails, official corporate publications (i.e. corporate newsletters and
corporate social responsibility reports) and one focus group (in the case of the aircraft
company) were the main sources of data. The following sections describe two improvement
projects on energy efficiency across several manufacturing facilities. Through the study of
these projects, the researcher was able to reflect on the success factors that enabled the

projects to emerge and disseminate across manufacturing sites.

The inquiry here had a more specific scope than in the cases in chapter 5. The researcher was
leading the discussions and was also searching for clues to understand how these companies
improve on energy efficiency in practice. The maturity framework was applied in the case of
the aircraft company as a self-assessment tool with 5 environmental management
practitioners representing five different manufacturing sites (out of eleven). The results gave
the researcher an indication of the practice maturity in this company (Figure 6.1). Based on
the words of the aircraft energy efficiency group leader, the automotive company was
perceived to be even more mature in their manufacturing practices and environmental

Sstrategy:

“The initiative in the UK plant therefore made extensive reference to the approach as coming
from the automotive company to generate buy in and avoid the perceived fear of

implementing something that will not work™.

Thus it was deducted that the automotive company would be the most mature company
between the two. From a methodological perspective, the researcher tested the assumption
that the aircraft company would be heading towards leading performance on the PMGE
across all dimensions. Indeed, Figure 6.1 indicates a middle to high maturity level
assessment. The representation of linear maturity profiles (as in study by Baugardner and

Ebner, 2010) was exchanged with dots for better readability of the visual output.
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Figure 6.1 The aircraft company maturity profiles from five practitioners in the aircraft
company. The researcher followed the process as described in the second part of

chapter 5 (see self-assessment process in paragraph 5.1).
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In Figure 6.1, the results verify the assumption that the company is active in energy and
resource efficiency and it is an indication of the grid's effectiveness to capture that
information. The figure communicates that the practice maturity in this case ranges from
maturity level 2 to maturity level 4.5 (half levels were allowed as an indication of work in
progress). The dots represent the perceptions of practitioners about the practices that are
being used in their manufacturing sites. They were able to relate to all the dimensions of the

grid and find a cell with a description of a practice that they employ in their site.

6.2.1 The aircraft company

The company operates in the aerospace sector and runs 11 manufacturing sites that employ
approximately 50000 people across four European countries. Most of the sites are responsible
for specific parts of the aircraft i.e. fuselage, wings. These parts once manufactured are sent
to two final assembly sites. Addressing energy efficiency in manufacturing has practically

been a major concern for the company for several years. It was not until 2006 that a corporate
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policy was developed that would formalize efforts towards energy efficiency and set a 20%
reduction in energy by the year 2020 across all manufacturing sites. An environmental
steering committee at board level was set up which also overlooked waste reduction and
resource efficiency. The year 2006 became the baseline year for energy savings and
performance measures. Energy saving projects were initiated then, across multiple
manufacturing sites. These were carried out as project based activities, locally guided by the
heads of each division and function per site. A corporate protocol for developing the business
case for each project is an initial part of the process. It is designed to assign particular
resources and accountabilities to the people in charge of the improvements. Up to 2012,
improvement initiatives had a local focus per site and an awareness-raising character. It was
agreed that in order to replicate local improvements across the plants a process of cross-plant
coordination was necessary. A study on the barriers to energy efficiency in this company

revealed three important barriers which needed to be addressed (Lunt et al., 2014):

e Lack of accountability: The site energy manager is responsible for reducing the site’s
energy consumption but only has authority to act within a facilities domain—that is, by
improving facilities and services, such as buildings and switchgear. He is not
empowered to act within a manufacturing operations perimeter. Therefore, no one is
responsible for reducing energy demand.

e No clear ownership: Many improvements are identified but then delayed due to a lack
of funding to carry out the works. This is because neither facilities nor manufacturing
operations agree whether the improvement is inside their perimeter: typically,
facilities claim that it is a manufacturing process improvement, and operations claim
that any benefit would be realized by facilities. Both are correct, hence neither will
commit resources to achieve the improvement and own the improvement.

e No sense of urgency: A corporate target exists for energy reduction—but the planned

date for achieving this is 2020.

The solution that the environmental steering committee decided to support, was the creation
of an industrial energy efficiency network (IEEN). The company had previously done
something similar when seeking to harmonize its manufacturing processes through process
technology groups (Lunt et al., 2015). This approach consists of each plant nominating a
representative who 1is taking the lead and coordinating activities. It is expected that the
industrial network would contribute to a significant 7% share out of the 20% energy

reduction target for the year 2020 since its establishment as an operation in 2012.
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The network’s operations are further facilitated with corporate resources such as
online tools that help practitioners report and track the progress of current projects,
review past ones and learn about best-available techniques. This practice evolved into
an intranet web-site that is further available to the wider community of practitioners in
the manufacturing perimeter and aims to generate further interest and enhance the
flow of information back to the network. In addition to that, a handbook to guide new
and existing members in engaging effectively with the network and its objective has
been developed for wider distribution. These tools are supported by training
campaigns across the sites.

Most of the network members also act as boundary spanners (Gittell and Weiss, 2004)
in the sense that they have established connections to process technology groups or
they are members of these groups as well. This helps the network establish strong
links with other informal groups within the organization and act as conductor for a
better flow of ideas between these groups and the network. Potentially, network
members have a chance to influence core technology groups towards energy
efficiency at product level.

On average, a 5-10% work-time allocation is approved for all network members to
engage with the network functions. In case a member is not coping in terms of time
management there is the option of sub-contracting the improvement project to an
external subcontractor who is hired for that particular purpose and the subcontractor’s

time allocation to the project can be up to 100%.

“....by having the network we meet and we select together a list of projects that we want to
put forward to access that central pot of money. So we know roughly how much will be
allocated to industrial energy efficiency and so we select projects across all of the sites that
we think will get funded and we put them all together as a group...so rather than having lots
of individual sites making individual requests for funding and being rejected, by going

together as a group and having some kind of strategy as well...”

Figure 6.2 shows the savings achieved by the different plants in the first year of
implementation. Figures have been normalized against the savings target of Plant A. The
energy savings are shown here as evidence of the effectiveness of this solution. Overall, the
practice of networking across a number of manufacturing sites has proven to be effective in
this case. However, limitations need to be acknowledged. The information collected was

limited by the time the researcher had to interview and meet with the members of the
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network. More organizational characteristics were difficult to explore that would demonstrate

how this practice could improve or be sustained in the long-run.

Figure 6.2 Energy savings per site as compared to the improvement targets (Lunt et al.,
2015). The figure demonstrates how the effective this networking practice has been for

the company in its first year of operations.

Site Reference Savings Target Actual Savings Savings cf. target

Plant A 1.000 1.712 171%
Plant B 0.001 0.006 500%
Plant C - - -
Plant D 0.375 0.083 22%
Plant E 0.125 0.122 97%
Plant F 0.208 0.208 100%
Plant G 0.167 0.392 235%
Plant H 0.286 0.224 78%
Plant | 0.108 0.108 100%
Plant ) - - -
Plant K 2917 4.167 143%

6.2.2 The automotive company

The automotive company is a Japanese global manufacturer and a lean management pioneer.
The company actively pursuits environmental and social sustainability improvements and
other companies find their methods inspirational or exemplar (Dyer and Nobeoka, 2002; Lunt
et al., 2015). In the past, the company’s European branch had collaborated with the aircraft
company in the previous case, on research projects on energy and resource efficiency for
manufacturing facilities. The interviews were held with the environmental and social
responsibility general manager for Europe, one of their factory managers in the UK and a
manager from the corporate planning function. The company has been continuously
improving on various environmental indicators and they feel that the environmental
sustainability proactivity thinking already lies within the staff. The company operates 9
factories across the broader European region with some of them making engines and

transmissions that are then shipped to the other car assembly factories.
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In terms of environmental performance improvement, the UK plant for example, between
1993 and 2013, reduced its energy usage per vehicle by over 70%. In the same period it also
reduced water use per vehicle by over 75%, and waste produced per vehicle by nearly 70%
(Hope, 2013). Figure 6.3 demonstrates their improvement journey from 1993-2009 across a

range of environmental indicators (energy, waste, volatile organic compounds and water):

Figure 6.3. A consistent reduction pattern across a range of environmental performance
indicators for the European sites. Evidence about the improvements in plants in non-

European countries was not available. Source: www.therm-project.org.
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Two factories in Europe have been designated by top-management as model factories for
energy (UK) and water efficiency (France). The decision to assign the title of a model factory
to those sites made further business sense (i.e. the cost of energy in the UK is a potent driver
for energy efficiency whereas the French site was much newer technologically). A specific
energy efficiency improvement actioned focused on the plant’s control systems in the paint
booth process. An opportunity to improve was at hand but the financial risk of failure to
achieve the calculated benefits was difficult for the factory’s budget to bare. However, the
environmental general manager for Europe decided to raise the funding centrally for the trial

to occur in one of the paint booths in the UK site:
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"We need to make the step change. This is the amount of money we will pay. We will invest

this money one time in one paint booth only in UK as our model plant".

The fact that the UK site was already assigned as a model factory made the choice for
experimentation even more justifiable. The results were very good and the site managed to
improve the efficiency of the paint booths by 40%. The improvement was then justifiable at
plant level and then cascaded across all the plant’s paint booths, thus achieving better scales
of efficiency. Through standardization and continuous improvement practices, the
achievements became the new energy-efficiency standard in the paint-booth processes. In
addition, the achievement was communicated through formal intra-organizational
environmental networks in the company and this was then replicated in other sites where the

improvement was relevant.

Another scope that the model factory serves is technology management. For example, the
model factory in the UK serves as a testing hub for improvements through conventional
technologies for other sites with similar technology readiness levels. The site in France is the
newest one in Europe and therefore it is portrayed as a model factory for advances in car
manufacturing technologies. The distinction facilitates the decision making process and
makes it easier for other sites to know where to address specific environmental efficiency

issues related to technology improvements.

The idea of the model plant further facilitates the budgeting process for improvement
projects. Even though there is local budget per plant for improvements, there is a budget
range that could be considered too risky for the plant. This means that plants may be in
competition in the eyes of top-management when it comes to asking for centrally governed
funds. Having a pilot to test ideas such as the model factory serves as a way to reduce that

internal pressure for budget allocation.

PART B

6.3 Comparative data analysis

The second part of the chapter seeks to identify capabilities that work to enable energy and
resource efficiency improvements within and across manufacturing sites. The element of
multiple sites was considered as crucial at this point to investigate. It links this work with the

original observation of EP variation across sites and further generates information about
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scaling up improvements faster. Four key capabilities emerged from the data and are

described in the following sections.

6.3.1 The capability to align practice with organizational strengths

The industrial energy efficiency network is not the only network that operates within the
aircraft company. For example, in March 2015 a network to improve gender balance in the
workforce was launched. It was confirmed from the energy network leader that this is a
common practice in the company as it is a way of keeping all sites informed about new
projects and maintain a level of harmonisation in practices. It is a practice that has been
nurtured over the years and is used to promote collaboration and communication internally
and across sites. It was confirmed from the energy network leader that he made a conscious
choice not to create an energy-model-factory (he was aware of the automotive company’s
approach, the model factory). He saw the network as a better cultural fit for that activity

instead of promoting the site he worked at as the energy efficiency model factory.

Advanced networking capabilities were also noticed in the case of the automotive company.
A form of a matrix organization system emerged in 2008 (“Beyond the matrix organization |
McKinsey & Company”). This matrix system reduced the time it took for people who worked

on environmental issues to seek advice or receive feedback from peers in other plants:

“You don't have to wait for the top-management to come back...you can communicate
horizontally to team member level or team leader level...so process operators, process owners
or group leaders and engineers can actually communicate with their peers (in other plants)

without having to go through their top-management all the time.”

The company enables practitioners to communicate horizontally by introducing quarterly
meetings between environmental representatives from each site. These communications
became part of their formal procedures to a level where progress meetings were held with

deliverables.

During the interviews the researcher observed a difference between the two cases, though
both companies demonstrated networking capabilities. The energy network was relying more
on its social character to sustain its functions. There was strong emphasis and pride by its
leader on keeping the network operation as informal as possible for the members and he
strived to maintain a sense of entertainment and informal attitude towards the members (for

example hosting one of their regular meetings within an academic institution). Overall,

124



Chapter 6

networking was a preferred option in the aircraft company that strived to keep its sites across
Europe connected in multiple ways. Networking was a preferred route of enabling cross
functional and international collaborations for projects such as technology improvements,

gender equality and energy efficiency.

On the other hand, the environmental manager in the automotive company describe the
networking functions of their environmental representatives with a sense of formality, time-
keeping of schedules and process standardization. According to him, the framework that

supports their operations consists of four elements:

e Policy, philosophy and vision

e Member awareness, training, motivation and recognition

e Process knowledge, mapping of data

e Strategic action, planning methods, tools, feedback and methods for sharing and

collaboration

The researcher concludes that combining the best of both approaches is necessary in order to
achieve the functionality that was described above in pursuit of energy and resource

efficiency improvements. It is a balance that must be fuelled by its people at all levels:

“...with passion and dedication, who are collaborative, have a willingness to learn...and can
demonstrate open and lateral thinking...whilst singing off the same hymn sheet!” (Hope,

2013).

Compared to the aircraft company, the automotive relies more on their core capabilities of
standardisation and continuous improvement to sustain networking functions internally and
across remote sites. These observations seem to confirm the RBV theoretical proposition that
companies may apply existing capabilities on new areas in the business in order to address
new challenges (Canato et al., 2013; Claver et al., 2007). Companies at high practice
maturity levels, are expected to rely on core competences to address eco-efficiency

challenges. The two case studies here express two possible routes of that process.

6.3.2 The role of lean principles and process harmonization

Both companies employ lean manufacturing principles to make product (Andersson et al.,
2006). This approach was applied in the case of energy efficiency and a method was
developed which was aligned with the waste hierarchy. The automotive company applied

lean thinking to develop a method consistent to their lean principle. This principle evolved in
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the form of six attitudes for energy efficiency: 1) Stop, 2) Eliminate, 3) Repair, 4) Reduce, 5)
Pick-up and 6) Change (Hope, 2011). These attitudes have also been adopted in the aircraft
company and were renamed to: 1) Stop, 2) Remove, 3) Repair, 4) Reduce, 5) Trade and 6)
Change (Lunt and Levers, 2011). The copy from the automotive was not accidental. It was
enabled by a common research project that both companies supported, related to process
modelling for eco-efficiency (Ball et al., 2013). The flow of that process from the automotive
to the aircraft company further indicates the maturity and credentials of the first one in

dealing with environmental concerns (Lunt et al., 2015).

With lean management and process standardization, both companies value the idea of having
environmental performance standards. However, both companies realized how difficult it
would be to benchmark a process or a plant against another. The main reason was that there
was no identical process or plant for benchmarking. Plants may be very similar but not truly
identical. A workaround of this issue was observed in the aircraft company with the use of
the word “harmonization” and the idea of harmonizing instead of standardizing processes and
plants to a way of conduct instead of a standard. The substitution of standardization with
harmonization conveyed the mental image that processes, people and plants would be part of
an orchestra that would have to synchronize to a pace set by the orchestra conductor (Paquin

and Howard-Grenville, 2013).

A similar approach seemed to exist in the automotive company. It was noticed through the
words of the environmental manager for Europe: “.. whilst singing off the same hymn sheet” .
However, the idea of harmonization had not yet surfaced in the case studies here before. It
was observed and brought up for discussion by the researcher. It was proposed that the
concept of harmonization may be a substitute to standardization when it comes energy and
resource efficiency across manufacturing sites. Operationally, it is not clear how this can be
achieved or described in practice. What can be proposed, is the mental image of an
orchestrated system that finds its pace under the facilitation of its conductor. This enables
people to examine issues in a similar way across a range of processes or plants. It also
enables them to understand the operational level of performance and avoid the risk of
comparing like-for-like when identical systems and configurations are not in place.
Harmonisation can be considered as a practice of high maturity as it involves coordination
and use of common language across various functions of the manufacturing system. In the

case of the aircraft company, the use of ISO14000 system was seen as a common language
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being used across sites and enabled the proceedings of the industrial energy efficiency

network.

Some studies have investigated the link between lean management and standardisation in the
context of environmental performance or eco-efficiency (Andersson et al., 2006; Hahn, 2013;
Hajmohammad et al., 2013; Link and Naveh, 2006). An alternative concept to standardisation
has been described by both companies as harmonisation of practices in manufacturing sites.
The concept follows the description of an orchestrated system by a central conductor, trainer
or even a code of conduct (Ferdows and Thurnheer, 2011; Paquin and Howard-Grenville,
2013; Probst and Borzillo, 2008). Companies at high maturity levels deal with complexity
and heterogeneity (which is difficult to benchmark) within manufacturing systems by practice

harmonisation.

Harmonisation is potentially a proxy for process standardisation. It is perhaps a more useful
concept for eco-efficiency improvements (which is not a traditional performance dimension
compared to cost, delivery etc.). The implication of this observation for PMGE may be
relevant to the way that the maturity profiling works. In the study of Baumgardner and Ebner,
one may observe that at high maturity levels, companies are proactive and deal effectively
with all dimensions of sustainability. One may also observe how the maturity assessments
move from low to high maturity levels across all dimensions (see Figure 5.1). In time,
companies with harmonised practices may see all dimensions of PMGE moving towards
higher maturity levels. Having areas of both low (i.e. level 1) and high (i.e. level 4) practice

maturity requires further investigation from the company.

6.3.3 The supporting role of corporate financial systems

“Financial systems” refers to the ways that the company enables plant managers to finance
improvement projects for energy efficiency. The financial support mechanisms in both cases
were risk-averse. Any expenditure had to be well-documented and tested before it can be
eligible for finance. However, a level of experimentation was allowed so that improvement
initiatives would have a chance to establish the gains calculated. In the case of the aircraft
company, the energy efficiency network would agree on how the available budget would be

distributed to projects across plants.

“....by having the network we meet and we select together a list of projects that we want to
put forward to access a central pot of money. So we know roughly how much will be

allocated to industrial energy efficiency and so we select projects across all of the sites that
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we think will get funded and we put them all together as a group...so rather than having lots
of individual sites making individual requests for funding and being rejected, by going

together as a group and having some kind of strategy as well...”

The difference in the automotive company was the use of the model factories that would be
looking into eco-efficiency improvements more specifically (i.e. the UK plant for energy
efficiency). These factories would absorb additional funds for testing new ideas prior to wider
implementation. This distinction reduced the competition between plants who were interested

in fund allocation to implement their own process changes/improvements:

“Probably it would be fair to say that France (plant) does not feel in competition with UK
(plant) on the current car model or something like that but if some investment is coming
towards the region...then the plants are in competition and they all would like to improve

their businesses and secure their future...”

In this work, financial supporting mechanisms are seen as a valuable internal capability that
indicates high organizational maturity. It acknowledges the risk of spending funds for eco-
efficiency improvements by developing safety nets around them. The “model factory” or a
“model production line” can be seen as a testing ground that reduces financial risk and
validates savings made to other factories or production lines. Harmonisation, as described
previously, would then allow the rapid replication of improvements across factories and

production lines.

A link between EP and FP has been discussed in chapter 3, where various authors sought to
better understand how these two areas of performance can be coupled and calculated ((Figge
and Hahn, 2013; Huppes and Ishikawa, 2005b). In the case studies here, practices were
developed to assist practitioners become financially accountable for energy-efficiency
projects. Both companies see improvements as short-term and well-defined projects, aligned
to a certain goal. For example, a model-factory helps the automotive company test and
validate improvements before replicating to other sites. Practitioners follow rigorous financial
accounting processes to establish and authorise improvement projects as well as allocating
resources. The implication of this observation for this study relates to the alignment of EP
improvement projects to manufacturing strategy (Brown et al., 2007; Perego and Hartmann,

2009).
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6.3.4 Internal knowledge sharing

One final observation was found to be relevant to the objective of the cases introduced.
Carrying out improvements for energy efficiency in both cases was facilitated by knowledge
sharing internally and across sites. Two elements of this type of support were identified. The
first one was the information system used and the second one was the right selection of

people that can support horizontal and vertical knowledge transfer.

6.3.4.1 Information systems

The researcher observed the role of information systems in accelerating improvement
projects as a resource in the aircraft company. It was noticed that the members of the network
had managed to influence the procurement process for capital equipment through the
corporate planning system (another internal competence). A list with selected suppliers and
energy efficiency equipment was part of the corporate supplier’s list. For every new
equipment procurement, there was an energy efficient option (where applicable). This
capability within their system was seen as a very positive achievement due to the large size of

the organization.

Another example of information system support was the way that energy efficiency
improvements were tracked across 11 manufacturing sites in the aircraft company. An
intranet website to share that information was set up and work was in progress to enable more
users (non-network members) to access that information. This information sharing was found
to be an eligibility factor for factory selection when it came to technology upgrades in the

automotive factories as well:

“...even if it is maybe a replacement model or a new product YES they (the factories) do feel
some pressure to make sure they are performing and this is another important role that senior
management can play. Because senior management can compare the normal KPIs
(profitability, labour, cost) all those things on the list...but actually some of the behaviours
should also be part of that evaluation...Does this plant participate in sharing knowledge
well...does it cooperate with other plants and training them and advance people in new

technologies, if those things are considered as well, the plant is more likely to cooperate...”

This type of attitude suggested that deeper capabilities need to resonate in the organization.

Such attitude can be supported by a careful selection of lateral thinking people.
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6.3.4.2 Lateral thinking people — recruitment

Being able to identify and recruit people that tend to think laterally and share knowledge, was
observed to be a key enabler for information sharing in the case of the automotive. Aligned
with the matrix organizational structure, the company strives to internally recruit people that
can think laterally. They are trained to work across sites on eco-efficiency projects and train
other like-minded individuals to do like-wise. The practice of “train the trainer” has been
used with success in recent years in the company. It is another indication of high-level

organizational maturity in practice.

Overall, knowledge and information sharing in manufacturing systems has been a focal point
for various theorists of the RBV (Banker et al., 2006; Canato et al., 2013). As a final
observation through the case studies here, it is one that seemed very difficult to develop and
implement. There is the hardware element of information systems (i.e. computers and servers
etc.) which seemed to be related to the size of the organization. Both companies here would
rely on their computer systems to structure their work and make sure that projects would be
sufficiently documented, integrated and aligned with other functions (i.e. procurement or
engineering). The more difficult part of this capability had to do with the way the information
sharing process is humanly resourced. People’s characteristics were outlined with detail in
the case of the automotive and shows how mature manufacturers would select people to

support knowledge sharing processes.

6.4 Review of findings and connection to theory

Practice characteristics of mature manufacturing systems have been identified through the
case studies in this chapter. These characteristics enable a result-driven attitude for energy
and resource efficiency improvements. Signs of high practice maturity have been identified

such as “training the trainers” or process harmonisation.

Reflecting back to the results from the first workshop (chapter 5, part 2) the researcher
performed a cross-reference between the case studies here to what the workshop practitioners
considered important capabilities in the previous chapter (Table 5-6). The aim of Table 6-2 is
to demonstrate that there is internal consistency in this inquiry and compliments the maturity

assessment in Figure 6.1.

Table 6-2 Cross-reference of what workshop practitioners considered as important
capabilities for eco-efficiency improvements (Table 5-6) and evidence found in the case

studies in this chapter in alignment with PMGE.
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Workshop output from Table 5-6

Observations in the case studies

Process level capabilities

Data management, monitoring and
analysis
Technical expertise and staff training

Staff understanding of process
improvement methods

Knowledge sharing and collaboration

Worker’s proactivity - Enforcement
authorities to prevent rather than react

Reporting conformity

Both companies would rely heavily on data
quality to perform improvements.

Training individuals at a level where they can
also train others (“train the trainer”).

Within a lean manufacturing environment,
there was already a specific set of tools for
process improvement (i.e. kaizen, 5s)

See paragraphs 6.3.4. Automotive manager
mentioned that they encourage people to “copy
with pride” internally when it comes to best
practice.

Non-available data

Non-available data

Production facility and systems

Include sustainability to business and
furthermore to people’s roles

People understanding how their work
effects overall business performance

Providing responsibility of ownership

Empower staff to influence performance

Capabilities of a learning organization

Capture and analyse information and
performance data

Carry out effective and accurate cost-
benefit analysis

Accurately calculate whole-life cost

Afford and capability of up-scaling
environmental awareness

It was mentioned in the automotive company
that EP had become one of their core
performance indicators since 1993 and
everyone in manufacturing knew this (figure
6.2 demonstrates such drive). A similar
attitude was observed in another function of
the business (corporate planning).

No clear indication found in data however
this potentially ties with the previous point.

This was observed in the aircraft company
from one of their members who designed one
of the most energy efficient paint-booths in
the world. He was the project owner and
talked about this achievement with great
pride.

The industrial energy efficiency network was
an expression of such capability (see
comment on budget allocation in 6.3.3)

Non-available data

Both companies employ sophisticated data
analysis systems

A rigorous business case study process was
described in both cases

Non-available data — ambiguous terminology

Environmental awareness campaigns
communicated through corporate newsletters.

131



Design for eco-efficiency improvements in manufacturin

Supply chain performance management
skill

Non-available data

Top management

Management commitment - make the
business case to address sustainability/
eco-efficiency issues

Confidence in data; reliable analytics

Moving responsibly to all the
departments performance/efficiency

Finding ways around payback period;
wider factors, new financial models

Capability to make long term decisions
(more than 2-year horizon)

Influence stakeholders with real vision.

Influence investors to accommodate
long term requirements.
Sustainable leadership capabilities

Reconstruct outside the current business

Eco-efficiency is supported by top-
management committees in both cases.

Non-available data. However, both companies
seemed to rely heavily on data to support
improvements.

See paragraph 6.3.4 about cascading
information vertically and laterally in the
organization

Not very clear in the data. Very rigorous
financial systems were in place for all types
of improvements and both companies here
would comply with these systems.
Non-available data. Improvements would
have to have a short payback and ways of
reducing risk were found (i.e. the model
factories).

Non-available data — ambiguous terminology

Non-available data

Non-available data — ambiguous terminology

Non-available data

model

Overall, evidence suggest that there is a good alignment between what mature companies do
and what practitioners in the case studies perceive as important capabilities. This observation
helps the researcher to retain empirical internal consistency. Some gaps in Table 6-2 exist
either because the dimension was not covered in the case studies or because the capabilities

are too ambiguous (i.e. sustainable leadership capabilities).

In order to examine the alignment and connection to RBV theory a literature review was
performed. This review clarifies how the case studies in this chapter are theoretically

consistent with the selected RBV theory.

6.4.1 Relying on internal capabilities to develop solutions
This observation confirms studies that predict such organizational behaviour within the RBV
theory (Banker et al., 2006; Claver et al., 2007). Both companies here were observed to use

pre-existing internal competences to address eco-efficiency challenges. The researcher sees
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this as a safe approach for work in a developing subject area such as eco-efficiency.
Companies may be more inclined to use what they are already good at in order to address
eco-efficiency challenges. Both companies in this chapter exhibited elements of this
behaviour. The researcher sees this route as one with reduced organizational friction, as long
as companies are able to recognise what they are good at. Relying on internal capabilities to
develop solutions can be a vehicle for improvement. Maturity assessments for companies that
are already aware of this improvement route may not be enough to drive further
improvements. Maturity assessments may be more useful for companies that are at low
maturity levels and need more support to understand how to design improvement projects for

eco-efficiency.

6.5 Chapter summary

To summarise, the case studies informed the researcher on how the concept of practice
maturity may be operationalised and how it is connected to RBV theory. The cases studies
demonstrate critical characteristics of mature manufacturing systems that can drive eco-
efficiency improvements effectively. These characteristics offer a level of validation of the
theoretical assumptions of PMGE and translate them to actionable information. This chapter

shows evidence that RBV theory can support eco-efficiency improvements in manufacturing.

4 A

This chapter meets the first research objective. PMGE offers practitioners a way of

assessing the eco-efficiency levels of their system and further shows the potential to

improve (as a planning tool). The improvement potential depends on how effectively

practitioners can leverage their existing internal capabilities to improve.

- .

The following chapters build upon the findings and information collected so far to make the
PMGE the basis of a more structured approach for eco-efficiency improvements. The main
argument from RBV theory, that practitioners can leverage existing internal capabilities to
improve, needs to be systematised into an improvement method with clear steps for
practitioners to follow. Effective application of such a method can meet the requirements of

the second research objective and conclude this inquiry.
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2nd Research Objective: The support should be applicable in real-life situations and be

usable by practitioners in manufacturing. Therefore, the researcher needs to offer

guidance for practitioners on how to effectively apply the support.
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7 SYNTHESIS OF PMGEM

7.1 Introduction to the chapter

This is a chapter about synthesis of research findings and emerging concepts into a method
that brings the researcher closer to the answer of the research question. The chapter serves as
the prescriptive study for the DRM framework. The researcher introduces key learnings from
previous chapters and embeds these into a method that can support the design of eco-
efficiency improvements in manufacturing. The chapter describes the intended use and
success criteria of the method, prior to further testing in the second descriptive study that

follows (chapters 8-10).

The main research question intends to fill the knowledge gap that may enable practitioners to
balance the benefits from improvement projects between environmental and financial
performance (see Figure 3.4). Filling the knowledge gap means that practitioners are enabled
to reduce environmental performance variation and sustain more economic value for the

business.

Main research question:

“What kind of practical support may further enable companies to improve the eco-

efficiency of their manufacturing systems?”

Tentative contributions to practice and theory are also introduced throughout the chapter and

reviewed in chapters 9 and 10 respectively. These are relevant to the intended use of the
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method as well as its theoretical grounds. The researcher distinguishes the contributions to
knowledge and practice with the method's success criteria even though overlaps may be

noticeable.

7.2 Review of PMGE application processes

In chapter 5, three possible ways to apply PMGE were presented: a) self-assessment, b) case
study and c) practitioners’ workshop. The objective of the application was twofold: firstly, to
learn more about manufacturing practices in the context of eco-efficiency and secondly to
learn how easily these applications can be followed by participants/users. The level of
facilitation of the applications was found to be a critical factor of their effectiveness. The self-
assessments and the workshops were the less time-consuming applications and yielded
satisfactory amount of information. Using the maturity framework to guide an in-depth case
study was the most demanding in terms of facilitation and resources. Some utility was

evident in that application but the long-term effects were not easy to evidence.

The researcher found that the self-assessment exercise was quickly communicated to
practitioners based on the time and effort it took to explain the process and receive feedback
(15 minutes on average). The exercise seemed to be easier to facilitate when practitioners
could physically interact with the material (i.e. draw or write on a piece of paper or poster).
Providing an example of a maturity profile was also found be useful as a way of presenting
the PMGE. As a standalone tool, the maturity grid can generate a self-assessment profile for a

manufacturing system as perceived by the tool user.

Another application that worked well (based on feedback) was the workshop with
practitioners. The objective of the workshop was to collect and grade a range of
manufacturing practices on a maturity ladder starting from a “business-as-usual performance”
to “leading performance”. The data helped the researcher verify the sequence of practices per
maturity step and the behavioural attitude of a manufacturing system from reactive to
proactive. The workshop further enabled horizontal communications between practitioners
which were positively commented. Therefore, two attributes in this process were considered
as important by participants: a) allowing different perspectives to surface within a group of

peers and b) the horizontal knowledge transfer that was embedded in the process.

A limiting factor in the application of the workshop became apparent when analysing the data

collected. Even though there was structure in the data, due to the maturity grid dimensions
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(row/columns), the connection to organizational capabilities was loose. It was difficult to
connect the capabilities (as in Table 5-6) with the manufacturing practices and the
organizational levels. Therefore, the data collection process required improvement. In order
to achieve more accurate and meaningful inputs regarding manufacturing practices, the
workshop process and structure were revised. The overall factor that drives this change is the
quality of acquired information. High quality information may enable the user to make

meaningful recommendations for improvements.

——— -

/

I Tentative contribution to practice 1: PMGE application needs to be timely and produce I
I contextual information about eco-efficiency improvements. The users need to have I

clear expectations from the application and a specified goal.

— e o o o — o e o o o o

7.3 Variability of practitioners’ perceptions and horizontal knowledge
transfer

A practitioner’s familiarity and awareness with the actual practices that take place across a
range of performance dimensions (i.e. process level or supply chain practices) may be limited
and also a certain perception bias is expected (Craig and Lemon, 2008; Henriques and
Sadorsky, 1999; Papagiannakis and Lioukas, 2012). The maturity profiles within a specific
context can be a start for a discussion for applicable improvements. Indeed, this was observed
in the case of the jet engine company in chapter 5 (see Figure 5.3). Even a small level of
variability between practitioners’ perceptions about the practices can trigger a discussion

about the actual, expected and perceived system's performance.

Three types of variations about performance have been observed so far in this work: a) within
one manufacturing system, performance levels may vary (i.e. environmental performance
variation as in Table 1-1) b) practitioners’ perceptions may also vary about the practices that
are actually being employed (horizontal variability on the maturity grid) and c) the execution
level of a specific practice can also vary (see section 4.6 attitudes about ISO14000 in two
different companies). This conflict between perceived practices and perceived level of
execution of the same practice was also found in the work of Ferdows and Thurnheer. The
latters also suggest that high-performing factories will demonstrate high performance levels

on all performance dimensions (Ferdows and Thurnheer, 2011).

137



Design for eco-efficiency improvements in manufacturin

In the case of a PMGE self-assessment, a company may be found to vary in maturity in
practices. This can be a sign of the practitioner’s biased perception about employed practices
(see Table 5-4, second example). The person that carries out the self-assessments will have to
acquire more contextual information about the maturity profiles in order to understand the
variation. The workshop process can be a way of acquiring such information. The first two
types of variation (a and b) are further explored in this work. The third type of variation is not
being covered further as the level of information that needs to be acquired grows
significantly. Nevertheless, the researcher sees that all three types of variations may be

connected.

Practitioners were found to value the peer-to-peer discussions and the knowledge sharing
process in the workshop. The workshop offered a structure around the discussions about eco-
efficiency which made discussions timely and more purposeful. The researcher found that
mature systems (i.e. the cases in chapter 6) acknowledge and support knowledge sharing
between practitioners. This attribute can be embedded in a design exercise for eco-efficiency
improvements as it may simulate this collaborative environment. Therefore, a high level of
interactions between practitioners can be considered as an important factor for the design

process of eco-efficiency improvements.

(
|

I environment can help practitioners align their perceptions and focus on improvement.

—— -

Tentative contribution to theory 1: Variability of perceptions between practitioners is [

an inhibiting factor for eco-efficiency improvements. A sharing and collaborative I

!
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7.4 Improvements based on existing capabilities

Chapter 6 produced evidence that mature companies can drive eco-efficiency improvements
by relying on existing internal system capabilities. This key learning from chapter 6, on
existing capabilities, can be used to interpret the results from the applications of PMGE in
real-life situations. Mature systems are expected to demonstrate high-maturity practices
across all dimensions of the PMGE. In addition, alignment of practitioner's perceptions about
maturity levels is expected (vertical alignment) and along all PMGE dimensions (see Figure
6.1 and Figure 6.3). RBV theory can be used in this context to make recommendations for
improvement. Users of PMGE can propose solutions for lagging areas by understanding what

capabilities enabled some dimensions of performance to utilise more mature practices.
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—_________________\

I Tentative contribution to theory 2: Mature eco-efficiency practitioners have largely I
I relied on their core strengths to shape programs of action (thus confirming the grounds I
I of RBV theory). PMGE can help practitioners identify such core capabilities and I

facilitate the design of effective eco-efficiency solutions.

N - —m—_——_——_———_—«——_—, Yttt
7.5 Measurable success criteria for PMGE-based support

Methods that facilitate the design of eco-efficiency improvements are lacking in the literature
and do not incorporate practitioners’ perceptions about environmental and economic
performance benefits. A successful PMGE application can be characterised by the
identification of key capabilities in a manufacturing system and the facilitation of design for

eco-efficiency improvements. Such application satisfies the research question and objectives.

Measurable success criteria, as defined by Blessing and Chakrabarti (Blessing and
Chakrabarti, 2009b), are proxies to the success criteria of the developed support. These can
be used as substitution criteria to gauge the chance of success. Mainly due to time limitations,
the research plan does not go beyond an initial type of success evaluation (see section 2.5).
Therefore, indicators of success have been used to approximate success and yet satisfy the

research question:

1. Assess the levels of practitioner's understanding about the influence of current
practices on eco-efficiency and help them identify what they need to achieve in the
future to reach higher maturity levels in practice.

2. The support needs to be timely and require as little facilitation as possible. This
criterion indicates how likely it is for practitioners to use the support on their own and
with peers. Platts refers to this dimension of assessment as “How easily can the

process be followed?” (Platts, 1993b)

These two indicators are used to guide the construction of a maturity-based method that aims
to answer the main research question. The following paragraphs describes the design of a
method that intends to provide the required support to practitioners. Research findings and
information from previous chapters are collated into a four-step process that aims to solve

real-life problems.
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7.6 Method development

The researcher considers that the self-assessment tool and the workshop would be the two
most appropriate tools that can be combined into a PMGE-based method (PMGEM). The
audience for PMGEM are practitioners working in manufacturing and seek to design
improvements with environmental and financial performance benefits. The system may be a
single manufacturing site or multiple sites that work together towards making a specific
product (supply-chain). PMGEM targets the practitioners that deal with energy and resource
efficiency improvements at various organizational levels (process to top-management). Four

main steps are developed and justified in the following paragraphs.

7.6.1 Step 1- Industrial challenge clarification and maturity assessment

The aim of the first step is to identify suitable challenges in manufacturing settings with key
objective to improve the eco-efficiency of the system. Maturity profiles from various
practitioners in different positions in the organisation are necessary to gain a perspective of
the system's potential improvement areas. A copy of PMGE is circulated to interested
practitioners. This can be done either by the researcher or via a practitioner who can facilitate
the overall process. Instructions are provided to participating practitioners on how to read and
use the PMGE (see example email in Appendix D). Maturity profiles are collected and
projected on the PMGE (using dots as in Figure 6.1) (Baumgartner and Ebner, 2010).

The assessment provides an initial indication of the organizational maturity. Based on
previous maturity assessments in chapters 5 and 6, maturity profile variation is expected. The
researcher is interested in observing the areas/dimensions where the company employs more
mature practices. This typically indicates the dimensions that are more material to the

business (i.e. a pollution prevention or energy management).

This step should be repeated with a range of people with different roles in the manufacturing
system. Saturation of profiles is expected after a short number of iterations. The user can
decide when to stop this exercise with key consideration being the timely application. As this
is not a survey, it is not the intention of the researcher to collect as many profiles as possible
and/or compare against an ideal profile (Baier et al., 2008). The intention is to quickly gain

insights about the variability of people’s perceptions about practice maturity.
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7.6.2 Step 2. Maturity analysis

As in the case of Goodson on lean performance assessment, a set of indications about
maturity enables the user to understand the potential for improvement. (Goodson, 2002) A
graph was developed as a quick guide that can help PMGEM users interpret the results from
the self-assessment process (Figure 7.1). The chart is inspired by the work of Zadek and
intends to illustrate the variation of perceptions about the maturity of manufacturing practices
employed (Zadek, 2004). The researcher shows how perceptions about manufacturing
practices may vary on a three-dimensional chart. The chart may be applied for any single
horizontal performance dimension of the PMGE. The left-hand horizontal axis represents
practices that offer clear financial benefits to the company. The right-hand horizontal axis
represents practices that offer clear environmental benefits to the company. The left-hand
vertical axis and the right-hand vertical axis are complementary and demonstrate the maturity
levels 1 to 5 (left axis) and the type of organizational behavior that one may expect in each
level.

,_ | | | | | | | | | | | | | | | _\

Tentative contribution to practice 2: At high maturity levels the variation of

practitioners’ perceptions is reduced significantly as internal information flows

perceptions about practices are aligned and converge. At lower maturity levels,
perceptions can be scattered at various maturity levels or converge strongly to either

improve (see chapter 6.3.4 about knowledge sharing). At high maturity levels, |
side of the chart (indicating an imbalance between environmental and economic I

(
|
|
|
|
]

performance).

\ /
—— | | | | | | | | | | | | | | | | ’
The reader may observe that the chart becomes greener as maturity levels advance and eco-
efficiency improves. A traffic-light system has been used to codify the chart (red to green).
As companies advance in maturity two assumptions can be made: a) practitioners’

perceptions about practices and benefits converge and b) financially and environmentally

driven practices lead to eco-efficiency (as per definitions by Huppes and Ishikawa, 2005).
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Figure 7.1 The eco-efficiency maturity chart.
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Figure 7.1 has been developed to facilitate the analysis for the unexperienced user of
PMGEM. As a maturity model, PMGE differentiates here from the classical CMMI literature

(seeter.

Table 5-1) in steps 3, 4, 5 - influenced by the case studies in chapter 6. The researcher also
adjusted the language to make the descriptions more relevant to eco-efficiency

improvements. Behaviours that are expected in each maturity level are characterized as:

1. Maturity level 1: Random initiatives for improvement ["Initial" in CMMI language as
per (Chrissis et al., 2007)]. A level of experimentation is expected from manufacturers
to learn more about eco-efficiency.

2. Maturity level 2: Coordinated efforts for improvement. ["Managed" in CMMI
language as per (Chrissis et al., 2007)].

More coordinated initiatives for improvement are observed in the company at various
organizational areas. Coordination implies that practitioners follow a planning process
for material improvements and allocate resources accordingly.

3. Maturity level 3: Consistency in practice. [novel use of this term for maturity level 3].

Common agreement between practitioners about material practices is evident.
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Indications of common language and use of common management and analytical
tools (section 6.3.2 about harmonisation).

4. Maturity level 4: Agility and control. [novel use of this term for maturity level 4].
Different behaviours can be applied in different improvement scenarios at will (see
chapter 6 on model factory for automotive and industrial networks). Practitioners
control the process of improvement through a portfolio of practices and tools (section
6.3.1).

5. Maturity level 5: Proactive planning. [novel use of this term for maturity level 5].
Companies show proactive behaviours and take action before issues escalate. A level
of integration to the business strategy is expected. Alignment of manufacturing and
business strategy is also expected (chapter 6, automotive company case study).

Research practices to understand future developments and business risk aversion.

The behavioural descriptions above, for each maturity level, have been developed through the
applications in chapters 5 and 6 as well as Table 5-3. The researcher has also used a language
that highlights the behavioural aspect of this work. The descriptions are subject to further
testing in the following chapter of PMGEM application.

/
I
I

[ proposed.

—_________________\

Tentative contribution to practice 3: Maturity levels 3 and 4 are crucial for a company's |
transition from business-as-usual to leading performance. Gaining more contextual I
information is critical to help the users of PMGEM clarify what improvements can be I
\ | | | | | | | | | | | | | | | | | [} ’
From the analysis of maturity profiles, the user can decide whether a workshop is appropriate.

As the workshop can be more resource intensive, it can be optional for some companies. The

output of this step here is a sense about the maturity of manufacturing systems.

7.6.3 Step 3 Workshop with peers

This step intends to bring practitioners from the same manufacturing system in discussion
through a workshop about eco-efficiency. Based on the workshops feedback and assessment
in chapter 5, a refined workshop version is described here. The objective is to review past and
current manufacturing practices under the light of eco-efficiency and set objectives for

improvements for the near future horizon (next 5-10 years). It is the intent of the researcher to
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develop recommendations about eco-efficiency improvements that are aligned to core system

strengths. In this paragraph the researcher describes the design principles of the workshop,

the workshop procedure and the refinements made from previous applications.

7.6.3.1 Workshop design principles

Kerr et al., suggest that such applications can generally follow 7 principles. The researcher

describes how this part of PMGEM is aligned to these principles:
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a)

b)

d)

g)

Human centricity: All input required is based on the people’s knowledge and
perceptions about their manufacturing system. No quantitative information or analysis
is requested (but it is welcome). People from a range of roles are invited in this
process: engineers, managers, marketing analysts etc.

Workshop based: A workshop has been re-designed and modified in this chapter to
support horizontal knowledge transfer and help practitioners develop actionable
recommendations for improvement.

Neutrally facilitated: The user’s role in this process (may be the researcher or a
practitioner) is to provide guidance on the exercises of the workshop and keep time. It
is not the user’s role to interfere with the process content and influence people.
Lightly processed: The PMGE structure and color-coded post-it notes facilitate the
process and make the data easy to view, collect and analyse. It is therefore important
for the user to make sure that every participant has clearly understood how to use the
workshop materials.

Be modular: The maturity levels as an element of PMGEM is kept constant for all
parts. This enables the logical connection between the tools of PMGEM. PMGEM is
modular as the tools complement each other and create a narrative about eco-
efficiency.

Scalable: The workshop as well as the overall process can be used in various contexts
(as in chapter 5) and with a mixed audience. There is no restriction for this to be used
with any type of audience. However, the outcome may be different each time as the
participants vary in roles and perspectives.

Visual: As mentioned in principle (d), the post-it notes are color-coded to reflect
different types of input (i.e. blue for practices and yellow for enablers). Different

colors also apply to the different sections of the maturity grid.
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—_—_—_—_—_—_—_—_—_\

Tentative contribution to theory 3: PMGEM confirms the importance of modularity |

I that Kerr et al., set as design principle for intervention tools (Kerr et al., 2013). The I
| tesearcher sees the self-assessment module as a tool informing practitioners with data I

based on literature whereas the workshop is a tool where practitioners inform the tool. J

\_________________—

7.6.3.2 The workshop procedure

Workshop materials required:

e 3 printed AO size posters of the maturity sub-grids with blank cells. The posters need
to be mounted on walls with enough space area around them to accommodate 4-6
people. The vertical axis (left-hand column) is the titles of the performance
dimensions (Table 5-3). The horizontal top row is a time-scale. The user can define
this being 10-15 years prior to the workshop date and 10-15 years post-workshop
date. The time scale can also be split in five equal time segments (representing 5
maturity levels).

e Coloured post-it notes and black pens. 3 different colours need to be used. One colour
(A) for past practices, one colour (B) for future/stretch practices and one colour (C)
for practice enablers.

e Flipchart/whiteboard to summarise workshop output.

7.6.3.2.1 Exercise 1

Participants are split in 3 groups of 4-6 people. More than 18 participants can be difficult to
coordinate with one facilitator. Each group rotates round the posters every 20 minutes.
Participants are asked to attach A-colour post-it notes on the poster to refer to specific past
and current practices along the poster dimensions at different time segments. They are not
allowed to consult each other. For each A-colour post-it note they need to provide some
indication of the practice enabler or resource using C-coloured post-it notes. For example, if
the practice is about “energy monitoring” then an enabler can be “information system

upgrade”.

As groups rotate every 20 minutes, participants are asked to read and review existing inputs
and add more information in the same way. Three 20-minute rotations, conclude this exercise

and there is a 15min break.
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7.6.3.2.2 Exercise 2

This time, participants are requested to talk to each other and within each group agree on
future practices that they think that can be realised soon. Agreement is used here as a proxy
for alignment of perceptions. Participants are expected to review propositions in each group
and agree on what they would like to be doing in the future (B-color post-its) and what the
enablers/resources can be of that practice (C-color post-it). Again groups rotate three times
every 20 minutes. Each time they are additionally tasked to review what is on the poster and
make adjustments. At the end of the three rounds it is expected that some agreed practices for
future development will have surfaced that every participant will be informed about. The

resources for these practices have also been described.

7.6.3.2.3 Workshop Summary

For the closing act of the workshop the facilitator asks participants two questions and lists the
answers on the flipchart/board in two columns: 1) “What are we good at?” and 2) “What do
we need to be good at in the future?”. The questions are driven by the RBV theory and

further challenge the PMGEM's theoretical fit to RBV.

(- T T T T TEEEEEEEETEEETEEA

Tentative contribution to theory 4: It is observed that at high maturity levels, key [
enablers for improvements are aligned to core system capabilities and business I

/

objectives.
7.6.4 Step 4 - Recommendations for improvement
The output of PMGEM is a set of recommendations for improvement. The facilitator/user is
responsible for this step. The maturity profiles provide a sense about how easy or difficult the
improvement journey may be (for instance if a company starts from low maturity levels).
Chapter 6 provides practice support for the development of recommendations. For each

dimension of the grid the next target can be set.

According to Goodson, Ferdows and Thurnheer on lean improvements, solutions must be
designed in such a way that all dimensions are perceived to have reached the same level of
maturity and make sure that there is no lagging dimension/row (Ferdows and Thurnheer,
2011; Goodson, 2002). This is a staged type of maturity model representation according to
Chrissis et al., (2007). In the PMGEM, this would be observed in the long run as high
agreement of maturity profiles and vertical alignment along the grid. Therefore,

recommendations must start with areas that are perceived to be lagging and make sure these
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can be appropriately resourced/supported. For the success of PMGEM it is critical to make
realisable recommendations for improvements that rely on existing internal capabilities (RBV
theory). This is why the workshop can be a useful step. It highlights system strengths and
weakness which will be more detailed and contextual than the maturity profiles. The
workshop intends to help practitioners see how eco-efficiency is relevant to their roles in the
business. It intends to enable them to find the best way forward by shaping a common view

of the system's maturity.

7.6.5 PMGEM overview and chapter summary

The flowchart in Figure 7.2 demonstrates the sequence of PMGEM steps. As a process it is
intended to meet the second research objective and guide practitioners through the
development of applicable solutions to improve eco-efficiency. Steps 3 and 4 are necessary if
the output from step 2 is not conclusive or too generic. Running the workshop depends on the

time availability of the practitioners and/or the resources available to execute this.

Figure 7.2 The PMGEM steps.

2. Maturity analysis

1. Industrial challenge - -
e g. and 3. Workshop with 4. Recommendations
clarification and maturity . == = .
recommendations peers for improvement
assessment.

for next steps

The challenge from this point onwards is to test the process in real life problems. The aim is
to generate realisable recommendations for improvements and evaluate the usefulness of
PMGEM as perceived by practitioners. It is also key to better understand to what extend the
tentative contributions for knowledge and practice stand true to the chosen theoretical
grounds of this work and the intended use of PMGEM. Two companies exhibited interest in
this method and each presented a different challenge to address. These cases are presented in

the following chapter.
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8 APPLICATION OF PMGEM

8.1 Introduction to the second descriptive study

This chapters initiates the second descriptive study of this work. It is the final phase of the
design research methodology and aims to assess, at initial level, the effectiveness of
PMGEM. According to Blessing and Chakrabarti, this research phase aims at understanding a
situation in which a support for practice is introduced, in order to assess its ability to improve

the existing situation and to provide suggestions for improvement of the support (Blessing

and Chakrabarti, 2009a).

8.2 Introduction to this chapter

The researcher presents how PMGEM was applied in two case studies in different
manufacturing contexts. These are two different real-life situations where environmental
performance improvement is an important objective for the companies involved. The
expectations from the application are different in each case for the practitioners and the
researcher. These cases were seen as an opportunity to evaluate PMGEM under different
conditions and get wider insights about the usability and usefulness of PMGEM. Practitioners
from both companies were attending the annual conference organized by the Centre for
Industrial Sustainability at Cambridge University in September 2014. The maturity profile
exercise was introduced to them as a poster and the idea behind it was explained. They each
then presented this back to their peers in their companies and decided to explore this further

to address a more specific challenge.
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8.3 Case 1 - Building products company

8.3.1 Introduction to the industrial context

This company manufactures vinyl flooring and wall cladding products and it is located in the
UK. It has been family-owned for the past 100 years and is expanding its manufacturing
capacity in support of a six-fold revenue growth target for the next 20 years. The company's
director (also 3" generation owner) believes that the company can achieve this growth target.
This level of growth was achieved twice before in their history and therefore it is believed it
may happen again. Currently, the company supplies markets globally and aims to add even
more global customers and make more exports in the future to support their growth vision.
Main raw materials for the company are poly-vinyl chloride powders and plasticisers in
liquid form. The company employs approximately 500 people globally and approximately
300 in the UK manufacturing site. Their manufacturing director who visited the conference
and had a chance to see the maturity profile exercise was the one to request his managers to
support this case study. Letters of invitation were emailed to a selected audience of
practitioners with main objectives to enhance their awareness on environmental performance

and assess the maturity of their manufacturing practices.

8.3.2 The application steps
The four steps of PMGEM are documented in the following paragraphs as prescribed in

chapter 7.

8.3.2.1 Step 1- Industrial challenge and maturity assessment

One of the main challenges that the company was facing was at the time of the study was
identifying and supporting improvements on energy efficiency and management of process
waste. A sustainability program was launched in 2006 but this had not being supported since
2012. An in-house recycling unit was built in 2008 but the recycled content in the product
remained low. In addition, the people on the production floor had little experience in dealing
with EP issues. For the researcher, the size of the company, its long history in manufacturing

and the ambitious vision for the future seemed to be a good testing ground for PMGEM.

Industrial challenge: Help practitioners understand eco-efficiency better and develop

recommendations to support future growth plans with reduced environmental impacts.
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The following paragraphs describe the application steps in more detail. The aim is to describe
to the reader the conditions of the application and how these may have interfered with the

PMGEM procedures.

Seven practitioners overall, with management roles in manufacturing, were introduced to the
framework on one-to-one tape-recorded sessions. Their experience within this company was
between 4 and 20 years. The research scope was explained and they were introduced to the
maturity assessment. On average the complete session with the assessment lasted 15 to 20
minutes with the maturity assessment for each individual taking approximately 10 minutes.
The sessions were arranged to fit into people’s daily tasks and be as less intrusive as possible
in their calendars. This was facilitated internally by one of the practitioners whom the
researcher liaised with. A visit in the manufacturing floor was also arranged after the sessions
for the researcher to have a closer look at the production lines. An example of the maturity

assessment and the overall output is presented in Figure 8.1 and Figure 8.2.

Figure 8.1 An example of one of the maturity profiles from the product innovation

manager (dots are connected for readability).

Facility level

H
5
4
g
§
3
]

In figure 8.1 the researcher demonstrates the maturity variation of practices along the grid’s
dimensions and areas for one of the participants. From this maturity profile one can observe
that the company seems more active in energy and resource efficiency at process level
(purple area) but with great variation between dimensions of environmental performance (i.e.
maturity level 4 at “Workers and operators” and maturity level 1 at “Energy consumption”.
Energy was admittedly being a weak area for the company, as they didn’t fully understand
the issues related to energy efficiency. In addition, the assessment of management systems at

facility level (middle section) indicated low maturity across all dimensions (levels 1-1.5)
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whereas a bit more variation is observed at top-management level (bottom section, levels 1-

2.5). Half-levels were permitted to indicate work-in-progress towards higher levels.

Figure 8.2, summarizes the results of all seven assessments in one sheet. Very little
agreement is observed on the maturity of manufacturing practices. There is only one
dimension where all assessments were in total agreement; in the dimension of “Company
norms and values” all practitioners pointed that “there was a top-management commitment to
improve across a range of functions that lacked strategic intent, the urge was generic and not
clearly understood by people”. This was received by the researcher as a strong signal for lack

of support by top-management on improvement planning and execution.

Figure 8.2 All seven maturity assessments in one grid.

Process level

Facility level

Business unit

Alignment of profiles was not easy to interpret in a combined profile image like Figure 8.2
and no safe prediction could be made in regards to the potential for improvement due to the

extent of variability.

Nevertheless, the level of agreement in each row may be an indicator about practice
consistency. High-maturity practices may have been used or tested in the past but were not
sustained. If a practitioner had observed a high-maturity practice in the past, that perception

of high-maturity may remain and be found on the PMGE. If this practice was left
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unsupported and abandoned, then other practitioners would report a more business-as-usual

practice or a lower maturity practice in the same dimension.

8.3.2.2 Step 2 - Maturity Analysis and recommendations

Based on the output of step 1 and the interview data, the researcher made two observations:

1. The company had made some EP improvements in the past that could not sustain —
mainly on material efficiency and process waste. The reason was probably related to a
lack of support from top-management and potentially some lack of awareness about
eco-efficiency across the manufacturing floor.

2. Management and information systems also seemed to be between maturity levels 1 and
2, leading to a low level of support at process level practices. In chapter 7, integration of

practices with information systems and was seen as success factor for eco-efficiency.

Evidence indicate that energy efficiency at process and system’s level is not well-supported
and resource efficiency has a reactive behaviour. It was rather unclear how one could start
developing an improvement plan. The assumption that companies can leverage existing
capabilities and resources to improve EP remained to be tested. It would seem that this idea is
well aligned to the beliefs of the company’s chairman. Looking back at the company’s
history since 1920s, high growth periods had been recorded and it is perceived that the
company is capable of achieving a six-fold revenue growth vision within the next 20 years.
However, energy and resource efficiency had never been a target or a vision for the company
so it is reasonable to be perceived as low competence area on the maturity grid by members
of staff. Potentially, eco-efficiency improvements may be possible if it becomes an integrated
component of the growth vision and a clear relationship can be established between the two.
In order to examine this opportunity further, the manufacturing director agreed in hosting the

workshop within their premises.

8.3.2.3 Step 3 — Workshop with peers

The workshop was carried out one month after the maturity assessments due to busy
calendars and eleven practitioners joined this event. Only four out of eleven had taken part in
the maturity assessment and the rest were new to the overall process. Again, the attendees
held a variety of roles in the business, mainly within manufacturing but marketing and

innovation functions were also represented. The workshop process involved:
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Workshop process introduction
Exercises description and group setting

Workshop output

sl A

Workshop conclusions

Two emails were sent out to participating practitioners to prepare the ground for the
workshop. The intention was to inform the audience about the process and draw their
attention to a particular type of information (manufacturing practices). The self-assessments
and the factory walk in step 1 helped the researcher make the outline email more relative (i.e.
mentioning curing process) to the audience to prime their thinking further. The emails can be

found in the Appendix C as examples for future use.

Participants were split from the beginning of the workshop into two groups of 5 and 6 people
respectively. In the first part of the workshop they were asked to rotate from poster to poster
every 20 minutes and individually populate the time-scaled posters with manufacturing
practices and events (or accomplishments) that occurred since 1999 (15 years ago) until
presently. Each time they would rotate, they could read what others had posted on the posters
and receive information about past manufacturing practices. The process followed was as
prescribed in chapter 7.4.3. In Figure 8.3 a photograph of one of the groups is shown in front

of the poster about manufacturing practices at facility/systems level.

Figure 8.3 One of the groups discussing future improvements at facility and system’s level.
Yellow post-it notes collect past actions and pink ones their enabling resources. Green post-

its collect future actions/plans or recommendations and supporting resources/enablers.

Table 8-2 and Table 8-3 the researcher shows examples of how the data was captured during
the workshop. Yellow colour indication past and current practices, green colour for future

ones and orange colour for enabling capabilities.
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1999 2008 today 2020 2025
Don’t OPB Recycling Introduction Fundamental re-design
measur  (packaging) increased of EC5 of equipment for
e it! energy energy efficiency
o consumption. Resource
-;:; Reduced 100% recyclable hungry Prioritise
g labor, packaging process Examine & invest in specific
é increased (reduced labour, new plant heating projects +
5 energy increased Recycling system resources
Z energy machine
5 efficiency) energy
o Better Better control
8 control over  over required Measurement
E required output and capabilities.
output + waste material Energy plus
waste efficiency
material Resource
Training
Table 8-2 Facility and system level input data.
1999 2008 today 2020 2025
Training &
Office air- . cas awareness of
omiiiE :55 . Introduction of lean  Six Sigma Use technology waste
implementation processes launched instead of travel
system management
practices
Standardisation , Reduced Right facilities  Identification of
Increased energy Focusses on doing variation,
e and process on more with less A o Change of experts foF
lean- time saving with less attitude collaboration

Human resources management

20 keys of
improvement 2014
Dedicated lean
administrator resource

Good communication
& engagement of all
employees on the shop
floor

At the end of the 3-hour session, the researcher summarized the workshop proceedings by

generating two lists (see Table 8-3). By reviewing the posted notes, the audience was asked

to list things that they considered that “they are good at” and things that “they need to be

good at” in pursue of eco-efficiency (following Normann, 2001). The intention was to

observe the type of change that was necessary to improve on eco-efficiency (step-change or

gradient evolution).
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Table 8-3 Comparison between existing capabilities in this manufacturing system and

desirable ones for the future.

We have been good at: We need to be good at
. . 1. Measurement
1. Saving money, cost savings -
2. Meeting deadlines for launches e
. . 3. Trade-offs

3. Troubleshooting (process, crisis

management) 4. Fully engaged,‘ collabqrate
4. Controlling product weights oo (Ll sl e gl o

(technically) 6. Become sector leaders

7. Corporate responsibility reporting

5. “we make it work”

6. Communicating changes internally -
honest

7. Prepare to investing quickly

8. Long term views

8.3.2.4 Step 4 - Recommendations for improvement
There are two strong signals within the right-hand column in Table 8-3. The first one is about
acquiring hard evidence of performance based on reliable measurements which can support

decision making (points 1,2, 3).

The second one is about aligning actions to business strategy and markets (points 5, 6, 7). In
the left-hand column there is also evidence of reactive system behaviour (i.e. “we make it
work” and “troubleshooting”). The reactive behaviour is further supported by the maturity

profiles in Figure 8.2 from the self-assessments.

For the researcher (and facilitator) the self-assessments and the workshop pointed out the
need to improve the measurement techniques in the factory. Higher-quality of information
was the main recommendation made to the company. It was found that this was
acknowledged by the manufacturing director in recent times and six-sigma training had
already began in the company, well-aligned to the output of the PMGEM. More
recommendations for improvement were not made to this company as it was clear that the
company would have to train and practice measurement and better understand the value of
accurate information exchange internally (see CMMI maturity level 2 - "managed" in

Chrissis et al., 2007).
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8.4 Case study 2 - sports apparel company

The second case study is focused on the supply chain operations of a global sporting goods
company (sport shoes, clothes, gear). The corporate headquarters are found in Japan while
there are central offices in Europe and other continents. The study was authorised by the
European business branch. Two senior environmental managers initiated and facilitated the
study with interviews and meetings. Emails for data collection from the tier factory managers
were provided (visiting them in East Asian countries was not possible mainly due to time
limitations). Their motivation was to understand how they could better engage with their tier

factories and potentially nurture a way of working with them on eco-efficiency.

8.4.1 Introduction to the industrial context

One of the difficulties the headquarters faced was the traditional way of price-driven
negotiations of outsourced production. If their suppliers could achieve improved
environmental performance and financial savings this would be reflected in their corporate
product life-cycle assessments. However, this could also be used as leverage from their
purchasing function to request price discounts - a scenario that would not be seen favourably

by the latter.

The sporting goods industry is characterized by mass volume production and distributed
manufacturing across different geographical regions, which involves high levels of resources
consumption, waste and other environmental emissions (Subic et al., 2012). In a recent
review study on the apparel industry O’Rourke identifies several issues that need to be
addressed in the context of sustainable manufacturing (O’Rourke, 2014). Within this
industrial context, operational practices that support greener operations need to be assessed
on alignment to manufacturing strategy and the overall business strategy (Shi and Gregory,

1998).

What makes the alignment even more challenging, is the particular configuration of this
outsourced production system where brand headquarters and product developers are in
different and geographically remote locations. Various improvement strategies have been
used so far within the overall apparel industry with a broad range of objectives. These
initiatives span from transparency of financial transactions to product life cycle analysis
(LCA). The latter practice has been central to the sustainability work of the apparel industry.
Leading brands and retailers have also experimented with a number of other strategies, driven

by intense non-governmental organizations and consumer pressures, including initiatives
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around traceability, impact assessment, and score-cards. Recently, a number of brands have
come together within the Sustainable Apparel Coalition to develop the “Higg” sustainability
index. These efforts can be integrated into tools for product design, material selection,
sourcing, manufacturing, use-phase interventions, and end-of-life management. (O’Rourke,

2014)

8.4.2 PMGEM application steps

The first two steps of PMGEM are documented in the following paragraphs as prescribed in
chapter 7. The outcome of the first two steps and additional limitations did not activate the
workshop process. Instead a discussion process substituted the workshop in order to examine

some of the PMGEM assumptions.

8.4.2.1 Step 1- Industrial challenge and maturity assessment

This case study is part of a wider improvement plan that the brand has initiated in recent
years. The aim was to enhance environmental management capabilities within the supply
chain and internally. Other efforts include product life cycle analysis and sharing of best
practice across supplying factories. Figure 8.4 demonstrates a simplified version of the supply
chain configuration and the participating links of this chain. Tier 3 suppliers provide dyes and
yarn to the fabric manufacturer. This is then supplied to the garment manufacturer. This
process is regulated by a service provider which is an independent authority and has an open
communication channel for all matters with the brand headquarters. The service provider
mediates for matters like pricing or product specifications and customer demands in a close

loop between tier 1 and tier 2 suppliers with the brand headquarters.

Preliminary interviews were held with the brand managers to gain a better understanding of
the issues within their supply chain. They provided a list of contact emails for tier 1 and tier
2 managers. An introduction email was sent out by the brand manager to all parties, that

outlined the scope of the project. Overall, the people who participated in this case study were:

Two environmental managers from the brand headquarters (Email exchange and 4 hours of
interviews transcribed), 4 managers from manufacturing from the Tier 2 supplier (email
exchange — 3 emails), 2 managers from manufacturing from the Tier 1 suppler (email

exchange — 3 emails)
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Figure 8.4 A simplified version of this sportswear supply chain. The participants in this

study are represented in black boxes. The service provider has a mediating role between

the tier 1 and 2 suppliers.

Tier 3 suppliers
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Manufacturer)

Check
delivery

Brand All communication
headq uarters related to product etc.

Delivar Fabric

\

Check quality,
delivery etc

(Garment Tier 1 supplier
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As in the previous case study, the first step was to apply the maturity self-assessment
independently between the participant companies. This process was remotely run, compared
to the previous case. Kerr et al., propose that the use of these tools (i.e. PMGEM) should
contain some degrees of freedom to adapt to changing conditions by not being too
prescriptive in the application process (Kerr et al., 2013). It was observed that in order to
execute PMGEM across such a diverse audience, some flexibility in the way that PMGEM
can be applied was given to the participants. For example, visiting the practitioners in their

companies was not an option at this stage, mainly due to time limitations.

The maturity grid as template and instructions of use were sent out via email, to 8
practitioners (see Appendix D). The email contained a template of the maturity grid and an
example of an assessment. The email script can be found in Appendix C. No objections or
questions from practitioners were recorded regarding the instructions given and replies with
attached maturity profiles were received promptly. The maturity profiles are presented in

Table 8-4.

The representation of the maturity levels in numerical format (i.e. from 1 to 5) was avoided in

this application, as this could relate more to a benchmarking exercise or audit. Environmental

158



Chapter 8

and social audits were already a practice within the supply chain and followed a five-level

scoring structure. One of the managers from the headquarters commented:

“I think the logic (of the maturity grid) is very similar (to our audits) and the content of each
block (grid cell) describes the visual things or evidence that you can recognize to get a hold
on that maturity level, the level of best practices...but at the end you do sense that they do
really looking for...and also during the assessment...for the 4 suppliers in Indonesia it was the

first time to really go through our rating in a more detailed level...

...but it's like school they are really looking for a grade: Oh how did I do? I'm not necessarily
looking for all those fail things (during audits). I'm really trying to get a grasp of the maturity
level. When it comes to practices and you are actually doing it because it is in my code of
conduct or are the different subjects connected because you do see that there is a common
link which is sustainability.” The manager made this comment as the ISO14000 auditor for
the tier factories. From her experience, using assessment forms creates a sense of scoring and
competition between factories. Instead it was see more appropriate to use a non-numerical

scale from “business-as-usual” to “leading performance”.

Table 8-4 The maturity profiles from the three companies in the supply chain (the
original copies as received via email). All three profiles have been developed after

common agreement from practitioners in each company.

Participants per
Maturity profiles
company

Brand headquarters
(2 managers)

Facility level
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Tier 2 supplier
(4 manufacturing
managers)

Facility level

Process level

Tier 1 supplier
(2 production
managers)

Facility level

Business unit

8.4.2.2 Step 2 - Maturity analysis

Direct observations include and comments by the researcher (in italics):

e There is little evidence of practice maturity agreement between these companies.
o Practitioner’s perception can be based on performance figures, managers’
experience and judgment or industrial performance benchmarks.
e Tier 1 supplier exhibits higher practice maturity at process level but low maturity is
observed at management systems level.
o Tier 1 supplier signals that eco-efficiency is not an urgency improvement area.
The maturity assessment may have been an opportunity for them to express
their interest or ask for help to improve from the brand.
e At a brand headquarters there seems to be strong variation in practice maturity across
most organizational areas and particularly processes.
o This has been also highlighted by one of managers and this may influence the
engagement with their suppliers in pursuit of a collaborative eco-efficiency

improvement scheme. As he observed:
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= “A part of the reason for this variation is due to sustainability strategy
e.g. focus on energy, and less attention to water use (given it is driven
more by the number of employees). But this does not explain the
whole difference...?”
e Tier 2 supplier exhibits better consistency between the three companies in terms of

maturity levels (little colour variation).

8.4.2.2.1 Follow-up discussion with participants

Running a workshop with this audience was deemed impossible due to time and geographic
limitations. In order to better understand more about the shape of these maturity profiles,
three contextual questions were emailed to all participants. This was not part of the PMGEM
process. More contextual data about this manufacturing system were needed to gain deeper
insights in the way that each company affects eco-efficiency in this supply chain. These were
aligned to the theoretical framework in chapter 4 (section 4.6). The questions and responses
were shared with all participants of the case study in order to keep everyone informed about

the study course. The questions were:

1) What do you feel is the link or relationship in your factory between manufacturing

practice maturity and environmental efficiency?

The first question aimed at learning how practice maturity was perceived by practitioners. In
the discussion (via email) that followed, initial findings indicate that not all practices (i.e.
ISO14000 system audits) are capable of connecting improvements at process level with
business interests. Practices should be aligned to a vision and clear objectives (see chapter 7).
For example, one of the headquarter managers mentioned that: “We have built our maturity
level from these two elements (ISO14000 and life-cycle assessment), however 'environmental
efficiency' comes from having knowledge + targets + clear actions to help achieve the
targets”. At the factory level, one of the managers in the tier 2 factory pointed out that “the
same tools may not be appropriate to bridge the gap in maturity on environmental
management. Different priorities may create obstructions when building a common eco-
efficiency roadmap” . This observation indicates that there is a deeper need within the supply

chain to develop a common language in practices and ways of describing eco-efficiency.

2) How would you pursue environmental performance improvements for your factory

individually?
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The second question relates to the strengths of each particular link in the supply chain. As
one of the tier 2 factory managers mentions in response to the brand sustainability manager:
“As you (the brand manager) emphasized, the brand uses 1SO14001 system to plan, check
and focus on improvement process to one environmental - related target per year. That
means that fabric suppliers can contribute their efforts by focusing on reducing water
consumption per year”. The tier 2 factory had implemented water and waste-water efficiency
projects and suggested that this is a good way to contribute to water efficiency at process

level (a low priority dimension for the brand headquarters).

3) How would you pursue environmental performance improvements for the overall

supply chain (your recommendations based on the other profiles)?

The third question makes a more specific reference to the role of each link in the supply chain
and the overall contribution to eco-efficiency. In general, there was a consensus that a
common approach for energy and resource efficiency across the supply chain is required,

where different actors are using their strengths to achieve improvements.

From a brand sustainability perspective, the efficiency gains should be a strong selling point
to improve the factory’s customer portfolio as they usually supply more than one apparel

“«

brands: “...we want to encourage our suppliers and it is important that the suppliers can see
the value of this approach in terms of both operational efficiency and environmental
performance improvement..Also, material suppliers are providing their materials e.g.
fabrics, to many different garment manufacturers, and even to suppliers in different
industries... It is important that their approach to environmental performance takes their

broad customer base into account” .

The brand’s sustainability manager made an indirect point about the gains that operational
and environmental efficiency may have on the business’ profitability. This observation is in
alignment with Srai et al., (2013) that suggests that a mature organization will be driven by a
mutual understanding of customer requirements and a strategy to inform and co-develop

these requirements (Srai et al., 2013).

8.4.2.2.2 Recommendations to the Apparel Headquarters

The apparel brand is the driving force in this supply-chain eco-efficiency initiative. The
selling point of driving efficiency improvements is cost reduction and improved
environmental performance (as in section 4.4, natural-RBV by Hart, 1995). However, the

sense of urgency from other companies in the chain to improve and change is not strong
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(Kotter, 1995, 2012). The managers at the brand headquarters collect all necessary
information related to the supply chain eco-efficiency and seem to be the key stakeholders.
However, a local resource (person or group) liaising with their suppliers is missing. Such
resource could help accelerate improvement initiatives and reduce overall system friction
(system being the supply chain). It was observed that remote communications such as emails
and call meetings can be counter-productive at this stage. Until an agreed improvement
strategy 1is set within this supply chain, a local human resource needs to be dedicated from the
brand to facilitate necessary changes. This was the first recommendation made to the brand
managers. The recommendation follows the practice of networking and knowledge sharing,

discussed in chapter 6.

Another recommendation that seemed appropriate is another type of resource allocation from
the brand. A technical improvement project, that is of common interest with their suppliers,
could be found (i.e. water management project at process level) and co-funded by the brand.
The funding would enable the suppliers to undertake brand driven improvements of mutual
interest and reduce some of the financial risk involved. Even though financing was not
mentioned in the case study, one of the brand’s sustainability managers commented on this

study:

“It is probably a good idea to ask our suppliers who would like to volunteer for this type of
research and listen to their concerns and ideas, which I'm sure vary a lot from region to
region, country to country and perhaps type of product to type of product. More of a bottom
up approach rather than a top down approach where we analyse from atop and draw
conclusions from our viewpoint. I think that trying to be on their shoes is a good approach to
get a totally different perspective. I feel that the financial and economic driver was not
highlighted enough, and let's be clear, money does make the world go round sort of speak. I
think that our role has to be that of a brand that makes it easy for our partners to be
sustainable”. This person was not involved in the case study at any stage but his opinion was
asked by the involved brand managers. His views as an external observer compliment the

observations that the application of PMGEM generated.

8.5 Chapter summary
The chapter described the application of a novel method that aims to help practitioners better
assess their manufacturing system and develop improvements for eco-efficiency. In this

chapter it was used in two very different manufacturing systems. The lessons learned
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regarding the application process will be discussed in the following chapter as part of the

evaluation process. The key points for the reader from this chapter would be:

Case study 1

1) A company with relatively low to medium self-perception of practice maturity in

2)

manufacturing. The alignment of practices to manufacturing strategy and

organizational resources and capabilities was found to be weak and system exhibited a

reactive character. Performance areas of high agreements as well as high variability

were observed in the self-assessments.

Development of existing capabilities such as measurement and data accuracy is

necessary if the company wishes to advance in eco-efficiency. A lack of guidance and

support by top-management was pointed out by all participants during the self-

assessments and it is probably something that requires more work.

Case study 2

PMGEM application in this case study did not go beyond the maturity self-assessments as it

was not fully supported by the conditions of the application (very remote industrial settings).

Nevertheless, the process was slightly modified to gain some more contextual information

about the profiles:
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1)

2)

PMGEM was able to generate combined maturity profiles from a group of
practitioners from three companies of the supply chain. This implies agreement
between a range of practitioners within the company about the common maturity
profile. The collected profiles demonstrated variability of maturity between these
three companies. This observation was verified by the difficulties that the brand
had in a product life-cycle analysis for environmental impacts (another supply-
chain wide activity) and advancing eco-efficiency as a target within the supply-

chain.

A short email exchange between the most active stakeholders of the supply chain
demonstrated the difficulty in setting common priorities. At the same time
different priorities in each company could become complementary in a supply-
chain-wide improvement plan for eco-efficiency. This confirms the rationale
behind RBV theory for this system. Companies would be contributing to the

supply chain eco-efficiency through what they are good at. The boundaries of this
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system would need to be re-defined to acknowledge this contribution. This

observation has implications for the use of RBV theory (see 10.2.2).
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O EVALUATION OF PMGEM
APPLICATIONS

9.1 Introduction to the chapter
This chapter presents the evaluation of the PMGEM as applied in the case studies chapter 8.

Blessing and Chakrabarti propose two types of evaluation in the second descriptive study

(Blessing and Chakrabarti, 2009a):

1) Application Evaluation (AE): Aims to identify whether PMGEM can be used for the task
for which it is intended and that is does address the key factors that are directly
influenced, in the way they are supposed to be addressed, i.e., the focus is on usability
and applicability.

2) Success evaluation (SE): aims to identify whether the support had the expected impact
i.e., whether the desired situation has been realised, taking into account that unexpected

side-effects may occur. The focus is on usefulness of the PMGEM.

The type of this descriptive study is initial-type (Figure 3.1). Time constraints limited the
potential to explore the full impact of PMGEM. This would be necessary to perform a
comprehensive SE according to DRM requirements. This chapter evaluates the usability and
applicability of PMGEM based on feedback and observations and further discuss on its

strengths and limitations.
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9.2 Application Evaluation

According to Blessing and Chakrabarti (2009), evaluating success is far more difficult than
evaluating applicability and usability and the research findings are not easy to generalise.
They suggest that success can only be truly measured in the intended situation, i.e., in
practice, and in many instances only in the long term. In chapter 7, two success criteria were

described when applying PMGEM. To recap, the method was intended to:

1. Assess the levels of practitioner's understanding about the influence of current
practices on eco-efficiency and help them identify what they need to achieve in the
future to reach higher maturity levels in practice.

2. The support needs to be timely and require as little facilitation as possible. This
criterion indicates how likely it is for practitioners to use the support on their own and
with peers. Platts refers to this dimension of assessment as “How easily can the

process be followed?” (Platts, 1993b)

The AE will be presented in two sections. The first section demonstrates evidence of
applicability of PMGEM. Platts refers to this attribute as feasibility, by answering the
question of “Can the process be followed?” (Platts, 1993b). The second section of the AE
will discuss on the usability of PMGEM. Within the AE process, usability refers to the means
of application that facilitate the interaction with participants. Platts refers to this attribute with
the question of “How easily can the process be followed?” (Platts, 1993b). The researcher
used the questions by Platts to guide the AE. DRM for initial type of descriptive studies does

not offer a comprehensive set of tools to perform the AE.

Each of the two AE sections consists of three types of evaluation evidence: for the self-
assessments, the workshop and the overall PMGEM. Initial signs of applicability and
usability for the self-assessment and the workshop modules (as standalone tools) were
described in chapter 5 (sections, 5.6, 5.7, 5.8). Upon that initial feedback, the researcher
synthesised PMGEM (chapter 7). However, the applications in chapter 5 were not focused in
solving real-life problem (the nature of the first descriptive study is non-interventional). The
difference between AE here and the assessment in chapter 5 is that PMGEM was used to
address certain real-life problems. In this chapter, the evaluation is informed by practitioners’
feedback and aims at verifying its intended use. As the self-assessments and the workshop
can be used as standalone tools, the evaluation was performed separately for each tool, as

well as for PMGEM overall. Some practitioners, in the first case study in chapter 8, were
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introduced only to the self-assessment whereas others only took part in the workshop. Very
few participants had the chance to participate in both modules. This observation is also a
limitation to the evaluation process overall but further reflects the difficulty in securing

people's availability.

9.2.1 Applicability of PMGEM

Applicability assessment answers the question of whether PMGEM can be followed. It asks
the researcher to reflect on whether the process was appropriate for use in the applied
conditions. From the researcher’s perspective PMGEM was applicable in both cases in

chapter 8 as:

e Both companies had done very little progress to-date on eco-efficiency even though
both carried environmental standard ISO14000 accreditations. This means that a level
of understanding about their EP existed but that was disconnected from their
manufacturing practices or business strategy (see Figure 3.4).

e Eco-efficiency improvement was perceived as a desirable target for both companies.
By decomposing eco-efficiency in 15 dimensions, practitioners were in a position to
better understand how they can improve on eco-efficiency. Decomposition and
simplification were perceived by the researcher as useful concepts to describe
PGMEM. Nevertheless, this was not expressed explicitly by the practitioners and
remains a personal observation from the researcher's perspective. Thus, the

decomposition of eco-efficiency remains open for further investigation.

As the main tools of PMGEM were assessed in DSI separately the researcher wanted to retain
a level of evaluation consistency across the two research phases. For that reason, a
questionnaire based on the questionnaire used in the first workshop in chapter 5 was sent out
to participants requesting feedback in a more structured way (see section 5.8.1). Only two
participants filled in the questionnaire from the building products company and one of them
sent a separate response. One of the participants was the sustainability manager and can be
considered an expert in this industry (thus more biased than others on the application's
evaluation). The responses are shown in Table 9-1 in 2 columns per question for direct
comparison. For each of the five questions, the underlying rationale and motivation is

described. All feedback comments are numbered for further reference.
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Table 9-1. The responses received from the practitioners in the building products
company (answers in bold). The sustainability manager can be considered and expert in

this feedback and therefore a certain level of bias is expected.

Sustainability manager Health and safety manager
(participated in both modules of the (took part only in the workshop)
method)

1. What were the expectations that you wanted to fulfil prior to the workshop (name a
few)?

Question rationale: Information to better describe/verify the scope of the application.
Some practitioners may have had un-resolved expectations which would help broaden the
scope of PMGEM.

Received answers:
“To give some clarity to future direction for | “Increased awareness of both future and
the sustainability program and confirm our | previous achievements with reasoning
thoughts going forward. Also to get people | behind decisions”.

from other areas of the business to talk [comment 2]

about sustainability.” [comment 1]

2. How would you rate the effectiveness of the process (maturity assessment and
workshop) in meeting your expectations (rate from 1=very bad to 7=very good):
Question rationale: Connect the scope and the output of the application. A 7-scale rating
was used to make this easy for practitioners to answer quickly.

Received answers:

“5” 6‘7”

3. How would you rate the quality of the workshop - rate from 1 to 7 for

a) content quality:

b) content clarity:

¢) educational value:

d) overall:

Question rationale: A question specific to the workshop. As this workshop version
evolved from the application in DSI this question can indicate areas for further
improvement (i.e. content, clarity).

Received answers:

content “5” content quality: “T
content clarity “5” content clarity: “1°
educational value “4” educational value: “7”
overall “5” overall: “7”

4. To what extent was the outcome of the process useful in improving your eco-efficiency
in the future (and would you recommend this to other practitioners)?

Question rationale: A direct question about usefulness to facilitate evaluation of the
workshop and the overall process. The sub-question about recommendation to others helps
the researcher understand the level of applicability of PMGEM.
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Received answers:

“Would recommend it but I don't think we
learnt anything new, however it did back up
what we already knew and what we needed
to do and gives some credibility to the
message we need to give to the Board on the
future direction of our company

“Highlights concentrated periods of change,
which could be explained by both internal
and external influences, increased
awareness of future challenges and possible
implications. Yes, definitely recommend to
other practitioners.” [comment 4]

sustainability program.” [comment 3]

5. Are there other things that we need to be better at in meeting your expectations?
Question rationale: Connect the scope and the output of the application. A 7-scale rating
was used to make this easy for practitioners to answer quickly.

Received answers:

“Can't think of at the moment - maybe a
case study which goes into the specifics of
what was identified, and actions taken etc.”
[comment 5]

“Would imagine this to be very group
dependent, Lampros was very
knowledgeable in the subject, but perhaps
not very experienced in presenting to a
group. Although this was fine for us,
another group may have prepared a more
controlling guide. All that said it was very
good.” [comment 6]

A different aspect of the PMGEM was uncovered by one of the managers in the first case
study in chapter 8. The continuous improvement manager commented after having

participated in both modules of PMGEM:

“It was a benefit for us all to have an open and honest discussion with ourselves regarding
eco-efficiency. We now just need to do the work internally to understand where we need to
be going with sustainability and what steps will add value most.” [comment 7] The manager
acknowledges the lack of direction and lack of capabilities that were uncovered through
PMGEM. In this case, a specific roadmap for improvement was not defined and it is a

dimension that PMGEM was found to be weak.

One of the apparel sustainability managers commented (participated in the self-
assessments and facilitated the conversations post-application): “Our industry seems overrun
with sustainability assessments at the moment and this is an issue for suppliers. I really like
how the tool is trying to identify root causes of performance differences and to show a path to
improve. That is valuable for suppliers, and the assessment is much easier to fill in than the

Higgs Index. Also, looking at the different characteristics across the supply chain has been
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insightful. I hope we can define an effective way of working with these supply chain partners

using this as a starting point.” [comment 8]

The manager acknowledges the value of tools such as the PMGE and understands the
function of the tool (to show improvement pathways). It is also noticeable that PMGE is
being compared to a commercial and quantitative tool which is being developed specifically
for this industry (the Higgs Index). Ease of application is being verified as a desirable
property of PMGE. From the apparel industry one of the brand’s sustainability managers sent
his feedback about the usefulness of the overall process. The apparel case was also presented
to two external practitioners who were not involved in the PMGEM application at any stage.
The first one was a sustainability consultant from the American region and the other one was
a sustainability consultant with background in logistics and supply chain. The process and
findings of the apparel case study were presented to them as third parties for triangulation and

feedback was received (unstructured).
Sustainability manager for the apparel brand for American branch:

“It is probably a good idea to ask our suppliers who would like to volunteer for this type of
research and listen to their concerns and ideas, which I'm sure vary a lot from region to
region, country to country and perhaps type of product to type of product. More of a bottom
up approach rather than a top down approach where we analyse from atop and draw

conclusions from our viewpoint”. [comment 9]
Sustainability consultant (independent observer to the apparel industry):

“It was a 'light-bulb' moment for me when you made your observations about how the players
in the supply chain have different perspectives on maturity. I think, that is going to be really
useful to have in mind, as companies look to develop greater circularity in their processes -
realizing that not only within their organizations but also outside, there are different views on

where the opportunities are.” [comment 10]

Overall, the feedback on the applicability of the PMGEM has been positive but some
limitations were also presented. In section 9.3. the researcher discusses upon the overall

applicability of PMGEM. The following section evaluates the PMGEM usability.
9.2.2 Usability of PMGEM

Usability refers to the degree to which users understand the language and concepts used

(Maier et al., 2012). A usable process would be easy to follow according to Platts (1993). The
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researcher has to examine how well both modules (self-assessment and workshop) interact
with people and assess the overall usability of PMGEM as a process. For example, in the case
of the apparel sportswear company, the maturity framework was found to be familiar to the
practitioners to an existing audit tool for social assessments in supplying factories. This
familiarity helped the practitioners support the case study better as it was seen compatible to
existing auditing tools. It was easier to explain the nature of the maturity grid and engage
with them. Such an indication of familiarity with such tools was not evident in the building

products company and therefore the maturity approach may seem less familiar in that context.

9.2.2.1 Usability of the maturity grid as a self-assessment tool

Two theoretical frameworks have been used to describe usability for the self-assessment
module and for the workshop. The frameworks by Maier et al., (20012) and Kerr et al.,
(2013) provide a substrate to analyse the PMGEM procedures. Frameworks that can help
design and assess the quality of theoretical models (such as the PMGE) have been found to be
rare but also very helpful in this study. The first part of the usability assessment is directly
related to the design of the maturity grid. Table 9-2 completes the second part of the design
assessment table introduced in chapter 5 (Table 5-2), as the intended use of the PMGE is

better defined.

Table 9-2 Maier et al., propose two more phases in the design of maturity grids: An
evaluation phase and a Maintenance phase. The evaluation phase is in alignment with
this chapter, whereas the dimensions of the maintenance phase would be more
applicable once a comprehensive success evaluation is produced. The text in left hand
column is derived from the paper by Maier et al., 2012. Phases I and II remain as

described in section 5.4.

Phase III Evaluation

1. Validate: evidence So far, two instances of validation were observed. A practitioner using the
needs to be given for PMGE in section 5.6.1.3 acknowledged that: “I have used the maturity grid to
correspondence between help me to shape some ideas as part of the planning for future Environmental
the researcher’s findings Programs. I hope to build this into our plans for the future as a way of

and the understandings of =~ measuring our progress.” This validation point was received without having

participants. established what the intended use was for the PGMEM. It did help the
researcher however to clarify what the intended use can be (see chapter 7).
The second type of validation of intended use comes from the apparel

sustainability manager: [comment 8].
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Additional validation points are comments: [4], [7] and [10]. Comment [4] also
refers to the underlying rationale of PMGEM in regards to maturity. This point
strengthens the theoretical proposition of using a maturity model to simulate

eco-efficiency in manufacturing.

2. Verify: In terms of
verification, through
application, the method
developed needs to be
evaluated against the

success criteria.

According to the words of the sustainability manager in the first case study: “It
did back up what we already knew and what we needed to do and gives some
credibility to the message we need to give to the Board on the future direction
of our company’s sustainability program.”

Additional verification points can be: comments [5] and [6]. The limited
number of applications in chapter 8 is also an inhibiting factor to make more

efficient verification of the intended use.

Phase IV - Maintenance

1. Check

benchmark (and

An updated version of the PMGE is presented in Appendix E.

(if applicable)
adjust description
in cells):
2. Maintain Not applicable but could be considered for future work.
(if applicable)
results database:
3. Document and The development of the maturity grid as well as the way to apply
communicate this has been published in Litos and Evans (Litos and Evans,
development (audience specific) 2015a).

process and

results:

9.2.2.2 Usability of the workshop

The second area is related to the workshop. It is discussed separately as it focuses more on

the interactions between the practitioners and the method. This task was guided by work from

Kerr et al. As described in chapter 7, Kerr et al., propose that processes like PMGEM can

generally follow 7 principles. These are used in this section as an assessment template in

Table 9-3 and comments are made post-application in the case of the building products

company. The researcher re-populates the assessment table by Kerr et al., (2013) to reflect

mainly upon the workshop process. The workshop design principles are reviewed post

application in chapter 8. The intended use of the workshop is described in section 7.4.3.
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Table 9-3 Workshop assessment based on criteria set by Kerr et al. (2013)

Assessment L

o Researcher’s comments post-application
principles
Being PMGEM focuses on managers’ perceptions to characterize and assess the
human- maturity of manufacturing practices. It is human centric as it involves people
centric in both main components. Human input is essential to inform research. At the

same time participants act as educators for their peers as they go through the
process and perform peer-to-peer communications. These communications are
hard to record and can be missed by the researcher. As some of the
participants pointed out, it is key to acknowledge what other people think
about eco-efficiency and what needs they want to fulfil (see comments

1,7,9,10)

Workshop ~ Without the workshop, as in case of the apparel company, the study remains
based: subjective to the interpretation of the maturity profiles by the researcher. The
follow up workshop from that step would provide context to build better

understanding about manufacturing capabilities and practice maturity.

Without the workshop, the researcher had to take initiative and follow up from
the self-assessment process to gain deeper insights about the case study
context and the relationships between various stakeholders. In the building
products company, the workshop was received well by practitioners with

medium to very-high ratings (see question 3 in table 9.1).

Neutrally The level of the researcher’s interference, particularly in the workshop, needs
facilitated:  to focus on pacing the process rather than directing content (Kerr et al., 2013).
Facilitation was acknowledged as an important element of the overall process

(see comment 7).

The researcher’s personal input would bias the workshop output and remained
as neutral as possible. It was necessary to answer participants’ questions (i.e.
definitions) but the main objective was to keep track of time. In occasions he
would urge some practitioners to write their thoughts on the post-it notes
and/or expand their notes so that others can read these and make additional

comments.
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Both modules of the process can quickly generate results in a structured
format as they follow the grid structure. The structure and use of colour post-it
notes can provide quick feedback to the researcher about the most active areas
in the company. In addition, the data transcription was greatly facilitated by

the coloured notes and the grid structure.

The workshop can be seen as modular in two ways. It is the second part of the
maturity-based method and it consists of three maturity grids. In the case of
the building products company, both modules of PMGEM were used. In the
apparel supply chain only the self-assessments were used. If a workshop was
performed, there would be the option of different practitioners choosing

different set of maturity sub-grids to focus on.

The workshop can look into the eco-efficiency of the manufacturing system
rather than a single manufacturing site. The case of the supply chain helped

the researcher make that distinction more visible.

In addition to customisation of the process, not all dimensions of the grid are
relevant to every case study. For example, the dimension or “process water”
was not important in the case of the building products company as very little
water is used overall in their processes. Practitioners may choose to disregard

a dimension of the grid as irrelevant or not material to the business.

As one of the practitioners in the apparel company mentioned “the use of
scalable sustainability tools is a priority for the brand”. The process is
available to practitioners to run themselves with little or no facilitation by the
researcher. Scalability was found difficult to assess at this stage. The only
promising evidence of scalability came in the apparel case study as the self-
assessment process (PMGE) was perceived positively when compared to an

industry wide tool (see comment 8).

A few comments about visual attributes have already been made such as the
colour of the post-it notes and their density once the process is complete.
Visual enhancement of the process certainly helps the participants review the
process output faster. This dimension drove the rationale behind Figure 7.1

and Table 8-4). However, the efficient use of such visuals was not adequately
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assessed in this work mainly due to the limited number of cases applied.
Sharing of maturity profiles in Table 8-4 amongst participants did generate
discussions but it is not clear how the visual element works in detail. The
researcher assumes that the misalignment of maturity profiles did trigger a
benchmarking process between tier factories and the brand but yet this

remains an assumption for further elaboration.

9.2.2.3 Overall usability of PMGEM

One of the key parameters that enabled PMGEM to take place, was the facilitation offered by
some of the participants. Achieving the levels of engagement as in chapter 8, would have
been impossible for the researcher to deliver in a timely fashion. It was critical to achieve
commitment from the companies before this process could start. It was also observed that
PMGEM has to become more intuitive for practitioners to use themselves independently (i.e.
with a supplier). The self-assessments required little facilitation but the same cannot be
claimed for the workshop. Having discussions about eco-efficiency improvements between
practitioners and/or suppliers is the stage where the researcher sees more value for practice. It
is also the stage where theoretical assumptions from RBV can be translated into actionable

recommendations.

9.2.2.4 PMGEM and success criteria

Based on the analysis, the researcher argues that the success criteria set for PMGEM have
been addressed adequately. There is evidence in both case studies that practitioners were
better informed about the current levels of the system's eco-efficiency and about the
challenges that the variability of perceptions generates. The researcher needs to further
acknowledge that certain conditions of the application did inhibit the overall success. In the
first case study, top-management commitment for eco-efficiency improvements was found to
be weak as an incentive for practitioners but further weakened the motivation for people's
participation in the process. Similarly, the distance between practitioners in the second case

study prevented the full application of PMGEM.

Positive comments about future use of PMGEM and integration to existing assessment tools
was evident but it is difficult to generalise such statement at this point due to limited

feedback.
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9.3 Discussion and limitations

The researcher sees the two main parts of the process (self-assessment and workshop) as
complimentary to each other. The maturity grid in the self-assessment tool was developed
mainly with literature data and users are given a populated grid (PMGE). On the other hand,
the workshop is developed to help practitioners design their own eco-efficiency improvement
pathway by focusing on practices that can be supported with existing capabilities. The grid
structure and rational (RBV theory) of the PMGE are the properties that are being held
constant between these two application steps. This observation became apparent to the

researcher after the applications in chapter 8.

Overall, as a complete method, PMGEM did achieve some positive feedback. One of the
process strengths was perceived to be the maturity profiles (i.e. as in Table 8-4). Collecting
maturity profiles, as expected, produced results of fair quality but with little impact to the
organizations. The follow up process of peer-to-peer discussions (see section 8.6.3) or the
workshop was found to be the most valuable part of PMGEM for research and practice. This
participatory process provides context to the maturity profiles and helps the user of the
method understand what the improvement recommendations can be. In the building products
company, the ground for improvements was not found to be fertile yet. As the continuous
improvement manager commented: “We now just need to do the work internally to
understand where we need to be going with sustainability and what steps will add value
most”. This comment is aligned to the maturity self-assessment output where all participants
agreed that “there was a top-management commitment to improve across a range of functions
that lacked strategic intent, the urge was generic and not clearly understood by people”. For
PMGEM this indicates internal consistency as the process does not seem to generate
conflicting results (subject to more applications). Nevertheless, the improvement options for
the building products company were not clear or straightforward. Potentially, more work is
required for PMGEM to be able to produce actionable recommendations. Certain

implications for theory are discussed in the following chapter.

One of the problems with maturity-based empirical research has been in operationalizing the
attributes of interest and synthesizing appropriate measures (Mullaly, 2014; Thomas and
Mullaly, 2007). Indeed, it was found to be challenging to create actionable and valuable
recommendations in the applications in chapter 8. The researcher sees this issue depending on
context and facilitator’s experience. In the apparel company it seemed easier to make

suggestions for improvement as there was a higher drive to improve the supply chain. A
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similar urgency in the building products company was not observed. Potentially, PMGEM is
limited as a design process by the urgency levels that the corporate environment experiences.
The researcher’s experience in facilitating PMGEM was highlighted by one of the
participants (see comment 6). Some further practice is required to deliver PMGEM
effectively to meet the success criteria in the long run. It was not very clear what precisely

was missing from the facilitation but it is a point that came up and cannot be ignored.

The PMGEM process can be revised to incorporate the questions used in the apparel case to
gain a level of contextual information (Figure 9.1). The questions enabled the clarification of

some of challenges that the system faced.

Figure 9.1 The revised PMGEM

- 2. Maturity analysis -
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9.4 Review of contributions to practice post-application

In chapter 7, certain aspects of this work were brought forward to the reader as tentative
contributions to theory and practice. In this chapter, in table 9.4, the researcher clarifies what
the contributions to practice are. In the following chapter the researcher reflects on the

theoretical grounds of this work and reviews the tentative contributions to theory.

Table 9-4 - Revised contributions to practice post-application

Tentative contributions Revised contributions to practice

1. PMGEM application is dependant
to the context of the application.

1. PMGE application needs to be timely and PMGEM users need to acknowledge

produce contextual information about eco- contextual factors that may influence

efficiency improvements. The users need to the results of the application. |

have clear expectations from the application

and a specified goal. Therefore, participants (users) that are familiar
with the context of the application are in a
more advantageous position to interpret the

PMGEM results.
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2. At high maturity levels the variation of

practitioners’  perceptions is  reduced

significantly as internal information flows

improve. At high maturity levels,

perceptions about practices are aligned and

converge. At lower maturity levels,

perceptions can be scattered across various
maturity levels or converge strongly to
either side of the chart (indicating an
environmental and

imbalance between

economic performance).

Improved information flows may accelerate
the improvement process but there is not
enough evidence to strongly support the
argument about reduction of variability due to

improved information flows.

CPractitioners’ perceptions may Vary\

and converge in various dimensions of

performance. The use of PMGE
enables this observation and provides
a basis for further investigation.
Acquiring contextual information can

help interpret some of the variation in

@turity profiles. J

3. Maturity levels 3 and 4 are crucial for a
company's transition from business-as-usual
to leading performance. Gaining more
contextual information is critical to help

clarify what improvements can be proposed.

Both case studies in chapter 8 did not exhibit
strong evidence of high practice maturity, as in
the case studies in chapter 6. However, it was
found that strong support from top-
management is key to help practitioners
advance the maturity of their systems and
sustain improvements at maturity level 3 and

4. The proposition can be refined as:

~

3. Top-management support is critical
for the design of eco-efficient

manufacturing systems and to advance

J

The second descriptive study further helped the researcher clarify a practice contribution to

design research methodology. The steps followed in this study can be seen as an 8" type of

DRM project which researchers may use to design improvement methods similar to
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PMGEM. The contribution is reflected in the introduction of two descriptive studies after the
research clarification phase. The first one is an inductive study where the researcher intends
to learn more about the situation and the problem as in the 5" type of project. A second
descriptive study at this phase of the research is initiated to model the situation. As this can
be a novel model (like PMGE) an inductive-deductive study can be performed to build and to
understand how the model interacts with the real world (practitioners in this case, see section
5B). The composition of the model can be inductive with data from literature and the first
descriptive study. The application of the model is deductive as it is a test of the model in
various conditions to check for usability/applicability. This type of DRM project is presented
in table 9-5 and contrasted to the 5" project type that this researcch plan was based upon (see

figure 3.2)

Table 9-5. The 5™ and the new 8" proposed type of DRM project

9.5 Chapter summary

Research Research Descriptive Prescriptive study  Descriptive
phases Clarification study study
2 th . DS1 PS o
§ 5™ type Review-based (o) e — DSII (Initial)
[
B | 8" type Review-based DSI DSII PS DSIII
g (proposed) Initial or Comprehensi Comprehensive Descriptive
I~ Comprehensive ve study
= (initial)
Literature Inductive study  Modelling of : Inductive study. A deductive
review (i.e. open or data and Method study where
semi-structured = model testing = development —the . the researcher
interviews) through a method is based on ' seeks
Literature deductive the model. Thisis  evidence to
review to relate ' study (see how the method shape the
to theory that chapter 5B). finds its way into model and
may explain being practiced. connect it
patterns in data. back to
theory .1

The researcher analysed the feedback from the application of PMGEM in two case studies
from chapter 8. The evaluation process followed two main dimensions of analysis:
applicability (can the process be followed?) and usability (how easily can the process be

followed?). Overall, the method received several positive comments that validate its intended
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use to a satisfactory level for this (initial type) descriptive study 2. This chapter addresses the

second research objective with the development, testing and revision of the PMGEM.

More applications and testing are seen as necessary to learn more about the organizational
context that enables actionable recommendations to emerge through PMGEM. The user's
ability to facilitate the applications was also seen as an important factor to achieve higher

impact in practice.
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10 CONCLUSIONS AND FUTURE
WORK

10.1 Introduction to this chapter
The final chapter of this thesis overviews the research activities carried out and reflects upon
the research tasks set in chapter 3. The researcher reviews and clarifies the theoretical

contributions of this work. Future research goals based on this work are also proposed.

10.2 Main knowledge areas

This inquiry is connected to certain knowledge domains. From a context perspective, it is
addressing challenges within the sustainable manufacturing literature (section 3.3). The
researcher’s overall intention has been to help manufacturers make products in a more
sustainable way. This inquiry is also connected to environmental management and
assessment literature as it offers tools that can be used to assess and manage eco-efficiency
targets. As the researcher demonstrated the development and application of these tools, this
work offers additional support to researchers and practitioners that want to develop and apply
interventional tools. Therefore, the inquiry is connected to the body of literature that focuses

on the design and use of tools for business research and practice.
Overall, the theoretical contributions of this study advance knowledge in three domains:

1. The researcher confirms and extends the theoretical work on organizational maturity
by Baumgartner and Ebner (2010) in the specific domain of eco-efficiency with

additional empirical evidence. (see further discussion in 10.2.1). The researcher found
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a way to practice the maturity profiling by Baumgartner and Ebner (2010) in real life
situations and offer applicable and usable information to practitioners to plan and
action eco-efficiency improvements.

2. The resourced-based view theory has been found to have transferable implications for
eco-efficiency in manufacturing systems. This work confirms the applicability of
RBYV theory for manufacturing systems at high-maturity levels (based on PMGE). At
lower maturity levels RBV was not equally supported in this work and further
research is required to understand the improvement mechanisms at lower maturity
levels. (see further discussion in 10.2.2)

3. The maturity-model body of literature (theory and application) as addressed by Maier
et al., (2012). This knowledge discipline is also connected to the research plan rational
(based on DRM), as there are common design similarities between the two

disciplines. (see further discussion in 10.2.3)

In the following paragraphs the researcher discusses in more detail how this inquiry has
advanced and contributed to the fields of these knowledge domains. Tentative contributions
to knowledge from chapter 7 are finalised here by also acknowledging the use of
PMGE/PMGEM that helped to surface the contributions. Comments are also made on future

research activities in each area.

10.2.1 Organizational maturity and eco-efficiency

This inquiry is positioned within the field of sustainable manufacturing. Aligned to the
researcher’s philosophical stance, this work is oriented to help practitioners in manufacturing
improve on eco-efficiency. The maturity profiles work by Baumgartner and Ebner inspired
the researcher to use the concept of maturity profiles in real-life and demonstrate how it can
be used for eco-efficiency. The researcher found a way to observe and record the variability
of practitioners’ perceptions about eco-efficiency practices and how variability may be linked

to underperformance.
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The first tentative contribution to theory is finalised now as:

(1. PMGEM users can observe variations of perceptions between practitioners. D
high-maturity levels, practitioners' perceptions converge and vertically align on the
maturity grid, while the system exhibits high eco-efficiency levels (economic and
environmental performance are balanced). At low maturity levels practitioners'
perceptions may converge to certain dimensions of performance but do not show

overall alignment thus predicting imbalance between environmental and economic

\performance. )

The self-assessment process that has been developed in chapter 5, operationalises the

theoretical work of Baumgartner and Ebner. Practitioners are now equipped with a tool that
can generate rapid insights about a system's eco-efficiency. The tool is structured and it has
proven its applicability and usability. Additional work is required through real-life
applications to create behavioural system patterns as Baumgartner and Ebner predict (see

figure 5.1).

A conference paper was written by the researcher on this subject in the second Sustainable
Design and Manufacturing conference in 2015 (Litos and Evans, 2015b). The researcher
proposes that sustainable manufacturing strategies can be characterised by the maturity of
practices at different dimensions of performance. The PMGE is adjusted to facilitate this type

of work.

10.2.2 The resource-based view theory and eco-efficiency

In chapter 4, the researcher found that the resource-based view theory, and its extension from
Hart (1995) for the natural environment, could serve the research objectives. RBV predicts
that companies may choose to exploit existing internal capabilities to tackle environmental
challenges. Hart proposed that cost advantages can be achieved through pollution prevention
initiatives. In chapter 6, the researcher observed how mature companies may leverage internal
capabilities to support eco-efficiency improvement projects. The observations justified the
RBV approach for the companies in the automotive and aerospace sectors. As these are
sectors where high practice maturity is expected, the observations are difficult to generalise to
other types of industries. Therefore, additional descriptive work in other industries (i.e.

process industries) is necessary to demonstrate to the academic and industrial communities
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how existing capabilities can be leveraged to achieve cost advantages. Specifically, within the

field of sustainable manufacturing the examples were found to be rare.

Through the case studies in chapter 6 and 8 another observation emerged. The way that one
defines the manufacturing system influences the areas where system strengths can be found
and applied for eco-efficiency. Especially in the cases of the aircraft and apparel companies,
the manufacturing system extends to more than one factories and can incorporate suppliers.

Improvement options can be found in across the wider supply chain.

The second tentative contribution to theory is finalised now as:

CMature eco-efficiency practitioners have largely relied on their core strengthsb
shape programs of action (thus confirming the grounds of RBV theory). The
concept of using existing system strengths to support eco-efficiency improvements
has been confirmed for manufacturing systems that employ mature manufacturing

practices, through the PMGEM application.

The above statement is subject to the condition that: it is important to define the

boundaries of the manufacturing system where transferable system strengths may

Qapplicable for eco-efficiency improvements. /

Within the RBV theoretical grounds one more tentative theoretical contribution was

presented in chapter 7:

= e = -

| Tentative contribution to theory 4: At high maturity levels, key enablers for

— e e o Ew mm o mm o e e o e =

| improvements are aligned to core system capabilities and business objectives.

As both cases in chapter 8 were at low to medium maturity levels, the above statement
remains tentative subject to critical review. This tentative conclusion has implications about
the theoretical framework in chapter 4. The links between strategy, practices and eco-
efficiency (area C in figure 10.1), were not well-explored in this work and can be a
considered for further elaboration. The argument that alignment between practices, strategy
and organizational capabilities may enable or accelerate eco-efficiency improvements sounds

logical and there are studies that may support similar statements in other knowledge
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disciplines (see section 4.7). Top-management commitment may be one of the influencing
factors (as absence of commitment and clear strategy was a problem for the first case study in

chapter 8). Nevertheless, evidence so far do not support the forth tentative conclusion further.

Figure 10.1 - Review of the theoretical framework from chapter 4.
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10.2.3 PMGEM design principles

In chapter 5, the researcher demonstrated how the concept of maturity was operationalised for
research activities following the design principles offered by Maier et al., (2012) and Kerr et
al., (2013). This thesis offers an example of how maturity grids such as the PMGE can be
designed and applied for research. This work has been published in Litos and Evans (2015).
The researcher found the design guidelines by Maier et al., (2012) very helpful to design the

interface (the maturity grid) between the concept of maturity and real-life situations.

The feedback received in chapters 5 and 9 was aligned to the intended use of the PMGEM
(see sections 5.3 and 9.2) and further proves the utility of the design guidelines by Maier et
al., (2012). In addition, the workshop was found to be a valuable tool for collecting
contextual information about system capabilities and help develop recommendations. The
modularity (Kerr et al., 2013) between the self-assessment and the workshop enabled the

complementarity of information within the application (internal consistency). In table 9.3 the
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researcher clarified the practical contributions of the PMGEM. In this chapter, the third

tentative contribution to theory is finalised as:

([ R

3) PMGEM was found to be applicable and usable. It confirms the utility of the
maturity grid design principles by Maier et al., (2012) and the utility of the workshop
design principles by Kerr et al., (2013).

. J

The PMGEM design process can be used by other researchers and practitioners to further the
development of PMGEM or other similar methods. The element of modularity within the two
main modules of PMGEM (self-assessment and workshop) made the overall method more
robust and consistent therefore these are necessary components to the method. Additional
future efforts to improve PMGE is to refine and enrich the description of practices in the grid
cells as well as to experiment within a more positivistic methodology (i.e. a survey).
Ultimately, the researcher envisages that PMGEM can become a benchmarking platform for

eco-efficiency

10.3 Limitations and future work

The researcher designed and tested a method (PMGEM) that has been positively commented
by practitioners in manufacturing companies. The research activities followed the
methodological principles that Blessing and Chakrabarti set in their design research
methodology (DRM) framework. The alignment of this work to DRM has been intentional as
the researcher needed a rigorous methodological research plan to develop design support for
practitioners. DRM offered a rigorous platform to conduct research. Nevertheless, limitations
do exist within this work and need to be acknowledged and considered for future research
endeavours. The identified limitations are contextual, methodological, and theoretical and

content-related.

a) Contextual limitations originate from the environment where this work is applied. The
researcher observed that practitioners’ perceptions can be biased for a number of
reasons like job roles, educational background or type of industry they work in.
Therefore, participants’ understanding and perception of eco-efficiency may vary. This

limitation was found to be countered by the level of facilitation offered (being as
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neutral as possible). The more the researcher would facilitate the interaction between
the participants and the tools (i.e. maturity grid or workshop), the easier it was for
people to engage with these. Neutral facilitation nevertheless is important for an
unbiased outcome and users of PMGEM need to be aware of this requirement.

A level of variation between practitioners can be attributed to the practice descriptions
in the cells of PMGE. The researcher estimates that this should not be more than 1
level between two practitioners. It is expected that future applications of the maturity
grid by other users may contribute to more clear and singular descriptions in PMGE
cells to avoid this type of variation. For that respect a library of revisions should be
established that keeps records of such changes in the grid.

Methodological limitations also exist. DRM was selected in chapter 2 as the preferred
framework to plan research activities. Other frameworks could have offered a different
route to answer the research question and objectives. DRM offered the angle of
“intended use” in the development of the PMGEM whereas other methodologies may
had offered an alternative investigation route such as more attention to the influencing
factors of eco-efficiency or more attention to the theoretical links to RBV.

In addition to methodological limitation, the researcher acknowledges that this work
could have had a different outcome within other theoretical perspectives such as the
theory of planned behaviour (Ajzen, 1991). The researcher considers that the
behavioural element of management practices can further enhance the applicability
and usability of this work. By taking into account the impact of maturity profiles on
people's phycology and behaviour, PMGEM can become even more effective in the
design of eco-efficiency solutions.

Content-related limitations were observed with the PMGEM's capability to deal with
different types of inputs about practices and generate valuable recommendations.
Relying on RBV as a theory to generate improvement options may work well for some
cases but more work is required to be at a level where the method can deal with both

low and high levels of input data quality.

10.4 Additional discussion points and future work

Three additional points can be brought forward that could be used as a basis to further extend

this work:19
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a) In chapter 7, an observation about the effectiveness of execution of practices at various
maturity levels was excluded from the PMGEM development. For example, within one cell
of the maturity grid the researcher can apply a traffic light system to indicate how a practice
performs (work in progress, delays or satisfactory execution). It is proposed that this type of
work can add more detail in PMGE and make it more comprehensive. In addition, a
combination with quantitative data could add another dimension to the PMGEM and link the
grid to eco-efficiency performance figures. There is significant amount of research on
quantitative maturity grids that this work could be linked to and improve robustness and
reliability. The research challenge would be to make the PMGE more comprehensive and still

usable as the researcher predicts a trade-off with usability.

b) Another concept that the researcher introduces in the design of PMGE is its three-layered
structure. As PMGE consists of three sub-grids and therefore the user needs to reflect on the
maturity of practices across three important organizational layers: processes, systems and top-
management (leadership). Unfortunately, there was not enough time to explore the cascade of
practice maturity across these layers. The thinking is embedded in the proposition about
alignment of perceptions but the researcher now refers more to the actual practice itself.
There are very few qualitative studies on sustainable manufacturing that embed this type of
thinking in the research tools. There was only one paper found that discusses the mechanism
of practice diffusion within the organization (Ansari et al., 2010). This thesis can be an
opportunity to further explore how maturity can be diffused through the organizational layers

and practices within each layer.

¢) On a more personal note, the researcher also finds that PMGEM was applicable and useful
by practitioners as a method of simplifying and decomposing eco-efficiency. This was not
explicitly mentioned by practitioners and therefore it was not included as a contribution to
knowledge and practice. Nevertheless, as a practitioner, the researcher can see that the
maturity grid decomposes eco-efficiency in manageable tasks for improvement and this is
probably why it was used for planning purposes (see section 5.6.1.3). Future work could also

involve the investigation of the planning capabilities of PMGEM.

189



Design for eco-efficiency improvements in manufacturin

11 PUBLICATIONS

Journals

Litos, L., Evans, S., 2015. Maturity grid development for energy and resource efficiency
management in factories and early findings from its application. Journal of Industrial and

Production Engineering, 1 - 18
Conferences

Litos L., Gray D., Johnston B., Morgan D., Evans, S., 2016. A maturity-based improvement
method for eco-efficiency in manufacturing systems. 14th Global Conference on

Sustainable Manufacturing, GCSM 2016; Cape Town; South Africa; 3-5 October 2016

Litos L., Lunt P., Hope S., Evans S., 2015. Empirical approaches to development and sharing
of environmental best-practice within multi-site manufacturing configurations, Global
Cleaner Production & Sustainable Consumption Conference, Sitges, Barcelona, Spain, 1 -

4 November 2015

Litos L., Morgan D., Johnston B., Romy Miltenburg R., Evans S., 2015. Eco-efficiency
maturity assessment and improvement methodology in the apparel industry, Global
Cleaner Production & Sustainable Consumption Conference, Sitges, Barcelona, Spain, 1 -

4 November 2015

M. Despeisse, A. Davé, L. Litos, S. Roberts, P. Ball, S. Evans, 2015. A Collection of Tools
for Factory Eco-Efficiency, 13th Global Conference on Sustainable Manufacturing Ho Chi
Minh City & Binh Duong Vietnam September 17th 2015

190



Chapter 11

Litos L., Evans S., 2015. Developing sustainable manufacturing strategies through practice
maturity assessment, in: SDM'2015 2nd International Conference on Sustainable Design

and Manufacturing, Seville, Spain, 12-14 April 2015

Litos L., Evans S., 2014. Tool-kit development to facilitate decision making on eco-
efficiency in manufacturing — insights from its application in production, in: Proceedings
of the ECEEE 2014 Industrial Summer Study: Retool for a competitive and sustainable
industry, Papendal, Arnhem, the Netherlands, 02 — 05 June 2014

Litos L., Evans S., 2014. Understanding eco-efficiency through environmental performance
benchmarking — a qualitative approach, in: SDM'2014 International Conference on

Sustainable Design and Manufacturing, Cardiff, Wales, UK, 28-30 April 2014

Bocken, N., Roberts, S., Litos, L., Evans, S. 2013. Understanding environmental performance
variation between factories which make the same products under similar circumstances.

7th International Conference on Industrial Ecology (ISIE), Ulsan, 25-28 June, 2013

Acknowledgements

Nancy Bocken, David Morgan, Steve Evans, (2013) "Understanding environmental
performance variation in manufacturing companies", International Journal of Productivity

and Performance Management, Vol. 62 Iss: 8, pp.856 - 870

191



Design for eco-efficiency improvements in manufacturin

12 REFERENCES

ABB Energy Efficiency Solution, 2010.

Abdelaziz, E.A., Saidur, R., Mekhilef, S., 2011. A review on energy saving strategies in
industrial sector. Renewable and Sustainable Energy Reviews 15, 150-168.
doi:10.1016/j.rser.2010.09.003

Abdul Rashid, S.H., 2009. An investigation into the material efficiency practices in the UK
manufacturers (Thesis or dissertation). Cranfield University.

Abdul Rashid, S.H., Evans, S., Longhurst, P., 2008. A comparison of four sustainable
manufacturing strategies. International Journal of Sustainable Engineering 1, 214—
229.doi:10.1080/19397030802513836

Adams, C.A., Whelan, G., 2009. Conceptualising future change in corporate sustainability
reporting. Accounting, Auditing & Accountability Journal 22, 118-143.
doi:http://dx.doi.org/10.1108/09513570910923033

Ahuja, G., Hart, S.L., 1996. Does It Pay to Be Green? an Empirical Examination of the
Relationship Between Emission Reduction and Firm Performance. Business Strategy
& the Environment (John Wiley & Sons, Inc) 5, 30-37.

Ajzen, 1., 1991. The theory of planned behavior. Organizational Behavior and Human
Decision Processes, Theories of Cognitive Self-Regulation 50, 179-211.
doi:10.1016/0749-5978(91)90020-T

Albertini, E., 2013. Does Environmental Management Improve Financial Performance? A
Meta-Analytical Review. Organization Environment 26, 431-457.
doi:10.1177/1086026613510301

192



Chapter 12

Alt, E., Diez-de-Castro, E.P., Lloréns-Montes, F.J., 2014. Linking Employee Stakeholders to
Environmental Performance: The Role of Proactive Environmental Strategies and
Shared Vision. Journal of Business Ethics. doi:10.1007/s10551-014-2095-x

Ambec, S., Lanoie, P., 2008. Does It Pay to Be Green? A Systematic Overview. Academy of
Management Perspectives 22, 45-62. doi:10.5465/AMP.2008.35590353

Andersson, R., Eriksson, H., Torstensson, H., 2006. Similarities and differences between
TQM, six sigma and lean. The TQM  Magazine 18, 282-296.
doi:10.1108/09544780610660004

Ansari, S.M., Fiss, P.C., Zajac, E.J., 2010. Made to Fit: How Practices Vary as They Diffuse.
Academy of Management Review 35, 67-92. doi:10.5465/AMR.2010.45577876

Aragén-Correa, J.A., Hurtado-Torres, N., Sharma, S., Garcia-Morales, V.J., 2008.
Environmental strategy and performance in small firms: A resource-based
perspective.  Journal ~ of  Environmental =~ Management 86,  88-103.
doi:10.1016/j.jenvman.2006.11.022

Aragén-Correa, J.A., Sharma, S., 2003. A Contingent Resource-Based View of Proactive
Corporate Environmental Strategy. Academy of Management Review 28, 71-88.
do1:10.5465/AMR .2003.8925233

Azapagic, A., 2004. Developing a framework for sustainable development indicators for the
mining and minerals industry. Journal of Cleaner Production 12, 639-662.
doi:10.1016/S0959-6526(03)00075-1

Baier, C., Hartmann, E., Moser, R., 2008. Strategic Alignment and Purchasing Efficacy: An
Exploratory Analysis of Their Impact on Financial Performance. Journal of Supply
Chain Management 44, 36-52. doi:10.1111/5.1745-493X.2008.00071 .x

Ball, P., 2015. Low energy production impact on lean flow. Journal of Manufacturing
Technology Management 26, 412—428. doi:10.1108/JMTM-12-2012-0120

Ball, P.D., Despeisse, M., Evans, S., Greenough, R.M., Hope, S.B., Kerrigan, R., Levers, A.,
Lunt, P., Murray, V., Oates, M.R., Quincey, R., Shao, L., Waltniel, T., Wright, A.J.,
2013. Factory modelling: Combining energy modelling for buildings and production
systems, IFIP Advances in Information and Communication Technology.

Ball, P.D., Evans, S., Levers, A., Ellison, D., 2009. Zero carbon manufacturing facility —
towards integrating material, energy, and waste process flows. Proceedings of the

Institution of Mechanical Engineers, Part B: Journal of Engineering Manufacture 223,

1085-1096. doi:10.1243/09544054JEM 1357

193



Design for eco-efficiency improvements in manufacturin

Bandehnezhad, M., Zailani, S., Fernando, Y., 2012. An empirical study on the contribution of
lean practices to environmental performance of the manufacturing firms in northern
region of Malaysia. International Journal of Value Chain Management 6, 144.
doi:10.1504/1JVCM.2012.048379

Banker, R.D., Bardhan, [.R., Hsihui Chang, Shu Lin, 2006. Plant Information Systems,
Manufacturing Capabilities, and Plant Performance. MIS Quarterly 30, 315-337.

Barla, P., 2007. ISO 14001 certification and environmental performance in Quebec’s pulp
and paper industry. Journal of Environmental Economics and Management 53, 291-
306. doi:10.1016/j.jeem.2006.10.004

Barney, J.B., 2001. Resource-based theories of competitive advantage: A ten-year
retrospective on the resource-based view. Journal of Management 27, 643-650.
doi:10.1177/014920630102700602

Barney, J.B., Ketchen, D.J., Wright, M., 2011. The future of resource-based theory:
Revitalization or decline? Journal of Management 37, 1299-1315.
doi:10.1177/0149206310391805

Bartlett, C.A., Ghoshal, S., 2002. Building competitive advantage through people. MIT Sloan
Management Review 43, 34-41.

Baumgartner, R., Zielowski, C., 2007. Analyzing zero emission strategies regarding impact
on organizational culture and contribution to sustainable development. Journal of
Cleaner  Production, = Approaching zero  emissions 15, 1321-1327.
doi:10.1016/j.jclepro.2006.07.016

Baumgartner, R.J., Ebner, D., 2010. Corporate sustainability strategies: sustainability profiles
and maturity levels. Sustainable Development 18, 76—-89. doi:10.1002/sd.447

Becker, P.D.J., Knackstedt, D.R., Poppelbul3, D.-W.L.J., 2009. Developing Maturity Models
for IT Management. Bus. Inf. Syst. Eng. 1, 213-222. doi:10.1007/5s12599-009-0044-5

Bereketli, I., Erol Genevois, M., n.d. An integrated QFDE approach for identifying
improvement strategies in sustainable product development. Journal of Cleaner
Production. doi:10.1016/j.jclepro.2013.03.053

Bey, N., Hauschild, M.Z., McAloone, T.C., 2013. Drivers and barriers for implementation of
environmental strategies in manufacturing companies. CIRP Annals - Manufacturing

Technology 62, 43-46. doi:10.1016/j.cirp.2013.03.001

194



Chapter 12

Beyond the matrix organization | McKinsey & Company [WWW Document], n.d. URL
http://www .mckinsey.com/Insights/Organization/Beyond_the_matrix_organization?ci
d=mckq50-eml-chf-mkq-mck-oth-1410 (accessed 10.14.14).

Bielaczyc, K., 2013. Informing Design Research: Learning From Teachers’ Designs of Social
Infrastructure. Journal of the Learning Sciences 22, 258-311.
doi:10.1080/10508406.2012.691925

Bititci, U.S., Mendibil, K., Martinez, V., Albores, P., 2005. Measuring and managing
performance in extended enterprises. International Journal of Operations &
Production Management 25, 333-353.

Blessing, L.T.M., 2015. COMPARISONS OF DESIGN METHODOLOGIES AND
PROCESS MODELS ACROSS DISCIPLINES: A LITERATURE REVIEW [WWW
Document]. URL
http://www .academia.edu/5742797/COMPARISONS_OF_DESIGN_METHODOLO
GIES_AND_PROCESS_MODELS_ACROSS_DISCIPLINES_A_LITERATURE_R
EVIEW (accessed 5.27.15).

Blessing, L.T.M., Chakrabarti, A., 2009b. DRM, a design research methodology, DRM, a
Design Research Methodology.

Blessing, L.T.M., Chakrabarti, A., 2009a. DRM, a design research methodology, DRM, a
Design Research Methodology.

Bocken, N., Morgan, D., Evans, S., 2013. Understanding environmental performance
variation in manufacturing companies. International Journal of Productivity and
Performance Management 62, 856-870. doi:10.1108/IJPPM-03-2013-0042

Boiral, O., 2007. Corporate Greening Through ISO 14001: A Rational Myth? Organization
Science 18, 127-146.

Boyd, G., Dutrow, E., Tunnessen, W., 2008. The evolution of the ENERGY STAR® energy
performance indicator for benchmarking industrial plant manufacturing energy use.
Journal of Cleaner Production 16, 709-715. doi:10.1016/j.jclepro.2007.02.024

Brockhaus, S., Kersten, W., Knemeyer, A.M., 2013. Where do we go from here? Progressing
sustainability implementation efforts across supply chains. Journal of Business
Logistics 34, 167-182. doi:10.1111/;b1.12017

Brown, S., Blackmon, K., 2005. Aligning Manufacturing Strategy and Business-Level

Competitive Strategy in New Competitive Environments: The Case for Strategic

195



Design for eco-efficiency improvements in manufacturin

Resonance. Journal of Management Studies 42, 793-815. doi:10.1111/j.1467-
6486.2005.00519 .x

Brown, S., Squire, B., Blackmon, K., 2007. The contribution of manufacturing strategy
involvement and alignment to world-class manufacturing performance. International
Journal of  Operations and Production Management 27, 282-302.
doi:10.1108/01443570710725554

Brunet, A.P., New, S., 2003. Kaizen in Japan: an empirical study. International Journal of
Operations & Production Management 23, 1426-1446.
doi:10.1108/01443570310506704

Buysse, K., Verbeke, A., 2003. Proactive environmental strategies: A stakeholder
management perspective. Strateg. Manage. J. 24, 453-470. doi:10.1002/smj.299

Cagno, E., Trianni, A., 2012a. Analysis of the Most Effective Energy Efficiency
Opportunities in Manufacturing Primary Metals, Plastics, and Textiles Small- and
Medium-Sized Enterprises. J. Energy Resour. Technol 134, 021005-021005.
doi:10.1115/1.4006043

Cagno, E., Trianni, A., 2012b. Analysis of the Most Effective Energy Efficiency
Opportunities in Manufacturing Primary Metals, Plastics, and Textiles Small- and
Medium-Sized Enterprises. J. Energy Resour. Technol. 134, 021005-021005.
doi:10.1115/1.4006043

Cagno, E., Worrell, E., Trianni, A., Pugliese, G., 2013. A novel approach for barriers to
industrial energy efficiency. Renewable and Sustainable Energy Reviews 19, 290—
308. doi:10.1016/j.rser.2012.11.007

Cai, S., Yang, Z., 2008. Development of cooperative norms in the buyer-supplier
relationship: The Chinese experience. Journal of Supply Chain Management 44, 55—
70. doi:10.1111/5.1745-493X.2008.00045 .x

Campos, C., Chalmeta, R., Grangel, R., Poler, R., 2013. Maturity Model for Interoperability
Potential Measurement. Information Systems Management 30, 218-234.
doi:10.1080/10580530.2013.794630

Canato, A., Ravasi, D., Phillips, N., 2013. Coerced Practice Implementation in Cases of Low
Cultural Fit: Cultural Change and Practice Adaptation During the Implementation of
Six Sigma at 3m. Academy of Management Journal 56, 1724-1753.
do1:10.5465/am;j.2011.0093

196



Chapter 12

Carlucci, D., Marr, B., Schiuma, G., 2004. The knowledge value chain: how intellectual
capital impacts on business performance. International Journal of Technology
Management 27, 575-590.

Chai, K.-H., Yeo, C., 2012. Overcoming energy efficiency barriers through systems
approach—A  conceptual = framework.  Energy  Policy 46, 460-472.
doi:10.1016/j.enpol.2012.04.012

Charmondusit, K., Keartpakpraek, K., 2011. Eco-efficiency evaluation of the petroleum and
petrochemical group in the map Ta Phut Industrial Estate, Thailand. Journal of
Cleaner Production 19, 241-252. doi:10.1016/j.jclepro.2010.01.013

Checkland, P., 2000. Soft systems methodology: A thirty year retrospective. Systems
Research and Behavioral Science 17, S11-S58.

Chrissis, M.B., Konrad, M., Shrum, S., Chrissis, M.B., 2007. CMMI for development
guidelines for process integration and product improvement, 2nd ed. Addison-Wesley,
Upper Saddle River, NJ.

Christmann, P., 2000. Effects of “best practices” of environmental management on cost
advantage: The role of complementary assets. Academy of Management Journal 43,
663—-680.

Ciroth, A., 2009. Cost data quality considerations for eco-efficiency measures. Ecological
Economics 68, 1583-1590. doi:10.1016/j.ecolecon.2008.08.005

Claver, E., Lépez, M.D., Molina, J.F., Tari, J.J., 2007. Environmental management and firm
performance: A case study. Journal of Environmental Management 84, 606-619.
doi:10.1016/j.jenvman.2006.09.012

Collins, CJ., Smith, K.G., 2006. Knowledge Exchange and Combination: The Role of
Human Resource Practices in the Performance of High-Technology Firms. Academy
of Management Journal 49, 544-560. doi:10.5465/AMJ.2006.21794671

Craig, J.H.S., Lemon, M., 2008. Perceptions and reality in quality and environmental
management systems: A research survey in China and Poland. The TQM Journal 20,
196-208. doi:10.1108/17542730810867227

Creswell, J.W., Miller, D.L., 2000. Determining Validity in Qualitative Inquiry. Theory Into
Practice 39, 124-130. doi:10.1207/s15430421tip3903_2

Crick, R.D., Haigney, D., Huang, S., Coburn, T., Goldspink, C., 2013. Learning power in the

workplace: the effective lifelong learning inventory and its reliability and validity and

197



Design for eco-efficiency improvements in manufacturin

implications for learning and development. The International Journal of Human
Resource Management 24, 2255-2272. doi:10.1080/09585192.2012.725075

Crosby, P.B., 1979. Quality is free : the art of making quality certain. New American Library,
New York.

Crotty, M.J., 1998. The Foundations of Social Research: Meaning and Perspective in the
Research Process. SAGE Publications Ltd, London ; Thousand Oaks, Calif.

Cupchik, G., 2001. Constructivist Realism: An Ontology That Encompasses Positivist and
Constructivist Approaches to the Social Sciences. Forum Qualitative Sozialforschung
/ Forum: Qualitative Social Research 2.

Curtis, B., Dr., Hefley, W.E., Miller, S.A., Curtis, B., Dr. People Capability Maturity
Model.,. People CMM : a framework for human capital management. The SEI series
in software engineering xix, 674 p.

Dahlman, T., 2012. What Electrolux did to cut almost 40 percent of its energy use in their
~50 plants.

Daily, B.F., Su-chun, H., 2001. Achieving sustainability through attention to human resource
factors in environmental management. International Journal of Operations &
Production Management 21, 1539-1552.

Dangayach, G.S., Deshmukh, S.G., 2001. Manufacturing strategy Literature review and some
issues. International Journal of Operations and Production Management 21, 884-932.

Delmas, M., Blass, V.D., 2010. Measuring corporate environmental performance: the trade-
offs of sustainability ratings. Business Strategy & the Environment (John Wiley &
Sons, Inc) 19, 245-260.

Despeisse, M., 2013. Sustainable manufacturing tactics and improvement methodology
(Thesis or dissertation). Cranfield University.

Despeisse, M., Ball, P.D., Evans, S., Levers, A., 2012. Industrial ecology at factory level: a
prototype methodology. Proceedings of the Institution of Mechanical Engineers, Part
B: Journal of Engineering Manufacture 226, 1648-1664.
doi:10.1177/0954405412449937

Despeisse, M., Mbaye, F., Ball, P.D., Levers, A., 2012. The emergence of sustainable
manufacturing  practices. Production Planning & Control 23, 354-376.
doi:10.1080/09537287.2011.555425

198



Chapter 12

Dias-Sardinha, I., Reijnders, L., 2005. Evaluating environmental and social performance of
large Portuguese companies: a balanced scorecard approach. Business Strategy and
the Environment 14, 73-91. doi:10.1002/bse 421

Duflou, J.R., Sutherland, J.W., Dornfeld, D., Herrmann, C., Jeswiet, J., Kara, S., Hauschild,
M., Kellens, K., 2012. Towards energy and resource efficient manufacturing: A
processes and systems approach. CIRP Annals - Manufacturing Technology 61, 587-
609. doi:10.1016/j.cirp.2012.05.002

Dyer, J., Nobeoka, K., 2002. Creating and Managing a High Performance Knowledge-
Sharing Network: The Toyota Case.

Dyllick, T., Hockerts, K., 2002. Beyond the business case for corporate sustainability. Bus.
Strat. Env. 11, 130-141. doi:10.1002/bse.323

Easterby-Smith, M., Thorpe, R., Lowe, A., 2015. Management and Business Research, Fifth
Edition. ed. SAGE Publications Ltd, London; Thousand Oaks.

Ekins, P., 2005. Eco-efficiency: Motives, Drivers, and Economic Implications. Journal of
Industrial Ecology 9, 12-14. doi:10.1162/108819805775247981

Elkington, J., 1997a. Cannibals with forks: the triple bottom line of 21st century business
[WWW Document]. URL (accessed 1.11.13).

Elkington, J., 1997b. Cannibals with forks: the triple bottom line of 21st century business
[WWW Document]. URL (accessed 1.11.13).

Elliot, S., 2011. Transdisciplinary Perspectives on Environmental Sustainability: A Resource
Base and Framework for It-Enabled Business Transformation. MIS Quarterly 35, 197-
Al3.

Energy Management Matrix, 1998. , Energy Efficiency Best Practice Programme. Harwell,
UK.

Farris, J.A., Van Aken, EM., Doolen, T.L., Worley, J., 2009. Critical success factors for
human resource outcomes in Kaizen events: An empirical study. International Journal
of Production Economics 117,42—65. doi:10.1016/j.ijpe.2008.08.051

Ferdows, K., Thurnheer, F., 2011. Building factory fitness. International Journal of
Operations and Production Management 31, 916-934.
doi:10.1108/01443571111165820

Figge, F., Hahn, T., 2013. Value drivers of corporate eco-efficiency: Management accounting
information for the efficient use of environmental resources. Management Accounting

Research 24, 387—400. doi:10.1016/j.mar.2013.06.009

199



Design for eco-efficiency improvements in manufacturin

Figge, F., Hahn, T., 2005. The Cost of Sustainability Capital and the Creation of Sustainable
Value by Companies. Journal of Industrial Ecology 9, 47-58.
doi:10.1162/108819805775247936

Figge, F., Hahn, T., 2004. Sustainable Value Added —measuring corporate contributions to
sustainability beyond eco-efficiency. Ecological Economics 48, 173-187.
doi:10.1016/j.ecolecon.2003.08.005

Figge, F., Hahn, T., Schaltegger, S., Wagner, M., 2002. The Sustainability Balanced
Scorecard — linking sustainability management to business strategy. Business Strategy
and the Environment 11, 269-284. doi:10.1002/bse.339

Fliedner, G., 2008. Sustainability: a new lean principle. Proceedings of the 39th annual
meeting of the decision sciences institute 3321-6.

Fraser, P., Moultrie, J., Gregory, M., 2002. The use of maturity models/grids as a tool in
assessing product development capability, in: Engineering Management Conference,
2002. IEMC ’02. 2002 IEEE International. Presented at the Engineering Management
Conference, 2002. IEMC °02. 2002 IEEE International, pp. 244-249 vol.l.
doi:10.1109/IEMC.2002.1038431

Frosch, R.A., 1992. Industrial ecology: a philosophical introduction. PNAS 89, 800-803.
doi:10.1073/pnas.89.3.800

Garcilaso, L., Gaines, W., Barkdoll, B., 2006. Eco-Efficiency Analysis of Existing Industrial
Wastewater Treatment: How to Include the External Costs to the Environment, in:
World Environmental and Water Resource Congress 2006. American Society of Civil
Engineers, pp. 1-10.

Geffen, C.A., Rothenberg, S., 2000. Suppliers and environmental innovation The automotive
paint process. International Journal of Operations & Production Management 20,
166-186.

Gibson, M., 2001. The work of Envirowise in driving forward UK industrial waste reduction.
Resources, Conservation and Recycling 32, 191-202. doi:10.1016/S0921-
3449(01)00061-1

Gittell, J.H., Weiss, L., 2004. Coordination Networks Within and Across Organizations: A
Multi-level Framework*. Journal of Management Studies 41, 127-153.
doi:10.1111/.1467-6486.2004.00424 x

Glaser, M., 2006. The social dimension in ecosystem management: Strengths and weakness

of human-nature mind maps. Human Ecology Review 13, 122-142.

200



Chapter 12

Golev, A., Corder, G.D., Giurco, D.P., 2014. Barriers to Industrial Symbiosis. Journal of
Industrial Ecology n/a-n/a. doi:10.1111/jiec.12159

Goodson, R.E., 2002. Read a plant fast. Harvard Business Review 80.

Grant, R.M., 1991. The Resource-Based Theory of Competitive Advantage: Implications for
Strategy Formulation. California Management Review 33, 114—135.

Guba, E.G., 1981. Criteria for assessing the trustworthiness of naturalistic inquiries.
Educational Communication & Technology 29, 75-91. doi:10.1007/BF02766777

Guba, E.G., Lincoln, Y.S., 1982. Epistemological and methodological bases of naturalistic
inquiry. ECTJ 30, 233-252. doi:10.1007/BF02765185

Hahn, R., 2013. ISO 26000 and the Standardization of Strategic Management Processes for
Sustainability and Corporate Social Responsibility. Bus. Strat. Env. 22, 442-455.
doi:10.1002/bse.1751

Hajmohammad, S., Vachon, S., Klassen, R.D., Gavronski, I., 2013. Lean management and
supply management: their role in green practices and performance. Journal of Cleaner
Production 39, 312-320. doi:10.1016/j.jclepro.2012.07.028

Hart, S.L., 1995. A Natural-Resource-Based View of the Firm. Academy of Management
Review 20, 986—-1014. doi:10.5465/AMR.1995.9512280033

Hart, S.L., Dowell, G., 2011. Invited Editorial: A Natural-Resource-Based View of the Firm
Fifteen Years After. Journal of Management 37, 1464-1479.
doi:10.1177/0149206310390219

Hasanbeigi, A., Price, L., 2015. A technical review of emerging technologies for energy and
water efficiency and pollution reduction in the textile industry. Journal of Cleaner
Production 95, 30—44. doi:10.1016/j.jclepro.2015.02.079

Helfat, C.E., Peteraf, M.A., 2003. The Dynamic Resource-Based View: Capability
Lifecycles. Strategic Management Journal 24, 997-1010.

Henriques, I., Sadorsky, P., 1999. The Relationship Between Environmental Commitment
and Managerial Perceptions of Stakeholder Importance. Academy of Management
Journal 42, 87-99. doi:10.2307/256876

Hertin, J., Berkhout, F., Wagner, M., Tyteca, D., 2008. Are EMS environmentally effective?
The link between environmental management systems and environmental
performance in European companies. Journal of Environmental Planning and

Management 51, 259-283. doi:10.1080/09640560701865040

201



Design for eco-efficiency improvements in manufacturin

Herva, M., Franco, A., Carrasco, E.F., Roca, E., 2011. Review of corporate environmental
indicators. Journal of Cleaner Production 19, 1687-1699.
doi:10.1016/j.jclepro.2011.05.019

Hockerts, K., 2015. A Cognitive Perspective on the Business Case for Corporate
Sustainability. Bus. Strat. Env. 24, 102-122. d0i:10.1002/bse.1813

Hockerts, K., 1999. The SusTainAbility Radar: A tool for the innovation of sustainable
products and services. Greener Management International 29-49.

Honkasalo, N., Rodhe, H., Dalhammar, C., 2005. Environmental permitting as a driver for
eco-efficiency in the dairy industry: A closer look at the IPPC directive. Journal of
Cleaner Production 13, 1049—-1060. doi:10.1016/j.jclepro.2004.12.016

Hope, S.B., 2013. Encouraging Inter-factory Learning.

Hope, S.B., 2011. Sustainability in Manufacturing - towards zero emissions.

Hukkinen, J.I., 2014. Model of the social-ecological system depends on model of the mind:
Contrasting information-processing and embodied views of cognition. Ecological
Economics 99, 100-109. doi:10.1016/j.ecolecon.2014.01.017

Humphrey, W.S., 1988. Characterizing the Software Process: A Maturity Framework. IEEE
Software 5, 73-79. doi:10.1109/52.2014

Huppes, G., Ishikawa, M., 2005a. Eco-efficiency and Its Terminology. Journal of Industrial
Ecology 9, 43—-46. doi:10.1162/108819805775247891

Huppes, G., Ishikawa, M., 2005b. A Framework for Quantified Eco-efficiency Analysis.
Journal of Industrial Ecology 9, 25-41. doi:10.1162/108819805775247882

Ingaramo, A., Heluane, H., Colombo, M., Cesca, M., 2009. Water and wastewater eco-
efficiency indicators for the sugar cane industry. Journal of Cleaner Production 17,
487-495. doi:10.1016/j.jclepro.2008.08.018

ISO 14001 Revision [WWW Document], n.d. . ISO. URL
http://www .iso.org/iso/iso14001_revision (accessed 9.5.16).

Iwata, H., Okada, K., 2011. How does environmental performance affect financial
performance? Evidence from Japanese manufacturing firms. Ecological Economics
70, 1691-1700. doi:10.1016/j.ecolecon.2011.05.010

Jami, A.AN., Searcy, C., Jenab, K., 2012. Applying the principles of Six Sigma to
environmental management systems. International Journal of Applied Decision

Sciences 5.

202



Chapter 12

Jayal, A.D., Badurdeen, F., Dillon Jr., O.W., Jawahir, I.S., 2010. Sustainable manufacturing:
Modeling and optimization challenges at the product, process and system levels.
CIRP Journal of Manufacturing Science and Technology 2, 144-152.
doi:10.1016/j.cirpj.2010.03.006

Jelinski, L.W., Graedel, T.E., Laudise, R.A., McCall, D.W., Patel, C.K., 1992. Industrial
ecology: concepts and approaches. PNAS 89, 793-797. doi:10.1073/pnas.89.3.793

Jonathan D. Owens, 2007. Why do some UK SMEs still find the implementation of a new
product development process problematical?: An exploratory investigation.
Management Decision 45, 235-251. doi:10.1108/00251740710727269

Jgrgensen, F., Boer, H., Gertsen, F., 2003. Jump-starting continuous improvement through
self-assessment. International Journal of Operations & Production Management 23,
1260-1278. doi:10.1108/01443570310496661

Kamande, M.W., Lokina, R.B., 2013. Clean Production and Profitability An Eco-efficiency
Analysis of Kenyan Manufacturing Firms. The Journal of Environment Development
22,169-185.doi:10.1177/1070496512471948

Kaplan, R.S., Norton, D., 1992. The Balanced Scorecard: Measures that Drive Performance.

Kaya, D., Yagmur, E.A., Yigit, K.S., Kilic, F.C., Eren, A.S., Celik, C., 2008. Energy
efficiency in pumps. Energy Conversion and Management 49, 1662-1673.
doi:10.1016/j.enconman.2007.11.010

Kerr, C., Farrukh, C., Phaal, R., Probert, D., 2013. Key principles for developing industrially
relevant strategic technology management toolkits. Technological Forecasting and
Social Change 80, 1050-1070. doi:10.1016/j.techfore.2012.09.006

Ki-Hoon, L., Cheong, I.-M., 2011. Measuring a carbon footprint and environmental practice:
the case of Hyundai Motors Co. (HMC). Industrial Management + Data Systems 111,
961-978. doi:http://dx.doi.org/10.1108/02635571111144991

Kliopova, I., Staniskis, J.K., 2006. The evaluation of Cleaner Production performance in
Lithuanian industries. Journal of Cleaner Production 14, 1561-1575.
doi:10.1016/j.jclepro.2005.04.017

Kotter, J., 1995. Leading Change: Why Transformational Efforts Fail. Harvard Business
Review 73, 59-67.

Kotter, J.P., 2012. Accelerate. Harvard Business Review 90, 44-58.

203



Design for eco-efficiency improvements in manufacturin

Kumar, M., Antony, J., Tiwari, M.K., 2011. Six Sigma implementation framework for SMEs
— a roadmap to manage and sustain the change. International Journal of Production
Research 49, 5449-5467. doi:10.1080/00207543.2011.563836

Kurdve, M., Shahbazi, S., Wendin, M., Bengtsson, C., Wiktorsson, M., 2015. Waste flow
mapping to improve sustainability of waste management: a case study approach.
Journal of Cleaner Production, Special Volume: Support your future today! Turn
environmental challenges into opportunities. 98, 304-315.
doi:10.1016/j jclepro.2014.06.076

Laugen, B.T., Acur, N., Boer, H., Frick, J., 2005. Best manufacturing practices: What do the
best-performing companies do? International Journal of Operations and Production
Management 25, 131-150. doi:10.1108/01443570510577001

Lavery, G., Pennell, N., Brown, S., Evans, S., 2013. Next Manufacturing Revolution.

Lincoln, Y.S., 1995. Emerging Criteria for Quality in Qualitative and Interpretive Research.
Qualitative Inquiry 1, 275-289. doi:10.1177/107780049500100301

Link, S., Naveh, E., 2006. Standardization and Discretion: Does the Environmental Standard
ISO 14001 Lead to Performance Benefits? IEEE Transactions on Engineering
Management 53, 508-519. doi:10.1109/TEM.2006.883704

Lirn, T.-C., Lin, H.-W., Shang, K.-C., 2014. Green shipping management capability and firm
performance in the container shipping industry. Maritime Policy and Management 41,
159-175. doi:10.1080/03088839.2013.819132

Litos, L., Evans, S., 2015a. Maturity grid development for energy and resource efficiency
management in factories and early findings from its application. Journal of Industrial
and Production Engineering 32, 37-54.

Litos, L., Evans, S., 2015b. Developing sustainable manufacturing strategies through practice
maturity assessment. Presented at the SDM’2015 2nd International Conference on
Sustainable Design and Manufacturing, Seville, Spain.

Litos, L., Evans, S., 2014. Tool-kit development to facilitate decision making on eco-
efficiency in manufacturing — insights from its application in production, in: ECEEE
2014 Industrial Summer Study. Presented at the Retool for a competitive and
sustainable industry, Papendal, Arnhem, the Netherlands.

Liyanage, J.P., 2007. Operations and maintenance performance in production and

manufacturing assets: The sustainability perspective. Journal of Manufacturing

204



Chapter 12

Technology Management 18, 304-314.
doi:http://dx.doi.org/10.1108/17410380710730639

Lu, D., Betts, A., Croom, S., 2011. Re-investigating business excellence: Values, measures
and a framework. Total Quality Management & Business Excellence 22, 1263-1276.
doi:10.1080/14783363.2011.631336

Lu, K.-H., Lai, S.-P., Chou, M.-L., 2009. Construction of high quality motivation and
managing performance systems with P-CMM - An engineering corporation as an
example. Journal of Quality 16, 407—440.

Lunt, P., Ball, P., Andrew Levers, 2014. Barriers to industrial energy efficiency. Int J of
Energy Sector Man 8, 380-394. doi:10.1108/IJESM-05-2013-0008

Lunt, P., Levers, A., 2011. Reducing energy use in aircraft component manufacture -
Applying best practice in sustainable manufacturing. SAE Technical Papers.
do1:10.4271/2011-01-2739

Lunt, P.A.V., Ball, P.D., Kaladgew, S., 2015. Integrating Energy Efficiency into Industrial
Strategy — A Case Study from the European Aerospace Sector. Procedia CIRP, 12th
Global Conference on Sustainable Manufacturing — Emerging Potentials 26, 241-246.
doi:10.1016/j.procir.2014.07.061

Maier, A., Moultrie, J., Clarkson, P.J., 2012. Assessing Organizational Capabilities:
Reviewing and Guiding the Development of Maturity Grids. I E E E Transactions on
Engineering Management 59, 138—-159. doi:10.1109/TEM.2010.2077289

Maier, AM., Moultrie, J., Clarkson, P.J., 2012. Assessing Organizational Capabilities:
Reviewing and Guiding the Development of Maturity Grids. IEEE Transactions on
Engineering Management 59, 138—-159. doi:10.1109/TEM.2010.2077289

Martins, A.A., Mata, T.M., Costa, C.A.V., Sikdar, S K., 2007. Framework for Sustainability
Metrics. Ind. Eng. Chem. Res. 46, 2962-2973. doi:10.1021/1e0606921

May, G., Barletta, 1., Stahl, B., Taisch, M., 2015. Energy management in production: A novel
method to develop key performance indicators for improving energy efficiency.
Applied Energy 149, 46-61. doi:10.1016/j.apenergy.2015.03.065

Micheli, P., Manzoni, J.-F., 2010. Strategic Performance Measurement: Benefits, Limitations
and Paradoxes. Long Range Planning 43, 465—-476. doi:10.1016/j.1rp.2009.12.004

Miles, M.B., Huberman, A.M., 1994. Qualitative data analysis: an expanded sourcebook.
Sage Publications, Thousand Oaks.

205



Design for eco-efficiency improvements in manufacturin

Molina-Azorin, J.F., Claver-Cortés, E., Pereira-Moliner, J., Tari, J.J., 2009. Environmental
practices and firm performance: an empirical analysis in the Spanish hotel industry.
Journal of Cleaner Production 17, 516-524. doi:10.1016/j.jclepro.2008.09.001

Moller, A., Schaltegger, S., 2005. The Sustainability Balanced Scorecard as a Framework for
Eco-efficiency  Analysis. Journal of Industrial Ecology 9, 73-83.
doi:10.1162/108819805775247927

Montabon, F., Sroufe, R., Narasimhan, R., 2007. An examination of corporate reporting,
environmental management practices and firm performance. Journal of Operations
Management, Special Issue on Innovative Data Sources for emperically building and
validating theories in Operations Management 25, 998-1014.
doi:10.1016/j.jom.2006.10.003

Moultrie, D.J., Sutcliffe, D.L., Maier, D.A., 2016. A Maturity Grid Assessment Tool for
Environmentally Conscious Design in the Medical Device Industry. Journal of
Cleaner Production. doi:10.1016/j.jclepro.2015.10.108

Moultrie, J., Clarkson, P.J., Probert, D., 2007a. Development of a Design Audit Tool for
SMEs*. Journal of Product Innovation Management 24, 335-368. doi:10.1111/j.1540-
5885.2007.00255 .x

Moultrie, J., Clarkson, P.J., Probert, D., 2007b. Development of a Design Audit Tool for
SMEs*. Journal of Product Innovation Management 24, 335-368. doi:10.1111/j.1540-
5885.2007.00255 .x

Moultrie, J., Clarkson, P.J., Probert, D., 2007c. Development of a Design Audit Tool for
SMEs*. Journal of Product Innovation Management 24, 335-368. doi:10.1111/j.1540-
5885.2007.00255 .x

Mullaly, M., 2014. If maturity is the answer, then exactly what was the question?
International Journal of Managing Projects in Business 7, 169-185.
doi:10.1108/1IJMPB-09-2013-0047

Munda, G., 2005. “Measuring Sustainability”: A Multi-Criterion Framework. Environment,
Development and Sustainability 7, 117-134. doi1:10.1007/s10668-003-4713-0

Nachiappan, R.M., Anantharaman, N., 2006. Evaluation of overall line effectiveness (OLE)
in a continuous product line manufacturing system. Journal of Manufacturing

Technology Management 17, 987-1008. doi:10.1108/17410380610688278

206



Chapter 12

Nagel, M.H., 2003. Managing the environmental performance of production facilities in the
electronics industry: more than application of the concept of cleaner production.
Journal of Cleaner Production 11, 11-26. doi:10.1016/S0959-6526(02)00021-5

Newbold, J., 2006. Chile’s environmental momentum: ISO 14001 and the large-scale mining
industry — Case studies from the state and private sector. Journal of Cleaner
Production 14, 248-261. doi:10.1016/j.jclepro.2004.05.010

Ngai, E.W.., Chau, D.CK., Poon, JK.L., To, CK.M., 2013. Energy and utility management
maturity model for sustainable manufacturing process. International Journal of
Production Economics. doi:10.1016/j.ijpe.2012.12.018

Normann, R., 2001. Reframing business : when the map changes the landscape. John Wiley
& Sons, Chichester.

Ormazabal, M., Sarriegi, J.M., 2012. Environmental management: Understanding its
evolution through maturity states. Environmental Quality Management 22, 31-42.
doi:10.1002/tgem.21315

O’Rourke, D., 2014. The science of sustainable supply chains. Science 344, 1124-1127.
doi:10.1126/science.1248526

Paillé, P., Chen, Y., Boiral, O., Jin, J., 2014. The Impact of Human Resource Management on
Environmental Performance: An Employee-Level Study. Journal of Business Ethics
121,451-466. doi:10.1007/s10551-013-1732-0

Paiva, E.L., Roth, A.V., Fensterseifer, J.E., 2008. Organizational knowledge and the
manufacturing strategy process: A resource-based view analysis. Journal of
Operations Management 26, 115-132. doi:10.1016/j.jom.2007.05.003

Papagiannakis, G., Lioukas, S., 2012. Values, attitudes and perceptions of managers as
predictors of corporate environmental responsiveness. Journal of Environmental
Management 100, 41-51. doi:10.1016/j. jenvman.2012.01.023

Paquin, R.L., Howard-Grenville, J., 2013. Blind Dates and Arranged Marriages: Longitudinal
Processes of Network Orchestration. Organization Studies 170840612470230.
doi:10.1177/0170840612470230

Paunescu, C., Acatrinei (Pantea), C., 2012. Managing maturity in process-based improvement
organizations: a perspective of the Romanian companies. Journal of Business

Economics and Management 13, 223-241. doi:10.3846/16111699.2011.620149

207



Design for eco-efficiency improvements in manufacturin

Perego, P., Hartmann, F., 2009. Aligning Performance Measurement Systems With Strategy:
The Case of Environmental Strategy. Abacus 45, 397-428. doi:10.1111/.1467-
6281.2009.00297 .x

Peteraf, M.A., 1993. The cornerstones of competitive advantage: A resource-based view.
Strat. Mgmt. J. 14, 179-191. doi:10.1002/smj.4250140303

Pigosso, D.C.A., Rozenfeld, H., McAloone, T.C., 2013. Ecodesign maturity model: a
management framework to support ecodesign implementation into manufacturing
companies. Journal of Cleaner Production 59, 160-173.
doi:10.1016/j jclepro.2013.06.040

Pike, S., Roos, G., Marr, B., 2005. Strategic management of intangible assets and value
drivers in R&D organizations. R&D Management 35, 111-124. doi:10.1111/}.1467-
9310.2005.00377 x

Platts, K. w., 1993a. A Process Approach to Researching Manufacturing Strategy. Int Jrnl of
Op & Prod Mnagemnt 13, 4—17. doi:10.1108/01443579310039533

Platts, K. w., 1993b. A Process Approach to Researching Manufacturing Strategy. Int Jrnl of
Op & Prod Mnagemnt 13,4-17. doi:10.1108/01443579310039533

Porter, M.E., Linde, C. van der, 1995. Green and Competitive: Ending the Stalemate [WWW
Document]. Harvard Business Review. URL https://hbr.org/1995/09/green-and-
competitive-ending-the-stalemate (accessed 5.2.16).

Postelnicu, C., Zhang, B., Lastra, J.L.M., 2012. Embedded service oriented monitoring for
the energy aware factory, in: 2012 IEEE 6th International Conference on Information
and Automation for Sustainability (ICIAfS). Presented at the 2012 IEEE 6th
International Conference on Information and Automation for Sustainability (ICIAfS),
pp- 36—41. doi:10.1109/ICIAFS.2012.6420040

Probst, G., Borzillo, S., 2008. Why communities of practice succeed and why they fail.
European Management Journal 26, 335-347. doi:10.1016/j.em;j.2008.05.003

Radnor, Z., Kennerley, M., Rocha Fernandes, B.H., Mills, J.F., Tereza L. Fleury, M., 2005.
Resources that drive performance: an empirical investigation. Int J Productivity &
Perf Mgmt 54, 340-354. doi:10.1108/17410400510604511

Ray, G., Barney, J.B., Muhanna, W.A., 2004. Capabilities, business processes, and
competitive advantage: choosing the dependent variable in empirical tests of the

resource-based view. Strat. Mgmt. J. 25, 23-37. doi:10.1002/sm;j.366

208



Chapter 12

Ray, G., Barney, J.B., Muhanna, W.A., 2004. Capabilities, business processes, and
competitive advantage: Choosing the dependent variable in empirical tests of the
resource-based view. Strategic Management Journal 25, 23-37. doi:10.1002/smj.366

Ritchie, J., 1944-, Lewis, J., 1962-, 2003. Qualitative research practice : a guide for social
science students and researchers xv, 336 p.

Roglinger, M., Poppelbuf3, J., Becker, J., 2012. Maturity models in business process
management.  Business  Process = Management Journal 18,  328-346.
doi:10.1108/14637151211225225

Roglinger, M., PoppelbuB, J., Institut fiir Betriebswirtschaftslehre <Augsburg> / Lehrstuhl
fiir Betriebswirtschaftslehre, insbesondere W. <2>, European Research Center for
Information Systems <Miinster, W., 2011. What makes a useful maturity model? A
framework for general design principles for maturity models and its demonstration in
business process management, Universitit Augsburg - Lehrstuhl fiir
Betriebswirtschaftslehre, Wirtschaftsinformatik und Financial Engineering -
publicationsDiscussion Paper WI-327.

Rossiter, A.P., 1995. Waste minimization through process design. McGraw-Hill, New York.

Ruiz-Tagle, M.T., 2008. Patterns of environmental management in the Chilean
manufacturing industry: An empirical approach. Management of Environmental
Quality 19, 154-178. doi:10.1108/14777830810856555

Russo, M.V., Fouts, P.A., 1997. A resource-based perspective on corporate environmental
performance and profitability. Academy of Management Journal 40, 534-559.

Saidur, R., Rahim, N.A., Hasanuzzaman, M., 2010. A review on compressed-air energy use
and energy savings. Renewable and Sustainable Energy Reviews 14, 1135-1153.
doi:10.1016/j.rser.2009.11.013

Saidur, R., Rahim, N.A., Masjuki, H.H., Mekhilef, S., Ping, HW., Jamaluddin, M.F., 2009.
End-use energy analysis in the Malaysian industrial sector. Energy 34, 153-158.
doi:10.1016/j.energy.2008.11.004

Saling, P., Kicherer, A., Dittrich-Krdmer, B., Wittlinger, R., Zombik, W., Schmidt, I.,
Schrott, W., Schmidt, S., 2002. Eco-efficiency analysis by basf: the method. Int J
LCA 7,203-218. doi:10.1007/BF02978875

Sambasivan, M., Bah, SM., Jo-Ann, H., 2013. Making the case for operating “Green”:
impact of environmental proactivity on multiple performance outcomes of Malaysian

firms. Journal of Cleaner Production 42, 69—-82. doi:10.1016/j.jclepro.2012.11.016

209



Design for eco-efficiency improvements in manufacturin

Samuel, V.B., Agamuthu, P., Hashim, M.A., 2013. Indicators for assessment of sustainable
production: A case study of the petrochemical industry in Malaysia. Ecological
Indicators 24, 392-402. doi:10.1016/j.ecolind.2012.07.017

Sanchez, R., 2008. A scientific critique of the Resource-Base View (RBV) in strategy theory,
with competence-based remedies for the RBV’s conceptual deficiencies and logic
problems, Research in Competence-Based Management.

Sardinha, I.D., Reijnders, L., Antunes, P., 2011. Using corporate social responsibility
benchmarking framework to identify and assess corporate social responsibility trends
of real estate companies owning and developing shopping centres. Journal of Cleaner
Production 19, 1486—-1493. doi:10.1016/j.jclepro.2011.04.011

Saunders, M., Thornhill, A., Lewis, P., 2009. Research Methods for Business Students, 5th
edition. ed. Pearson Education, New York.

Schaltegger, S., Viere, T., Zvezdov, D., 2012. Tapping environmental accounting potentials
of beer brewing: Information needs for successful cleaner production. Journal of
Cleaner Production 29-30, 1-10. doi:10.1016/j.jclepro.2012.02.011

Schroeder, R.G., Bates, K.A., Junttila, M.A., 2002. A resource-based view of manufacturing
strategy and the relationship to manufacturing performance. Strat. Mgmt. J. 23, 105-
117.doi:10.1002/smj.213

Senge, P.M., Sterman, J.D., 1992. Systems thinking and organizational learning: Acting
locally and thinking globally in the organization of the future. European Journal of
Operational Research 59, 137-150. doi:10.1016/0377-2217(92)90011-W

Shafeey, T.E., Trott, P., 2014. Resource-based competition: Three schools of thought and
thirteen criticisms. European Business Review 26, 122-148. doi:10.1108/EBR-07-
2013-0096

Sharma, S., Vredenburg, H., 1998. Proactive corporate environmental strategy and the
development of competitively valuable organizational capabilities. Strategic
Management Journal 19, 729-753.

Shi, Y., Gregory, M., 1998. International manufacturing networks—to develop global
competitive capabilities. Journal of Operations Management 195-214.

Sikdar, S K., 2003. Sustainable development and sustainability metrics. AIChE Journal 49,
1928-1932. do0i:10.1002/aic.690490802

Silverman, D., 1993. Interpreting Qualitative Data: Methods for Analysing Talk, Text and
Interaction: Sage Publications Ltd, London; Thousand Oaks Calif.

210



Chapter 12

Siyam, G.I.,2014. Value in Lean Product Development. University of Cambridge.

Smith, L., Ball, P., 2012. Steps towards sustainable manufacturing through modelling
material, energy and waste flows. International Journal of Production Economics 140,
227-238. doi:10.1016/j.1jpe.2012.01.036

Sorrel, S., Mallett, A., Nye, S., 2011. Barriers to industrial energy efficiency - a literature
review - working paper 10/2011. United Nations Industrial Development
Organization, Vienna.

Srai, J.S., Alinaghian, L.S., Kirkwood, D.A., 2013. Understanding sustainable supply
network capabilities of multinationals: A capability maturity model approach.
Proceedings of the Institution of Mechanical Engineers, Part B: Journal of
Engineering Manufacture 227, 595-615. doi:10.1177/0954405412470597

Subic, A., Shabani, B., Hedayati, M., Crossin, E., 2012. Capability Framework for
Sustainable Manufacturing of Sports Apparel and Footwear. Sustainability 4, 2127-
2145. doi:10.3390/5u4092127

Sugiyama, H., Fischer, U., Hungerbiihler, K., Hirao, M., 2008. Decision framework for
chemical process design including different stages of environmental, health, and
safety assessment. AIChE Journal 54, 1037-1053. doi:10.1002/aic.11430

Taticchi, P., Balachandran, K., Tonelli, F., 2012. Performance measurement and management
systems: state of the art, guidelines for design and challenges. Measuring Business
Excellence 16,41-54. doi:http://dx.doi.org/10.1108/13683041211230311

Teece, D.J., 2007. Explicating dynamic capabilities: the nature and microfoundations of
(sustainable) enterprise performance. Strategic Management Journal 28, 1319-1350.

The Roadmap to a Resource Efficient Europe SEC(2011) [WWW Document], 2011. URL
http://ec.europa.eu/environment/resource_efficiency/pdf/working_paper_part1.pdf
(accessed 4.16.16).

Thiede, S., Posselt, G., Herrmann, C., 2013. SME appropriate concept for continuously
improving the energy and resource efficiency in manufacturing companies. CIRP
Journal of Manufacturing Science and Technology. doi:10.1016/j.cirpj.2013.02.006

Thomas, D.R., 2006. A general inductive approach for analyzing qualitative evaluation data.
American journal of evaluation 27, 237-246.

Thomas, J., Mullaly, M., 2007. Understanding the value of project management: First steps
on an international investigation in search of value. Proj Mgmt Jrnl 38, 74-89.

doi:10.1002/pmj.20007

211



Design for eco-efficiency improvements in manufacturin

To, W.M., Lam, K.H., Lai, T.M., 2015. Importance-performance ratings for environmental
practices among Hong Kong professional-level employees. Journal of Cleaner
Production 108, Part A, 699-706. doi:10.1016/j.jclepro.2015.06.005

Trevor, J., Varcoe, B., 2016. A Simple Way to Test Your Company’s Strategic Alignment
[WWW  Document]. Harvard Business Review. URL https://hbr.org/2016/05/a-
simple-way-to-test-your-companys-strategic-alignment (accessed 5.20.16).

Trianni, A., Cagno, E., Thollander, P., Backlund, S., 2013. Barriers to industrial energy
efficiency in foundries: a European comparison. Journal of Cleaner Production 40,
161-176. doi:10.1016/j.jclepro.2012.08.040

Tung, A., Baird, K., Schoch, H., 2014. The relationship between organisational factors and
the effectiveness of environmental management. Journal of Environmental
Management 144, 186-196. doi:10.1016/j.jenvman.2014.05.025

Vaara, E., Whittington, R., 2012. Strategy-as-Practice: Taking Social Practices Seriously.
Academy of Management Annals 6, 285-336. doi:10.1080/19416520.2012.672039

Van de Ven, A .H., 2007. Engaged scholarship: a guide for organizational and social research.
Oxford University Press, Oxford.

van der Wiele, T., Williams, A.R.T., Dale, B.G., Carter, G., Kolb, F., Luzon, D.M., Schmidt,
A., Wallace, M., 1996. Self-assessment: A study of progress in Europe’s leading
organizations in quality management practices. International Journal of Quality and
Reliability Management 13, 84—104. doi:10.1108/02656719610108341

Van Passel, S., Nevens, F., Mathijs, E., Van Huylenbroeck, G., 2007. Measuring farm
sustainability and explaining differences in sustainable efficiency. Ecological
Economics 62, 149-161. doi:10.1016/j.ecolecon.2006.06.008

Veleva, V., Ellenbecker, M., 2001. Indicators of sustainable production: framework and
methodology. Journal of Cleaner Production 9, 519-549. doi:10.1016/S0959-
6526(01)00010-5

Ven, A.H.V. de, Poole, M.S., 2005. Alternative Approaches for Studying Organizational
Change. Organization Studies 26, 1377-1404. doi:10.1177/0170840605056907

Walls, J.L., Berrone, P., Phan, P.H., 2012. Corporate governance and environmental
performance: is there really a link? Strat. Mgmt. J. 33, 885-913.
doi:10.1002/smj.1952

212



Chapter 12

Walls, J.L., Phan, P.H., Berrone, P., 2011. Measuring Environmental Strategy: Construct
Development, Reliability, and Validity. Business Society 50, 71-115.
doi:10.1177/0007650310394427

WBCSD, 2010. Vision 2050 - The new agenda for business - full report.

Wernerfelt, B., 1984. A resource-based view of the firm. Strat. Mgmt. J. 5, 171-180.
do1:10.1002/smj.4250050207

Witcher, B.J., Chau, V.S., Harding, P., 2008. Dynamic capabilities: top executive audits and
hoshin kanri at Nissan South Africa. International Journal of Operations & Production
Management 28, 540-561. doi:http://dx.doi.org/10.1108/01443570810875359

Yang, M., Khan, FlI., Sadiq, R., Amyotte, P., 2011. A rough set-based quality function
deployment (QFD) approach for environmental performance evaluation: a case of
offshore oil and gas operations. Journal of Cleaner Production 19, 1513-1526.
doi:10.1016/j jclepro.2011.04.005

Yeo, K.T., Ren, Y., 2009. Risk management capability maturity model for complex product
systems (CoPS) projects. Systems Engineering 12, 275-294. doi:10.1002/sys.20123

Yin, R.K., 2003. Case study research - Design and methods, 3rd ed. Sage Publications Ltd,
Thousand Oaks.

Zadek, S., 2004. The path to corporate responsibility. Harv Bus Rev 82, 125-132, 150.

Zhang, B., Postelnicu, C., Lastra, J.L.M., 2012. Key Performance Indicators for energy
efficient asset management in a factory automation testbed, in: 2012 10th IEEE
International Conference on Industrial Informatics (INDIN). Presented at the 2012
10th IEEE International Conference on Industrial Informatics (INDIN), pp. 391-396.
doi:10.1109/INDIN.2012.6301155

Zhu, Q., Geng, Y., 2013. Drivers and barriers of extended supply chain practices for energy
saving and emission reduction among Chinese manufacturers. Journal of Cleaner
Production 40, 6-12. doi:10.1016/j.jclepro.2010.09.017

Zutshi, A., Sohal, A.S., 2004. Adoption and maintenance of environmental management
systems: Critical success factors. Management of Environmental Quality: An

International Journal 15, 399-419. doi:10.1108/14777830410540144

213



Design for eco-efficiency improvements in manufacturin

APPENDIX A

Semi-structured interview guide used in chapter 4 to collect information from practitioners

about energy and resource efficiency improvements.

Please state you name and position

How long have you been working in this position
Introductions (not job title)

What are your main duties with respect to
sustainable manufacturing

How many sites do you operate/direct?

What is your annual production volume/capacity
Can you briefly describe how your manufacturing per site?
operations are split across your production sites?

How many production lines are there per site

How many distinct processes are there?

How many processes (or equipment) are
duplicated across different sites?

How is sustainability management performed
(hierarchy) Is there a dedicated sustainability
department (for how long and why not earlier?)

General information about the factory/site

How many workers are in place per site?

To what extent do considerations such as;
process automation, plant age and location affect
performance?

What environmental or other accreditations have
you gained?

Can you briefly outline the life-cycle of your
product?

Change: have there been significant changes in
processes/operations? Examples per site?

What types of non-environmental performance
measures of production do you use?

How does supply chain affecting performance? ~supplier selection process?
What about capacity?

What level of capacity do you run at? What's the throughput?
takt time?

General Operations management
L= = Whether they make similar products in two

different places?

How well would you say you respond to press for information on specific product lines/
variations in customer demand? business units if not discussed

In terms of lean management, how is effective is
the production system?

In terms of lean management, how is effective is
the production system?

How do the environmental/sustainability Ask (depending on answers to first questions)
P When analysing data from site X, what kind of
targets for g and variations do you observe?

Why did you choose to benchmark from year x 7

What improvement activities have you
undertaken to help achieve these targets? How do you compare performance between sites
or competitors?

Performance measurements How do the environmental/sustainability
departments help with eco-efficiency projects for

manufacturing and operations?.

Which How is this different for improvement projects?
are measured and how (systems,

What targets do you implement and where
(process based? Product based? group of
(eg air compressors)

When did environmental performance
measurement start in manufacturing?

Why did you choose to benchmark from year x?

©On what basis do you compare the environmental
performance of different sites?

—sites.

—competitors

Performance variation

business units

Where do you find variations in your
Dartormancas Uf s best practices among sites.
-shifts

-Do you have a best performing site? If so: on
what basis do you benchmark this site compared
to other sites?

How do you discover new best practices?

How do you justify costs when it comes to
implementing changes?

- between sites

- periods in time
How do you normalise your data?
- per unit of production

Cost / financial expressions
- per unit of environmental impact

Can you give an example of where you saw a
change in performance from the implementation
of a practice?

Can you describe some examples of
improvements you implemented with a cost/
benefit analysis?

age

Are there any cultural barriers to finding
efficiency improvements?

experience of workforce
language

- internal apprenticeships

- rotation of project leaders

Are there any cultural success factors for finding

efficiency improvements? - sustainability champions

nternal competitions

Performance management - suggestion boxes
How are new-starters made aware of how they If s0, why?  focus on environmental
can contribute to the overall sustainability

How is training carried out (seminars,
coupling with i
personnel etc..)

strategy of the company?

How do you share best env.practices across
sites? accelerators of performance? (example)

what type of goals are set to production with respect to current employees.
personnel - how are targets reviewed - what

level of hierarchy do these goals reach reward system?

Do you have any other success stories on What were the root causes of this success?

performance improvement?
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APPENDIX B

The data from the workshop were transcribed and sorted in five maturity levels. As the
audience was quite diverse, the researcher focused more in characteristics of each maturity
level regardless of the practice dimension. This approach helped the researcher validate the
reactive to proactive sequence of practices on the maturity grid - as developed through
literature. The researcher focused on the key words that participants used. The table below is

the reduced version. A blend of practices and goals is evident. The useful information is the

wording that changes from left to right and validates the PMGE approach.

Business as usual------------>  —ceeeeeeee> towards- > Leading Performance
start measuring recycling define living process generate

reaction recycled sorting leading design

awareness reuse targets innovative close loop

cost measure leadership optimise no water

individual practices document understand generate/source cross-functional

price standards justin time philosophy collective inteligence
low quality measure procure local bio-degradable design for optimisation
"don't care about culture" KPIs recycled materials footprint KPIs

no-values technology match demand KPIs continuous improvement
permits skills suggestions symbiosis constant

hazardous record data usage kaizen think systematically ecology

record information

lean concrete issues (well defined)  JlelJGEIE ] close loop
market based decisions segregate waste monitor asset 1SO50000 eco-friendly culture
little measurement training flow ethically LCC buying
no benchmarking rewards asset value localy supplier integration
remote materials pre-scored measure collaborate systematically
bad accounting systems pre-approved setting targets culture proactive management
time inefficiencies fast mover innovate/brainstorm awareness centralised opportunity
linear process partners <-quality management proactive global collaboration
lack of management value monitor buying groups right corporate culture

introduce principles

ask questions

requirements & specifications share knowledge

open market

<-coaching/training
integration of systems
partners/behave

coalitions
env. Performance tenders
disclosure

values
transperancy
procurement and transperancy

static common SCAs/KPIs tracking ethical
silos create a game involvement LCA
cost focus target data collection eco-strategy smart technology

lack of investment
policy legislation
cost

price

lessons learned

use metrics to drive

culture

collaboration

customers with env.concerns

optimise network
changing behavior
joint responsibility
broad community
shared value
incorporating
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Chapter 8. Example emails to practitioners to describe the aims of the workshop.

Email 1

The aims of this workshop will be to raise awareness on eco-efficiency in manufacturing and draft the

company’s roadmap towards energy and resource efficiency.

The output of this effort could indicate what the company is good at in manufacturing and how current

capabilities can reduce energy and resource consumptions without further expenses.

The participants would be requested to reflect on past efficiency achievements in manufacturing and also

bring forward improvement ideas that they wish to explore.

A second email followed a few days before the workshop with details about the process as

well as a preparation request.

Email 2 -Workshop outline (3hrs)

A) Introduction to eco-efficiency (example slide attached) and expression of expectations by the workshop

participants.
There will be two exercises that will be focused on manufacturing capabilities and practices:

B) The first exercise will focus on past events or practices that have shaped manufacturing processes and/or
products. Therefore, I would like to ask participants individually to bring a few notes along with memorable
events or practices (at least 2 or 3) that they felt these had an important impact in your way of making products.
We would encourage contributions from a range of roles and perspectives and we shall try to assign an

environmental dimension to them during the workshop.

e An example of such an event could be: “introducing quality checks in the curing process”
o such a practice may have reduced process variability and may have reduced raw material
consumptions
e another example could be “redesign factory layout to improve product flow”

o  such an event could have improved lead times and energy consumption per shift
C) The second exercise will be looking at building a mid-term eco-efficiency plan for the future (5-10yrs).

This will be a group exercise and participants will be divided in groups to discuss with each other and suggest

improvements on energy and resource efficiency targets.
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Chapter 12

APPENDIX D

Invitation to the apparel supply chain. Example of instructions for the self-assessment
communicated via email to participants to reduce facilitation by the researchers. To be used

with a printed copy of PMGE.

Instructions to participants.

The slides attached are best print in colour, in A3 size paper.

The first slide is an example of how a complete maturity profile looks like.

The second slide is an empty template for people to produce their own maturity profiles.

The maturity grid consists of 3 areas (purple, green and blue). Each area represents an

organisational layer in manufacturing.

The title for each dimension within those areas is in the left-hand column. The text in the
grid describes manufacturing practices related to energy and resource efficiency from left

to right (left being business-as-usual and right being leading performance).

The purple area or process area is where you can observe your environmental
performance. It could be a paint-shop in the automotive or a picking process in logistics. It
also relates to the way an operator may be using the assigned equipment (boiler, forklift,

mill).

- The green area relates more to management systems and management practices across a

range of processes (or the sum of processes above) — facility level.

- The blue area represents higher-level functions of the business that are more related to
manufacturing (i.e. product development or supply chain configuration — top management

area.

The practitioners using this matrix can read the text in each row of the grid and decide
what type of practices describe their system best in each area. The first slide demonstrates
a way to do this with dots or checks, which can be then connected. There is also the option
to highlight the things that may occur in your system and may be found in multiple

positions in the same row.
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f PMGE as it can be delivered to practitioners.

version o

A printable final
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